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COMPOSITIONS AND METHODS FOR CONTROL OF TRANSIENT SITE-SPECIFIC
COPY GAINS, GENOMIC INSERTIONS, AND REARRANGEMENTS ASSOCIATED
WITH MIXED LINEAGE LEUKEMIA

Cross-reference to Related Application

This application claims priority to United States Provisional Patent Application No.

63/353,521 filed June 17, 2022, which is incorporated herein by reference in its entirety.
Grant Support Statement

This invention was made with government support under grant numbers GM097360 and
GM144131 awarded by the National Institutes of Health. The government has certain rights in

the invention.
Field of the Invention

The invention relates to compositions and methods for control of transient site-specific
copy gains, amplifications, rearrangements, and genomic insertions associated with mixed
lineage leukemia. More specifically, the invention provides methods for reducing MLL/KMT2A
copy number, thereby minimizing amplification and formation of breakpoints causing de novo
and therapy induced acute myeloid leukemia (AML) and myelodysplasia (MDS). Furthermore,
the data establishes that topoisomerase inhibitors (Doxorubicin) promoted MLL/KMT2
amplification and rearrangements, providing a new strategy for treatment of chemotherapy

induced leukemia and MDS.

Background of the Invention

Several publications and patent documents are cited throughout the specification in order
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to describe the state of the art to which this invention pertains. Each of these citations is
incorporated herein by reference as though set forth in full.

Genomic instability is hallmark of cancer. Cancer cells are often associated with copy
number changes (e.g., gains or losses of chromosome arms and/or whole chromosomes along,
amplification/deletion of short stretches of genomic regions) and structural variation. (Mishra
and Whetstine, 2016) Although these events can be genetically stable, focal DNA copy gains can
also be extrachromosomal, and transiently appear and disappear (Bailey et al., 2020; Mishra and
Whetstine, 2016). These events can also co-exist within a cell or population of cells (Mishra and
Whetstine, 2016; Song et al., 2022). A key question remains as to whether the appearance of low
or high copy extrachromosomal amplifications are associated with the integrated events that
result in genomic rearrangements, and in turn, genetic heterogeneity.

In recent years, a number of epigenetic regulators have been shown to regulate transient
site-specific extrachromosomal copy gains (TSSGs) of regions impacting therapeutic response
and drug resistance. (Black et al., 2015; Black et al ., 2013; Black et al., 2016; Clarke et al ., 2020;
Mishra et al., 2018; Mishra and Whetstine, 2016) The first documented enzyme shown to
promote selective extrachromosomal TSSGs was the Histone 3 lysine 9/36 (H3K9/36) tri-
demethylase KDM4A. (Black et al., 2013). Subsequently, a compendium of methyl-lysine
modifying chromatin molecules were shown to regulate these TSSG events. (Clarke et al., 2020;
Mishra et al., 2018). These studies indicate that additional chromatin modulators could be
involved in fine-tuning local and global chromatin states and regulating unknown TSSGs.
However, the question remained as to whether these transient extrachromosomal DNA (ecDNA)
events could promote genetic diversity through rearrangement or insertions.

Acute myeloid leukemia (AML) and myelodysplasia (MDS) are characterized by
genomic amplifications and translocations of the 11q23 region, which includes MLL/KMT2A
and other target genes(Poppe et al., 2004; Schichman et al., 1994; Tang et al ., 2015; Walter et al .,
2009). Infant acute leukemias MLL/KMT2A rearrangements are a hallmark of greater than 70
percent of infant leukemias (Rice and Roy, 2020, Woo et al., 2014). MLL translocations are also
found in adult primary leukemias and therapy related leukemia(Andersen et al., 2001; Meyer et
al., 2018; Super et al., 1993; Winters and Bernt, 2017). A vast array of translocation events and
fusion partners have been documented for MLL/KMT2A with some being more prevalent than

others (Meyer et al., 2018). While 10% of acute leukemias have MLL rearrangements, other
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types of leukemia have an array of translocation partners. These are also impacted by patient
age. For example, in infant ALL cases, MLL-AF4 is most common in ALL, while in AML
MLL-AF9 is most frequent (Winters and Bernt, 2017). In contrast to these frequent partners,
others are observed such as LAF4/AFF3, an AF4 related gene, that is associated with poor
outcomes (von Bergh et al., 2002). De novo AML cases with complex karyotype exhibit
MLL/KMT2A copy gains, with many of the cases showing simultaneous 5q deletion and poor
survival rates (Herry et al., 2006; Schoch et al., 2005).

Frequent cytogenetic loss of Chromosome 5 (whole chromosome, loss of long arm 5q,
and more focal deletions) is observed in malignant myeloid disorders including MDS and AML
(Bacher et al., 2015; Rea et al., 2020; Walter et al., 2009; Zahid et al., 2017). Chromosome 5 loss
is observed in de novo AML and chemotherapy induced leukemia (Godley and Larson, 2008).
Cytogenetic loss of chromosome 5 has been correlated with poor chemotherapy responses and
lower survival. Studies have successfully defined minimal chromosomal locations at 5q31
observed in patients with MDS, AML, and secondary AML. (Liu et al., 2007; Stoddart et al.,
2014).

Clearly, there is a major clinical need to understand the direct impact that epigenetic and
genetic interplay have on amplifications and structural variations. Such information could then
provide guidance for effective therapeutic strategies to control both copy number and

rearrangements associated with aberrant cellular proliferation.

Summary of the Invention

In accordance with the present invention, compositions and methods for reducing
MLL/KMT2A amplifications/rearrangements in a patient in need thereof are disclosed. An
exemplary method entails administration of an effective amount of one or more agents including
1) a first agent which increases KDM3B expression and function and, or ii)a second agent which
inhibits expression or activity of H3K9 methyltransferase, wherein the agents are administered in
one or more pharmaceutically acceptable carriers and reducing MLL/KMT2A
amplification/rearrangements in said patient. In one embodiment, the first agent is a KDM3B
agonist, and the second agent is a G9a inhibitor and both agents are administered. In certain
embodiments, the MLL/KMT2A amplification can be caused by administration of a

chemotherapeutic agent such as a chemotherapeutic agent that reduces KDM3B expression. In
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certain embodiments, the chemotherapeutic agent is a topoisomerase inhibitor, such as a
topoisomerase II inhibitor. In certain embodiments, the topoisomerase II inhibitors, include
without limitation doxorubicin, daunorubin, and etoposide. In another embodiment of the
invention, the patient has a genetic loss of KDM3B. In certain embodiments, the method further
comprises administration of a chemotherapeutic agent. In other approaches, the administration
of agents which reduce MLL/KMT2A amplification can be performed before, during or after
administration of said chemotherapeutic agent. In preferred embodiments, the patient has
reduced MLL/KMT2A copy numbers after treatment when compared to an untreated control. In
other embodiments the patient is treated with a third agent, i.e., a proteosome inhibitor selected
from bortezomib, carfilzomib, and ixazomib. UNC 0642, an inhibitor of G9a, an siRNA that
targets H3K9 methyltransferase, and/or an siRNA that targets the molecules listed in Table 1 are
also suitable for use in the invention.

Another aspect of the invention includes methods for treating a patient already having
cancer patient with MLL/KMT2A amplification, the method comprising administration of an
effective amount of the agents described above.

Yet another aspect of the invention includes methods for reducing TCF3 or AFF3
amplifications/rearrangements in a patient in need thereof, the method comprising a
administration of an effective amount of one or more agents including 1) a first agent which
increases KDM3B expression and function and, or ii) a second agent which inhibits expression
or activity of H3K9 methyltransferase, wherein the agents are administered in one or more
pharmaceutically acceptable carriers and reducing MLL/KMT2A amplification/rearrangements
in said patient. In one embodiment, the first agent is a KDM3B agonist, and the second agent is a
G9a inhibitor and both agents are administered. In certain embodiments, the MLL/KMT2A
amplification can be caused by administration of a chemotherapeutic agent such as a
chemotherapeutic agent that reduces KDM3B expression. In certain embodiments, the
chemotherapeutic agent is a topoisomerase inhibitor, such as a topoisomerase II inhibitor. In
certain embodiments, the topoisomerase II inhibitors, include without limitation doxorubicin,
daunorubin, and etoposide. In another embodiment of the invention, the patient has a genetic loss
of KDM3B. In certain embodiments, the method further comprises administration of a
chemotherapeutic agent. In other approaches, the administration of agents which reduce

MLL/KMT2A amplification can be performed before, during or after administration of said
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chemotherapeutic agent. In preferred embodiments, the patient has reduced MLL/KMT2A copy
numbers after treatment when compared to an untreated control. In other embodiments the
patient is treated with a third agent, i.e., a proteosome inhibitor selected from bortezomib,
carfilzomib, and ixazomib. UNC 0642, an inhibitor of G9a, an siRNA that targets H3K9
methyltransferase, and/or an siRNA that targets the molecules listed in Table 1 are also suitable

for use in the invention.

Brief Description of the Drawings

Figures 1A - 1L: KDM3B depletion induces KMT24 DNA copy gains and break aparts Fig.
1A) TCGA Acute Myeloid Leukemia (TCGA LAML) samples with >50% KDM3B loss. Plot
shows most LAML samples with KDM3B loss also have KM72A copy gain with a p-value of
6.45e-07. Statistical significance was computed by Wilcoxon rank-sum test, which provides a
non-parametric hypothesis test on two independent samples. Fig. 1B) Representative examples
with the 5qDel FISH probe (5q probe covers the KDM3B locus) demonstrate that KGla (upper)
and HL60 (lower) are LOH for KDM3B (red) (left panels). Representative examples with the
clinical KM72A4 DNA FISH break apart probe (panel C) demonstrate that there is a baseline
increase in KMT2A4 copies in KGla (upper) and HL60 (lower) (right panels). Arrowheads
highlight the FISH signal. Fig. 1C) A schematic of DNA Fluorescent /n Situ Hybridization
(FISH) probe genomic locations that are used for KAM724 locus. Fig. 1D) Representative
siCTRL (upper) and siKDM3B (lower) DNA FISH images with the KM72A4-1 probe (orange
probe location in schematic C and centromere 11 (//C; control probe)) in RPE cells. Fig. 1E)
KDM3 family siRNA screen demonstrates that only KDM3B depletion generates KAM12A4 copy
gains (KM12A4-1; orange) but not copy gains of centromere 11 (//C; grey) in RPE cells. Fig. 1F)
Representative example images with the clinical KAM724 DNA FISH break apart probe (red and
green probes in schematic C) that show no copy gain in siCTRL (top panel), DNA copy gains
(middle 3 panels) and break apart events (bottom panel) upon KDM3B siRNA depletion in RPE
cells. Arrowheads highlight the FISH signal. Fig. 1G) Quantification of DNA FISH experiments
showing KDM3B siRNA knockdown results in KM724 copy gains (black) and break aparts
(purple). Fig. 1H) Quantification of DNA FISH experiments showing KMD3B siRNA
knockdown did not promote copy gains of the CD3 probe, demonstrating site-specificity of

KMT2A copy gains in Fig, 1G. Fig. 1I) Representative example images with the clinical KM724
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DNA FISH break apart probe (red and green probes in schematic C) that show KM72A4 copy
gains with siRNA-mediated KDM3B knockdown in U937 leukemia cells. Arrowheads highlight
the FISH signal. Fig. 1J) Quantification of DNA FISH experiments showing KDM3B siRNA
knockdown results in KM72A copy gains and break aparts in U937 cells. Fig. 1K) Quantification
of DNA FISH experiments showing KMD3B siRNA knockdown did not promote copy gains of
the CD3 probe in U937 cells demonstrating specificity. Fig. 1L) IGV tracks of the region
containing KM724 for H3K9mel-3 ChIP-seq. KDM3B Depletion increased H3K9mel and
H3K9me2 at the KM724 locus. Publicly available ChIP-seq shows KDM3B binding within the
BCR in HCT-116 cells which is lost upon shKDM3 treatment (49). Fig. 1M) Bar graphs of
ChIP-seq data demonstrating increased fold enrichments of H3K9me1/2 within the KAM72A4
locus. Error bars represent the SEM. Asterisk indicates significant difference from indicated (p <
0.05) by two-tailed Student’s t-test. Scale bar represents Sum. A minimum of 2 replicates per
experiment were conducted. For FISH in Fig. 1E, two independent Control and KDM3B siRNAs
were used and a minimum of 100 nuclei were scored per siRNA. For FISH in Figs, 1G-1H, 1J-
1K a minimum of 200 nuclei were scored for each independent siRNA per experiment. BA-

Break aparts.

Figures 2A — 2K. KDM3B chemical inhibition (KDMa3i) promotes transient KMT2A copy
gains and break aparts. Fig. 2A, /n vitro KDM assay with commercial full length purified
KDM3B protein incubated with histones and western blotted for KDM3B, H3K9mel and
H3K9me3. Blot demonstrates reduction in H3K9me1 levels upon incubation with KDM3B is
rescued with KDM3i addition. Fig. 2B, Cell growth assay for KDM3i treated RPE cells.
Treatment with KDM3i at 25nM does not impact cell growth, whereas 250nM and 1uM
modestly but significantly suppresses growth. Fig. 2C, Western blot demonstrating KDM3B
protein levels are not reduced with KDM3i treatment in RPE cells in Fig. 2D. Fig. 2D, A
representative example from quantification of western blots for KDM3B in KDM3i treated RPE
cells (n=3). KDM3B levels are not reduced upon treatment with KDM31. Fig. 2E Cell growth
assay for KDM3i treated RPE cells corresponding to Figure 3F. Cell growth is not impacted after
12hrs KDM3i treatment, or after 12hr KDM3i washout. Fig. 2F, Schematic (top) and
quantification of DNA FISH (bottom) demonstrating that KAM7T24 amplification and break apart
events occur with KDM3B inhibitor treatment at 25nM and 1uM for 72 hours but no change in
copy number at the adjacent CD3 locus in RPE cells. Fig. 2G, Quantification of DNA FISH
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showing that KDM3B inhibition at 1uM for 72 hours results in KM72A4 copy gains and break
aparts in KGla cells with no change in copy number at the CD3 locus. Fig. 2H, Quantification of
DNA FISH showing that KDM3B inhibition at 1uM for 72 hours results in KM72A4 copy gains
and break aparts in primary AML organoids with no change in copy number at the CD3 locus.
Fig. 21, Quantification of DNA FISH showing that KDM3B inhibition at 1uM for 72 hours
results in KMT2A copy gains and break aparts in primary AML cells with no change in copy
number at the CD3 locus. Fig. 2J, Quantification of DNA FISH showing that KDM3B inhibition
at 1uM for 72 hours results in KM7T2A4 copy gains and break aparts in primary Hematopoietic
Stem and Progenitor Cells (HSPCs) with no change in copy number at the CD3 locus. Fig. 2K,
Schematic (top) and quantification of DNA FISH (bottom) showing that 12hr KDM31 treatments
result in significant KM72A4 copy gains and break aparts when compared to vehicle control.
Upon KDM3i washout (12hrs Washout), copy gains and break aparts no longer occur when
compared to vehicle control. No significant change occurred with the CD3 probe.

Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. A minimum of 2 replicates per experiment were

conducted.

Figures 3A — 3L. KDM3B suppression leads to integration and inheritance of KMT2A copy
gains and break aparts. Fig. 3A, KDM3i treatment schematic and associated passaging of RPE
cells. Cells were initially treated for 72hrs with 25nM of KDM3i. Cells were then passaged in
media without KDM3i every 3 days for sequential passages. Fig. 3B, Quantification of KM72A4
and CD3 DNA FISH at passage 0 and passage 10 after KDM3i treatment, which demonstrates
KMT?2A copy gains and break aparts are inherited in RPE cells after 10 passages (P10). No
significant change occurred with the CD3 probe. Fig. 3C, Example metaphase spreads for
KMT2A FISH are shown for vehicle and KDM3i treated cells at passage 10. Arrowheads
highlight the FISH signal. Fig. 3D, Quantification of the metaphase spreads with KA/724 FISH
in KDM3i treated and passage 10 cells demonstrating increased copies of KM724 are retained.
Fig. 3E, A KDM3B siRNA depletion schematic and associated passaging of RPE cells (left).
Western blots for KDM3B at cell passages used for DNA FISH are shown, which demonstrates
KDM3B protein levels return to baseline by passage 3 (P3; right). Fig. 3F, Quantification of
KMT2A4 and CD3 FISH of KDM3B siRNA passaged cells, which demonstrates inheritance at
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passage 3, 5 and 15. No significant change occurred with the (/)3 probe at any passage. Fig. 3G,
Example metaphase spreads for KAM72A4 FISH are shown for siCTRL and siKDM3B cells at
passage 3. Arrowheads highlight the FISH signal. Fig. 3H, Quantification of the metaphase
spreads with KM72A4 FISH in cells treated with siCTRL and siKDM3B from two independently
propagated siCTRL and siKDM3B cells at passages 3 and 9 demonstrating increased copies of
KMT2A are retained. Copy Number Variation analysis using Digital Droplet PCR (ddPCR)
shows KM12A4 copy number increase in later passage of the inherited KM724 cell lines used in
Figures 3G-H. Fig. 31, Copy number is quantified by computing ratio of KM724 to CD3FE
reference gene (4 biological replicates with 2 technical replicates). Fig. 3J, Quantification of
DNA FISH for TCF3/E2A after passaging KDM3B siRNA depleted RPE cells. 7CF3/E24 copy
gain and break aparts are retained after 15 passages in KDM3B siRNA depleted cells. Fig. 3K,
DNA FISH for SubTell9 after passaging KDM3B siRNA depleted RPE cells. Subfel19 copy
gain does not change in KDM3B siRNA depleted cells. Fig. 3L, DNA FISH for AFF3/LAF4
after passage KDM3B siRNA depleted RPE cells. AF/'3 copy gains occur at PO, but are not
retained after 3 passages in KDM3B siRNA depleted cells. NMYC copy gain does not change.
Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. Scale bar represents Sum. A minimum of 2 replicates per
experiment were conducted. For FISH, a minimum of 200 nuclei were scored per replicate per

experiment. BA- Break aparts.

Figures 4A — 4H. H3K9mel balance controls KMT2A copy gains and break aparts. Fig. 4A,
A schematic (upper) and DNA FISH quantification (lower) for co-depletion of KDM3B with
EHMT1 or EHMT2/G9a. siRNA depleted G9a but not EHMT1 prevents KM72A4 copy gains and
break aparts upon KDM3B siRNA depletion. No significant change occurred with the CD3
probe. Fig. 4B, A schematic (upper) and DNA FISH quantification (lower) for KDM3i and
EHMTi treatment. EHMT1/2 chemical inhibition prevents KM724 copy gains and break aparts
upon KDM3i treatment. No significant change occurred with the CD3 probe. Fig. 4C, A
schematic (upper) and DNA FISH quantification (lower) that shows (G9a overexpression
promotes KM72A copy gains and break aparts. Halo-EV- Halo empty vector. No significant
change occurred with the //C probe. Fig. 4DA schematic (upper) and DNA FISH quantification
(lower) for depletion of G9a in HL60 cells (KDM3B LLOH cell line). G9a depletion modestly but
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significantly suppresses KM72A copy gains in HL60 cells. No significant change occurred with
the CD3 probe. Fig. 4E, A schematic (upper) and DNA FISH quantification (lower) for
depletion of G9a in RPE-WT or RPE-inherited KM72A cells. G9a depletion does not suppress
KMT2A copy gains or break aparts in the RPE-inherited KA724 cells. No significant change
occurred with the CD3 probe. Fig. 4F, Genomic tracks in the vicinity of KM72A4 gene for input-
normalized ChIP-seq densities of H3K9me1/2/3 upon siKDM3B or siG9a alone or in
combination in RPE cells. Fig. 4G, Bar graphs representing H3K9 methylation ChIP-seq fold
enrichment over input in three parts of KM724 gene shown in (4F). Fig. 4H, A model depicting
interplay between KDM3B-G9a regulating H3K9me1/2 and modulating KM72A4
amplifications/rearrangements.

Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. A minimum of 2 replicates per experiment were
conducted. For FISH, a minimum of 200 nuclei were scored per replicate per experiment. BA-

Break aparts. NS- not significant to control.

Figures SA — SL. Reduced CTCF occupancy leads to KMT2A copy gains and break aparts.
Fig. SA, Genomic tracks of publicly available ENCODE input-normalized ChIP-seq densities of
CTCF in multiple ENCODE cell lines or tissues at the KA/724 locus. CTCF binding at exon 11
of KMT2A is conserved in multiple cell lines and directly overlaps with KDM3B binding in
HCT116 cells (Li et al., 2017). Fig. SB, DNA FISH quantification demonstrating single and co-
siRNA depletion of KDM3B and CTCF promotes KA724 copy gains and break aparts. No
significant change occurred with the CD3 probe. Fig. SC, Quantification of western blots (N=8)
for CTCF in KDM3B siRNA depleted RPE cells. No significant change in steady state total
CTCEF protein levels were observed. Fig. SD, Genomic tracks of publicly available input-
normalized ChIP-seq densities of KDM3B (Li ef al., 2017) in control and shKDM3 cells.
KDM3B binds at exon 11 and is lost upon shKDM3 (green tracks). Lower tracks: input-
normalized ChIP-seq densities of CTCF showing that siKDM3B reduced CTCF binding at exon
11 in RPE cells (lower tracks). Fig. SE, ChIP-qPCR demonstrating suppression of CTCF
occupancy at KM724 exon 11 (KM7T24 ex 11; black) or a negative control for CTCF binding
(CTCF negative site) is shown in yellow following KDM3B siRNA depletion. Fig. SF, Venn
diagram of the overlap between KDM3B ChIP-seq peaks from a public dataset and CTCF ChIP-
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seq peaks in this study. 6,386 of all KDM3B binding sites (41.5%) co-localize with a CTCF
binding site (P-value=1.0e-07). Fig. 3G, A total of 17,077 CTCF sites out of 46,340 (36.9%) had
reduced occupancy with KDM3B depletion. Among all 6,386 KDM3B binding sites coinciding
with CTCF binding, 1,005 sites show a significant decrease in CTCF binding upon KDM3B
knockdown, with an extremely significant Z-score of 143.38 corresponding to a P-value close to
0. Fig. SH, Double KDM3B and G9a knockdown rescued the increase of H3K9mel at the vast
majority of the CTCF peaks reduced by siKDM3B. Barplot showing genome-wide number of
CTCF proximal regions (+/- 5Kb from a CTCF peak) that decreased CTCF and increased
H3K9mel level upon KDM3B knockdown (points above upper red line in I, left scatterplot).
Red, the fraction of regions where this increase was rescued by double knockdown (points
moved below upper red line in I, right scatterplot). Fig. SI, Genome-wide effects of siKDM3B,
s1G9%a, and double knockdown on H3K9mel levels at the subset of CTCF binding sites where
CTCEF binding was decreased by siKDM3B (17,077 sites). KDM3B and G9%a knockdowns have
opposite skews, whereas the double knockdown strongly reduces these H3K9mel changes. Left,
scatterplot comparing input-normalized H3K9mel ChIP-seq densities in +/- SKb proximity of all
these individual CTCF peaks across the genome in control vs siKDM3B; H3K9mel changes are
skewed towards increase (points above upper red line corresponding to > 1.5 fold increase in
siKM3B cells). Middle, scatterplot for control vs siG9a cells; H3K9mel changes are skewed
towards decrease (points below lower red line corresponding to > 1.5 fold decrease in siG9a
cells). Right, scatterplot for control vs siKDM3B + siG9a cells, with much fewer H3K9mel
changes in either direction. Red point, +/-5-Kb vicinity of CTCF binding site within KMT2A
gene. Fig. 5J, DNA FISH quantification demonstrating siRNA depletion of G9a prevents
KMT124 copy gains and break aparts upon CTCF siRNA depletion. No significant change
occurred with the CD3 probe. Fig. SK, DNA FISH quantification demonstrating EHMT1/2
chemical inhibition prevents KM72A copy gains and break aparts upon CTCF siRNA depletion.
No significant change occurred with the CD3 probe. Fig. SL, A model depicting interplay
between KDM3B-G9%a-CTCF upon H3K9me1/2 modulation.

Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. A minimum of 2 replicates per experiment were
conducted. For FISH, a minimum of 200 nuclei were scored per replicate per experiment. BA-

Break aparts. NS- not significant to control.
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Figures 6A — 6M. Doxorubicin promotes KMT2A amplification and rearrangement as well
as reduces KDM3B and CTCEF protein levels. Fig. 6A, A schematic of human KM724 and
adjacent CD3 DNA FISH probes (top). Graph of the DNA FISH quantification for RPE cells
treated with Dox for 72hrs (bottom). Dox treatment causes significant copy gains and break
aparts at the KM724 locus; while the control region (CD3) changes were not significant. Fig. 6B,
A schematic of human KM724 and adjacent CD3 DNA FISH probes (top). Graph of the DNA
FISH quantification for Primary Hematopoietic Stem and Progenitor Cells (HSPC) treated with
Dox for 72hrs (bottom). Dox treatment causes significant copy gains and break aparts at the
KMT2A locus; while the control region (CD3) changes were not significant. Fig. 6C, A
schematic of DNA FISH probe genomic locations that are used for mouse Kmit2a/Con9 locus
(top). Graph of DNA FISH quantification demonstrating that cells isolated from the Spleen of
mice treated with Dox (1.5mg/kg for 3 days) have increased copy gains of Km#2a but not the
adjacent Control 9 region (bottom). Fig. 6D, RT-qPCR analysis demonstrating that Dox
significantly reduced KDM3B transcript levels relative to B-actin after 72 hours of exposure in
RPE cells. Fig. 6E, Representative western blot illustrating Dox reducing KDM3B protein
levels after 72 hours of exposure in RPE cells. Fig. 6F, Quantitication of western blots (n=4)
showing a significant reduction in KDM3B protein levels following Dox treatment after 72 hours
of exposure in RPE cells. Fig. 6G, RT-qPCR analysis demonstrating that Dox significantly
reduced CTCF transcript levels relative to B-actin after 72 hours of exposure in RPE cells. Fig.
6H, Representative western blot illustrating Dox reducing CTCF protein levels after 72 hours of
exposure in RPE cells. Fig. 61, Quantification of western blots (n=4) showing a significant
reduction in CTCF protein levels following Dox treatment after 72 hours of exposure in RPE
cells. Fig. 6J, Graph of the quantification of western blots in panel SOF showing a significant
reduction in KDM3B (black) and CTCF (blue) protein levels following Dox treatment in KGla
cells. Fig. 6K, Western blot illustrating etoposide dose-dependently reducing KDM3B (upper)
and CTCF (lower) protein levels after 72 hours of exposure in RPE cells. Fig. 6L, Western blot
illustrating MG132 partially rescuing KDM3B protein levels in the presence of Dox treatment in
RPE cells. Fig. 6M, Western blot illustrating MG132 rescuing CTCF protein levels in the
presence of Dox treatment. Protein levels were quantified using ImageJ and CTCF was

normalized to a-Actinin.
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Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. A minimum of 2 replicates per experiment were
conducted. For FISH, a minimum of 200 nuclei were scored per replicate per experiment. BA-

Break aparts. NS- not significant to control.

Figures 7A- 7G. KDM3B and CTCF regulation controls Doxorubicin-induced KMT2A
amplification and rearrangement. Fig. 7A, ChIP-qPCR demonstrating increase of H3K9mel
at KM124 exon 11 (KM12A4 CTCF site) following KDM3B siRNA depletion (left; upper) and
Dox treatment at 1pg/uL for 24hr (right; upper). ChIP-gPCR demonstrating suppression of
CTCF occupancy at KM72A4 exon 11 (KMT12A4 ex 11; black) or a negative control for CTCF
binding (CTCF negative site; yellow) following Dox treatment at 1pg/uL for 24hr (lower). Fig.
7B, A treatment schematic (upper) and DNA FISH quantification (lower) demonstrating that
Dox treatment causes KM72A4 amplification and rearrangements. KM7T2A amplifications
generated by Dox treatment are significantly rescued with CTCF overexpression by DNA FISH.
Fig. 7C, A treatment schematic (upper) and DNA FISH quantification (lower) demonstrating
that Dox treatment causes KM724 amplification and rearrangement. KM724 amplifications and
rearrangements generated by Dox treatment that are significantly rescued with (G9a depletion by
DNA FISH. Fig. 7D, A treatment schematic (upper) and DNA FISH quantification (lower)
demonstrating that Dox treatment causes KM72A4 amplification and rearrangements that are
significantly rescued with EHMT1/2 inhibition by DNA FISH. Fig. 7E, A treatment schematic
(upper) and DNA FISH (lower) demonstrating that Dox treatment causes KM72A4 amplification
and rearrangements that are significantly rescued with KDM3B overexpression by DNA FISH.
Fig. 7F, A first model summarizing the data described herein. The model illustrates that KDM3B
and CTCF are suppressed with Dox treatment, leading to increased H3K9 mono- and di-
methylation and reducing CTCF occupancy, which in turn promotes KA72A4 amplification and
rearrangements (BA). G9a is critical in promoting the KM7T2A4 copy gains and rearrangements.
Fig. 7G, A second schematic depicting the regulation of KM724 DNA copy gains and
rearrangements. KDM3B and/or CTCF control KM12A copy gains and break aparts, while G%a
promotes these events (I, Figures 1, 2, 4, and S). Upon removal of transient suppression of
KDM3B (<1 cell cycle), KM12A extrachromosomal DNA copy gains and break aparts recover
and return to baseline (II;, Figure 2K). With longer suppression of KDM3B (multiple cell
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cycles), KMT2A copy gains and rearrangement events become inherited in the genome (Bottom;
Figure 3). Continuous depletion of KDM3B (e.g., KDM3B LOH) generates transient
extrachromosomal and inherited KAM72A amplifications (III; Figure 4D). Recovery from
KDM3B depletion or suppression after multiple cell cycles results in inherited KAM724 DNA
copy gains as rearrangements, which cannot be removed or rescued (IV; Figure 4E).

Error bars represent the SEM. Asterisk indicates significant difference from indicated (p
< 0.05) by two-tailed Student’s t-test. A minimum of 2 replicates per experiment were
conducted. For FISH, a minimum of 200 nuclei were scored per replicate per experiment. BA-

Break aparts. NS- not significant to control.

Figure 8. A table showing the different domains and regions of the KDM3B amino acid
sequence that provide therapeutic targets for the treatment of MLL. Peptide mimetics can
be designed which mimic the enzymatic regions and/or the intrinsic disordered domains of the
KDM3B protein. Another region of interest is the LXLL motif mimics and along with the
regions containing the mutations in KDM3B correlated with cancer and de novo in individuals.
A mutation at the zinc finger domain, i.e., Amino acids 1031-1056, for example at c.3095A>T;
p.Aspl1032Val, is linked to Hodgkins lymphoma. Another alteration, a ¢.277G>T; p.Glu93*
change is associated with acute myeloid leukemia. In cases where KDM3B function or activity is
reduced, destabilized, or lost entirely, peptide mimics of such regions could function to
effectively restore or stabilize activity. In certain approaches use of KDM3B mimics or agonists

are used with G9a inhibitor(s) as described herein below.

Detailed Description of the Invention

Acute myeloid leukemia (AML) and myelodysplasia (MDS) are characterized by
genomic amplifications and translocations of the 11q23 region, which includes MLL/KMT24 and
other target genes (Cox et al., 2003; Dolan et al., 2002; Maitta et al., 2009; Poppe et al., 2004;
Schichman ef al., 1994; Sperling et al., 2017, Tang et al., 2015; Walter et al., 2009).
MLL/KMT24 rearrangements are a hallmark of greater than 70 percent of infant leukemias (Rice
and Roy, 2020; Woo et al., 2014). MLL translocations are also found in adult primary and
therapy-related leukemias (Andersen et al., 2001; Dulak et al., 2012; Meyer et al., 2023;
Pedersen-Bjergaard ef al., 1998; Super et al., 1993; Winters and Bernt, 2017). In fact, more than
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100 known KMT2A rearrangement partners have been documented (Meyer ef al., 2023). These
KMT1?2A rearrangements result in the fusion of the gene to any of the partner genes, leading to
protein chimeras. KM72A can also rearrange to several noncoding regions throughout the
genome (Meyer ef al., 2023). Therefore, not all rearrangement events generate functional fusion
proteins (Aplan, 2006b). Therapy-related acute myeloid leukemia (t-AML) is a clinical
syndrome occurring long after chemotherapy treatment with agents such topoisomerase II (topo
IT) inhibitors (Campo ef al., 2011; Godley and Larson, 2008; Leone et al., 1999). In fact, topo 11
inhibitors have been shown to promote non-leukemia and leukemia-associated KM72A4
rearrangements in hematopoietic stem cells and a host of other non-hematologic cell types
(Gomez-Herreros ef al., 2017, Gothe ef al., 2019, Libura ef al., 2005). Approximately 10% of all
AML cases arise after a patient's exposure to therapy for a primary malignancy (Leone ef al.,
1999), and t-AML patients have a significantly worse outcome than those who develop AML de
novo (Borthakur and Estey, 2007; Godley and Larson, 2008; Leone et al., 1999). To date, there is
a clinically unmet need regarding the mechanistic understanding of how chemotherapy promotes
undesirable DNA rearrangements.

The H3K9mel/2 lysine demethylase KDM3B, originally named SqNCA, resides in the
frequently deleted region of 5q31 associated with loss of heterozygosity (LOH) (Ebert, 2010; Hu
etal.,2001; Yoo et al., 2020). MLL/KMT2A copy gains often occur with 5q LOH (Herry et al.,
2006; Schoch ef al., 2005). KDM3B has been implicated as a myeloid leukemia tumor
suppressor through oncogene regulation and is shown to contribute to genome stability; however,
a full appreciation for the role KDM3B plays in genome regulation is understudied (Hu et al.,
2001; Kim et al., 2012; MacKinnon ef al., 2011; Saavedra et al., 2020; Xu et al., 2018). We
previously reported that the loss of a region on chromosome 19, containing microRNA mir-23,
promoted TSSGs through KDM4A stabilization (Black ef al., 2016). These observations
prompted us to assess whether reduced KDM3B was directly promoting the MLL/KM12A copy
gains and associated genomic insertions.

Consistent with the documented relationship between 5q loss and KM724 amplification
and rearrangement (Herry ef al., 2006; Schoch ef al., 2005), we demonstrated with DNA
Fluorescent In Situ Hybridization (FISH) that both KDM3B depletion and chemical inhibition
was sufficient to promote transient and integrated site-specific MLL/KM12A4 copy gains and

rearrangements. These events were directly antagonized by depletion or inhibition of a specific
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H3K9mel/2 lysine methyltransferase (KMT) G9a/EHMT?2. This specific KMT-KDM axis
controlled the H3K9me1/2 balance at KMT2A, especially in the region most frequently
associated with genomic break aparts and rearrangements. We further demonstrated that a
KDM3B-G9a balance controls CTCF occupancy in the region enriched in H3K9 methylation,
and in turn, the ability of the KMT2A/MLL locus to undergo site-specific copy gains and genomic
rearrangement. Lastly, we established that the chemotherapeutic agent Doxorubicin (Dox)
reduces KDM3B and CTCF protein levels, and as a consequence, promotes KM724 copy gains
and rearrangements. Upon overexpression, KDM3B rescued the Dox-induced KAM724 changes.
Furthermore, knockdown or chemical inhibition of G9a rescued the MLL/KMT2A4 amplification
and break apart events in Dox-treated cells. Collectively, these data highlight a critical role for
H3K9mel/2 balance through KDM3B/G9a in regulating the selective amplification, integration
and rearrangement of KA72A. This discovery has major clinical implications in understanding
the genesis of extrachromosomal amplifications and associated chromosomal rearrangements,
and elucidates new approaches to therapeutically control the emergence of treatment-induced

KMT12A4 amplifications and rearrangements in cancer patients.

Definitions:

The following definitions are provided to facilitate an understanding of the present
invention. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Generally, conventional methods of molecular biology, microbiology, recombinant
DNA techniques, cell biology, and virology within the skill of the art are employed in the present
invention. Such techniques are explained fully in the literature.

For purposes of the present invention, "a" or "an" entity refers to one or more of that
entity; for example, "a cDNA" refers to one or more cDNA or at least one cDNA. As such, the

terms "a" or "an,

one or more" and "at least one" can be used interchangeably herein. It is also
noted that the terms "comprising," "including," and "having" can be used interchangeably.
Furthermore, a compound "selected from the group consisting of" refers to one or more of the
compounds in the list that follows, including mixtures (i.e. combinations) of two or more of the

compounds.
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The phrase "consisting essentially of" when referring to a particular nucleotide or amino
acid means a sequence having the properties of a given SEQ ID NO. For example, when used in
reference to an amino acid sequence, the phrase includes the sequence per se and molecular
modifications that would not affect the functional and novel characteristics of the sequence.

A "derivative" of a polypeptide, polynucleotide or fragments thereof means a sequence
modified by varying the sequence of the construct, e.g. by manipulation of the nucleic acid
encoding the protein or by altering the protein itself. "Derivatives" of a gene or nucleotide
sequence refers to any isolated nucleic acid molecule that contains significant sequence
similarity to the gene or nucleotide sequence or a part thereof. In addition, "derivatives" include
such isolated nucleic acids containing modified nucleotides or mimetics of naturally-occurring
nucleotides.

The term "functional" as used herein implies that the nucleic or amino acid sequence is
functional for the recited assay or purpose.

For purposes of the invention, "Nucleic acid", "nucleotide sequence" or a "nucleic acid
molecule" as used herein refers to any DNA or RNA molecule, either single or double stranded
and, if single stranded, the molecule of its complementary sequence in either linear or circular
form. In discussing nucleic acid molecules, a sequence or structure of a particular nucleic acid
molecule may be described herein according to the normal convention of providing the sequence
in the 5' to 3' direction. With reference to nucleic acids of the invention, the term "isolated
nucleic acid" is sometimes used. This term, when applied to DNA, refers to a DNA molecule that
is separated from sequences with which it is immediately contiguous in the naturally occurring
genome of the organism in which it originated. For example, an "isolated nucleic acid" may
comprise a DNA molecule inserted into a vector, such as a plasmid or virus vector, or integrated
into the genomic DNA of a prokaryotic or eukaryotic cell or host organism. Alternatively, this
term may refer to a DNA that has been sufficiently separated from (e.g., substantially free of)
other cellular components with which it would naturally be associated. "Isolated" is not meant to
exclude artificial or synthetic mixtures with other compounds or materials, or the presence of
impurities that do not interfere with the fundamental activity, and that may be present, for
example, due to incomplete purification. When applied to RNA, the term "isolated nucleic acid"
refers primarily to an RNA molecule encoded by an isolated DNA molecule as defined above.

Alternatively, the term may refer to an RNA molecule that has been sufficiently separated from
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other nucleic acids with which it would be associated in its natural state (i.e., in cells or tissues).
An isolated nucleic acid (either DNA or RNA) may further represent a molecule produced
directly by biological or synthetic means and separated from other components present during its
production.

According to the present invention, an isolated or biologically pure molecule or cell is a
compound that has been removed from its natural milieu. As such, "isolated" and "biologically
pure" do not necessarily reflect the extent to which the compound has been purified. An isolated
compound of the present invention can be obtained from its natural source, can be produced
using laboratory synthetic techniques or can be produced by any such chemical synthetic route.

In certain embodiments, the method of treatment effectively suppresses symptoms
associated with cancer. Symptoms of vary according to the location and type of cancer being
treated. In certain embodiments, symptoms of cancer include, fatigue, weight loss, lumps,
swelling, pain, coughing, wheezing, new or unusual growth, discoloration, and no symptoms at
all. In certain embodiments, the treatment reduces the risk of relapse. In the context of a cancer,
treatment or inhibition may be assessed by inhibition of disease progression, inhibition of tumor
growth, reduction of primary tumor, relief of tumor-related symptoms, inhibition of tumor
secreted factors, delayed appearance of primary or secondary tumors, slowed development of
primary or secondary tumors, decreased occurrence of primary or secondary tumors, slowed or
decreased severity of secondary effects of disease, arrested tumor growth and regression of
tumors, increased Time To Progression (TTP), increased Progression Free Survival (PFS),
increased Overall Survival (OS), among others. OS as used herein means the time from treatment
onset until death from any cause. TTP as used herein means the time from treatment onset until
tumor progression; TTP does not include deaths. Time to Remission (TTR) as used herein means
the time from treatment onset until remisison, for example, complete or partial remission. As
used herein, PFS means the time from treatment onset until tumor progression or death. In one
embodiment, PFS rates will be computed using the Kaplan-Meier estimates. Event-free survival
(EFS) means the time from study entry until any treatment failure, including disease progression,
treatment discontinuation for any reason, or death. Relapse-free survival (RFS) means the length
of time after the treatment ends that the patient survives without any signs or symptoms of that
cancer. Overall response rate (ORR) means the sum of the percentage of patients who achieve

complete and partial responses. Complete remission rate (CRR) refers to the percentage of
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patients achieving complete remission (CR). Duration of response (DoR) is the time from
achieving a response until relapse or disease progression. Duration of remission is the time from
achieving remission, for example, complete or partial remission, until relapse. In the extreme,
complete inhibition, is referred to herein as prevention or chemoprevention. In this context, the
term “prevention” includes either preventing the onset of clinically evident cancer altogether or
preventing the onset of a preclinically evident stage of a cancer. Also intended to be
encompassed by this definition is the prevention of transformation into malignant cells or to
arrest or reverse the progression of premalignant cells to malignant cells. This includes
prophylactic treatment of those at risk of developing a cancer.

A “chromosomal translocation” is defined as a genome abnormality in which a
chromosome breaks and either the whole or a portion of it reattaches to a different chromosome.
Depending on the location of the breaks, translocations may lead to the formation of fusion
genes, or may disrupt a gene or its regulatory sequences, and in this way cause gene
misregulation.

“MLL1-4 or KMT2A-D” are histone methyltransferases that methylate lysine 4 on the
histone H3 tail and regulate crucial functions of the genome by modulating the chromatin
structure and DNA accessibility.

“G9a/EHMT-2” is a histone methyltransferase that specifically mono- and dimethylates
Lys-9' of histone H3 (H3K9mel and H3K9me2, respectively) in euchromatin. H3K9me
represents a specific tag for epigenetic transcriptional repression by recruiting HP1 proteins to
methylated histones. Also mediates monomethylation of 'Lys-56' of histone H3 (H3K56mel) in
G1 phase, thereby promoting interaction between histone H3 and PCNA and regulating DNA
replication. Also weakly methylates "Lys-27' of histone H3 (H3K27me).

“CTCE” is an insulator protein, that along with cohesin, controls domain location by
folding domains into loop stractures. CTCF and cohesin co-occupy the same sites and physically
wnteract as a complex. The cohesin complex 1s 2 multi-subunit ring-like structure composed of
SMCITA, SMC3, RADZ, and STAGT or STAGZ proteins and functions in the processes of
anaphase sister chromatid exchange {mitotic checkpoint}, BNA repair reguiation, and
transcription control.  Agents which increase binding functions of CTCF and or RADZ1 can be
ipcladed with the other MLL/DEMTA amplification reducing agents described heretn. Studies

show that both CTCF and RAD2 1 are mutated in a variety of cancers and other diseases. See for
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example, Antony et al {2027y Int. J Mol Sei. 22:(1330788, Deardorft et al. (2012} Am. |
Human Genet. 90{0) 1014-1027 and Debaugny ot al., Curr Opin Genet Dev. {2020) 61:44-52
gach of which are incorporated herein by reference. Common mutations in CTCF associated with
disease include, for example, in order of occurrence, pR377, p R448, p R457, p. H284, and
05354, Zine finger | (amino acids 260-288) and zine finger 2, {(amivo acids 294-316) are also
frequently mutated. Peptide mimics of these regions which stabilize or restore mutated zine
finger sequences in CTCF ave also within the scope of the invention.

A protein mimetic is a molecule such as a peptide, a modified peptide or any other
molecule that biologically mimics the action or activity of some other protein. Protein mimetics
are commonly used in drug design and discovery. Types of mimetics include without limitation,
Antibody mimetics, € .g., molecules that mimic antigen binding activity of antibodies;
peptidomimetics - small protein-like chains designed to mimic larger peptide and
phosphomimetics - An amino acid substitution or modification which mimic the effect of protein
phosphorylation. The design and generation of molecules capable of mimicking the binding
and/or functional sites of proteins are used to advantage for the exploration and modulation of
protein function through controlled interference with the underlying molecular interactions.
Synthetic peptides are effective mimics of native protein sites because such peptides can be
generated as exact copies of protein fragments and can also comprise diverse chemical
modifications, which includes the incorporation of a large range of non-proteinogenic amino
acids as well as the modification of the peptide backbone. Apart from extending the chemical
and structural diversity presented by peptides, such modifications also increase the proteolytic
stability of the molecules, enhancing their utility for biological applications. Peptide mimetics of
KDM3B and CTCF could provide therapeutic benefit to subjects having or being a risk for MLL.

The phrase “break-apart or translocation probes” refer to probes which target two areas of
a specific gene sequence. Usually, a green fluorescent label is used on one end of a gene
sequence and a red fluorescent label is used on the other end of the gene sequence. When the
gene sequences are intact (still close together), the green and red signals will usually fluoresce as
a yellow signal, known as a fusion signal. The width of the green and red signals are determined.
If the green and red signals are closer than the width of one signal, they are said to be intact.
When a break in the gene sequence occurs, the green and red signal will not be close together

anymore and will thus appear as separate green and red signals. A “break point” is where a
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precise area a break occurs. The “break apart” is analyzed by the FISH technique, refers to
separate areas on the gene and is typically characterized as a rearrangement.

The terms “extrachromosomal DNA” or “ecDNA” refer to any DNA that is found off the
chromosomes, either inside or outside the nucleus. Multiple forms of ecDNA exist and can play
an important role in diseases such as cancer. ecDNA has been identified in the nuclei of various
cancer cells and has been shown to cary many copies of driver oncogenes. ecDNA 1is considered
to be a primary mechanism of gene amplification, resulting in many copies of driver oncogenes
and very aggressive cancers.

Proteasome inhibitors (PIs) induce the accumulation of unfolded and misfolded proteins,
leading to apoptosis and cell death through ER stress, reactive oxygen species production, JNK
and p53 activation, cyclin-dependent kinase inhibitors, and pro-apoptotic proteins induction.
These Pls, together with other agonists (directed to KDM3B, CTCF, RAD21) and inhibitors
(G9a) described herein, including alkylators, immunomodulatory drugs, and monoclonal
antibodies can be used to advantage to inhibit cancer growth.

The terms "miRNA" and "microRNA" refer to about 10-35 nt, preferably about 15-30 nt,
and more preferably about 19-26 nt, non-coding RNAs derived from endogenous genes encoded
in the genomes of plants and animals. They are processed from longer hairpin-like precursors
termed pre-miRNAs that are often hundreds of nucleotides in length. MicroRNAs assemble in
complexes termed miRNPs and recognize their targets by antisense complementarity. These
highly conserved, endogenously expressed RNAs are believed to regulate the expression of
genes by binding to the 3'-untranslated regions (3'-UTR) of specific mRNAs as well as other
regions on targeted mRNAs. Without being bound by theory, a possible mechanism of action
assumes that if the microRNAs match 100% their target, i.e. the complementarity is complete,
the target mRNA is cleaved, and the miRNA acts like a siRNA. However, if the match is
incomplete, 1.e. the complementarity is partial, then the translation of the target mRNA is
blocked. The manner by which a miRNA base-pairs with its mRNA target correlates with its
function: if the complementarity between a mRNA and its target is extensive, the RNA target is
cleaved; if the complementarity is partial, the stability of the target mRNA in not affected but its
translation is repressed.

The term "RNA interference" or "RNAi1" refers generally to a process or system in which

a RNA molecule changes the expression of a nucleic acid sequence with which RNA molecule
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shares substantial or total homology. The term "RNAi agent" refers to an RNA sequence that
elicits RNAI.

An "siRNA" refers to a molecule involved in the RNA interference process for a
sequence-specific post-transcriptional gene silencing or gene knockdown by providing small
interfering RNAs (siRNAs) that has homology with the sequence of the targeted gene. Small
interfering RNAs (siRNAs) can be synthesized in vitro or generated by ribonuclease I1I cleavage
from longer dsRNA and are the mediators of sequence-specific mnRNA degradation. Preferably,
the siRNA of the invention are chemically synthesized using appropriately protected
ribonucleoside phosphoramidites and a conventional DNA/RNA synthesizer. The siRNA can be
synthesized as two separate, complementary RNA molecules, or as a single RNA molecule with
two complementary regions. Commercial suppliers of synthetic RNA molecules or synthesis
reagents include Applied Biosystems (Foster City, Calif., USA), Proligo (Hamburg, Germany),
Dharmacon Research (Lafayette, Colo., USA), Pierce Chemical (part of Perbio Science,
Rockford, 1l1., USA), Glen Research (Sterling, Va., USA), ChemGenes (Ashland, Mass., USA)
and Cruachem (Glasgow, UK).

A "small nucleic acid inhibitor" refers to any sequence based nucleic acid molecule
which, when introduced into a cell expressing the target nucleic acid, is capable of modulating
expression of that target. siRNA, antisense, miRNA, shRNA and the like may be utilized in the
methods of the invention.

The term "delivery" as used herein refers to the introduction of foreign molecule (i.e.,
miRNA containing nanoparticle) into cells. The term "administration" as used herein means the
introduction of a foreign molecule into a cell. The term is intended to be synonymous with the
term "delivery".

The terms "construct", “cassette”, "expression cassette", “plasmid”, “vector”, or
“expression vector” is understood to mean a recombinant nucleic acid, generally recombinant
DNA, which has been generated for the purpose of the expression or propagation of a nucleotide
sequence(s) of interest or is to be used in the construction of other recombinant nucleotide
sequences.

The term “promoter” or “promoter polynucleotide” is understood to mean a regulatory
sequence/element or control sequence/element that is capable of binding/recruiting an RNA

polymerase and initiating transcription of sequence downstream or in a 3 direction from the
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promoter. A promoter can be, for example, constitutively active, or always on, or inducible in
which the promoter is active or inactive in the presence of an external stimulus. Example of
promoters include T7 promoters or U6 promoters.

The term “operably linked” can mean the positioning of components in a relationship
which permits them to function in their intended manner. For example, a promoter can be linked
to a polynucleotide sequence to induce transcription of the polynucleotide sequence.

The terms "complementarity" or “complement” refer to the ability of a nucleic acid to
form hydrogen bond(s) with another nucleic acid sequence by either traditional Watson-Crick or
other non-traditional types. A percent complementarity indicates the percentage of residues in a
nucleic acid molecule which can form hydrogen bonds (e.g., Watson-Crick base pairing) with a
second nucleic acid sequence (e.g., 4, 5, and 6 out of 6 being 66.67%, 83.33%, and 100%
complementary). "Perfectly complementary" means that all the contiguous residues of a nucleic
acid sequence will hydrogen bond with the same number of contiguous residues in a second
nucleic acid sequence. "Substantially complementary" as used herein refers to a degree of
complementarity that is at least 40%, 50%, 60%, 62.5%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,
98%, 99%, or 100%, or percentages in between over a region of 4, 5, 6, 7, and 8 nucleotides, or
refers to two nucleic acids that hybridize under stringent conditions.

In some aspects, the invention provides methods comprising delivering one or more
polynucleotides, such as or one or more vectors as described herein (e.g., encoding siRNA,
antisense oligonucleotides or other type of inhibitory nucleic acid), to a host cell. In some
aspects, the invention further provides cells produced by such methods, and organisms or cells
comprising or produced from such cells. Conventional viral and non-viral based gene transfer
methods can be used to introduce nucleic acids in mammalian cells or target tissues. Such
methods can be used to administer nucleic acids encoding inhibitory compounds to cells in
culture, or in a host organism. Non-viral vector delivery systems include DNA plasmids, RNA
(e.g. a transcript of a vector described herein), naked nucleic acid, and nucleic acid complexed
with a delivery vehicle, such as a liposome. Viral vector delivery systems include DNA and
RNA viruses, which have either episomal or integrated genomes after delivery to the cell. For a
review of gene therapy procedures, see Anderson, Science 256:808-813 (1992); Nabel &
Felgner, TIBTECH 11:211-217 (1993); Mitani & Caskey, TIBTECH 11:162-166 (1993); Dillon,
TIBTECH 11:167-175 (1993); Miller, Nature 357:455-460 (1992); Van Brunt, Biotechnology
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6(10):1149-1154 (1988); Vigne, Restorative Neurology and Neuroscience 8:35-36 (1995),
Kremer & Perricaudet, British Medical Bulletin 51(1):31-44 (1995); Haddada et al., in Current
Topics in Microbiology and Immunology Doerfler and Bihm (eds) (1995); and Yu et al., Gene
Therapy 1:13-26 (1994).

Methods of non-viral delivery of nucleic acids include lipofection, nucleofection,
microinjection, biolistics, virosomes, liposomes, immunoliposomes, polycation or lipid:nucleic
acid conjugates, naked DNA, artificial virions, and agent-enhanced uptake of DNA. Lipofection
is described in e.g., U.S. Pat. Nos. 5,049,386, 4,946,787, and 4,897,355) and lipofection reagents
are sold commercially (e.g., Transfectam™ and Lipofectin™). Cationic and neutral lipids that
are suitable for efficient receptor-recognition lipofection of polynucleotides include those of
Feigner, WO 91/17424; WO 91/16024. Delivery can be to cells (e.g. in vitro or ex vivo
administration) or target tissues (e.g. in vivo administration).

The preparation of lipid:nucleic acid complexes, including targeted liposomes such as
immunolipid complexes, is well known to one of skill in the art (see, e.g., Crystal, Science
270:404-410 (1995); Blaese et al., Cancer Gene Ther. 2:291-297 (1995); Behr et al,
Bioconjugate Chem. 5:382-389 (1994); Remy et al., Bioconjugate Chem. 5:647-654 (1994), Gao
et al., Gene Therapy 2:710-722 (1995); Ahmad et al., Cancer Res. 52:4817-4820 (1992), U.S.
Pat. Nos. 4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085,
4,837,028, and 4,946,787).

The use of RNA or DNA viral based systems for the delivery of nucleic acids take
advantage of highly evolved processes for targeting a virus to specific cells in the body and
trafficking the viral payload to the nucleus. Viral vectors can be administered directly to patients
(in vivo) or they can be used to treat cells in vifro, and the modified cells may optionally be
administered to patients (ex vivo). Conventional viral based systems could include retroviral,
lentivirus, adenoviral, adeno-associated and herpes simplex virus vectors for gene transfer.
Integration in the host genome is possible with the retrovirus, lentivirus, and adeno-associated
virus gene transfer methods, often resulting in long term expression of the inserted transgene.
Additionally, high transduction efticiencies have been observed in many difterent cell types and
target tissues.

The tropism of a retrovirus can be altered by incorporating foreign envelope proteins,

expanding the potential target population of target cells. Lentiviral vectors are retroviral vectors
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that are able to transduce or infect non-dividing cells and typically produce high viral titers.
Selection of a retroviral gene transfer system would therefore depend on the target tissue.
Retroviral vectors are comprised of cis-acting long terminal repeats with packaging capacity for
up to 6-10 kb of foreign sequence. The minimum cis-acting LTRs are sufficient for replication
and packaging of the vectors, which are then used to integrate the therapeutic gene into the target
cell to provide permanent transgene expression. Widely used retroviral vectors include those
based upon murine leukemia virus (MuL V), gibbon ape leukemia virus (GaLV), Simian Immuno
deficiency virus (SIV), human immuno deficiency virus (HIV), and combinations thereof (see,
e.g., Buchscher et al, J. Virol. 66:2731-2739 (1992); Johann et al., J. Virol. 66:1635-1640
(1992); Sommnerfelt et al., Virol. 176:58-59 (1990); Wilson et al., J. Virol. 63:2374-2378
(1989); Miller et al., J. Virol. 65:2220-2224 (1991), PCT/US94/05700). In applications where
transient expression is preferred, adenoviral based systems may be used. Adenoviral based
vectors are capable of very high transduction efficiency in many cell types and do not require
cell division. With such vectors, high titer and levels of expression have been obtained. This
vector can be produced in large quantities in a relatively simple system. Adeno-associated virus
("AAV") vectors may also be used to transduce cells with target nucleic acids, e.g., in the in vitro
production of nucleic acids and peptides, and for in vivo and ex vivo gene therapy procedures
(see, e.g., West et al., Virology 160:38-47 (1987); U.S. Pat. No. 4,797,368, WO 93/24641,
Kotin, Human Gene Therapy 5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994).
Construction of recombinant AAV vectors are described in a number of publications, including
U.S. Pat. No. 5,173,414, Tratschin et al., Mol. Cell. Biol. 5:3251-3260 (1985); Tratschin, et al .,
Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS 81:6466-6470 (1984), and
Samulski et al., J. Virol. 63:03822-3828 (1989).

Packaging cells are typically used to form virus particles that are capable of infecting a
host cell. Such cells include 293 cells, which package adenovirus, and y2 cells or PA317 cells,
which package retrovirus. Viral vectors used in gene therapy are usually generated by producing
a cell line that packages a nucleic acid vector into a viral particle. The vectors typically contain
the minimal viral sequences required for packaging and subsequent integration into a host, other
viral sequences being replaced by an expression cassette for the polynucleotide(s) to be
expressed. The missing viral functions are typically supplied in trans by the packaging cell line.

For example, AAV vectors used in gene therapy typically only possess ITR sequences from the
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AAV genome which are required for packaging and integration into the host genome. Viral DNA
is packaged in a cell line, which contains a helper plasmid encoding the other AAV genes,
namely rep and cap, but lacking ITR sequences. The cell line may also be infected with
adenovirus as a helper. The helper virus promotes replication of the AAV vector and expression
of AAV genes from the helper plasmid. The helper plasmid is not packaged in significant
amounts due to a lack of ITR sequences. Contamination with adenovirus can be reduced by, e.g.,
heat treatment to which adenovirus is more sensitive than AAV.

As used herein, the phrase "effective amount” of a compound or pharmaceutical
composition refers to an amount sufficient to modulate tumor growth or metastasis in an animal,
especially a human, including without limitation decreasing tumor growth or size or preventing
formation of tumor growth in an animal lacking any tumor formation prior to administration, i.e.,
prophylactic administration.

Preferably, as used herein, the term "pharmaceutically acceptable" means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in animals, and more particularly in humans.

The term "carrier" refers, for example to a diluent, adjuvant, excipient, auxiliary agent or
vehicle with which an active agent of the present invention is administered. Such pharmaceutical
carriers can be sterile liquids, such as water and oils, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like.
Water or aqueous saline solutions and aqueous dextrose and glycerol solutions are preferably
employed as carriers, particularly for injectable solutions. Suitable pharmaceutical carriers are
described in "Remington's Pharmaceutical Sciences" by E. W. Martin.

A pharmaceutical composition of the present invention can be administered by any
suitable route, for example, by injection, by oral, pulmonary, nasal or other forms of
administration. In general, pharmaceutical compositions contemplated to be within the scope of
the invention, comprise, inter alia, pharmaceutically acceptable diluents, preservatives,
solubilizers, emulsifiers, adjuvants and/or carriers. Such compositions can include diluents of
various bufter content (e.g., Tris HCI, acetate, phosphate), pH and ionic strength; additives such
as detergents and solubilizing agents (e.g., Tween 80, Polysorbate 80), anti oxidants (e.g.,
ascorbic acid, sodium metabisulfite), preservatives (e.g., Thimersol, benzyl alcohol) and bulking

substances (e.g., lactose, mannitol); incorporation of the material into particulate preparations of
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polymeric compounds such as polylactic acid, polyglycolic acid, etc., or into liposomes. Such
compositions may influence the physical state, stability, rate of in vivo release, and rate of in
vivo clearance of components of a pharmaceutical composition of the present invention. See,
e.g., Remington's Pharmaceutical Sciences, 18th Ed. (1990, Mack Publishing Co., Easton, Pa.
18042) pages 1435 1712 which are herein incorporated by reference. A pharmaceutical
composition of the present invention can be prepared, for example, in liquid form, or can be in
dried powder, such as lyophilized form. Particular methods of administering such compositions
are described infra.

In yet another embodiment, a pharmaceutical composition of the present invention can be
delivered in a controlled release system, such as using an intravenous infusion, an implantable
osmotic pump, a transdermal patch, liposomes, or other modes of administration. In a particular
embodiment, a pump may be used [see Langer, supra; Sefton, CRC Crit. Ref Biomed. Eng,
14:201 (1987); Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. Engl. J. Med. 321:574
(1989)]. In another embodiment, polymeric materials can be used [see Medical Applications of
Controlled Release, Langer and Wise (eds.), CRC Press: Boca Raton, Fla. (1974); Controlled
Drug Bioavailability, Drug Product Design and Performance, Smolen and Ball (eds.), Wiley:
New York (1984); Ranger and Peppas, J. Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983);,
see also Levy et al., Science 228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard
etal., J. Neurosurg. 71:105 (1989)]. In yet another embodiment, a controlled release system can
be placed in proximity of the target tissues of the animal, thus requiring only a fraction of the
systemic dose [see, e.g., Goodson, in Medical Applications of Controlled Release, supra, vol. 2,
pp. 115 138 (1984)]. In particular, a controlled release device can be introduced into an animal in
proximity of the site of inappropriate immune activation or a tumor. Other controlled release
systems are discussed in the review by Langer [Science 249:1527 1533 (1990))].

As used herein the term "biomarker" refers to a characteristic that is objectively measured
and evaluated as an indicator of normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention.

As used herein, the terms "modulate”, "modulating”" or "modulation" refer to changing
the rate at which a particular process occurs, inhibiting or promoting a particular process,
reversing a particular process, and/or preventing the initiation of a particular process.

Accordingly, if the particular process is tumor growth or metastasis, the term "modulation"
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includes, without limitation, decreasing the rate at which tumor growth and/or metastasis occurs;
inhibiting tumor growth and/or metastasis; reversing tumor growth and/or metastasis (including
tumor shrinkage and/or eradication) and/or preventing tumor growth and/or metastasis. A
compound that increases a known activity, e.g., tumor growth or metastasis, is an “agonist”. One
that decreases, or prevents, an undesirable malignant phenotype is an “antagonist” or “inhibitor”.

As used herein, the terms "tumor", "tumor growth" or "tumor tissue" can be used
interchangeably, and refer to an abnormal growth of tissue resulting from uncontrolled
progressive multiplication of cells and serving no physiological function. A solid tumor can be
malignant, e.g. tending to metastasize and being life threatening, or benign. Examples of solid
tumors that can be treated or prevented according to a method of the present invention include
sarcomas and carcinomas such as, but not limited to: fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, colorectal cancer, gastic cancer,
pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, liver metastases, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, thyroid carcinoma such as anaplastic thyroid
cancer, Wilms' tumor, cervical cancer, testicular tumor, lung carcinoma such as small cell lung
carcinoma and non-small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, glioblastoma, and retinoblastoma.

The phrase “treatment induced cancer” refers to a new cancer or tumor in a patient with a
preexisting cancer that is developed in response to treatment of the preexisting cancer. “Chemo-
induced cancer” or “chemotherapy induced cancer” refers to a treatment induced cancer that was
developed in response to chemotherapy treatment.

As used herein, the phrase “chromosomal instability” refers to a higher than normal rate
of mis-segregation of chromosomes or parts of chromosomes during mitosis due to defective cell

cycle quality control mechanisms, resulting in copy number alterations (CNAs) or aneuploidy.
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The phrase “gene amplification” or “copy number amplification” or “DNA copy gain”
refers to an increase in the number of copies of a gene sequence. In certain embodiments, these
phrases refer to any number of copies greater than diploid. There may also be an increase in the
RNA and protein made from that gene. Gene amplification is common in cancer cells, and some
amplified genes may cause cancer cells to grow or become resistant to anticancer drugs. Gene
amplification of oncogenes on ecDNA 1is a frequent event in cancer.

Epigenetic state or Epigenetic phenomena, as used herein, means changes produced in
gene expression or other DNA-dependent processes caused by mechanisms other than changes in
the underlying DNA sequence. For example, methylation of cytosines (Cs) or histone
modifications can affect expression of a gene. These molecular modifications of the DNA are
often called "epigenetic marks." For example, increased or decreased methylation of Csin a
genome are part of normal biology but can also be associated with disease. In a similar fashion,
post translational modifications (PTMs) occur on histones and impact DNA-dependent
processes. As used herein, "epigenetic state" refers to a gene or region in a genome that reflects
particular epigenetic phenomena. For example, in a particular disease cohort, a gene can be
found that causes disease through multiple mechanisms, including, but not limited to,
impairment of protein function by a SNV, deletion of the gene via a CNV, little or no expression
of the gene due to a change in the epigenetic state of the gene itself and/or regulatory region(s) in
the genome controlling expression of the gene.

An "inhibitor" (interchangeably termed "antagonist") of a polypeptide of interest is an
agent that interferes with activation or function of the polypeptide of interest, e.g., partially or
fully blocks, inhibits, or neutralizes a biological activity mediated by a polypeptide of interest.
For example, an antagonist of G9a may refers to any molecule that partially or fully blocks,
inhibits, or neutralizes a biological activity mediated by G9a. Examples of inhibitors include
antibodies; ligand antibodies; small molecule antagonists; antisense and inhibitory RNA (e.g.,
siRNA) molecules.

siRNAs described above “modified nucleotides”. These are nucleotides comprising non-
naturally occurring moieties that confer increased nuclease resistance or thermodynamic stability
during hybridization as compared with a polynucleotide or polyribonucleotide that differs from
the inhibitory nucleic acid only by having a natural nucleotide in place of the modified

nucleotide. In certain embodiments, the ribose moiety of a nucleotide is modified with an extra
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bridge connecting the 2' oxygen and 4’ carbon. Numerous chemical modifications are commonly
used for the synthesis of oligonucleotides for a variety of reasons. For example, to increase the
phosphate backbone's stability, adjust duplex stability, change the oligonucleotide's
conformation, or increase its ability to penetrate a lipid bilayer. Modified sugar moieties are also
being incorporated into therapeutic oligonucleotides. Changing the sugar moiety generally
increases nuclease resistance and binding affinity to a complementary target.

“Bridged nucleic acid” (“BNA?”) refers to 2'-0,4'-C-methylene-modified nucleic acids. In
preferred embodiments, BNA, where the 2' oxygen and 4’ carbon are bridged by a methylene
group are used. In other approaches, 2'-0,4'-C-ethylene-bridged nucleic acids (ENA), the 2’
oxygen and 4' carbon are bridged by an ethylene group. Other examples of BNA can include, but
are not limited to, 2',4'-BNANC[NH], 2',4'-BNAN‘[NMe], and 2',4'-BNAN[NBn], (s)-cEt (S-
constrained Ethyl). tcDNA (tricycloDNA) modifications can also be used to constrain
nucleotides.

“Locked nucleic acid nucleotide” (“LNA nucleotide™) as used herein, refers to a modified
RNA nucleotide that provides the polynucleotide with greater thermodynamic stability during
hybridization as compared with a polynucleotide that differs from the LNA only by having a
natural ribonucleotide in place of the modified RNA nucleotide. In certain embodiments, the
ribose moiety of a modified RNA nucleotide is modified with an extra bridge connecting the 2’
oxygen and 4' carbon. LNA nucleotides can comprise any type of extra bridge between the 2'-O
and 4'-C of the RNA that increases the thermodynamic stability of the duplex between the LNA
and its complement.

Other 2'-O-modified nucleotides, such as 2'-O-Me, demonstrate greater stability, as well.

Oligonucleotide backbone configurations that demonstrate particularly high binding
affinities to the target (measured by melting temperature or Tm) are preferred for implementing
the steric hindrance mechanism. BNA, LNA, FANA, 2'-fluoro, 2’-O-methoxyethyl (2’-MOE),
2’-NHa, 2’-F-RNA, morpholino and piperazine containing backbones are particularly well suited
for this purpose.

Other modifications on the oligonucleotide ribose include, are not limited to, FHNA
(Fluoro Hexitol Nucleic Acid), (s)-5’-C-methyl, UNA (Unlocked Nucleic Acid), 4’-thio-RNA,

cyclohexene nucleic acid.
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Modified backbone linkages are sometimes used instead of phosphodiester linkage to
minimize oligonucleotide degradation by nucleases. Some examples include, are not limited to,
phosphorothioate, boranophosphonate, phosphoramidate, methyl phosphonate, (SC5’ Rp)-a.,3-
CNA (Dioxaphosphorinane-Constrained Nucleic Acid), PNA (Peptide Nucleic Acid), PMO
(Phosphorodiamidate Morpholino Oligonucleotide), phosphoryl guanidine. 5’ modifications to
increase phosphate stability include, are not limited to, E-VP ((E)-VinylPhosphonate), 5’ methyl
phosphonate, 5’-phosphorothioate, (s)-5’-methyl with phosphate, 5’-methoxy. 3’ modifications
to increase phosphate stability include, are not limited to, 2-hydroxyethylphosphate AND, 3’-ddc
(dideoxyCytosine), 3’-amino. Base modifications to improve 3’ stability include, are not limited
to, 2’-thio-dT.

The generation of oligonucleotides with mixed linkages such as boranophosphate and
phosphate linkages has been accomplished by several solid phase methods including one
involving the use of bis(trimethylsiloxy)cyclododecyloxysilyl as the 5'-O-protecting group
(Brummel and Caruthers, Tetrahedron Lett 43: 749, 2002). In another example the 5'-hydroxyl is
initially protected with a benzhydroxybis-(trimethylsilyloxy)silyl group and then deblocked by
EtsN:HF before the next cycle (McCuen et al., ] Am Chem Soc 128: 8138, 20006). This method
can result in a 99% coupling yield and can be applied to the synthesis of oligos with pure
boranophosphate linkages or boranophosphate mixed with phosphodiester, phosphorothioate,
phosphorodithioate or methyl phosphonate linkages.

The boranophosphorylating reagent 2-(4-nitrophenyl)ethyl ester of
boranophosphoramidate can be used to produce boranophosphate linked oligoribonucleotides
This reagent readily reacts with a hydroxyl group on the nucleosides in the presence of 1H-
tetrazole as a catalyst. The 2-(4-nitrophenyl)ethyl group can be removed by 1,4-
diazabicyclo[5.4.0Jundec-7-ene (DBU) through beta-elimination, producing the corresponding
nucleoside boranomonophosphates (NMPB) in good yield.

Nucleobase modifications to increase binding affinity include, are not limited to, 5’-
methylcytidine, S-methyluridine (ribothymidine), and abasic RNA.

The phrase “MLL inhibitor”, “KMT2A inhibitor”, “MLL/KMT2A inhibitor” “Mixed
Lineage Leukemia inhibitor” or “lysine methyltransferase 2A inhibitor” refers to any compound

naturally occurring or synthesized, having the ability of inhibiting MLL/KMT2A amplification.
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Agents that reduce MLL/KMT?2A break aparts, and amplifications include, without limitation, a
G9a inhibitor or KDM3B agonist.

The phrase “G9a inhibitor” refers to any compound natural occurring or synthesized,
having the ability of inhibiting G9a activity, stability or expression. A G9a inhibitor is for
example UNCO0642, available on the world wide web at apexbt.com/unc-
0642.html?gclid=EAIalQobChMI-4KuOtW 1-ATVIXTUAR3{ gpZEAAYASAAEg
KST D BwE. Additional G9a inhibitors are known to those skilled in the art. Also see Vedadi et
al. (2011) Nat. Chem. Biol.7(8):566-574.

The phrase “KDM3B agonist” refers to any compound natural occurring or synthesized,
having the ability of promoting KDM3B expression or overexpression. A KDM3B agonist is for
example any molecule that can increase activity or stabilize the protein such as an RNA aptamer.

The term "drug response" as used herein, means any biological response in an organism
that is the result of exposure to the drug. Drug responses can be favorable, such as when a
patient's disease is eradicated by treatment with the drug, or unfavorable, such as when a patient
enters a coma upon treatment with a drug.

The following materials and methods are provided to facilitate the practice of the present

invention.
Cell Culture:

Retinal pigment epithelial (RPE) cells were cultured in DMEM-high glucose (Sigma)
media supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100U/ml penicillin,
100pg/ml streptomycin, and 2mM L-glutamine. U937 cells were cultured in RPMI 1640 media
supplemented with 10% heat-inactivated FBS, 100U/ml penicillin, 100pg/ml streptomycin and
2mM L-glutamine. HL60 and KG1a cells were cultured in RPMI 1640 media supplemented with
20% heat-inactivated FBS, 100U/ml penicillin, 100pg/ml streptomycin and 2mM L-glutamine.
Cell line identities were authenticated by short tandem repeat analysis and Mycoplasma tested
using the MycoAlert Detection Kit (Lonza, LT07-218).

Human primary patient-derived AML cells were obtained and generated as described
previously (Duy et al., 2019). Primary patient-derived AML cells were maintained on 30 Gy-
irradiated OP9 feeder layer cells in complete in Iscove’s modified Dulbecco’s medium (IMDM;

Thermo Fisher Scientific, Waltham, MA) containing 20% fetal bovine serum (Corning Premium
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FBS), 100 TU/ml penicillin, 100 ug/ml streptomycin, S0 uM 2-mercaptoethanol and
supplemented with AML-maintaining cytokines (50 ng/ml SCF, 20 ng/ml GM-CSF, 50 ng/ml
FLT3 ligand, 20 ng/ml IL-3, 20 ng/ml IL-6, and 20 ng/ml G-CSF).

Isolation of HSPCs:

Cryopreserved CD34+ hematopoietic stem and progenitor cells (HSPCs) were derived
from human umbilical cord blood cells and propagated using an ex vivo co-culture model as

previously described (Duy et al., 2019).

Transfection Procedure for RPE cells:

Cells were plated in 10 cm cell culture dishes and allowed to adhere for 16-20 hours. Cell
culture medium was removed, cells were rinsed with phosphate buffered saline (PBS) and then
replaced with OPTI-MEM medium (Life Technologies) prior to siRNA transfections (5SnM-
10nM/transfection). Transfections were changed to complete cell culture media after 4 hr of
transfection, and cells were collected 72 hr post transfection. Transient overexpression
transfections were performed using Lipofectamine 3000 transfection reagent and P3000 reagent
(Life Technologies) in OPTI-MEM medium for 4 hrs, followed by changing to complete DMEM
media. Silencer select negative controls and siRNAs were purchased from Life Technologies.

Their sequences and unique identification numbers are tabulated in the tables below.
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TABLE 1: siRNA Oligos
siRNA Name siRNA Sequence Unique Identifier

KDM3A GAAGAUCGGAAAUAUGGAALt $224392
KDM3A GUCAGAUACAUGAACCAGALt $224394
KDM3B GGUUCACAAUCUAUACAGULt $28658
KDM3B GAAGAGUUGGUACAACAAAL §224243
KDM3B UAUGCAACUGUAUAGAUUGTg 28657
KDM3B UAAACUUCCGGUACCGCUCca §224244
KDM3C CCCAAUCAAGUGUUACAAALt 47941
KDM3C GGAAGUCUGUUGACACUCALtt 47942
GY9A GCUCUAACUGAACAACUAALL $21469
G9A CGCUGAUUUUCGAGUGUAALt 521470
EHMT1 CAGCUGCAGUAUCUCGGAAtt 36390
EHMT1 CUCUCACCGUUUCCACAAALt 536391
Suv39H1 AGAACAGCUUCGUCAUGGALt 513658
Suv39H1 CAAAUCGUGUGGUACAGAAtt s$13660
Suv39H2 GAAUGAGUUUUGUCAUGGALt 536183
Suv39H2 GUAUUCGCUUUGCAUCUUULt 536184
CTCF GGACGAUACCCAGAUUAUALt 20967
CTCF GCUUUGCAGUUACACGUGULtt 20968

Table 2. Oligos for gRT-PCR, gPCR and ddPCR

Primer Identifier

Primer Sequence

KDM3A Forward

5'-CCACCTAACCTTGGAGCAAA-3'

KDM3A Reverse

5-GCTTCAGACTTTGTATTTAGACAGGA-3

KDM3B Forward

5-TTATCGTGCTTCTGCTGGAA-3'

KDM3B Reverse

5'-CATTGTGCAATGGAGACTCG-3

KDM3C Forward

5'-CCTACAATGAATGGTGTATCTCAATC-3'

KDM3C Reverse

5-TGTTATCTGTGCCTACATCACTCTC-3'

G9a Forward

5-TGGGAAAGGTGACCTCAGAT-3

G9a Reverse

5-GGGCAGAACCTAACTCCTCTG-3

EHMT1 Forward

5-GCCAAAGAGGTGACGATAGC-3

EHMT1 Reverse

5-ACTGCCCGTTGTGGTGTC-3’

Actin Forward

5'-AGGCCAACCGCGAGAAG-3'

Actin Reverse

5'-ACAGCCTGGATAGCAACGTACAT-3'
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CTCF Forward 5-ATGTGCGATTACGCCAGTGTA-3

CTCF Reverse 5-TGAAACGGACGCTCTCCAGTA-3

KMT2A Ex11 CTCF site Forward | 5-TCTGTCACGTTTGTGGAAG-3

KMT2A Ex11 CTCF site Reverse | 5-GCCCAGCTGTAGTTCTATTAC-3

CTCF negative site Forward 5-GAATCAGACTGAGACCCTAAAC-3

CTCF negative site Reverse 5-GCCAATCCAGTCTTCTCATAC-3

KMT2A CTCF flanking site Forward | 5-CAGCCAGAATCCCAGTAGA-3

KMT2A CTCF flanking site Reverse | 5-CTTTCAGAGGAGGCTACAGA-3

KMT2A Ex11 ddPCR Forward 5-GTGTTGTCGTCGTTGCAAAT-3’

Reverse 5-AGGCCCAGCTGTAGTTCTAT-3
Probe — FAM 5-TGTGGAAGGCAACATCAGGCTACA-2
CD3E ddPCR Forward 5 AGGCTAAGCATGAACCTCAC-3
Reverse 5- TGGAATTAGACACTGCCCAC-3
Probe - HEX 5- TGGATGAGACCCTCTTTGGGAAGTC-3

Tables 3A- H. Reagents and Materials

Table3A

Reagent or Resource Source Identifier
miRNeasy Mini Kit Qiagen Cat# 217004
Superscript IV 15 Strand System Life Technologies Cat# 18091050
CL-XPosure™ Film Thermo Scientific Cat# 34091
Lumi-Light Western Blotting Roche Cat# 12015200001
Substrate
Pierce BCA Protein Assay Thermo Scientific Cat# 23223 and 23224
Protein A Dynabeads Thermo Scientific Cat# 10002D
Protein G Dynabeads Thermo Scientific Cat# 10004D
TruSeq ChIP Sample Prep Kit Set [llumina Cat# 10748010
A (48 samples)
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NextSeq® 500/550 High Output
Kit v2 (75 cycles)

Hlumina

Cat# FC-404-2005

Dead Cell Apoptosis Kits with Life Technologies Cat# V13241
Annexin V
Pierce Protease Inhibitor Tablets Thermo Scientific Cat# A32953
Pierce Phosphatase Inhibitor Thermo Scientific Cat# A32957
Tablets
Table 3B.
Antibodies Source Identifier
Anti-KDM3B, clone C69G2 Cell Signaling Cat# 3314
RRID:AB_1264294
Anti-JMJD1B Invitrogen Cat# PA5-53459
Anti-G9a Sigma Cat# Cat# G6919,
RRID:AB_262007
Anti-beta Actin Millipore Cat# MAB1501;
RRID:AB626633
Anti-Actinin Santa Cruz Cat# sc-17829;
RRID:AB_626633
Goat anti-mouse HRP Biorad Cat# 170-6516;
RRID: AB11125547
Goat anti-rabbit HRP GenScript Cat# A00167
Anti-H3K9me1 Abcam Cat# ab8896
Anti-H3K9me2 Abcam Cat# ab1220
Anti-H3K9me3 Abcam Cat# ab8898
Anti-CTCF, clone D31H2 Cell Signaling Cat# 3418
Table 3C.
Recombinant DNA Source Identifier
Halo-CTCF Promega N/A
Halo-KDM3B Promega N/A
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Halo-Tag Alone

Promega

Cat# G6591

MLL-1 Probe

Oxford Gene Technology

Cat# LPH 506-A

MLL breakapart

Oxford Gene Technology

Cat# LPH 013-A

AML1 breakapart

Oxford Gene Technology

Cat# LPH 027-SA

BCL6 breakapart

Oxford Gene Technology

Cat# LPH 035-SA

EVL1 breakapart

Oxford Gene Technology

Cat# LPH 036-SA

TCRB breakapart

Oxford Gene Technology

Cat# LPH 048-SA

MLLT1

Oxford Gene Technology

Catg LPH 508-A

MLLT3

Oxford Gene Technology

atft LPH 5084

Chromosome 11 Alpha Satellite Red

Oxford Gene Technology

Cat# LPE 011R-A

E2A breakapart

Oxford Gene Technology

Cat# LPH 019-SA

5q del probe

Oxford Gene Technology

Cat# LPH 024

19p probe

Oxford Gene Technology

Cat# LPT19 PR-A

NMYC/LAF4 probe

Oxford Gene Technology

Cat# LPS-009A

MLL adjacent probe (CD3)

Empire Genomics

RPCI-11 215H18

Kmt2a/Chr9 Mouse

Empire Genomics

Table 3D. Experimental Models: Cell Lines

RPE-hTERT1 Nick Dyson N/A

Uo37 FCCC Cell Culture CRL-1593.2
Facility

HL60 ATCC CCL-240

KG1a ATCC CCL-246.1

HSPC Cihan Duy N/A

Primary AML Cihan Duy N/A

AML Organoid Cihan Duy N/A

Table 3E. Experimental Models: Organisms

Mouse: C57BL/6 / 129/Sv

Tomasz Skorski

Mouse KMT2A-Chr09
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Table 3F.
Chemicals, Peptides and Source Identifier
Recombinant Proteins
Propidium lodide Solution Sigma Aldrich Cat# P4864
Doxorubicin Sigma Aldrich ab142052
Doxorubicin (Mouse study) Selleckchem Cat# E2516
Dulbecco’s Modified Eagles Medium — Sigma Aldrich Cat# D5648
High Glucose
Roswell Park Memorial Institute Medium | Sigma Aldrich Cat# R6504
(RPMI1)1640
Iscove’'s Modified Dulbecco Medium Thermofisher Cat# 12440053

(IMDM)

Opti-Mem

Life Technologies

Cat# 31985070

Trypsin (0.25%) EDTA

Life Technologies

Cat# 2520056

L-Glutamine

Life Technologies

Cat# 25030-081

Penicillin and Streptomycin

Life Technologies

Cat# 15140122

Fetal Bovine Serum (FBS)

Gibco

Cat# 26140-079

Lipofectamine 3000

Life Technologies

Cat# L30000015

EHMTI Jian Jin UNCO0642
KDMg3i/JDI12 Cynthia Myers/Jian Jin | PMID: 31271662
Table 3G.

Software and Algorithms

Source

Scaffold 6.0

3i-intelligent imaging

https://lwww.intelligent-

Innovations imaging.com/slidebook
Table 3H.
Resource Source Identifier
Raw sequencing: ChIP-seq This paper GEO: GSE210480
KDM3B ChiP-seq Public data PMID: 28440285
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For co-transfection experiments, both the siRNAs were transfected at the same time and
collected at 72 hr from transfection (FIG. 9B-9C, 10A-10D). For Figures 8A and 7A-7F, cells
were first transfected with ssEHTM1/EHMT2 siRNA’s for 24 hr followed by KDM3B siRNA

transfection for 48hr.

Transfection procedure for U937 cells:

U937 were transfected using Neon System (Invitrogen) following manufacturer’s
instructions. Cells were mixed with siRNA constructs in 10ul of supplied buffer. Cell mixture
was loaded in Neon syringe and submerged in electrode buffer. For U937 cells, 3 pulses of
1400V with a width of 10ms was applied for 500,000 cells. Cells were immediately transferred

into fresh media in 6 well plates.

Long term passage of siRNA transfected cells:

Control siRNA transfected and KDM3B siRNA transfected cells were considered as
passage 0 (P=0) 72 hours post transfection. After 72 hours post transfection, the 2.5X10° cells
were plated and cultured for 72 hours as passage P=1. The cells were subsequently plated,

passaged and harvested at indicated passage numbers.

RNA extraction and quantitative real-time PCR:

Cells were washed and collected by trypsinization after two PBS washes. Cell pellet was
resuspended in Qiazol reagent (QTAGEN) for lysis and stored at -80°C before further processing.
Total RNA was extracted using miRNAeasy Mini Kit (QIAGEN) with an on-column DNase
digestion according to the manufacturer’s instructions. RNA was quantified using NanoDrop
2000 or One (Thermo Scientific). Single strand cDNA was prepared using Super Script I'V first
strand synthesis kit (Invitrogen) using random hexamers. Expression levels were analysed using
FastStart Universal SYBR Green Master (ROX) (Roche) according to the manufacturer’s
instructions on a LightCycler 480 PCR machine (Roche) or QuantStudio 5 Real-time PCR
machine (Applied Biosystems). Samples were normalized to B-actin. Primer sequences are

provided in the tables above.

Protein purification
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Human full length of KDM3A, KDM3B and KDM5A were cloned into pFastbacl with
flag tag at N-terminal, then Bacmid were made to produce baculovirus in insect cells(sf9), after
infection of sf9 cells, proteins were purified and eluted from Flag-M?2 agarose beads with 3Xflag

peptide (0.15mg/ml).

Immunoblotting:

Cells were trypsinized and washed two times with PBS before resuspending in RIPA
lysis buffer [SOmM Tris pH 7.4, 150mM NaCl, 0.25% Sodium Deoxycholate, 1% NP40, ImM
EDTA, 10% Glycerol] freshly supplemented with protease inhibitor and PhosSTOP phosphatase
inhibitor cocktails (Roche). Cells were lysed on ice for 15 min and stored at 80°C until further
processing. Lysates were sonicated for 15 min (30sec ON and 30sec OFF cycle) at 70%
amplitude in QSonica Q700 sonicator (Qsonica) followed by centrifugation at 12,000rpm for
15min. Cell lysate was transferred to a fresh tube and protein quantification was performed with
Pierce BCA reagent (Thermo Scientific). Equal amounts of proteins were separated by SDS gel
electrophoresis and transferred on nitrocellulose membrane (BioTrace NT, Pall Life Sciences)
for at least 3 hr at a constant current. The membranes were blocked for at least 1 hr in 5% BSA-
PBST (1X PBS with 0.5% Tween-20) or 5% milk-PBST and probed over night with specific
antibodies as follows at the following dilutions: anti-KDM3B (Cell Signaling) (1:1000); anti-j-
Actin (1:10,000); anti-G9A (Sigma) (1:1000); anti-Actinin (Santacruz) (1:1000). Catalog

numbers for all antibodies used in this study can be found in the tables above.

Membranes were washed three times in PBST the next day, incubated with goat anti-
mouse IgG peroxidase conjugated secondary antibody (170-6516, Biorad) or goat anti-rabbit
peroxidase conjugated secondary antibody (A00167, GenScript) at 1:2500 in 5% milk-PBST for
at least 1hr at room temperature, washed 3 times with PBST and incubated in Lumi-Light
western blotting substrate (12015200001, Roche) 1min. Membranes were developed with Lumi-
Film Chemiluminiscent detection film (11666657001, Roche). The western blot images

displayed in the figures have been cropped and auto-contrasted.

Cell Cycle Analysis:

Samples were washed with PBS, centrifuged at 1400rpm for 5 min, and permeabilized

with 500mL PBS containing 0.5% Triton X-100 for 30 min. After this incubation, cells were
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washed with PBS and centrifuged at 1400rpm for 5 min. Samples were then stained with 1:100
dilutions of 1mg/mL PI solution and 0.5M EDTA with 100 mg RNase A, overnight at 4°C. Cell
cycle distribution was analyzed by flow cytometry using the LSRII flow cytometry system (BD

Biosciences).

DNA Fluorescent /n Situ Hybridization (FISH):

The FISH protocol was performed as described previously in Black et al. (2013). Briefly,
cell suspensions were fixed in ice-cold methanol:glacial acetic acid (3:1) solution for a minimum
of four hours, before being centrifuged onto 8 Chamber Polystyrene vessel tissue culture treated
glass slides (Falcon, Fisher Scientific) at 900rpm. The slides were air-dried and incubated in 2X
SSC buffer for 2 min, followed by serial ethanol dilution (70%, 85% and 100%) incubations for
2 min each, for a total of 6 min. Air-dried slides were hybridized with probes that were diluted in
appropriate butfer overnight at 37°C. The slides were washed the next day for 3 to 4 mins in
appropriate wash buffers at 69°C with 0.4X SSC for Cytocell probes or Agilent Buffer1 for
Agilent probes, followed by washing in 2X SSC with 0.05% Tween-20 (Cytocell probes) or
Agilent Buffer 2 for Agilent probes. The slides were incubated in 1mg/mL DAPI solution made
in 1% BSA-PBS, followed by a final 1X PBS wash. After the wash, the slides were mounted
with ProLong Gold antifade reagent (Invitrogen).

FISH images were acquired using an Olympus IX81 or Olympus IX83 spinning disk
microscope at 40X magnification and analyzed using Slidebook 6.0 softwares. A minimum of 20
z-planes with 0.5um step size was acquired for each field. Copy number gains for MLLI,11C,
NMYC/LAF4 were scored in RPE cells as three or more foci. For MLL breakapart probe, copy
gains were scored as 3 or more foci for the N terminus flanking probe (green) and C terminus
flanking probe (red). Complete separation of red and green probe with no overlap was called
breakapart for the MLL locus, TCF3 locus and any other locus FISHed with dual breakapart
probe. A minimum of 100 nuclei are scored for each independent experiment. Extended list of
probes used are provided in the tables above.

Metaphase Spreads:

RPE cells were transfected with siRNAs and passed 3 times. Cells were seeded for 48
hours. The cells were treated with KaryoMAX colcemid solution (Gibco) at a final concentration

of 2ug/mL for 4 hour and were collected by mitotic shake off, washed with 1X PBS followed by
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0.59% KCI (w/v) hypotonic solution for 1 hour 30 minute for expansion and swelling. The
reaction was terminated by addition of 3:1 solution of cold methanol:acetic acid, followed by 4
washes. The cells were then resuspended in fixative solution. The cells were pipetted and
dropped on a glass slide from a height of 12-15 inches to make the metaphase spread. FISH was
performed for the indicated probes post drying of the slides. The images were taken with 25 z-
planes with 0.5 pm step size using the Olympus IX83 microscope. The images were analyzed for

FISH using Slidebook 6.0 software.

Drug Treatment Condition:

Doxorubicin treatment: RPE cells were plated in 10 ¢cm tissue culture plates at a density

of 2.5x10° - Cells were allowed to adhere for approximately 16 hours before Doxorubicin
(Sigma) (dissolved in DMSO) was supplemented to media in different concentrations. Final
concentrations used were 5, 2.5 and 1pg/ul. Cells were cultured in Doxorubicin for a total of 72
hours before harvesting. For Figures 12D and 14F-14G, cells were transfected with KDM3B
plasmid for 4 hr. After removal of transfection mixture, cells were supplemented with 1 pg/ul
Doxorubicin supplemented media and cultured for 20 hours before harvesting. For Figures 12C
and 14C-14D, Doxorubicin supplemented media was added after removal of EHMT2 siRNA

transfection mix and cultured for 72 hours before harvesting.

JDI12/KDM3i treatment:

RPE cells were plated in 10cm tissue culture plates at a density of 3x10° cells. Cells were
allowed to adhere to the plate for a minimum of 24h before JDI12/KDM3i (dissolved in DMSO)
was supplemented to media at 25nM unless specified differently. Cells were cultured for a total
of 72 hours before harvesting. For washout experiment (Fig. 4C), cells were allowed to adhere
for 48h or 60h before treatment with JDI12/KDM3i. Cells were treated for 12h before media was
removed, plates were washed with 1x PBS, and cells were either harvested or fresh complete
media was added back to the plate without JDI12. For passage experiments, RPE cells were
plated at 1.5x10° cells. Cells were allowed to adhere to the plate for 24h before JDI12/KDM3i
was supplemented to media at 25nM. Cells were cultured in JDI12/KDM3i for 72h further
before being harvested and passaged at 3x10° per 10cm plate. Cells were passaged every 3 days

and seeded at the same amount each passage.



10

15

20

25

30

WO 2023/244870 PCT/US2023/025793
42

EHMTi (UNC0642) treatment:

For JDI12 + EHMTi (UNC0642) experiments, cells were seeded at 3x10°in 10cm tissue
culture plates and allowed to adhere for 60h before media was supplemented with JDI12 (25nM)
and G9ai (2.5uM). Cells were harvested 12 hours post treatment. For siCTCF + G9ai
experiments, cells were seeded in 10cm tissue culture plates at 2.1x10° and allowed to adhere for
24h before following the transfection procedure described above. 24h post-transfection, media
was supplemented with 1.5uM G9ai. Cells were cultured for a further 48h (72h total transfection)
before being harvested. For Dox+*EHMTi experiments, cells were plated at 1.5x10° and allowed
to adhere for 24h. EHMTi was supplemented to media at a final concentration of 1.5uM. 48h
later DOX was supplemented to the media at 1pg/ul. 24h after Dox supplement (72h total
EHMT1, 24h total Dox), cells were harvested.

Histone demethvlase reactions

400ng KDM3A, KDM3B and KDMSA were incubated with 1ug bulk histones(Histone
from calf thymus) or 3.3uM H3K9me?2 peptide in 30ul reaction system at 27 degree, 5 hours.
Reaction buffer: Hepes(PH7.5) SOmM, 2-OG 50uM, Fe(NH4)2(S04)2 50uM, Sodium L-
Acorbate 400uM, TCEP 1mM.

Recombinant human KDM3B/JIMJD1B protein (abcam ab271569) was incubated with
1uM KDM3i, IM Tris, SM NaCl, 10mM Asorbic Acid, 10mM o-Ketoglutarate, 10mM
Fe(NH4)2(S04)2(H20)6 at 27 C, 30 minutes. 1uL. Histone from Calf Thymus (Img/mL) in
H20 was added to make reaction 100uL then incubated at 27 C for 5 hrs. 4X Laemmli Loading
buffer with 5% [B-Mercaptoethanol was added to reaction and then heated 95 C for 10 mins.

Samples were snap frozen and then used for western blots.

Digital Droplet PCR:
The Digital Droplet PCR (ddPCR) was performed using 10 pL of 2 x ddPCR Supermix
for Probes (no dUTP) (Bio-Rad), 900 nM of each primer, 250 nM probe, 50 ng of digested DNA

template using HindIlI restriction enzyme (NEB) and r2.1 Buffer (NEB), and nuclease free water
to a total volume of 20 uL.. The QX200 droplet generator (Bio-Rad) was used to generate the
droplet mixture. The droplet mixture was then transferred to a PCR reaction plate and amplified

with the following conditions: denaturation of 95 °C for 10 min, followed by 40 cycles of a two-



10

15

20

25

30

WO 2023/244870 PCT/US2023/025793
43

step thermal profile consisting of 95 °C for 15 s and 60 °C for 60 s, then incubated at 98 °C for
10 min and cooled to 8°C until the droplets were read. Once complete, the plate was transferred
to the QX200 droplet reader (Bio-Rad) and analyzed for copy number variation (CNV). The
number of positive (high level of fluorescence) and negative (low and constant level of
fluorescence) droplets obtained were analyzed using QuantaSoft software (Bio-Rad, Pleasanton,
CA, USA). Ratios of KMT2A4 to CD3E gene were used to determine copy number. Primer and

probe sequences are provided in Table 2.

Annexin V Staining:

3x10° control or KM724 inherited cells were seeded in a 10 cm plate and grown
asynchronously for 72 hours. Cells were treated with 25nM of KDM3i for 12, 6, or 3 hours
before prior to harvesting. Collected cells were processed using ALEXA FLUOR 488 conjugated
Annexin V and PI staining following the manufacturer’s instructions (Life Technologies). Data
was collected on a BD Biosciences Symphony AS flow cytometer and analyzed using

FACSDiva software.

ChIP and ChIP sequencing:

Chromatin was prepared and ChEP were performed as described in Mishra et al 2018 and
Black et al 2013, Sonication of chromatin was done with the Qsonica QROORZ eystem
{{Jsomica). For H3K9Me3, H3K36Me3 and HIK27Me3 ChIP, 0.3x10° RPE ceils were seeded in
t0crn plates. Cross linking of the cells were done by adding 1% formaldehyde to the media for
13 min at 37°C and stopped with 0.125M glycine, pH2.6. Plates were washed with ice cold PBS
and scraped off], followed by centrifugation at 800 rpm for 5 nun at 4°C The pellet was
resuspended 1w cellular tysis butfer SmM PIPES pHR.00, 83mM K, 0.5% NP4G)
supplemented with protease and phosphatase inhibitors, incubated 3min on ice and centrifuged at
300 oo, S min at 4°C. The pellet was resuspended in nuclear tysis buffer (NLB, 50mM Tris, pH
8.0, 1.0% SDSy.

Chromatin was sonicated at 70% amplitude 15 s on 45sec off setting for 35 min 4 pb of
chromatin was reverse cross-linked overnight at 65°C in presence of protetnase K. Afier RNase
treatrment, DNA was 1solated with phenol.chloroform extraction and checked on 19 agarose gel

for a smear below 300bp. 1-10 ug of chromatin was precleared by centnifugation at 14,000rpm
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for 10min at 4°C. For each 1P, chromatin was immunoprecipitated with 0. 2-2ug of antibody
dilution IP buffer (16.7mM Trs pH 8.0, 1 2mM EDTA pH 8.0, 167mM Nall, 0.2% 8DS, 0.24%
or 1.84% Triston-X-100} at 4°C overnight. Chromatin was precleared for 2 hr each with protein
A agarose and magnetic protein A or protein (& beads (Invitrogen; to match antibody isotype)
before immunoprecipitation. The unmunoprecipitaied matenial was washed 2 times in dilution 1P
buffer, 1 tme in TSE buffer Q0mM Tris pH 8.0, 2mM EDTA pHS.0, 560mM NaCl, 196 Triton
X-100, 0.1% 8SDS), 1 time in Ll buffer (100mM Tris pH 8.0, S00mM LiCl, 1% deoxycholic
acid, 1% NP40} and 2 times 1n TE (10mM Tris pH 8.0, ImM EDTA pHS.0) before elution in
elution bufter (SOmM NaHCG;, 140mM NaCl, 1% SDS} with 10ug proteinase K at 1 hr 55°C
OO0 rpmy. The sanmples were removed from beads and reverse cross-linked at 65°C for 4 br.
Immunoprecipitated DINA was purified using either PCR purification columns (Promega) or
AMPureXP beada. All the ChiPs were performed with at least two independent chromatin
preparations from two independent siRINAs or two independent RPE cell lines. Antibodies used
for ChiP are as follows: H3K 9mel Abcam ab8896-100, H3K%9meZ Abcam ab1220, H3K%me3
Abcam abB80E.

ChIP sequencing libraries were prepped using the TroSeq ChiP Sanple Preparation kit
(Htumina). Librartes were single-end sequenced {75 cycles) using a NextSeqd00 (Hlumina).

ChIP-seq analysis:

ChIP-seq analysis was performed as previously described (Clarke et al., 2020; Van
Rechem et al., 2021; Van Rechem et al., 2020). Sequencing reads were aligned against the
human hg19 reference genome using BWA (L1 and Durbin, 2010). Alignments were filtered for
uniquely mapped reads and duplicates were removed. Input-normalized ratio coverage tracks

were generated using Deeptools (Ramirez et al., 2016).

Statistical Analysis:

All pairwise comparisons were done using two-tailed Student’s t test unless otherwise
stated. Significance was determined if the p value was < 0.05. All FISH experiments were
carried out with at least two independent siRNAs unless otherwise stated and at least 100 nuclei
per replicate per experiment were counted for all the FISH studies conducted. All error bars

represent the SEM.
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The following examples are provided to illustrate certain embodiments of the invention.

They are not intended to limit the invention in any way.

EXAMPLE 1
Loss of KDM3B causes site-specific copy gains of MLL/KMT2A locus.

KDM3B is a H3K9mel/2 demethylase located in the 5q31.1 region that is associated
with KMT24 copy gains and rearrangements (Herry ef al., 2006; Hu ef al., 2001; Xu et al., 2018;
Zatkova el al., 2009). To further confirm this relationship, TCGA Acute Myeloid Leukemia
(LAML) samples containing >50% KDM3B loss were assessed for KAM12A4 copy number gains.
Most samples with >50% KDM3B loss have positive KM7T2A gains, with some showing >50%
copy gain (p = 6.45e-07; Fig. 1A, green dots). We further confirmed this relationship by
conducting DNA in situ hybridization (DNA FISH) for KDM3B and KMT72A4 on leukemic cell
lines that have KDM3B allelic loss (loss of heterozygosity, LOH) (KGla and HL60; Fig. 1B).
We leveraged a clinically relevant DNA FISH probe covering KM72A4 and the flanking regions
(green: 5’-end of KMT2A and red: 3’-end of KM724; Fig. 1C), which allows both locus
rearrangement (referred to as break apart, BA) and DNA copy gains to be identified. Consistent
with the literature and the TCGA analysis (Fig. 1A), both HL60 and KG1la had cells within the
population that had an increased baseline copy number of KAM724 (Fig. 1B).

These data prompted us to directly test whether depletion of KDM3B and/or other KDM3
family members generate KAM72A copy gains and genomic structural changes. Specifically,
immortalized retinal pigment epithelial cells (RPEs) were siRNA depleted with at least two
independent siRNAs for each KDM3 family member (Black ef al., 2013; Jiang et al., 1999;
Mishra ef al., 2018). These cells are ideal for assessing DNA amplification and rearrangement
mechanisms because they have a stable genome, do not harbor cancer mutations and are near
diploid (Black et al., 2013; Janssen et al., 2011; Jiang et al., 1999; Maciejowski et al., 2015;
Mardin et al., 2015; Mishra ef al., 2018; Zhang ef al., 2015). Each independent set of siRNAs
was validated and assessed for major cell cycle defects by flow cytometry analysis before being
assayed by DNA FISH (data not shown). A DNA FISH probe against the KA12A gene (Fig. 1C;
noted in orange) and a centromeric region at chromosome 11 (//C) were used to evaluate site-

specific DNA copy gains. Copy number gain evaluation for each FISH probe was measured in
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percentages as previously described (Black ez al., 2015a; Black et al., 2013; Black et al., 2016;
Clarke et al., 2020; Mishra et al., 2018).

While KDM3 family members have comparable H3K9mel/2 activity in vitro, only
KDM3B siRNA depletion caused a significant increase in KM7T24 copy gains with no significant
changes to the //C control region (Figs. 1D-1E). We then leveraged the clinically relevant DNA
FISH probe covering KMT2A and further tested the site-specific alterations promoted by
KDM3B depletion by leveraging an adjacent and partially overlapping FISH probe (called CD3;
Figure 1C). KDM3B knockdown caused a significant increase in KM724 gains (black bars) as
well as break apart (BA; purple bars) events (Figs. 1F-1G). The copy gains did not appear to
have N-terminal (green) or C-terminal (red) bias for the KM724 gene, including the whole locus
of the KMT2A gene (both probes- pseudo-colored yellow) (Fig. 1F). These events are focal as
the adjacent FISH probe CD3 (Fig. 1C; grey) did not significantly change upon KDM3B
depletion (Fig. 1H), emphasizing the site-specific control of KDM3B depletion.

To further explore the specificity of KDM3B depletion in generating copy gains of
leukemia-associated amplifications and/or rearrangements, we conducted FISH on a panel of
leukemia-associated amplified and/or rearranged genes upon transient siRNA-mediated depletion
of KDM3B, which included some of the fusion regions associated with KAM12A4 (e.g.,
ENL/MLLT1, AF9/MLLT3). Most regions did not change in their basal DNA copy number,
with the exception of 7CF3/E24 and AFF3/LAF4 (data not shown). We also observed KM724
site-specific copy gains and rearrangements in the U937 leukemia cell line (de Necochea-
Campion ef al., 2015, Sanchez-Reyes et al., 2019) with KDM3B depletion, but not 7CF3/E24 or
AFF'3/LAF4. These data suggest that, unlike the KA724 locus, these other regions are not
consistently regulated by KDM3B across cell lines.

KDMB3B depletion alters H3K9mel/2 across the KMT2A genomic locus
Our in vitro and other published results indicate that KDM3B 1s an H3K9mel/2
demethylase (Kim ef al., 2012, Wang et al., 2019). Therefore, we performed chromatin
immunoprecipitation (ChIP) sequencing for H3K9me1/2/3 methylation marks in control and
KDM3B siRNA transfected RPE cells. KDM3B depletion produced genome-wide H3K9mel
and H3K9me2 changes that were preferentially skewed towards an increase of these markers. As

Scatterplots were generating comparing H3K9mel levels across the whole genome at 10 Kb



10

15

20

25

30

WO 2023/244870 PCT/US2023/025793
47

resolution and the data showed that H3K9mel was preferentially increased in KDM3B depleted
cells compared to the control (showing a >1.5-fold increase). In fact, the magnitude of H3K9mel
increase across the middle of the KAM72A4 gene was one of the strongest events across the
genome. The list of all 10 Kb genomic bins that had increased H3K9mel and their nearest
associated genes was also generated. A similar genome-wide increase of H3K9me2 was
observed (data not shown).

Both H3K9mel/2 increased upon KDM3B depletion across the KM72A4 gene body,
particularly H3K9me1 within the 8.3kb breakpoint cluster region (BCR) spanning exons 8-14,
which is enriched for the KMT2A rearrangements (data not shown) (Broeker et al., 1996). In the
control cells, H3K9mel at BCR was lower than in the adjacent regions, corresponding to the
trough of H3K9me1 density. KDM3B knockdown led to a strong increase of H3K9mel, so that
this trough was reduced and H3K9mel density became more uniform across the whole BCR
vicinity. H3K9me2 was also increased on the flank to the BCR. We also observed altered
H3K9mel/2 at other amplified and rearranged targets 7C/'3 and AFI3 regulated by KDM3B
depletion. Consistent with a direct effect of KDM3B, analysis of published KDM3B ChIP-seq
data (Li et al., 2017) demonstrated that KDM3B binds across KM724, with a strong peak within
the BCR that was lost upon shRNA-mediated KDM3B depletion. Furthermore, KDM3B also
binds across 7CF3 and AFF3. Collectively, our data establish that KDM3B depletion alters
H3K9mel/2 methylation landscape of the KM7T24 locus, especially H3K9mel at the BCR
region, and contributes to the KM72A copy gains and break apart events, which is consistent

with other regulated regions.

Inhibition or depletion of KDM3B causes inherited KMT2A4 copy gains and genomic
alterations

Using a recently identified KDM3 family inhibitor (JDI-12, referred to as KDM3i (Xu et
al., 2020), we were able to inhibit KDM3B enzyme activity in vitro (Fig. 2A) and noted a
modest suppression of growth at 1uM with no impact at 25nM in RPE cells (Fig. 2B). These
doses were also sufticient to promote significant KAM724 DNA copy gains and genomic
rearrangements without altering KDM3B protein levels (Fig. 2F and Figs. 2C-2D). We further
tested the impact of KDM3B inhibition on a panel of primary and cancer cell lines, which

included KG1la cells, a primary AML derived cell line and a primary AML organoid model as
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well as primary Hematopoietic Stem and Progenitor Cells (HSPC). KDM3i treatment
significantly increased KAMT2A copy gains and genomic rearrangements in all lines tested (Figs.
2F-2J). This demonstrates that KDM3B inhibition promotes conserved KM724 DNA
amplification and rearrangements across cancer and non-cancer cells as well as primary human
cells.

KMT2A amplifications occur as both extrachromosomal and integrated events (Herry ef
al., 006; Streubel ef al., 2000). By adding and removing KDM3i1, we can assess the transient or
permanent behavior of the KAMT2A4 copy gains and genomic alterations. Should they disappear
upon drug removal, these events would likely be transient site-specific extrachromosomal copy
gains (TSSGs; (Clarke e al., 2020; Mishra et al., 2018)). In fact, KMT724 DNA copy gains and
break apart events occur as soon as 12 hours after KDM3i treatment (Fig. 2K, KDM3i 12hrs),
but are no longer observed upon KDM3i removal from the cells (Fig. 2K, KDM3i 12hrs
washout). The total cell number was not reduced under these conditions (Fig. 2E). These data
suggest that KDM3B inhibition promotes transient KAM72A4 amplifications and altered genomic
rearrangement in a short timeframe, which raises the question as to whether longer treatment
with KDM3i could result in inherited DNA copy gains through insertion/rearrangement.
Theretore, we treated cells for 72 hours (approximately 3 cell divisions) and then passaged the
cells into fresh media (wash-off) for additional passages to ensure that no active drug was
present, before assessing KM72A copy gains and genomic rearrangements (Fig. 3A). The longer
suppression resulted in both KA712A4 copy gains and genomic rearrangements being inherited
through passages (Fig. 3B), which were confirmed with DNA FISH on mitotic chromosomes
(Figs. 3C-3D).

siRNA inhibition does not result in a permanent genetic depletion (Bartlett and Davis,
2006). In fact, KDM3B protein levels return to baseline levels by the third passage (P3) (Fig.
3E). Therefore, we tested whether KM72A4 copy gains and rearrangements were still present in
P3 and later passages following siRNA-mediated KDM3B depletion. Inherited copy gains and
genomic structure changes were observed at KA724 and on mitotic chromosomes, but not in the
adjacent control region, which highlights the selectivity (Figs. 3F-3H). The increased inherited
copies were confirmed with KM7T24 Digital Droplet PCR, using the adjacent CD3E gene as a
control (Fig. 3I). While 7CI'3 copy gains were inherited, A/"3 copy gains did not occur in later
passages (Figs. 3J-3L.). Taken together, these data demonstrate that KDM3B inhibition and
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depletion promote transient copy gains and rearrangements, as well as integrated events with

extended suppression.

G9a and KDM3B cross-talk controls KMT2A copy gains and rearrangements

We previously demonstrated that co-depletion of specific H3K4 KMTs with the KDM5A
enzyme prevents the KDMSA-driven TSSGs (Clarke ef al., 2020; Mishra ef al., 2018). Our
results suggest that proper balance of H3K9me1/2 is critical in regulating site-specific copy gains
and genomic rearrangements at KM72A4 (Figure 1). Therefore, we co-depleted either of the two
H3K9mel/2 KMTs, G9a/EHMT2 and EHMT1 (Black ef al., 2012), with KDM3B before
assessing KM724 DNA copy gains or rearrangements (data not shown).

Pre-depletion of G9a, but not EHMT1, exclusively rescued/prevented the KA72A4
amplification and genomic alterations caused by KDM3B depletion (Fig. 4A). We also observed
a rescue of 7CF3 and AFF3 copy gains. Consistent with our observation, G9a is a euchromatic
H3K9mel/2 KMT that regulates replication and is loaded in a ternary complex with PCNA
(Esteve et al., 2006). We further tested this relationship by co-treating RPE cells with the
KDM3B inhibitor and/or a dual inhibitor for G9a/EHMT2 and EHMT1 (EHMT1) (Liu et al.,
2013). Consistent with the genetic rescue, there was a complete rescue with no impact on cell
growth when compared to KDM3i alone (Fig. 4B). We used a short treatment time (12 hours) to
generate KMT72A4 copy gains and structural changes in order to assess rescue and bypass
secondary selection that could happen over time with EHMTi treatment. To strengthen the
relationship between G9a and KAM72A4 amplification regulation, we transiently overexpressed
G9a for 24 hours, which is the approximate cell doubling time for RPE cells and assessed
KMT124 genomic alterations. G9a overexpression was sufficient to promote KA72A4 copy gains
and genomic alterations (Fig. 4C), which further emphasized the role of H3K9me1/2
methylation balance in regulating focal amplification of KM72A4.

Based on these data, we hypothesized that G9a depletion could rescue the
extrachromosomal amplifications caused by constant reduction of KDM3B levels. To assess this
possibility, we siRNA depleted G9a in the KDM3B LOH leukemia cell line HL60 and evaluated
whether the higher copy gain baseline observed in these cells would be reduced or completely
reset. While KM72A4 copy gains were significantly suppressed (Fig. 4D), the levels were still
higher than the baseline in RPE cells, which suggests that HL60 cells contain both transient
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extrachromosomal and inherited forms. To further explore this relationship, we siRNA depleted
G9a in the KMT2A-inherited RPE cell lines after their level of KDM3B had returned to baseline
(Figs. 3F-3G) and assessed whether depletion of G9a could rescue the inherited KAM72A4 gains.
G9a depletion did not impact the inherited KAM72A4 copy gains (Fig. 4E), which further suggests
that inherited extra copies are stable and unable to be rescued once established. Collectively,
these data demonstrate that KDM3B/G9a coordinate KM72A4 amplification and rearrangements.
Since G9a depletion rescued KM72A4 amplifications and genomic alterations caused by
KDM3B suppression (Figs. 4A-4B), we hypothesized that co-depletion of G9a with KDM3B
would reset the H3K9mel/2 patterns at KM712A, which would strengthen the importance of
H3K9mel/2 balance in regulating the KMT2A4 locus. Consistent with the rescue experiments, the
preferential genome-wide increase of H3K9mel and H3K9me2 caused by siKDM3B was mostly
rescued by double KDM3B and G9a knockdown. The magnitude of this rescue by determined by
comparing the total genomic length of the regions with > 1.5-fold H3K9mel and H3K9me2
increase upon KDM3B knockdown to the fraction of these regions where the increase was no
longer observed in the double knockdown compared to control. H3K9mel increase was rescued
across 81% of regions genome-wide (88 Mb out of total 109 Mb), whereas H3K9me2 increase
was rescued across 75% of regions genome-wide (219 Mb out of total 292 Mb), suggesting that
maintaining a KDM3B-G9a balance is critical for controlling H3K9mel/2 levels genome-wide.
(G9a depletion was able to completely reset the H3K9mel patterns at the BCR (exon 8-
14) in KMT24 (Figs. 4F-4G). Consistent with KA72A4, we also observed similar rescue at 7CF3
and AFF3 . KDM3B and G9%a knockdowns produced genome-wide H3K9mel changes with
opposite preferential patterns, whereas the double knockdown rescued these skews. KDM3B
knockdown resulted in a preferential increase of H3K9mel. By contrast, G9a knockdown
resulted in a decrease of H3K9mel. In the double knockdown, H3K9mel changes were strongly
reduced, with smaller extent of differences from control in either direction. Similar scatterplot
results for G9a rescue of H3K9me?2 across the genome, including KMT2A4, TCF3, and AFF3
were observed (data not shown). These data suggest that KDM3B-G9a balance controls
H3K9mel/2 levels, and in turn, site-specific DNA copy gains and genomic rearrangements (Fig.

4H).
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Reduced CTCF occupancy promotes KMT2A copy gains and rearrangements

Experiments were designed to further elucidate H3K9me1/2 imbalance induced
promotion of KM72A4 amplification and rearrangement. Prior studies suggest that CTCF binding
could impact genome integrity, rearrangement, or duplication, especially at the KA/72A4 locus
(Atkin ef al., 2021, Gothe ef al., 2019); however, the direct role of CTCF in controlling
amplification and rearrangement has not been thoroughly resolved. Upon evaluating multiple cell
lines and tissues from ENCODE, we observed a highly conserved occupancy for CTCF at exon
11 within the BCR of KM724, which directly overlaps with KDM3B binding data (Fig. SA).
HL60 cells have a 5q allelic loss (Hejlik and Nagarajan, 2005) and appeared to have lower CTCF
occupancy when compared to the other cells that were assessed. Therefore, we hypothesized that
KDM3B depletion could disrupt CTCF binding and promote KM724 amplification and genomic
rearrangement. To address the hypothesis, we depleted KDM3B and CTCF individually or in
combination before assessing KM72A4 by DNA FISH (data not shown). CTCF depletion alone
was sufficient to promote significant KM72A4 site-specific copy gains and genomic
rearrangements that were not enhanced by KDM3B depletion (Fig. SB). Since the CTCF peak
within exon 11 of KM72A directly overlapped with the KDM3B peak (Fig. SA), we
hypothesized that KDM3B depletion may be disrupting CTCF binding. We tested this possibility
by assessing CTCF occupancy at the KM724 CTCF site in cells when KDM3B was depleted.
While we did not observe a global change in CTCF steady-state protein levels, we did observe a
significant reduction in CTCF binding at KAM72A4 exon 11 within the BCR by ChIP-Seq and
ChIP-qPCR (Figs. SC-5E).

Upon analyzing KDM3B and CTCF occupancy patterns genome-wide from public data
(Li et al., 2017) and our RPE ChIP-seq respectively, we observed that 6,386 KDM3B peaks in
the public data (41.5% of all strong KDM3B peaks) directly overlapped with the 46,340 CTCF
peaks in RPE cells (P-value=1.0e-07; Fig. SF). Furthermore, 17,077 CTCF peaks reduced their
intensity upon KDM3B depletion. As much as 16% of these CTCF binding sites with reduced
occupancy overlapped with KDM3B binding (1,005 peaks out of 6,386 total co-occupied sites;
P-value < 1.0e-216; Z-Score=143.38) (Fig. SG). Despite the public KDM3B binding data being
from a different cell line, the association between KDM3B and CTCF binding suggest a
functional interplay between KDM3B and CTCF genome-wide.
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To understand the genome-wide behavior of H3K9mel at the 17,077 CTCF binding sites
with reduced occupancy upon KDM3B depletion, we analyzed the impact of siKDM3B, siG9a,
and double knockdown on the levels of H3K9mel in the vicinity of all CTCF peaks (£5kb flanks
from the peak center). Similar to the general effects observed across the whole genome length for
H3K9mel, KDM3B and G9a knockdowns produced opposite changes in H3K9mel at the CTCF
proximal regions, whereas the double knockdown rescued these changes. Upon KDM3B
knockdown, H3K9mel levels increased at least 1.5-fold in the 5 Kb proximity of approximately
1,000 CTCF peaks genome-wide (Figure SH). Upon the double knockdown of KDM3B and
(94, this increase was rescued at the majority (~80%) of these peaks, where H3K9mel no longer
showed this increase (Figure SH). For example, the scatterplots in Figure SI show comparisons
of H3K9mel levels for the proximal regions of the 17,077 CTCF sites after KDM3B knockdown
(left), G9a knockdown (middle), and the double knockdown of KDM3B and G9a (right).
KDM3B knockdown (Figure SI, left plot) resulted in a preferential increase of H3K9me1 (the
part above the upper red line corresponding to > 1.5-fold increase). The H3K9mel increase at
the CTCF binding site within BCR of the KM724 gene (red point) was among the strongest
changes of all CTCF sites genome-wide. G9a knockdown (Figure SI, middle plot) resulted in
decreased H3K9mel (the part below the upper red line corresponding to > 1.5-fold decrease).
However, in the double KDM3B/G9%a knockdown (Figure 51, right plot), H3K9mel changes
were strongly reduced, with smaller extent of differences from control in either direction (above
and below red lines). The level of H3K9mel at CTCF binding site within BCR of the KMT2A
gene (red point) was close to control in the double depletion. These data indicate that KDM3B
and G9a control H3K9mel/2 at CTCF peaks genome-wide, but the methylation control
surrounding the KAM724 BCR CTCF is a strong outlier among all sites.

Since CTCEF is known to regulate gene expression (Phillips and Corces, 2009), we
assessed whether CTCF depletion regulated KDM3B expression levels. While depletion of
CTCF modestly suppressed KDM3B transcript levels, both KDM3B and G9a protein levels were
not significantly reduced, suggesting that CTCF is likely a downstream effector of KDM3B loss
and H3K9mel/2 disruption. We tested this by depleting or chemically inhibiting G9a in
combination with CTCF depletion. In fact, G9a depletion/inhibition was sufficient to block
CTCF-induced amplifications (Figs. SJ-SK). Consistent with this data, the CTCF site in the
KMT124 BCR had increased K9mel upon KDM3B depletion that was completely rescued upon
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G9a co-depletion (Figs. 4F-4G). Taken together, these data suggest that KDM3B and (G9a
coordinate H3K9mel/2 levels at and around the CTCF site, and in turn, impact CTCF occupancy

and the predilection of KM72A to undergo amplification and genomic rearrangement (Fig. SL).

Doxorubicin promotes KMT2A amplification and rearrangement as well as reduces
KDM3B and CTCEF protein levels
KMT124 amplification and a host of genomic rearrangements are observed in pediatric
leukemia and therapy-induced leukemia when conventional chemotherapy is used to treat several
cancer types (Felix, 1998; Pedersen-Bjergaard ef al., 1998; Sanjuan-Pla ef al., 2015). For
example, KM72A amplified and rearranged MDS and AML are generated after topoisomerase 11
(topo II) inhibitor treatment (e.g., Doxorubicin, Dox)(Godley and Larson, 2008). For other
topoisomerase inhibitors, see .J. Med. Chem. 2020, 63, 3, 884-904 and Nitiss JL.. Nat Rev
Cancer. 2009 May;9(5):338-50. Consistent with these clinical observations, Dox treatment
promoted KMT2A4, AFF3 and TCF3 copy gains and genomic alterations in RPE cells with no
significant impact on control regions as determined by DNA FISH (Fig. 6A). To reduce
pleiotropic defects in RPE cells, lower doses of Dox (1pg/ul and Spg/ul) were used. Dox
treatment also promoted KM12A copy gains and rearrangements in primary HSPCs (Fig. 6B).
These observations are consistent with prior reports showing that the topo II inhibitor etoposide
induces heterogeneous rearrangements of KM72A in a variety of primary and non-primary
human cells (Gothe ef al., 2019; Libura et al., 2005). We further tested the relationship between
Dox treatment and KAM724 DNA copy gains by treating mixed CS7BL/6-129/Sv mice with Dox
(1.5mg/kg by i.v. for 3 consecutive days) before isolating their spleen and assessing Kmit2a copy
number by DNA FISH. Consistent with the human primary HSPCs (Fig. 6B), cells isolated from
the spleen of mice treated with Dox had increased Km#2a copy gains compared to control mice.
Meanwhile, there was no increase in DNA copy gain of the adjacent Control 9 probe (Fig. 6C),
demonstrating the site-specificity of the Dox-induced Km#2a copy gain events occurring in the
mice.
Since reduction of KDM3B or CTCF levels promote KM12A4 copy gains and

rearrangement (Figures 1-4), we assessed whether KDM3B or CTCF expression is altered upon
Dox treatment. Both 1pg/ul and Spg/pl resulted in a significant reduction in KDM3B transcript

and protein levels in RPE cells (Figs. 6D-6F); however, no change was observed with G9a
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transcripts (data not shown). In a similar fashion to KDM3B, Dox reduced CTCF transcript and
protein levels (Figs. 6G-6I). We detected the same trend in KG1la cells, where Dox significantly
reduced both KDM3B and CTCEF transcript and protein levels (Fig. 6J). Our observations are
consistent with a prior report noting a loss of CTCF protein in Dox-treated patient-derived
mammary epithelial cells (Lehman ef al., 2021). To assess whether this was specific to Dox, we
treated RPEs with another topo Il inhibitor, etoposide. Consistent with Dox, etoposide
significantly reduced the protein levels of KDM3B and CTCF (Fig. 6K), suggesting that these
effects are a result of topo II inhibition.

Previous studies have shown that Dox treatment can activate the ubiquitin-proteasome
system (UPS), leading to increased protein degradation (Kumarapeli ez al., 2005). Therefore, we
hypothesized that one mechanism by which Dox could suppress KDM3B and CTCF levels is
through activation of the UPS. To address this, we treated cells with Dox followed by the
proteasome inhibitor MG132 and assessed the levels of KDM3B and CTCF (Figs. 6L-6M).
While Dox treatment alone reduced the protein levels of KDM3B (Fig. 6L.) and CTCF (Fig.
6M), treatment with MG132 partially rescued the levels of both KDM3B (Fig. 6L.) and CTCF
(Fig. 6M). Taken together, these data emphasize that Dox regulates KDM3B and CTCF levels

through both transcriptional and post-transcriptional mechanisms.

KDM3B and CTCF regulation controls Doxorubicin-induced KMT2A4 amplification and
rearrangement

Since KDM3B and CTCF are reduced upon Dox treatment, the imbalance in H3K9me1/2
and CTCF occupancy at KA72A could be a key driver in promoting Dox-induced KM72A4
amplification and genomic alterations. Consistent with this relationship, Dox treatment resulted
in similar increase in H3K9mel at the KAM724 CTCEF site (Fig. 7A; upper graph comparing
siKDM3B to Dox treatment) and H3K9me?2 at the flanking region when compared to KDM3B
depletion. The increased H3K9mel/2 was accompanied by reduced CTCF occupancy upon Dox
treatment (Fig. 7A, lower bar graph). Furthermore, overexpression of CTCF was sufficient to
prevent the KM12A copy gains upon Dox treatment (Fig. 7B). CTCF overexpression alone does
not cause copy gains. However, CTCF overexpression appears to alter local chromosomal

organization at the locus.
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Since Dox reduced KDM3B levels (Figure 6) and increased H3K9me1/2 in KM724
(Fig. 7A), we tested whether G9a depletion would prevent the Dox-induced KA724 changes.
KMT12A copy gains and genomic alterations caused by Dox were completely rescued upon G9a
depletion (Fig. 7C). We further demonstrated that chemical inhibition of G9a/EHMT 1 prevented
KMT1?2A copy gains and genomic alterations (EHMTi; Fig. 7D). Therefore, we hypothesized that
increasing the expression of KDM3B would prevent the KM72A copy gains and genomic
structure changes. Upon Dox treatment, KM72A4 copy gains and rearrangements were
significantly upregulated; however, transient overexpression of KDM3B completely blocked
KMT?2A copy gains and rearrangements induced by Dox treatment (Fig. 7E). Consistent with our
genetic and chemical inhibitor experiments (Fig. 1-5), these results suggest that Dox suppresses
KDM3B and CTCF protein levels, which drives the copy gains and rearrangements driven
through H3K9me1/2 methylation (Figs. 7F, 7G). Taken together, these data highlight an
essential role for KDM3B/G9a balance and regulation of CTCF occupancy at KM72A4 in order to
prevent KM712A genomic alterations, which establishes a potential mechanism to therapeutically
target chemotherapy induced KAM72A4 rearrangements.

Discussion

The causal regulators for KAM12A4 amplification and rearrangements are not known but
these events are observed in infant leukemias, AML and MDS, as well as in chemotherapy-
induced leukemia. The data described in the examples above, demonstrate that KDM3B-G9a
balance controls CTCF occupancy, and in turn, the ability of the KMT2A4 locus to undergo site-
specific copy gains and genomic rearrangement. We showed that KDM3B depletion or inhibition
as well as G9a overexpression, promotes the amplification of specific sites, suggesting these
proteins are maintaining the methylation balance and capacity for amplification of the affected
region. These observations are in alignment with G9a being part of the replication machinery and
controlling H3K9me1/2 during replication (Esteve ef al., 2006). In the case of KMT72A4 gene
locus, G9a is facilitating the amplification and rearrangement, while KDM3B and CTCF are
counterbalancing these genomic alterations, illustrating the critical requirement for histone
methylation regulation and the control of the transient amplification events (Figure 7F).
Furthermore, Doxorubicin treatment reduced KDM3B and CTCF protein levels, at least in part
through activation of the UPS, which resulted in KA724 DNA copy gains and rearrangement.

These results revealed a molecular basis for the therapy-induced amplification and
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rearrangement of KMT2A. Similar observations were also noted for 7CF3/FE2A, which is another
rearranged loci in leukemia (Andersen et al., 2011; Kager ef al., 2007, Mullighan, 2012). The
findings reported have broad implications because they: 1) establish that epigenetic regulation
controls amplification and rearrangements; 2) set the stage to discover the secondary hit(s)
required for the generation of oncogenic KM724 fusions; and 3) identify potential biomarkers
and therapeutic targets to consider during treatments with chemotherapy and to monitor in

patients post treatment.

KDM3B depletion in relationship to KMT2A rearrangements and fusion partners

There are currently more than 100 known KM72A4 rearrangement partners documented
(Meyer ef al., 2023). These KMT2A rearrangements result in the fusion of the gene to any of the
partner genes, leading to protein chimeras. KMT2A can also rearrange to several noncoding
regions throughout the genome (Meyer et al., 2023). Therefore, not all rearrangement events
generate functional fusion proteins (Aplan, 2006b). These data suggest that the molecular
mechanism(s) leading to the generation of KM724 rearrangements, including those that do not
generate translatable products, could be key to understanding tumors containing amplifications

and rearrangements.

The data in Figures 1 — 7 demonstrate that depletion or inhibition of KDM3B is sufficient
to promote amplification and inherited insertions/rearrangements of KM72A4 and TCF3/E2A.
Furthermore, after inheritance, the percentage of KM7T2A or 7CF3/E2A-rearranged cells does not
increase within the population as seen by the consistent percent of cells with amplification and
break apart events over time (unpublished observation across multiple cell types). Therefore, it is
unlikely that loss of KDM3B alone is providing a major cellular fitness advantage for the various
inherited rearrangements over the non-rearranged cells. This observation may be of no surprise
since therapy-related AML has a latency period of up to 15 years after initial treatment with
therapies such as Doxorubicin (Godley and Larson, 2008). These data suggest that while
KDM3B suppression or loss alone generates inheritable rearrangements of KM724, it is likely
just the first step necessary to promote or allow the selection of the rearrangement events
resulting in functional fusion proteins that provide a cellular growth advantage. Mouse knock-in
studies of the major KMT2A4 fusion genes (i.e., KMT2A-AF4, -AF9, -ENL) demonstrate that even
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the most common oncogenic associated fusions have a varying range of latency before
developing into leukemia [reviewed in (Liu ef al., 2009)]. Therefore, the resulting fusion proteins
generated clearly provide differential levels of cellular fitness advantage before developing into
homogenous rearrangements and promoting leukemia. Furthermore, studies show that non-
homologous end-joining is required for topo Il inhibitor driven leukemia-associated KA/724
rearrangements (Gomez-Herreros ef al., 2017; Gothe ef al., 2019), suggesting that mis-regulated
DNA damage responses are likely another factor involved in generating/selecting for the
oncogenic fusion events observed in leukemia. However, additional influences could also
potentiate the driver fusion events to emerge, including without limitation, cellular ageing, stress

exposures, and/or acquired mutations.

KDM3B, 5q and KMT2A amplification and rearrangements

Not all del(5q) regions contain KDM3B (Eisenmann ef al., 2009). However, patients with
del(5q) alone have a better prognosis compared to those presenting with del(5q) as well as other
mutations or abnormalities (Giagounidis ef al., 2004). Since KDM3B loss was not responsible
for gains or rearrangements of a panel of other KA72A4 fusion partners (data not shown), we
suspect that additional gene mutations and/or the dysregulation of additional epigenetic
regulators are likely required to promote copy gains and rearrangements of the oncogenic fusion
partners, providing the secondary hit(s) necessary. Furthermore, a number of other candidate
tumor suppressor genes have been identified within the del(5q) region who may also play an
oncogenic role that is independent of generating KA72A4 amplifications and rearrangements
(Ebert, 2010; Ebert e al., 2008; Starczynowski ef al., 2010). The present study provided insight
into the collection of mutated genes and/or epigenetic modulators which promote copy gains and
rearrangement events of fusion partners associated with KM7T2A. These insights allow for the
systematic testing of the ability to promote the oncogenic fusions driving leukemia, thereby
opening up the opportunity for new targeted therapeutic approaches to reduce occurrence of such

events in the future.

Epigenetics, amplification, and in turn, rearrangements
When KDM3B was inhibited for short time intervals, the expected amplifications and

break aparts at KMT2A locus were observed but resolved quickly with drug removal,
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highlighting their transient extrachromosomal nature. However, upon longer treatment, these
genomic events become inherited and are observed on the same chromosome or other
chromosomes (Fig. 3). In fact, these events were not suppressed with G9a depletion, whereas
KDM3B LOH cells had a reduction of KM724 copy gains. These data illustrate that the aberrant
regulation of the epigenome promotes transient DNA amplifications that can be inherited when
the stimuli is maintained through multiple cell divisions. Therefore, we speculate that sustained
amplification and break aparts are likely being incorporated into the genome through DNA
damage repair pathways. Our data is consistent with prior proposed mechanisms (Aplan, 2006a).
This study has now generated the roadmap to investigate these inherited genomic events. This
information facilitates determination of the exact integration sites for building complete
sequence map while also identifying the molecular features and pathways affiliated with the
inherited amplifications.

Longer inhibition of KDM3B did not further increase the percent of cells within the
population containing KM7T2A copy gains or rearrangements compared to short treatment (Figs.
2-3, data not shown). Yet when inherited-KM72A4 cell lines were exposed to KDM31 for a short
time (3h, 6h), we observed a significant increase in KM72A copy gains compared to the inherited
baseline. However, upon longer treatment (12h), KAM12A copy gains returned to baseline,
suggesting that those cells containing genomic aberrations of KM72A are being negatively
selected for, while a new population of cells with these aberrations emerge. This is supported by
increased Annexin V in the inherited-KA/724 cell lines treated with KDM3i at the later time
points (6h and 12h; data not shown). Consistent with a prior study (Xu ef al., 2020), these data
suggest that KMT2A-rearranged cells have increased susceptibility to KDM3B inhibition. This
observed sensitivity provides evidence of a promising therapeutic window in KM7T2A-rearranged

cancers.

KDMB3B and CTCF as a bridge to Dox-induced KM72A4 amplification and rearrangement
Upon topo II inhibitor treatment (e.g., Doxorubicin, Dox), MDS and AML occur and are
accompanied by amplification and rearrangement of the KA/12A4 locus (Godley and Larson,
2008). Prior studies demonstrate that topo II inhibitors promote non-leukemia and leukemia
associated KMT2A rearrangements in various cell types (Gothe er al., 2019; Libura ez al., 2005),

which suggest a more universal regulatory mechanism controlling KAM724 alterations. A
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population-based study demonstrated that younger individuals developing secondary leukemia
have a significantly worse prognosis compared to de novo (Hulegardh ef al., 2015). Therefore,
preventing the emergence of secondary cancer caused by chemotherapy such as Dox would have
a profound clinical impact. This study demonstrates that epigenetic therapies could provide a
much-needed tool to combat these cancers. We demonstrated that KDM3B and CTCF, the key
suppressors of KM72A4 amplification and rearrangements, are depleted with topo II inhibitor
treatment, which associates with KM7T24 genomic alterations. We also demonstrated that genetic
or chemical depletion of G9a, a driver of KM7T2A4 amplification and rearrangement, prevents the
Dox-induced KM72A4 genomic changes, while overexpression of KDM3B was also sufficient to
block them. Lastly, CTCF occupancy in KM724 was reduced with Dox treatment, while
overexpression of CTCF prevented the Dox-induced KM72A copy gain events. These data
highlight the possibility of controlling Dox or other chemo-induced KAM72A4 amplification and
rearrangements by pretreating or co-treating patients receiving these therapies with a G9a
inhibitor or CTCF/KDM3B agonist. Collectively, these observations provide a molecular basis to
develop treatment protocols to prevent therapy-associated KM72A rearrangements by targeting
epigenetic regulators.

Our tindings establish that epigenetic mechanisms control the amplification and genomic
rearrangements of KM724. We demonstrate that these events are directly promoted by Dox
through suppression of KDM3B and CTCF protein levels, and can be blocked by co-depletion or
inhibition of G9a/EHMT?2. We also show that Dox suppresses KDM3B and CTCF protein levels

through transcriptional and post-transcriptional mechanisms.

Appendix I - Sequences encoding the genes and proteins useful for practicing the invention and

regions of interest for peptide mimetic binding and siRNA targeting.
Q7LBCs-1 KDBM3B_Human (Isoform 1) Also see Gene ID: 51780

MADAAASPVGKRLLLLFADTAASASASAPAAAAASGDPGPALRTRAWRAGTVRAMSGAVPODLAIFVEF

DGCONWKQHSWVKVHAFEVIVLLLEGSLVWAPREDPVLLQGIRVSIAQWPALTFTPLVDKLGLGSVVPVEY
LLDRELRFLSDANGLHLFOQMGTDSOQNQILLEHAALRETVNALISDOKLQEIFSRGPYSVQGHRVKIYQPEGE
EGWLYGVVSHODSITRLMEVSVTESGEIKSVDPRLIHVMLMDNSAPQSEGGTLKAVKSSKGKKKRESIEGK
DGRRRKSASDSGCDPASKKLKGDRGEVDSNGSDGGEASRGPWKGGNASGEPGLDQRAKQPPSTFVPQINR
NIRFATYTKENGRTLVVQDEPVGGDTPASFTPYSTATGQTPLAPEVGGAENKEAGKTLEQVGQGIVASAAY
VTTASSTPNTVRISDTGLAAGTVPEKQKGSRSQASGENSRNSILASSGFGAPLPSSSQPLTFGSGRSQSNGVL

ATENKPLGFSFGCSSAQEAQKDTDLSKNLFFQCMSQTLPTSNYFTTVSESLADDSSSRDSFKQSLESLSSGLC
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KGRSVLGTDTKPGSKAGSSVDRKVPAESMPTLTPAFPRSLLNARTPENHENLFLQPPKLSREEPSNPFLAFV
EKVEHSPFSSFASQASGSSSSATTVTSKVAPSWPESHSSADSASLAKKKPLFITTDSSKLVSGVLGSALTSGG
PSLSAMGNGRSSSPTSSLTQPIEMPTLSSSPTEERPTVGPGQQDNPLLKTFSNVFGRHSGGFLSSPADFSQENK
APFEAVKRFSLDERSLACRQDSDSSTNSDLSDLSDSEEQLQAKTGLKGIPEHLMGKLGPNGERSAELLLGKS
KGKQAPKGRPRTAPLKVGQSVLKDVSKVKKLKQSGEPFLODGSCINVAPHLHKCRECRLERYRKFKEQEQ
DDSTVACRFFHFRRLIFTRKGVLRVEGFLSPQOSDPDAMNLWIPSSSLAEGIDLETSKYILANVGDQFCQLV
MSEKEAMMMVEPHQKVAWKRAVRGVREMCDVCETTLFNIHWVCRKCGFGVCLDCYRLRKSRPRSETEE
MGDEEVFSWLKCAKGQSHEPENULMPTOQHPGTALYNIGDMVHAARGK WGIKANCPCISRONKSVLRPAVT
NGMSQLPSINPSASSGNETTFSGGGGPAPVTTPEPDH VPKADSTDIRSEEPLKTDSSASNSNSELKAIRPPCPD
TAPPSSALHWLADLATQKAKEETKEAGSLRSVLNKESHSPFGLDSFNSTAKVSPLTPKLFNSLLLGPTASNN
KTEGSSLRDLLHSGPGKILPQTPLDTGIPFPPVFSTSSAGVKSKASLPNFLDHIIASVVENKKTSDASKRACNL
TDTOQKEVKEMVMGLNVLDPHTSHSWLCDGRLLCLHDPSNKNNWKIFRECWKQGQPVLVSGVHKKLKSE
LWKPEAFSQEFGDOQDVDLVNCRNCAIISDVKVRDFWDGFEIICKRLRSEDGOPMVLKLKDWPPGEDFRDM
MPTRFEDLMENLPLPEYTKRDGRLNLASRLPSYFVRPDLGPKMYNAYGLITAEDRRVGTTNLHLDVSDAV
NVMVYVGIPIGEGAHDEEVLKTIDEGDADEVTKQRIHDGKEKPGALWHIYAAKDAEKIRELLRKVGEEQG
QENPPDHDPIHDOSWYLDQTLRKRLYEEY GVQGWAIVQFLGDAVFIPAGAPHQVHNLYSCIK VAEDFVSPE
HVKHCFRLTQEFRHLSNTHTNHEDKLQVKNIITYHAVKDAVGTLKAHESKLARS

GTLBC6-2 KDM3B_Human (Isoform 2)

MGAMEINRNIRFATYTKENGRTLVVQDEPVGGDTPASFTPY STATGQTPLAPEVGGAENKEAGKTLEQVG
QGIVASAAVVTTASSTPNTVRISDTGLAAGTVPEKQKGSRSOASGENSRNSILASSGFGAPLPSSSQPLTFGS
GRSQSNGVLATENKPLGFSFGCSSAQEAQKDTDLSKNLFFQCMSQTLPTSNYFTTVSESLADDSSSRDSFKQ
SLESLSSGLCKGRSVLGTDTKPGSKAGSSVDRKVPAESMPTL TPAFPRSLLNARTPENHENLEFLQPPKLSREE
PSNPFLAFVEKVEHSPFSSFASQASGSSSSATTVTSKVAPSWPESHSSADSASLAKKKPLFITTDSSKLVSGVL
GSALTSGGPSLSAMGNGRSSSPTSSLTQPIEMPTLSSSPTEERPTVGPGQODNPLLKTFSNVFGRHSGGFLSSP
ADFSQENKAPFEAVKRFSLDERSLACRQDSDSSTNSDLSDLSDSEEQLOQAKTGLKGIPEHLMGKLGPNGERS
AELLLGKSKGKQAPKGRPRTAPLKVGQSVLKD VSKVKKLKQSGEPFLODGSCINVAPHLHKCRECRLERY
RKFKEQEQDDSTVACRFFHFRRLIFTRKGVLRVEGFLSPQOSDPDAMNLWIPSSSLAEGIDLETSKYILANY
GDQFCQLVMSEKEAMMMVEPHQKVAWKRAVRGVREMCDVCETTLFNIHWVCRKCGFGVCLDCYRLRK
SRPRSETEEMGDEEVFSWLKCAKGQSHEPENLMPTQIIPGTALYNIGDMVHAARGKWGIKANCPCISRONK
SVLRPAVTNGMSQLPSINPSASSGNETTFSGGGGPAPVTTPEPDHVPKADSTDIRSEEPLKTDSSASNSNSEL
KAIRPPCPDTAPPSSALHWLADLATQKAKEETKEAGSLRSVLNKESHSPFGLDSFNSTAKVSPLTPKLFNSLL
LGPTASNNKTEGSSLRDLLHSGPGKLPQTPLDTGIPFPPVFSTSSAGVKSKASLPNFLDHITASVVENKKTSDA
SKRACNLTDTQKEVKEMVMGLNVLDPHTSHSWLCDGRLLCLHDPSNKNNWKIFRECWKQGQPVLVSGY
HKKLKSELWKPEAFSQEFGDQDVDLVNCRNCAUSDVKVRDFWDGFEHCKRLRSEDGQPMVLKLKDWPP
GEDFRDMMPTRFEDLMENLPLPEYTKRDGRLNLASRLPSYFVRPDLGPKMYNAYGLITAEDRRVGTTNLH
LDVSDAVNVMVYVGIPIGEGAHDEEVLKTIDEGDADEVTKQRIHDGKEKPGAL WHIYAAKDAEKIRELLR
KVGEEQGQENPPDHDPIHDQSWYLDQTLRKRLYEEYGVQGWAIVQFLGDAVFIPAGAPHQVHNLYSCIKV
AEDFVSPEHVKHCFRLTQEFRHLSNTHTNHEDKLQVKNITYHAVKDAVGTLKAHESKLARS

GTLBC6-3 KDM3B Human (Isaform 3)

MSEKEAMMMVEPHOQKVAWKRAVRGVREMCDVCETTLFNIHWVCRKCGFGVCLDCYRLRKSRPRSETEE
MGDEEVFSWLKCAKGQSHEPENLMPTOHPGTALYNIGDMVHAARGK WGIKANCPCISRONKSVLRPAVT
NGMSQLPSINPSASSGNETTFSGGGGPAPVTTPEPDHVPKADSTDIRSEEPLKTDSSASNSNSELKAIRPPCPD
TAPPSSALHWLADLATQKAKEETKEAGSLRSVLNKESHSPFGLDSFNSTAKVSPLTPKLFNSLLLGPTASNN
KTEGSSLRDLLHSGPGKLPQTPLDTGIPFPPVFSTSSAGVKSKASLPNFLDHIASVVENKKTSDASKRACNL

TDTQKEVKEMVMGLNVLDPHTSHSWLCDGRLLCLHDPSNKNNWKIFRECWKQGQPVLVSGVHKKLKSE

LWKPEAFSQEFGDQDVDLVNCRNCAIISDVKVRDFWDGFEIICKRLRSEDGOPMVLKLKDWPPGEDFRDM
MPTRFEDLMENLPLPEYTKRDGRLNLASRLPSYFVRPDLGPKMYNAYGLITAEDRRVGTTNLHLDVSDAV
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NVMVYVGIPIGEGAHDEEVLKTIDEGDADEVTKQRIHDGKEKPGALWHIY AAKDAEKIRELLRKVGEEQG
QENPPDHDPIHDOQSWYLDQTLRKRLYEEY GVQGWAIVQFLGDAVFIPAGAPHQVHNLYSCIKVAEDFVSPE
HVKHCFRLTQEFRHLSNTHTNHEDKLQVKNITYHAVKDAVGTLKAHESKLARS

Q96KQ7-1 - G9a/EHMT2_HUMAN Humasn (Isoform 1)

MAAAAGAAAAAAAEGEAPAEMGALLLEKETRGATERVHGSLGDTPRSEETLPKATPDSLEPAGPSSPASY
TVIVGDEGADTPVGATPLIGDESENLEGDGDLRGGRILLGHATK SFPSSPSKGGSCPSRAKMSMTGAGKSP
PSVQSLAMRLLSMPGAQGAAAAGSEPPPATTSPEGQPK VHRARK TMSKPGNGQPPVPEKRPPEIQHFRMSD
DVHSLGKVTSDLAKRRKLNSGGGLSEELGSARRSGEVTLTK GDPGSLEEWETVVGDDFSLYYDSYSVDER
VDSDSKSEVEALTEQLSEEEEEEEEEEEEEEEEEEEEEEEEDEESGNQSDRSGSSGRRKAKKK WRKDSPWYV
KPSRKRRKREPPRAKEPRGVNGVGSSGPSEYMEVPLGSLELPSEGTLSPNHAGVSNDTSSLETERGFEELPL
CSCRMEAPKIDRISERAGHK CMATESVDGELSGCNAAILKRETMRPSSRVALMVLCETHRARMYVKHHCCP
GCGYFCTAGTFLECHPDFRVAHRFHKACVSQLNGMVFCPHCGEDASEAQEVTIPRGDGVTPPAGTAAPAP
PPLSQDVPGRADTSQPSARMRGHGEPRRPPCDPLADTIDSSGPSLTLPNGGCLSA VGLPLGPGREALEKALV
IQESERRKKLRFHPRQLYLSVKQGELQK VILMLLDNLDPNFQSDQQSKRTPLHAA AQKGSVEICHVLLQAG
ANINAVDKQOQORTPLMEA VVNNHLEVARYMVQRGGCVYSKEEDGSTCLHHAAKIGNLEMVSLLLSTGQVD
VNAQDSGGWTPIIWAAEHKHIEVIRMLLTRGADVTLTDNEENICLHWASFTGSAATAEVLLNARCDLHAVN
YHGDTPLHIAARESYHDCVLLFLSRGANPELRNKEGDTAWDLTPERSD VWFALQLNRKLRLGVGNRAIRT
EKIICRDVARGYENVPIPCVNGVDGEPCPED YK YISENCETSTMNIDRNITHLQHCTCVDDCSSSNCLCGQLS
IRCWYDKDGRLLQEFNKIEPPLIFECNQACSCWRNCKNRVVQSGIKVRLQLYRTAKMGWG VRALQTIPQG
TFICEY VGELISDAEADVREDDSYLFDLDNKDGEVYCIDARYYGNISRFINHLCDPNIIPVR VFEMLHQDLRFP
RIAFFSSRDIRTGEELGFDY GDRFWDIKSKYFTCQCGSEKCKHSAEATALEQSRLARLDPHPELLPELGSLPP
VNT

Q96KQ7-2 - EHMT2 HUMAN Human (Isoform 2)

MAAAAGAAAAAAAEGEAPAEMGALLLEKETRGATERVHGSLGDTPRSEETLPKATPDSLEPAGPSSPASY
TVTVGDEGADTPVGATPLIGDESENLEGDGDLRGGRILLGHATK SFPSSPSKGGSCPSRAKMSMTGAGK SP
PSVQSLAMRLLSMPGAQGAAAAGSEPPPATTSPEGQPK VHRARK TMSKPGNGQPPVPEKRPPEIQHFRMSD
DVHSLGKVTSDLAKRRKLNSGGGLSEELGSARRSGEVTLTK GDPGSLEEWETVVGDDFSLYYDSYSVDER
VDSDSKSEVEALTEQLSEEEEEEEEEEEEEEEEEEEEEEEEDEESGNQSDRSGSSGRRKAKKK WRKDSPWV
KPSRKRRKREPPRAKEPRGVSNDTSSLETERGFEELPLCSCRMEAPKIDRISERAGHKCMATES VDGELSGC
NAAILKRETMRPSSRVALMVLCETHRARMVKHHCCPGCGYFCTAGTFLECHPDFRVAHRFHKACVSQLN
GMVFCPHCGEDASEAQEVTIPRGDGVTPPAGTAAPAPPPLSQD VPGRADTSQPSARMRGHGEPRRPPCDPL
ADTIDSSGPSLTLPNGGCLSAVGLPLGPGREALEK AL VIQESERRKKLRFHPRQLYLSVKQGELQKVILMLL
DNLDPNFQSDQQSKRTPLHAAAQKGSVEICHVLLQAGANINAVDKQQRTPLMEA VVNNHLEVARYMVQR
GGCVY SKEEDGSTCLHHA AKIGNLEMVSLLLSTGQVDVNAQDSGGWTPHWAAEHKHIEVIRMLLTRGAD
VTLTDNEENICLHWASFTGSAAIAEVLLNARCDLHA VNYHGDTPLHIA ARESYHDCVLLFLSRGANPELRN
KEGDTAWDLTPERSDVWFALQLNRKLRLGVGNRAIRTEKIICRDVARGYENVPIPCVNGVDGEPCPEDYK
YISENCETSTMNIDRNITHLQHCTCVDDCSSSNCLCGQLSIRCWYDKDGRLLQEFNKIEPPLIFECNQACSCW
RNCKNRVVQSGIK VRLQLYRTAKMGWGVRALQTIPQGTFICEY VGELISDAEAD VREDDSYLFDLDNKDG
EVYCIDARYYGNISRFINHLCDPNIIPVRVFMLHQDLRFPRIAFFSSRDIR TGEELGFDYGDRFWDIKSKYFTC
QCGSEKCKHSAEAIALEQSRLARLDPHPELLPELGSLPPVNT

EHMT2/GYA encoding mRNA (haman)

1 atggcggegg cggcgggage tgcagoggeg goggccgcecg agggggagge ccccgetgag

6l
121
181
241
301

atgggggcge

ttgggggaca
cctgctggec

acccctgtag
gacctccgtyg

tgctgectgga
cccctegtag
cctcatctcece
gggctacacc

ggggccggat

gaaggaaacc
tgaagaaacc
agcctetgte
actcattggg
cctgctgggce

agaggagcca
ctgcccaagg
actgtcactg
gatgaatctg
catgccacaa

ccgagagagt
ccaaccccga
ttggtgatga
agaatcttga
agtcattccc

tcatggcectcet
ctcecctggag
gggggctgac

gggagatggg
ctcttceccce
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361

421

481

541

601

661l

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
lesl
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601

agcaaggggyg
cctccatcetg

gcagcagcag
caccgagccce
cggcceectg
acctcagatc
ggttctgccc
gagtgggaga
gagcgcegtgg
gaggaggagyg
gaagaggaag
aaggccaaga
aagcgggagce
cccagtgagt
tcccececaacce
gaggagttgce
agggcggggc
gcecgecatcee
tgtgagaccc
tgcacggcgyg
aaggcctgtyg
tctgaagcetce
gcagctcctyg
cccagtgceccc
gacaccattg
gtggggcetge
tcagagaggc
ggcgagcetge
gaccagcaga
tgcecatgtge
ccactgatgg
ggtggctgtyg
atcgggaact
caggacagtg
atccgcatge
tgcetgeact
cgctgtgacc
gagagctacc
aacaaagagg
cttcaactca
atcatctgcce
gtggatgggg
accatgaaca
tctagctcca
cgattgcetcee
tgctecatgcet
cagctctacc
gggaccttca
gaggatgatt
gccegttact
cccgtceceggg
tcececgagaca
atcaaaagca
gccattgccce
gagctcgget

gttcctgtcee
tccagagttt
ggtctgaacc
gcaaaaccat
aaatacagca
tggccaaaag
ggcgttcagg
cggtggtggg
actccgacag
aggaagagga
atgaggagtc
agaaatggcg
ctcecgeggge
acatggaggt
acgctggggt
ccctgtgeag
acaagtgcat
tcaagcggga
accgcgecceg
gcaccttcct
tgtctcagcet
aagaggtgac
cacccccacce
ggatgcgagg
acagctcagg
cactggggecc
ggaagaagct
agaaggtgat
gcaagcgcac
tgctgcaggce
aggccgtggt
tctatagcaa
tggagatggt
gggggtggac
tactgacgcg
gggcctectt
tccatgctgt
atgactgcgt
gggacacagc
accgcaagcet
gggacgtggc
agccctgecce
tcgategecaa
accgcctgtyg
aggaatttaa
ggagaaactg
gaacagccaa
tctgcgagta
cttacctctt
atggcaacat
tcttcatgcet
tccggactgg
aatatttcac
tggagcagag
ccectgeeccee

62

tagccgggee
ggctatgagg
ccctcececagec
gtccaaacca
ttteccgecatg
gaggaagctg
agaagtgacc
tgatgactte
caagtctgaa
ggaagaagaa
agggaatcag
aaaagacagc
caaggagcca
ccectectgggg
gtccaatgac
ctgccgeatg
ggccactgag
gaccatgagg
catggtcaaa
ggagtgccac
gaatgggatg
catccececgg
cctgteeccag
gcatggggaa
gccetecctyg
aggcecgggag
ccgtttcecac
cctgatgcetyg
gccectgeat
tggagccaac
gaacaaccac
ggaggaggac
cagcctgetg
gcccatcatc
gggcgccgac
cacgggcagc
caactaccat
gctgttattc
atgggacctg
ccgacttggg
tcggggcetat
tgaggattac
catcacccac
cggccagctc
caagattgag
caagaaccgg
gatgggctgg
tgtcggggag
cgacttagac
cagccgcttce
gcaccaagac
ggaggagcta
ctgccaatgt
ccgtctggec
tgtcaacaca

aagatgtcaa
ctactgagta
accacgagcc
ggaaatggac
agtgatgatg
aactcaggag
ctgacgaaag
agtctctact
gttgaagctc
gaagaggaag
tcagatagga
ccatgggtga
cgaggagtga
tcecectggage
acatcttegce
gaggcaccca
agtgtggacg
ccatccagcec
caccactgct
cctgacttcee
gtcttetgtce
ggtgacgggg
gatgtccccg
ccccggcegec
accctgecca
gccecctggaaa
ccteggcagt
ttggacaacc
gcagccgccce
ataaatgcag
ctggaggtag
ggttccacct
ctgagcacag
tgggctgceag
gtcaccctcea
gccecgeecateg
ggggacaccc
ctgtcacgtg
actccegagce
gtgggaaatc
gagaacgtgc
aagtacatct
ctgcagcact
agcatccggt
cctecgetga
gtcgtacaga
ggggtccgeg
ctgatctctg
aacaaggatg
atcaaccacc
ctgcgatttc
gggtttgact
ggctcectgaga
cgcctggacc
tga
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tgacaggggce
tgccaggagce
cagagggaca
agcccecggt
tccactcact
gtggccetgte
gggaccccgg
atgattccta
taactgaaca
aggaggagga
gtggttccag
agcegtectceg
atggtgtggg
tgcccagcga
tggagacaga
agattgaccg
gagagctgtc
gtgtggcccet
gccegggetyg
gtgtggccecca
cccactgtgg
tgaccccacc
ggagagcaga
cgcccectgcega
atgggggcetg
aggccetggt
tgtacctgtc
tggaccccaa
agaagggctce
tggacaaaca
cccgttacat
gcctccacca
gacaggtgga
agcacaagca
ctgacaacga
ccgaagtcct
ccctgecacat
gggccaaccce
gcteccgacgt
gggccatcecg
ccattccctg
cagagaactg
gcacgtgtgt
gctggtatga
ttttcgagtyg
gtggcatcaa
ccctgecagac
atgctgaggce
gagaggtgta
tgtgtgaccc
cacgcatcgc
atggcgaccg
agtgcaagca
cacaccctga

gggaaaatca
ccagggagct
gtccaaggtce
ccctgagaag
gggaaaggtg
ggaggagtta
gtccctggag
ctctgtggat
actaagtgaa
agaggaagaa
tggccggege
gaaacggcgc
ctcectecagge
ggggaccctc
gcgagggttt
catcagcgag
aggctgcaat
gatggtgctc
cggctactte
ccgcettceceac
ggaggatgct
ggccggcact
cacttctcag
tceceectgget
cctttecagece
catccaggag
cgtgaagcag
cttccagage
cgtggagatc
gcagcggacg
ggtgcagcgt
cgcagccaaa
cgtcaacgcce
catcgaggtg
ggagaacatc
tctgaatgeg
cgcagctcgg
tgagctgcegg
gtggtttgcg
cacagagaag
tgtcaacggt
cgagacgtcc
ggacgactgce
caaggatggg
taaccaggcg
ggtgcggcta
catcccacag
tgatgtgaga
ctgcatagat
caacatcatt
cttcttcagt
cttctgggac
ctcagccgaa
gctgctgccce
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P49711-1 CTCF_Human (Isoform 1)

MEGDAVEAIVEESETFIKGKERKTYQRRREGGOQEEDACHLPONQTDGGEVVQDVNSSVOMVMMEQLDPT
LLOMKTEVMEGTVAPEAEAAVDDTOQITLOVVNMEEQPINIGELQLVQVPVPVTVPVATTSVEELQGAYEN
EVSKEGLAESEPMICHTLPLPEGFQVVKVGANGEVETLEQGELPPQEDPSWOQKDPDYQPPAKKTKKTKKSK
LRYTEEGKDVDVSVYDFEEEQQEGLLSEVNAEKVVGNMKPPKPTKIKKKGVKKTFQCELCSYTCPRRSNL
DRHMKSHTDERPHKCHLCGRAFRTVTLLRNHLNTHTGTRPHKCPDCDMAFVTSGEL VRHRRYKHTHEKP
FKCSMCDYASVEVSKLKRHIRSHTGERPFQCSLCSYASRDTYKLKRHMRTHSGEKPYECYICHARFTQSGT
MEKMHILOKHTENVAKFHCPHCDTVIARKSDLGVHLRKQHSYIEQGKKCRYCDAVFHERY ALIQHQKSHK.
NEKRFKCDQCDYACRQERHMIMHKRTHTGEKPY ACSHCDKTFROQKQLLDMHFKRYHDPNFVPAAFVCSK
CGKTFTRRNTMARHADNCAGPDGVEGENGGETKK SKRGRKRKMRSKKEDSSDSENAEPDLDDNEDEEEP
AVEIEPEPEPQPVTPAPPPAKKRRGRPPGRTNQPKONQPTAIIQVEDONTGAIENITVEVKKEPDAEPAEGEEE
EAQPAATDAPNGDLTPEMILSMMDR

P49711-2 CTCF_Human (Isoform 2)

MAFVTSGELVRHRRYKHTHEKPFKCSMCDYASVEVSKLKRHIRSHTGERPFQCSLCSYASRDTYKLKRHM
RTHSGEKPYECYICHARFTQSGTMKMHILQKHTENVAKFHCPHCDTVIARKSDLGVHLRKOQHSYIEQGKK

CRYCDAVFHERYALIQHQKSHKNEKRFKCDQCDYACRQERHMIMHKRTHTGEKPY ACSHCDKTFRQKOQL
LDMHFKRYHDPNFVPAAFVCSKCGKTFTRRNTMARHADNCAGPDGVEGENGGETKK SKRGRKRKMRSK.
KEDSSDSENAEPDLDDNEDEEEPA VEIEPEPEPQPVTPAPPPAKKRRGRPPGRTNQPKONQPTAIQVEDQNT
GAIENIIVEVKKEPDAFEPAEGEEEEAQPAATDAPNGDLTPEMILSMMDR
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While certain features of the invention have been described herein, many modifications,
substitutions, changes, and equivalents will now occur to those of ordinary skill in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such modifications
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What is claimed is:
1. A method for reducing MLL/KMT2A amplification in a patient in need thereof, the
method comprising administration of an effective amount of one or more agents including

1) a first agent which increases KDM3B expression and function and, or

i1) a second agent which inhibits expression or activity of H3K9 methyltransferase,
said one or more agents being administered in one or more pharmaceutically acceptable carriers

and reducing MLL/KMT2A amplification in said patient.

2. The method of claim 1, wherein said first agent is a KDM3B agonist and said second

agent is a G9a inhibitor and both agents are administered.

3. The method of claim 1, wherein the MLL/KMT2A amplification is caused by

administration of a chemotherapeutic agent.

4. The method of any one of claims 1, 2, or 3, wherein a chemotherapeutic agent reduces

KDM3B expression.

5. The method of any one of claims 1 to 4, wherein the chemotherapeutic agent is a

topoisomerase Il inhibitor.

6. The method one of claims 1 to 5, wherein the topoisomerase II inhibitor is doxorubicin,

daunorubicin, etoposide or Topoisomerase II alpha or beta.

7. The method of any one of claims 1 to 6, wherein the patient has a genetic loss of
KDM3B.
8. The method of any one of claims 3 to 7, wherein said administration of MLL/ KMT2A

reducing agents is performed before, during or after administration of said chemotherapeutic

agent.
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9. The method of any one of the preceding claims, further comprising administration of a

proteosome inhibitor.

10. The method of claim 9, wherein said proteosome inhibitor is selected from bortezomib,

carfilzomib, and ixazomib.

11. The method of any one of the preceding claims, wherein said agent which increases
KDM3B expression, function or activity is a KDM3B protein mimetic, a KDM3B agonist or an

expression vector encoding KDM3B.

12.  The method of any one of the preceding claims, wherein said patient has a mutation in a
CTCF encoding nucleic acid associated with reduced binding to KMT2A, and said method

further comprises administration of an agent which stabilizes CTCF binding functions.

13.  The method of claim 12, wherein said agent which stabilizes CTCF binding functions is a

a CTCF protein mimetic, a CTCF agonist or an expression vector encoding CTCF.

14. The method of claim 12 or claim 13, comprising administration of a rad21 protein

mimetic, a rad21 agonist or an expression vector encoding rad21.

15.  The method of any one of the preceding claims, wherein said G9a inhibitor is an
inhibitory nucleic acid selected from an siRNA, an antisense oligonucleotide, an shRNA, and a
ribozyme having sufficient sequence homology to said G9a encoding nucleic acid to reduce

expression of thereof in a target cell.

16. The method of claim 15, wherein said inhibitory nucleic acid comprises one or more

modified nucleotides or nucleosides.

17.  The method of any one of claims 11 to 16, wherein said expression vector or said

inhibitory nucleic acid is affixed to a biocompatible lipid nanoparticle.
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18. A method for treating a cancer patient having chemotherapy induced MLL/KMT2A
amplifications, the method comprising administration of an effective amount of at least one agent
present in at least one pharmaceutically acceptable carrier, which increases KDM3B expression
or inhibits expression of H3K9 methyltransferase, thereby reducing MLL/KMT2A in said cancer

patient.

19. The method of claim 18, wherein both a KDM3B agonist and a G9a inhibitor are

administered.

20. The method of any one of the preceding claims, wherein said treatment reduces

MLL/KMT2A copy numbers when compared to untreated control patients.

21. A method for reducing TCF3 amplification or AFF3 amplification in a patient in need
thereof, the method comprising administration of an effective amount of at least one agent which
increases KDM3B activity or expression or inhibits activity or expression of H3K9

methyltransterase.

22. The method of claim 21, wherein said first agent is a KDM3B agonist and said second

agent is a G9a inhibitor and both agents are administered.

23. The method of claim 21, wherein the MLL/KMT2A amplification is caused by

administration of a chemotherapeutic agent.

24. The method of any one of claims 21, 22, or 23, wherein a chemotherapeutic agent

reduces KDM3B expression.

25. The method of any one of claims 21 to 24, wherein the chemotherapeutic agent is a

topoisomerase Il inhibitor.
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26. The method one of claims 21 to 25, wherein the topoisomerase IT inhibitor is

doxorubicin, daunorubicin, etoposide or Topoisomerase II alpha or beta.

27. The method of any one of claims 21 to 26, wherein the patient has a genetic loss of

KDM3B.

28. The method of any one of claims 23 to 27, wherein said administration of MLL/ KMT2A
reducing agents is performed before, during or after administration of said chemotherapeutic

agent.

29. The method of any one of claims 21 to 28, further comprising administration of a

proteosome inhibitor.

30. The method of claim 29, wherein said proteosome inhibitor is selected from bortezomib,

carfilzomib, and ixazomib.

31 The method of any one claims 21 to 29 wherein said agent which increases KDM3B
expression, function or activity is a KDM3B protein mimetic, a KDM3B agonist or an

expression vector encoding KDM3B.

32.  The method of any one of claims 29 to 31, wherein said patient has a mutation in a CTCF
encoding nucleic acid associated with reduced binding to KMD2A, and said method further

comprises administration of an agent which stabilizes CTCF binding functions.

33. The method of claim 32, wherein said agent which stabilizes CTCF binding functions is a

a CTCF protein mimetic, a CTCF agonist or an expression vector encoding CTCF.

34. The method of claim 12 or claim 13, comprising administration of a rad21 protein

mimetic, a rad21 agonist or an expression vector encoding rad21.
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35. The method of any one of claims 21 to 34 wherein said G9a inhibitor is an inhibitory
nucleic acid selected from an siRNA, an antisense oligonucleotide, an shRNA, and a ribozyme
having sufficient sequence homology to said G9a encoding nucleic acid to reduce expression of

thereof in a target cell.

36. The method of claim 35, wherein said inhibitory nucleic acid comprises one or more

modified nucleotides or nucleosides.

37.  The method of any one of claims 21 to 26, wherein said expression vector or said

inhibitory nucleic acid is affixed to a biocompatible lipid nanoparticle.

38. A method for reducing AFF3 amplification in a patient in need thereof, the method
comprising administration of an effective amount of at least one agent which increases KDM3B

expression or inhibits expression of H3K9 methyltransferase.

39. The method of claim 21, wherein the method reduces TCF3 copy numbers when

compared to an untreated control patients.

40. The method of claim 21, wherein the patient has reduced AFF3 copy numbers when

compared to an untreated control.

41. The method of any of the preceding claims, wherein the G9a inhibiting agent is UNC
0642,

42. The method of any of the preceding claims, wherein the agent is an siRNA that targets

the molecules listed in Table 1.
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
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