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COMPOSITIONS AND METHODS FOR TREATING LEUKEMIA

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application Nos. 61/334,991, filed
May 14, 2010; 61/370,745, filed on August 4, 2010; 61/375,863, filed on August 22, 2010;
61/467,376, filed on March 24, 2011; and 61/467,342, filed March 24, 2011. The contents of these

applications are hereby incorporated by reference in their entirety.

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH

This work was supported by the following grant from the National Institutes of Health,
Grant No: KO8CA128972. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Acute Myleloid Leukemia (AML) represents a paradigm for understanding how complex
patterns of cooperating genetic and epigenetic alterations lead to tumorigenesis. While this
complexity poses a challenge for the development of targeted therapy, diverse AML gene
mutations generally converge functionally in deregulating similar core cellular processes. One
key event in AML initiation is the corruption of cell-fate programs to generate Leukemic Stem
Cells (LSCs) that aberrantly self-renew and thereby maintain and propagate the disease. While
incompletely understood, this process has been linked to changes in regulatory chromatin
modifications whose impact on gene expression is well characterized. Hence, common
oncogenes in AML, such as AML1-ETO and MLL fusion proteins induce self-renewal
programs, at least in part, through reprogramming of epigenetic pathways. Several epigenetic
regulators are targets of somatic mutation. Since epigenetic alterations induced by oncogenic
stimuli are potentially reversible, chromatin regulators are being explored as candidate drug

targets.
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SUMMARY OF THE INVENTION

The invention provides compositions, methods, and kits for the detection and treatment of
leukemia and related disorders (e.g., acute myeloid leukemia (AML), Chronic Lymphocydic
Leukemia (CLL), Acute Lymphocytic Leukemia (ALL), Chronic Myeloid Leukemia (CML),
Chronic Myelomonocytic Leukemia (CMML), Eosinophilic Leukemia, Hairy Cell Leukemia,
Hodgkin Lymphoma, Multiple Myeloma, Non-Hodgkin Lymphoma, Myeloproliferative
disorders or Myelodysplastic syndromes).

In one aspect, the invention generally provides a method for treating a leukemia or
related disorder (e.g., acute myeloid leukemia (AML), Chronic Lymphocydic Leukemia (CLL),
Acute Lymphocytic Leukemia (ALL), Chronic Myeloid Leukemia (CML), Chronic
Myelomonocytic Leukemia (CMML), Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin
Lymphoma, Multiple Myeloma, Non-Hodgkin Lymphoma, Myeloproliferative disorders or
Myelodysplastic syndromes) in a subject, the method involving administering to the subject an
effective amount of an agent that inhibits Brd4 (e.g., an inhibitory nucleic acid that target Brd4,
JQ1) or a derivative thereof.

In another aspect, the invention provides a method for reducing the growth, proliferation
or survival of a leukemic cell, the method involving contacting the cell with an effective amount
of an agent that inhibits Brd4 or a derivative thereof, thereby reducing the growth, proliferation
or survival of a leukemic cell.

In yet another aspect, the invention provides a method of inducing cell death or terminal
differentiation in a leukemic cell, the method comprising contacting the cell with an effective
amount of an agent that inhibits Brd4 or a derivative thereof, thereby inducing cell death or
terminal differentiation in the leukemic cell.

In yet another aspect, the invention provides a method of treating acute myeloid leukemia
in a subject, the method involving administering to a subject in need thereof an effective amount
of an agent that inhibits Brd4, thereby treating acute myeloid leukemia in a subject.

In yet another aspect, the invention provides a pharmaceutical composition containing a
therapeutically effective amount of an agent that inhibits Brd4 or a derivative thereof in a

pharmaceutically effective excipient.
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In yet another aspect, the invention provides a kit for the treatment of leukemia, the kit
containing a therapeutically effective amount of an agent that inhibits Brd4, and written
instructions for administration of the compound for use in the method of claim 8.

In yet another aspect, the invention provides a method for detecting the clinical
responsiveness of a leukemic cell, the method involving contacting a leukemic cell with a Brd4
inhibitory agent or derivative thereof and detecting expression of a macrophage specific
differentiation marker in the cell, wherein an increase in the expression of the macrophage
specific differentiation marker indicates that the cell is responsive to the agent.

In yet another aspect, the invention provides a method for selecting a treatment regimen
for a subject identified as having leukemia, the method involving contacting a leukemic cell of
the subject with a Brd4 inhibitory agent or derivative thereof and detecting expression of a
macrophage specific differentiation marker in the cell, wherein an increase in the expression of
the macrophage specific differentiation marker is indicative that a treatment regimen including
that agent should be selected for the subject.

In yet another aspect, the invention provides a method for detecting the clinical
responsiveness of a leukemic cell, the method comprising contacting a leukemic cell with a Brd4
inhibitory agent or derivative thereof and detecting expression of myc in the cell, wherein a
decrease in myc expression indicates that the cell is responsive to the agent.

In yet another aspect, the invention provides a method for selecting a treatment regimen
for a subject, the method comprising contacting a leukemic cell with a Brd4 inhibitory agent or
derivative thereof and detecting expression of myc, wherein a decrease in myc expression is
indicative that a treatment regimen including that agent should be selected for the subject.

In various embodiments of any of the above aspects or any other aspect of the invention
delineated herein, the agent is a small compound (e.g., JQ1 or a derivative thereof) or inhibitory
nucleic acid molecule (e.g., siRNA, shRNA or antisense nucleic acid molecule). In other
embodiments of the above aspects, the subject is a mammal (e.g., a human patient). In other
embodiments, the subject is an adult mammal (e.g., adult human patient). In other embodiments,
the subject is a child mammal (e.g., child human patient). In other embodiments of the above
aspects, the method reduces the growth, proliferation or survival of a leukemic cell in a subject.
In various embodiments of any of the above aspects, the agent is a compound of any of Formulas

[-XXII or any other formula described herein. In particular embodiments of the above aspects,
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the cell is in a subject. In other embodiments of the above aspects, the leukemia is acute myeloid
leukemia (AML), Chronic Lymphocydic Leukemia (CLL), Acute Lymphocytic Leukemia
(ALL), Chronic Myeloid Leukemia (CML), Chronic Myelomonocytic Leukemia (CMML),
Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma, Multiple Myeloma, Non-
Hodgkin Lymphoma, Myelodysplasia or Myeloproliferative Disorders. In other embodiments of
the above aspects, the leukemic cell is derived from an acute myeloid leukemia (AML), Chronic
Lymphocydic Leukemia (CLL), Acute Lymphocytic Leukemia (ALL), Chronic Myeloid
Leukemia (CML), Chronic Myelomonocytic Leukemia (CMML), Eosinophilic Leukemia, Hairy
Cell Leukemia, Hodgkin Lymphoma, Multiple Myeloma, Non-Hodgkin Lymphoma,
Myelodysplasia or Myeloproliferative Disorders.  In another aspect, the invention generally
provides a method for treating a leukemia or related disorder (e.g., acute myeloid leukemia
(AML), Chronic Lymphocydic Leukemia (CLL), Acute Lymphocytic Leukemia (ALL), Chronic
Myeloid Leukemia (CML), Chronic Myelomonocytic Leukemia (CMML), Eosinophilic
Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma, Multiple Myeloma, Non-Hodgkin
Lymphoma, Myeloproliferative disorders or Myelodysplastic syndromes) in a subject, the
method comprising administering to the subject an effective amount of an agent that inhibits
Brd4 (e.g., an inhibitory nucleic acid that target Brd4, JQ1) or a derivative thereof.

In another aspect, the invention provides a method for reducing the growth, proliferation
or survival of a leukemic cell, the method comprising contacting the cell with an effective
amount of an agent that inhibits Brd4 or a derivative thereof, thereby reducing the growth,
proliferation or survival of a leukemic cell.

In yet another aspect, the invention provides a method of inducing cell death or terminal
differentiation in a leukemic cell, the method comprising contacting the cell with an effective
amount of an agent that inhibits Brd4 or a derivative thereof, thereby inducing cell death or
terminal differentiation in the leukemic cell.

In yet another aspect, the invention provides a method of treating acute myeloid leukemia
in a subject, the method comprising administering to a subject in need thereof an effective
amount of an agent that inhibits Brd4, thereby treating acute myeloid leukemia in a subject.

In yet another aspect, the invention provides a pharmaceutical composition comprising a
therapeutically effective amount of an agent that inhibits Brd4 or a derivative thereof in a

pharmaceutically effective excipient.
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In yet another aspect, the invention provides a kit for the treatment of leukemia, the kit
comprising a therapeutically effective amount of an agent that inhibits Brd4, and written

instructions for administration of the compound for use in the method of claim 8.

In yet another aspect, the invention provides a method for detecting the clinical
responsiveness of a leukemic cell, the method comprising contacting a leukemic cell with a Brd4
inhibitory agent or derivative thereof and detecting expression of a macrophage specific
differentiation marker in the cell, wherein an increase in the expression of the macrophage
specific differentiation marker indicates that the cell is responsive to the agent.

In yet another aspect, the invention provides a method for selecting a treatment regimen
for a subject identified as having leukemia, the method comprising contacting a leukemic cell of
the subject with a Brd4 inhibitory agent or derivative thereof and detecting expression of a
macrophage specific differentiation marker in the cell, wherein an increase in the expression of
the macrophage specific differentiation marker is indicative that a treatment regimen including
that agent should be selected for the subject.

In yet another aspect, the invention provides a method for detecting the clinical
responsiveness of a leukemic cell, the method comprising contacting a leukemic cell with a Brd4
inhibitory agent or derivative thereof and detecting expression of myc in the cell, wherein a
decrease in myc expression indicates that the cell is responsive to the agent.

In yet another aspect, the invention provides a method for selecting a treatment regimen
for a subject, the method comprising contacting a leukemic cell with a Brd4 inhibitory agent or
derivative thereof and detecting expression of myc, wherein a decrease in myc expression is
indicative that a treatment regimen including that agent should be selected for the subject.

In various embodiments of any of the above aspects or any other aspect of the invention
delineated herein, the agent is a small compound (e.g., JQ1 or a derivative thereof) or inhibitory
nucleic acid molecule (e.g., sSiRNA, shRNA or antisense nucleic acid molecule). In other
embodiments of the above aspects, the subject is a mammal (e.g., a human patient). In other
embodiments of the above aspects, the method reduces the growth, proliferation or survival of a
leukemic cell in a subject. In various embodiments of any of the above aspects, the agent is a
compound of any of Formulas I-XXII or any other formula described herein. In particular
embodiments of the above aspects, the cell is in a subject. In other embodiments of the above

aspects, the leukemia is acute myeloid leukemia (AML), Chronic Lymphocydic Leukemia
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(CLL), Acute Lymphocytic Leukemia (ALL), Chronic Myeloid Leukemia (CML), Chronic
Myelomonocytic Leukemia (CMML), Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin
Lymphoma, Multiple Myeloma, Non-Hodgkin Lymphoma, Myelodysplasia or
Myeloproliferative Disorders. In other embodiments of the above aspects, the leukemic cell is
derived from an acute myeloid leukemia (AML), Chronic Lymphocydic Leukemia (CLL), Acute
Lymphocytic Leukemia (ALL), Chronic Myeloid Leukemia (CML), Chronic Myelomonocytic
Leukemia (CMML), Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma,
Multiple Myeloma, Non-Hodgkin Lymphoma, Myelodysplasia or Myeloproliferative Disorders.

Other advantages and novel features of the present invention will become apparent from
the following detailed description of various non-limiting embodiments of the invention when
considered in conjunction with the accompanying figures. In cases where the present
specification and a document incorporated by reference include conflicting and/or inconsistent
disclosure, the present specification shall control.

Compositions and articles defined by the invention were isolated or otherwise
manufactured in connection with the examples provided below. Other features and advantages

of the invention will be apparent from the detailed description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B show chromatin regulators sensitive to Brd4-inhibition. Figure 1A
includes a pie chart showing the distribution of genes involved in chromatin modification and a
graph showing pooled negative selection screening in MLL-AF9/Nras®'"?P leukemia depicting
changes in representation of 1072 informative shRNAs during fourteen days in culture (Figure
1B). Numbers indicate the number of genes in each category. For each gene, six shRNAs were
designed using the BIOPREDsi algorithm (Huesken et al., Nat Biotech 2005; 23:995-1001) and
adapted for the miR30-context. The library was constructed using large-scale on-chip
oligonucleotide synthesis, followed by pooled PCR cloning and sequence verification of
individual clones, which yielded a total of 1095 shRNAs (three to six per gene). Figure 1B
includes a plot showing changes in representation of the 1072 informative shRNAs during 14
days of culture. Pooled negative selection screening was performed on MLL-AF9/Nras®'?P

leukemic cells, and shRNA abundance ratios were calculated as the number of reads after

fourteen days of doxycycline administration (T)4) divided by reads prior to doxycycline
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administration (Top). The results were and plotted as a mean of two replicates in ascending order.
Completely depleted shRNAs (zero reads at T4, n = 71) were plotted as a ratio of 10”;
highlighted shRNAs in this group are shown with even spacing in alphabetical order. Positive
scoring shRNAs (having greater than twenty fold depletion in both replicates, n = 177) are
marked in dark grey. Positive controls include shRNAs targeting Rpal, Rpa3, Pcna, or Polr2b.
Negative control sShRNAs target Renilla luciferase (Ren) or Braf.

Figures 2A-2D show RNAI screening in a Tet-On competent AML model. Figure 2A is
a schematic diagram describing the RNAI screening strategy. The screen was performed in a
Tet-On competent Acute Myleloid Leukemia (AML) model generated by retroviral co-
transduction of vectors encoding rtTA3-IRES-MLL-AF9 and Luciferase-IRES-Nras®'*" into
hematopoietic stem and progenitor cells (HSPC). Leukemic cells retrieved from terminally ill
mice were placed in culture and utilized for the screen. A customized shRNA library targeting
chromatin-regulating genes was synthesized using On-chip oligonucleotide synthesis, and cloned
in a pooled format. A library pool of 1095 sequence verified ShRNAs was subcloned into
TRMPV-Neo (Zuber et al., Nat Biotechnol 2011; 29:79-83) and transduced into leukemia cells,
followed by G418 selection. Cells were then treated with doxycycline for fourteen days
(equivalent to twelve cell passages), followed by fluorescence-activated cell sorting (FACS) to
isolate the dsRed-positive/shRNA-expressing cells. Genomic DNA was prepared from sorted
(T\4), as well as pre-treated (T,) leukemia cells and used as a template for PCR amplification of
shRNA guide strands, which was subjected to deep-sequencing to quantify the relative
abundance of each shRNA in the library. Top hits were defined in the screen as genes for which
at least two shRNA showed greater than twenty-fold depletion. Thirty-eight genes satisfied these
criteria and were subjected to one-by-one validation using a different MLL-AF9/Nras®'?"
induced AML cell line and a constitutive ShRNA expression vector (LMN). Figure 2B is a
scatter plot illustrating the correlation of normalized reads per shRNA between the plasmid pool
and two replicates of library transduced leukemia cells following drug selection (To). The
correlation verifies that the library representation is largely unaffected by retroviral transduction
and drug selection. Figure 2C is a scatter plot of normalized reads per shRNA in T, compared to
Ti4 1in one trial. The low correlation suggests substantial changes in shRNA representation.

Figure 2D is a scatter plot illustrating the correlation of normalized reads per shRNA at T}4 in
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two independent replicates. The high correlation indicates that changes in ShRNA abundance are
due to specific effects. r, Pearson correlation coefficient.

Figures 3A and 3B validate the screening strategy. Figure 3A is a schematic diagram
describing an RNAI screen validation strategy. Each gene positively scoring in the primary
pooled screen (criteria: at least two shRNAs depleted greater than twenty fold in two
independent replicates) was subject to one-by-one validation. The shRNAs designed to target
that gene were subcloned into the LMN vector, which expresses miR30-shRNAs under control
of the constitutive LTR promoter and features GFP and NeoR reporters. LMN-shRNAs were
transduced into an independently derived MLL-AF9/Nras“'*" leukemia cell line with an average
infection efficiency of 20%. The relative change in GFP % was monitored over ten days by flow
cytometry and used as a readout of cell growth inhibition, plotted as fold depletion [GFP %(d2)
divided by GFP %(d12)]. Figure 3B is a bar chart showing the fold depletion of all LMN-
shRNAs targeting the thirty-eight identified hits in the primary screen. The fold depletion of all
LMN-shRNAs targeting the thirty-eight identified hits in the primary screen. Several genes
failed to validate, which might be due to (i) true false-positives in the primary screen, (ii)
variable effects in the independent leukemia line, or (iii) differences between the shRNA
expression systems. Based on the total number of identified shRNAs displaying maximum
depletion (twenty-five-fold), Brd4 was identified as the top hit in the screen.

Figures 4A-4E show comparisons of Brd4-shRNA effects in leukemia, MEF, and G1E
cells. In each of the experiments shown, doxycycline-inducible sShRNAs in the TtTMPYV vector
were transduced into Tet-On competent cells, followed by G418 selection. Figure 4A includes
charts showing the results of RT-qPCR of Brd4 mRNA levels following 48 hours of dox
treatment. (n=4). Figure 4B includes charts showing the results from competitive proliferation
assays. Selected cells were mixed with untransduced cells at an 8:1 ratio, and subsequently
cultured with doxycycline. The relative percentage of Venus-positive/TurboRFP-positive (i.e.,
shRNA expressing) cells was determined at indicated time points and changes used to readout
growth inhibitory effects (n = 3). Error bars represent s.e.m. Figure 4C includes flow cytometry
plots from cell cycle analyses (BrdU/7-AAD double staining) of cells assayed in Figure 4B,
following five days of doxycycline administration. Figure 4D includes plots showing apoptosis
measurements using Annexin V/DAPI double staining of cells assayed in Figure 4A, following

five days of doxycycline administration. Gating was first applied to live cells (FSC/SSC),
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followed by gating RFP+/shRNA+ cells. This accounts for the lack of accumulated dead
(Annexing V4+/DAPI+) cells. Figure 4E includes charts showing the degree of GFP depletion of
LMN-shRNAs performed in G1E as depicted in Figure 3A. (n=3). Error bars represent s.e.m.
Figures SA-5D show that shRNA knockdown of BRD4 is sufficient to inhibit growth of
human AML cell lines THP-1 and MOLM-13. shRNAs targeting human BRD4 were cloned
into TRMPV-Neo vector, followed by retroviral transduction of Eco-receptor+/Tet-On
competent human AML cell lines THP-1 and MOLM-13. Cells were selected with G418 for one
week. Figure SA includes a graph showing the knockdown efficiency of BRD4 upon conditional
RNAI suppressigion. RT-qPCR was performed on TRMPV-MOLM-13 lines following 48 hours
of dox treatment (n=3). Error bars represent s.e.m. Figures 5B and 5C include graphs showing
the results from competitive proliferation assays of MOLM-13 and THP-1. Selected cells were
mixed with untranduced cells and subsequently cultured on dox. The relative percentage of
dsRed+/shRNA+ cells was determined at indicated time points and changes were used to
measure growth inhibitory effects. Results are the average of two independent experiments. All
results were normalized to a control shRNA (shRen.713). Error bars represent s.e.m. Figure 5D
include flow cytometry from cell cycle analysis (BrdU/DAPI double staining) of cells from
Figures 5B and 5C after 5 days of dox treatment. Events were gated on dsRed+/shRNA+ cells.
Figures 6A-6E show that AML growth is sensitive to Brd4-inhibition. Figure 6A (top
panel) includes a representative Western blot of whole-cell lysates prepared from murine
embryonic fibroblast (MEF) cultures transduced with the indicated TtTMPV-shRNAs and
induced with doxycycline for five days. Figure 6A (bottom panel) displays the relative change in
GFP % following transduction of MLL-AF9/Nras®'*" leukemia cultures with LMN-shRNAs.
Figures 6B-6E show inhibition of cell proliferation in murine (Figures 6B and 6D) and human
(Figures 6C and 6E) cells upon treatment with JQ1. Figure 6B and 6C include graphs showing
the proliferation rates of JQ1-treated cells. Curves were generated by measuring the increase in
viable cell number after three days in culture and fitting data to an exponential growth curve.
Results were plotted relative to the proliferation rate of control cells, set to 1 (n = 3). Results
were normalized to the proliferation rate of vehicle/DMSO-treated cells, set to 1. (n = 3). The
term CML-BC denotes chronic myeloid leukemia blast crisis. The term T-ALL denotes T-cell
acute lymphoblastic leukemia. Figures 6D and 6E include charts showing quantified S-phase

(BrdU-positive) percentages after JQ1 treatment for forty-eight hours at the indicated
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concentrations (n = 3). BrdU was pulsed for thirty minutes in all experiments shown. All error
bars represent s.e.m.

Figures 7A and 7B show that JQ1 displays a broad anti-leukemia activity in diverse
human leukemia cell lines. Figures 7A and 7B include graphs showing the proliferation rates of
JQI treated cell lines. Curves were generated by measuring the increase in viable cell number
after 3 days in culture and fitting data to an exponential growth curve. Results are plotted
relative to the proliferation rate of control (DMSO treated) cells, set to 1. (n = 3). Error bars
represent s.e.m. A majority of human myeloid leukemia cell lines display an IC50 < 500 nM.

Figures 8A-8D show JQ1 sensitivity of patient-derived adult AML samples. Figure 8A
includes a table of clinical and pathological information about the AML specimens analyzed.
Figure 8B includes a table summarizing the impact of JQ1 on proliferation (3H-thymidine-
uptake), apoptosis (Giemsa stain), and cell maturation (Wright-Giemsa staining). Since the
proliferation assay is different from those utilized in Figure 7, HL-60 and MOLM-13 lines were
included to ensure that IC50 measurements were consistent with the other findings. Figure 8C
includes graphs showing the proliferation curves of JQ1-treated AML specimens, in the presence
of cytokines. (n =3). Error bars represent s.e.m. Figure 8D includes an image of a Wright-
Giemsa cytospin of AML sample #4, demonstrating morphologic features of macrophage
differentiation.

Figures 9A-9C show JQI sensitivity of patient-derived pediatric leukemia samples.
Figure 9A includes a table summarizing patient leukemia sample information and sensitivity data
from the JQ1 experiments. The MV4-11 cell line was included as a control to ensure that
proliferation measurements with WST1 assay were comparable to results shown in Figure 7.
Samples were treated with JQI1 for 72 hours, followed by analysis with WST-1 reagent or
analysis with Annexin V staining. Wright-Giemsa staining of cytospins was performed on
specimens treated with 250 nM JQ1 for 48 hours. Figure 9B includes a graph showing the
proliferation curves. Results were normalized to control cells treated with DMSO. (n=3). Error
bars represent s.e.m. Figure 9C includes an image of a Wright-Giemsa cytospin of sample
PEDQ25, demonstrating features of lymphoid differentiation.

Figures 10A-10C show that JQ1 treatment leads to apoptosis of leukemic cells. Figures
10A and 10B include graphs showing cell death quantification for murine cells (Figure 10A) and
human cells (Figure 10B). Cells were treated with 250 nM JQ1 for forty-eight hours, followed

10
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by staining with propidium iodide (PI). Cells positive for PI staining were quantified by FACS;
n = 3. All error bars represent s.e.m. Figure 10C includes plots that show the apoptosis
measurements for MLL-AF9/Nras“'*" leukemia cells treated with JQ1 for forty-eight hours.
(n=3). Results from representative experiments are shown.

Figures 11A-11F show that clonal TRMPV-Neo leukemia lines display robust disease
inhibition upon doxycycline induction of shRNA expression. TRMPV-Neo clones were
generated by performing limiting serial dilutions. Figure 11A includes a schematic describing the
in vivo RNAI and JQ1 experiments. Tet-On competent leukemia cells were transduced with
TRMPV-Neo-shRNAs, followed by G418 selection, and subsequently transplanted into
sublethally irradiated recipient mice. Upon disease onset (determined using bioluminescent
imaging, typically after five or six days), ShRNA expression was induced by doxycycline
supplementation in drinking water and food. An animal’s disease burden was then evaluated
using bioluminescent imaging, overall survival, and quantification of dsRed-positive cells.
Figure 11B includes FACS plots of doxycycline-treated leukemia clones. The results verify the
high percentage of Venus+/dsRed+ cells in these cellular populations. Identified clones are
>99.9% positive, although TRMPV-Neo pools are typically ~85% Venus+/dsRed+ (see Figure
12). Figure 11C includes bioluminescent images of leukemia burden. Doxycycline was
administered following disease onset (day 5-6 post transplant). Figure 11D includes a graph
showing quantitation of bioluminescent imaging responses following dox treatment. Number of
mice in each treatment arm is indicated and error bars represent s.e.m. Figure 11E includes a
graph showing Kaplan-Meier survival curves of recipient mice transplanted with the indicated
TRMPV-shRNA leukemia clones. Interval of dox treatment is indicated by arrow. Overall
survival benefit of clonal shBrd4 disease is 9-10 days, whereas with non-clonal pools median
survival is 4 days. Figure 11F includes flow cytometry plots of donor-derived (CD45.2+) bone
marrow cells in terminally diseased dox-treated mice. Gate shown includes dsRed+/shRNA+
cells.

Figures 12A-121I show that Brd4 is required for leukemia progression in vivo. Figure
12A includes bioluminescent images of mice administered doxycycline upon disease onset, i.e.,
six days post-transplant. Day zero is the first day of doxycycline administration. Figure 12B
includes a graph showing the quantification of bioluminescent imaging responses following

doxycycline administration. Shown are mean values of four replicate mice. Figure 12C includes
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a graph showing Kaplan-Meier survival curves of recipient mice transplanted with the indicated
TRMPV-shRNA leukemia cell line. The period of doxycycline administration is indicated by an
arrow. Statistical significance relative to sShRNAs that target Renilla luciferase (shRen) was
calculated using a Log-rank test; * p = 0.0001, ** p < 0.0001. Figure 12D includes flow
cytometry of donor-derived (CD45.2-positive) bone marrow cells in terminally diseased
doxycycline-administered mice. Gate shown includes dsRed-positive/shRNA-positve cells.
Figure 12E includes a graph showing the quantification of dsRed-positive/shRNA-positive
percentage in CD45.2-positive terminal leukemia burden. Figure 12F includes bioluminescent
images of MLL-AF9/Nras®'?” leukemia recipient mice treated with JQ1 (50 mg/kg/d) or DMSO
carrier. Figure 12G includes a graph showing quantitation of bioluminescent imaging responses
to JQ1 treatment. Shown are mean values of 6 DMSO- and 7 JQ1-treated mice. p-values were
calculated using a two-tailed Student’s paired t-test. Figure 12H includes a graph showing
Kaplan-Meier survival curves of control and JQ1-treated mice. Statistical significance was
calculated using a Log-rank test. In 12F, 12G, and 12H, JQ1 treatment was initiated on day 1
following transplant of 50,000 leukemia cells. Figure 121 includes a graph showing quantitation
of bioluminescent imaging responses to JQ1 treatment in established disease. Mice were
transplanted with 500,000 leukemia cells, followed by initiation of treatment 6 days post-
transplant, when disease could first be imaged. Shown are mean values of 6 DMSO- and 7 JQ1-
treated mice. p-values were calculated using a two-tailed Student’s paired t-test. All error bars
shown represent s.e.m.

Figures 13A-13E show that 100 mg/kg/d and 50 mg/kg/d JQ1 treatments display single
agent activity in established MLL-AF9/NrasG12D leukemia. Figure 13A includes
bioluminescent images of leukemic mice treat with 100 mg/kg/d JQ1. Mice were transplanted
with 1 million leukemia cells, followed by treatment initiation on day 4 (when disease becomes
visible by imaging). Figure 13B includes a graph showing quantitation of the bioluminescent
images. (n=8 in each group). Error bars represent s.e.m. Figure 13C includes a graph showing
Kaplan-Meier survival curves of control and JQ1-treated mice. Treatment was initiated on day 4
post transplant (indicated by horizontal line). Statistical significance was calculated using a Log-
rank test. Figure 13D includes bioluminescent images of leukemic mice treat with 50 mg/kg/d
JQ1. Mice were transplanted with 500,000 leukemia cells, followed by treatment initiation on

day 6 (when disease became visible by imaging). Quantitation is shown in Figure 12I. Figure
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13E includes a graph showing Kaplan-Meier survival curves of control and JQ1-treated mice
shown in Figure 13D. Treatment was initiated on day 6 post transplant (indicated by horizontal
line). Statistical significance was calculated using a Log-rank test.

Figures 14A-14C show that JQI displays single-agent anti-leukemia activity in the
AMLI1-ETO9a/Nras®'*"/p53”~ AML mouse model. Figure 14A is a schematic showing the
experimental strategy. p53” HSPCs were cotransduced with AML1-ETO9a and Luciferase-
IRES-NrasG12D constructs, followed by transplantation of cells into a sublethally irradiated
recipient mouse. With high-penetrance, mice succumb to AML as has been described previously
(Dick, J.E., Blood 2008; 112:4793-807). Splenic leukemia material derived from moribund mice
was transplanted into secondary recipient animals. 50 mg/kg/d JQI treatment was initiated
following 5 days of disease onset, confirmed by bioluminescent imaging. Figure 14B includes
bioluminescent images of leukemic mice at indicated timepoints. Figure 14C includes a graph
showing quantitation of bioluminescent imaging responses to JQ1 treatment. Shown are mean
values of 8 mice in each treatment group, error bars represent s.e.m, p-values were calculated
using a two-tailed Student’s paired t-test.

Figure 15 includes graphs showing the effects of JQ1 treatment on peripheral
hematopoietic cell counts. Healthy C57B1/6 mice were treated with either JQ1 (50 or 100
mg/kg/d) or DMSO-carrier (400 ul/d), both administered by intraperitoneal injection for 20 days.
Peripheral blood was collected by submandibular bleeding and analyzed using a Hemavet 950
analyzer (Drew Scientific). Values represent average values of 3 replicate mice; error bars
indicate s.e.m.

Figure 16 includes cellular stains showing that 20 days of JQ1 administration has
minimal impact on normal bone marrow hematopoiesis. Healthy C57BL/6 mice were treated
with daily intraperitoneal injections of 50 mg/kg or 100 mg/kg JQ1 for 20 days prior to bone
marrow analysis. H&E stained histopathology of sternal bone marrows from mice treated with
vehicle or with JQ1 showed a normal cellularity and normal mixed hematopoiesis. n=3-5 mice
for each treatment group. Representative images are shown.

Figures 17A and 17B show that daily JQ1 administration has a minimal impact on normal
hematopoiesis. Healthy C57BL/6 mice were treated with daily injections of 50 mg/kg or 100
mg/kg JQ1 for 20 days prior to bone marrow FACS analysis. Figure 17A includes representative

FACS plots of bone marrow cells demonstrating gating used to discriminate and quantify
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percentages Lin-, ckit+ cells (LK progenitors) and Lin-Scal+ckit+ (LSK stem cells). Figure 17B
includes graphs showing the percentage of total bone marrow cells staining for the indicated
antibodies. (n=3). Error bars indicate s.e.m.

Figures 18A-18I show that Brd4-inhibition leads to myeloid differentiation and leukemia
stem cell depletion. Figures 18A and 18B include light microscopy images of May-
Grunwald/Giemsa-stained MLL-AF9/NrasG12D leukemia cells following 2 days of dox-induced
shRNA expression or 2 days of 100 nM JQI treatment. shRNA expression was induced in
TRMPV-transduced leukemia cells. Imaging was performed with a 40X objective. Figures 18C
and 18D include FACS plots of Mac-1 and c-kit surface expression after 4 days of ShRNA
expression or following 2 days of 100 nM JQ1 treatment. Figures 18E-18H include Gene Set
Enrichment Analysis (GSEA) plots evaluating changes in macrophage and LSC gene signatures
upon Brd4 inhibition. In Figures 18E and 18G, RNA for expression arrays was obtained from
sorted dsRed+/shRNA+ cells (Ren vs three different Brd4 shRNAs) after 2 days of dox
induction. In Figures 18F and 18H, microarray data was obtained from leukemia cells treated for
2 days with DMSO or 100 nM JQ1. NES = normalized enrichment score. FDR g-val = False
Discovery Rate g-value, which is the probability that a gene set with a given NES represents a
false-positive finding. Figure 181 includes graphs showing RT-qPCR results. RT-qPCR was
performed to analyze the genes involved in macrophage functions following 2 days of dox-
induced shRNA expression or 2 days of 100 nM JQI treatment. shRNA expression was induced
using the TRMPYV vector. For shRNA experiments, dsRed+/shRNA+ cells were FACS-sorted to
prepare RNA. Brd4 shRNA data shown are an average of Brd4.552, 1448, and 2097 shRNA
samples. Signals were normalized to GAPDH, with control samples set to 1. (n = 3). Error bars
indicate s.e.m.

Figure 19 includes GSEA plots showing that JQ1 triggers a similar pattern of gene
expression changes in THP-1 human AML cells as seen in murine MLL-AF9/Nras®'*® AML
model. THP-1 cells were treated with 250 nM JQI1 for 48 hours prior to RNA collection.
Expression arrays were performed using Affymetrix human gene ST 1.0 arrays. GSEA was
performed to evaluate changes in macrophage, LSC , and Myc gene signatures upon Brd4
inhibition are shown.

Figures 20A-20H show that JQ1 suppresses the Myc pathway in leukemia cells. Figures
20A and 20B include graphs showing RT-qPCR results of relative Myc RNA levels in mouse
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(Figure 20A) or human (Figure 20B) cells after 48 hour treatment with JQ1. Results were
normalized to GAPDH, with RNA levels in untreated cells set to 1 (n = 3). Figure 20C includes
a Western blot of whole cell lystates prepared from MLL-AF9/Nras®'?” leukemia cells treated
for 48 hours with DMSO or 250 nM JQ1. Figure 20D includes a graph showing RT-qPCR
results. RT-qPCR was performed at the indicated timepoints following treatment of MLL-
AF9/Nras®'?P leukemia cells with 250 nM JQI1. Results were normalized to GAPDH, with
mRNA levels in untreated cells set at 1 (n = 3). Figure 20E includes a graph showing ChIP-
gqPCR results. ChIP-qPCR was performed in MLL-AF9/Nras“'*? leukemia cells with indicated
antibodies and primer locations (n=6 for DMSO; n=4 for JQI treated). TSS = transcription start
site. Figure 20F includes a Western blot of whole cell lystates prepared from MLL-
AF9/Nras“"*" leukemia cells transduced with empty vector or Myc cDNA containing MSCV
retrovirus. Cells were treated for 48 hours with DMSO or 250 nM JQI1. Figure 20G includes a
graph showing quantitation of BrdU incorporation after a 30 minute pulse in MLL-AF9/Nras“'?®
leukemia cells transduced with empty control vector or the Myc-cDNA. Cells were treated with
JQ1 for 5 days at the indicated concentrations. (n = 3). Figure 20H includes light microscopy
images of May-Grunwald/Giemsa-stained MLL-AF9/Nras“'*" leukemia cells transduced with an
empty vector or containing the Myc cDNA. Cells were treated for 5 days with 50 nM JQ1.
Representative images taken at 40X objective are shown. All error bars shown represent s.e.m.

Figures 21A-21D show that Brd4 knockdown via shRNA leads to downregulation of
Myc levels and downregulation of Myc target gene expression. Figures 21A and 21B include
graphs showing the results of RT-qPCR analysis of Brd4 (Figures 21A) and Myc (Figures 21B)
mRNA levels prepared from sorted TurboRFP+ (shRNA expressing) leukemia cells transduced
with the indicated TtTMPV-shRNA constructs. Cells were treated with dox for 3 days. Results
were normalized to GAPDH. Figure 21C includes a Western blot of extracts prepared from
Brd4-shRNA expressing cells. TRMPV-transduced MLL-AF9/Nras leukemia clones were used.
Cells were treated with dox for 3 days. Figure 21D includes GSEA plots evaluating changes in
Myc downstream target gene expression. Microarray data was obtained from RNA samples
described in Figure 21A. Myc target gene sets have been described previously (Kim et al., Cell
2010; 143:313-24; and and Schuhmacher et al., Nucleic Acids Res 2001; 29:397-406).

Figure 22 shows that JQ1 triggers downregulation of Myc target gene expression. Figure

22 includes GSEA plots evaluating JQ1-induced alteration in gene signatures downstream of
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Myc. Microarray data was obtained from MLL-AF9/Nras®*” leukemia cells treated for 48
hours with DMSO or 100 nM JQ1.

Figures 23A and 23B show that 48 hours of JQ1 treatment suppresses Myc expression
selectively in leukemia cells. Figures 23A and 23B include graphs showing RT-qPCR results.
RT-qPCR was performed to determine Myc RNA levels in mouse (Figures 23A) or human
(Figures 23B) cell lines. Results were normalized to GAPDH, with RNA levels in untreated
cells set at 1 (n = 3). Error bars indicate s.e.m.

Figures 24 A-24D show the impact of retroviral Myc overexpression on sensitivity of
leukemia cells to JQ1. Figure 24A includes a schematic of the retroviral vectors used for Myc
overexpression. Figure 24B includes a graph showing RT-qPCR results. RT-qPCR was
performed to evaluate macrophage-related genes upon 5 day JQ1 treatment of leukemia cells
overexpressing Myc or empty vector control. n=3. Error bars represent s.e.m. Figure 24C
includes a graph showing cumulative cell number in control and Myc-transduced MLL-
AF9/Nras“'*" leukemia cells in the presence of 50 nM JQ1 or DMSO carrier control. Figure
24D includes a graph showing cell death quantitation of JQ1-treated cells on day 4. PI+ cells
were quantified by FACS (n=3). Error bars represent s.e.m.

Figures 25A-25D show that Myc overexpression prevents Brd4 shRNA-induced cell-
cycle arrest and macrophage differentiation. Figure 25A includes representative flow cytometry
plots showing cell cycle analysis (BrdU/DAPI double staining) of MLL-AF9/Nras“'*" leukemia
cultures cotransduced with MSCV-Myc or empty vector together with TtTMPV conditional
shRNA vector, and subsequently selected with puromycin and G418. Cells were treated with
dox for 3 days to induce shRNA expression. Events were gated on dsRed+/shRNA+ cells.
Figure 25B includes a graph showing quantitation of BrdU incorporation in shRNA+/dsRed+
population. n=3. Error bars represent s.em. Figure 25C includes light microscopy images of
May-Grunwald/Giemsa stained MLL-AF9/Nras®'?” leukemia cells. Dox treatment was
administered for 2 days. The images were taken with 40X objective. Figure 24D includes a
graph showing RT-qPCR results. RT-qPCR was performed to evaluate macrophage-related
genes after 2.5 days of dox-induced Brd4-shRNA expression in Tet-On competent leukemia cells
transduced with MSCV-Myc or empty MSCV vector. shRNAs were expressed using the
TtTMPV vector. n=3. Error bars represent s.e.m.

Figures 26A-26C show that the majority of JQ1-induced gene expression changes are
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secondary effects of Myc inhibition. MLL-AF9/Nras®"?” leukemia cells transduced with
MSCV-Myc or empty vector control were treated with 100 nM JQ1 for 48 hours, followed by
collection of RNA for expression microarray analysis. Figure 26A includes a row-normalized
heat map representation of relative abundance of mRNAs encoding genes selected based on
whether they upregulate (left) or downregulate (right) 2-fold in empty vector control leukemia
cells following JQ1 treatment. The modest level of Myc overexpression utilized here influences
gene expression prior to JQ1-treatment. Figure 26B includes heat map respresentations
demonstrating the influence of Myc overexpression on gene expression changes of indicated
gene sets. Color scale in Figures 26A and 26B indicates row-normalized expression values.
Figure 26C includes charts showing the categorization of JQ1-induced gene expression changes
based on the relationship to Myc expression. Genes that change 2-fold in expression following
JQI treatment of control cells, were classified as Myc-independent if they are still able to change
2-fold in expression in leukemia cells transduced with MSCV-Myc. Genes were classified as
Myc-dependent if they failed to change 2-fold in expression in JQ1-treated MSCV-Myc cells.

Figures 27A-27D show that shRNA knockdown of Myc inhibits MLL-AF9/Nras 2"
leukemia growth and triggers terminal myeloid differentiation. Figure 27A includes a graph
showing cell growth inhibition when LMN-shRNAs were transduced into an MLL-AF9/Nras“'*"
leukemia cell line. The relative change in GFP% was monitored over 6 days by flow cytometry
and used as a measure of cell growth inhibition. Figure 27B includes FACS plots showing c-kit
and Mac-1 surface expression of LMN-transduced leukemia cells on day 4 post-infection. All
events were gated on GFP+/shRNA+ cells. Figure 27C includes light microscopy images of
May-Grunwald/Giemsa-stained clonal MLL-AF9/Nras®"?” leukemia cells following 2 days of
doxycycline-induced TRMPV-shRNA expression. Figure 28D includes a graph showing RT-
qPCR results. RT-qPCR was performed to analyze the genes involved in macrophage functions
following 2 days of dox-induced shRNA expression. shRNA expression was induced using the
TRMPYV vector. Signals were normalized to GAPDH, with control samples set to 1. (n =3).
Error bars represent s.e.m.

Figures 28 A and 28B show that Brd4 is not consistently overexpressed in AML relative
to other cell types. Figures 28A and 28B include graphs showing RT-qPCR results. RT-qPCR
was performed on the indicated mouse (Figures 28A) or human (Figures 28B) cell lines. Results

were normalized to GAPDH. n = 3. Error bars represent s.e.m.
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Figures 29A and 29B show the results from the pharmacokinetic study of (+)-JQI in
mice. Figure 29A includes a table of pharmacokinetic data and measured parameters. Plasma
drug concentrations were measured by triple quadrupole LCMS-MS (API-2000) following a
single intraperitoneal injection of (+)-JQ1 (50 mg/kg) into adult C1 male mice, at prespecified
time points, as presented. Administration of (+)-JQ1 at this dose yields an excellent peak plasma
concentration (Cmax > 20 uM) and total drug exposure (AUC > 20,000 h*ng/mL). BQL
indicates samples where (+)-JQ1 was beyond the quantifiable limit of the pharmacokinetic
detection assay (1.00 ng/mL). Figure 29B includes a graph showing plasma concentration-time
profile for (+)-JQ1 using data listed in Figure 29A. Data represent mean measurements and error
bars indicate the standard deviation, both from triplicate independent measurements. Plasma
concentrations of drug above the biologically active concentration observed in vitro (100 nM;
horizontal red line) are observed for more than 10 hours by extrapolation.

Figures 30A-30C show the broadly overlapping transcriptional effects elicited upon
suppressing Brd4, Myb, and MLL-AF9 with downregulation of Myc upon suppressing any of the
three factors. Figure 30A includes GSEA plots evaluating transcriptional signatures downstream
of MLL-AF9 and Myb. MLL-AF9_500 and Myb_500 were defined using RMA as the top 500
downregulated genes based on fold-change upon either Tet-Off mediated MLL-AF9
downregulation or Myb shRNA knockdown, respectively. The 500 gene cutoff corresponds to a
Log, fold-change of -1.17 for Myb and -1.77 for MLL-AF9. Figure 30B includes a heat map
representation of Myc expression in the indicated microarray replicates. Log, fold-change and
adj.P.Val were calculated using Limma algorithm, implemented using Bioconductor. Figure
30C includes a graph showing RT-qPCR results. RT-qPCR was performed to validate that JQ1
treatment does not influence expression of Hoxa7, Hoxa9, and Meis1 expression, which are well
established direct targets of MLL-AF9. This indicates that Brd4 inhibition does not neutralize
the global function of MLL-AF9, but instead suppresses a large subsets of other downstream

targets, e.g., Myc. n = 3. Error bars represent s.e.m.
Definitions

By “agent” is meant any small molecule chemical compound, antibody, nucleic acid

molecule, or polypeptide, or fragments thereof.
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As used herein, the term “alkyl” means a saturated straight chain or branched non-cyclic
hydrocarbon typically having from 1 to 10 carbon atoms. Representative saturated straight chain
alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl and
n-decyl; while saturated branched alkyls include isopropyl, sec-butyl, isobutyl, tert-butyl,
isopentyl, 2-methylbutyl, 3-methylbutyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2-
methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-dimethylbutyl, 2,3-
dimethylpentyl, 2,4-dimethylpentyl, 2,3-dimethylhexyl, 2,4-dimethylhexyl, 2,5-dimethylhexyl,
2,2-dimethylpentyl, 2,2-dimethylhexyl, 3,3-dimethylpentyl, 3,3-dimethylhexyl, 4,4-
dimethylhexyl, 2-ethylpentyl, 3-ethylpentyl, 2-ethylhexyl, 3-ethylhexyl, 4-ethylhexyl, 2-methyl-
2-ethylpentyl, 2-methyl-3-ethylpentyl, 2-methyl-4-ethylpentyl, 2-methyl-2-ethylhexyl, 2-methyl-
3-ethylhexyl, 2-methyl-4-ethylhexyl, 2,2-diethylpentyl, 3,3-diethylhexyl, 2,2-diethylhexyl, 3,3-
diethylhexyl and the like. Alkyl groups included in compounds of this invention may be
unsubstituted, or optionally substituted with one or more substituents, such as amino,
alkylamino, arylamino, heteroarylamino, alkoxy, alkylthio, oxo, halo, acyl, nitro, hydroxyl,
cyano, aryl, heteroaryl, alkylaryl, alkylheteroaryl, aryloxy, heteroaryloxy, arylthio,
heteroarylthio, arylamino, heteroarylamino, carbocyclyl, carbocyclyloxy, carbocyclylthio,
carbocyclylamino, heterocyclyl, heterocyclyloxy, heterocyclylamino, heterocyclylthio, and the
like. Lower alkyls are typically preferred for the compounds of this invention.

By “alteration” is meant a change (increase or decrease) in the expression levels or
activity of a gene or polypeptide as detected by standard art known methods such as those
described herein. As used herein, an alteration includes a 10% change in expression levels,
preferably a 25% change, more preferably a 40% change, and most preferably a 50% or greater
change in expression levels.

By “ameliorate” is meant decrease, suppress, attenuate, diminish, arrest, or stabilize the
development or progression of a disease.

By “analog” is meant a molecule that is not identical, but has analogous functional or
structural features. For example, a polypeptide analog retains at least some of the biological
activity of a corresponding naturally-occurring polypeptide, while having certain biochemical
modifications that enhance the analog’s function relative to a naturally occurring polypeptide.

Such biochemical modifications could increase the analog’s protease resistance, membrane
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permeability, or half-life, without altering, for example, ligand binding. An analog may include
an unnatural amino acid.

As used herein, the term an “aromatic ring” or “aryl” means a monocyclic or polycyclic-
aromatic ring or ring radical comprising carbon and hydrogen atoms. Examples of suitable aryl
groups include, but are not limited to, phenyl, tolyl, anthacenyl, fluorenyl, indenyl, azulenyl, and
naphthyl, as well as benzo-fused carbocyclic moieties such as 5,6,7,8-tetrahydronaphthyl. An
aryl group can be unsubstituted or optionally is substituted with one or more substituents, e.g.,
substituents as described herein for alkyl groups (including without limitation alkyl (preferably,
lower alkyl or alkyl substituted with one or more halo), hydroxy, alkoxy (preferably, lower
alkoxy), alkylthio, cyano, halo, amino, boronic acid (-B(OH)a, and nitro). In certain
embodiments, the aryl group is a monocyclic ring, wherein the ring comprises 6 carbon atoms.

By “bromodomain” is meant a portion of a polypeptide that recognizes acetylated lysine
residues. In one embodiment, a bromodomain of a BET family member polypeptide comprises
approximately 110 amino acids and shares a conserved fold comprising a left-handed bundle of
four alpha helices linked by diverse loop regions that interact with chromatin.

By “BET family polypeptide” is meant a polypeptide comprising two bromodomains and
an extraterminal (ET) domain or a fragment thereof having transcriptional regulatory activity or
acetylated lysine binding activity. Exemplary BET family members include BRD2, BRD3,
BRD4 and BRDT.

By “BRD2 polypeptide” is meant a protein or fragment thereof having at least 85%
identity to NP_005095 that is capable of binding chromatin or regulating transcription.

The sequence of an exemplary BRD2 polypeptide follows:
MLONVTPHNKLPGEGNAGLLGLGPEAAAPGKRIRKPSLLYEGFESPTMASVPALQLTPANPPPPEVSNPK
KPGRVTNQLQYLHKVVMKALWKHQFAWPFRQPVDAVKLGLPDYHKI IKQPMDMGT IKRRLENNY YWAASE
CMQDFNTMFTNCYIYNKPTDDIVLMAQTLEKIFLQKVASMPQEEQELVVTIPKNSHKKGAKLAALQGSVT
SAHQVPAVSSVSHTALYTPPPEIPTTVLNIPHPSVISSPLLKSLHSAGPPLLAVTAAPPAQPLAKKKGVK
RKADTTTPTPTAILAPGSPASPPGSLEPKAARLPPMRRESGRP IKPPRKDLPDSQQQHQSSKKGKLSEQL
KHCNGILKELLSKKHAAYAWPFYKPVDASALGLHDYHDIIKHPMDLSTVKRKMENRDYRDAQEFAADVRL
MFSNCYKYNPPDHDVVAMARKLQDVFEFRYAKMPDEP LEPGPLPVSTAMPPGLAKSSSESSSEESSSESS
SEEEEEEDEEDEEEEESESSDSEEERAHRLAELQEQLRAVHEQLAALSQGP I SKPKRKREKKEKKKKRKA
EKHRGRAGADEDDKGPRAPRPPQPKKSKKASGSGGGSAALGP SGFGPSGGSGTKLPKKATKTAPPALPTG
YDSEEEEESRPMSYDEKRQLSLDINKLPGEKLGRVVHIIQAREPSLRDSNPEEIEIDFETLKPSTLRELE
RYVLSCLRKKPRKPYTIKKPVGKTKEELALEKKRELEKRLQDVSGQLNSTKKPPKKANEKTESSSAQQVA
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By “BRD2 nucleic acid molecule” is meant a polynucleotide encoding a BRD2

polypeptide or fragment thereof.

By “BRD3 polypeptide” is meant a protein or fragment thereof having at least 85%

identity to NP_031397.1 that is capable of binding chromatin or regulating transcription.

The sequence of an exemplary BRD3 polypeptide follows:
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By “Brd3 nucleic acid molecule” is meant a polynucleotide encoding a BRD3

polypeptide.

By “BRD4 polypeptide” is meant a protein or fragment thereof having at least 85%

identity to NP_055114 that is capable of binding chromatin or regulating transcription.
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By “Brd4 nucleic acid molecule” is meant a polynucleotide that encodes a BRD4

polypeptide.

By “BRDT polypeptide is meant a protein or fragment thereof having at least 85%

identity to NP_001717 that is capable of binding chromatin or regulating transcription.
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By “BRDT nucleic acid molecule” is meant a polynucleotide encoding a BRDT

polypeptide.

With respect to the nomenclature of a chiral center, the terms “d” and “I”” configuration

are as defined by the [IUPAC Recommendations. As to the use of the terms, diastereomer,

racemate, epimer and enantiomer, these will be used in their normal context to describe the

stereochemistry of preparations.

By “compound” is meant any small molecule chemical compound, antibody, nucleic acid

molecule, or polypeptide, or fragments thereof.

In this disclosure, “comprises,

can have the meaning ascribed to them in U.S. Patent law and can mean “ includes,” “including,”

Y

comprising,

bR ANY3

containing” and “having” and the like

RN

and the like; “consisting essentially of”” or “consists essentially” likewise has the meaning

ascribed in U.S. Patent law and the term is open-ended, allowing for the presence of more than

that which is recited so long as basic or novel characteristics of that which is recited is not

changed by the presence of more than that which is recited, but excludes prior art embodiments.
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By “computer modeling” is meant the application of a computational program to
determine one or more of the following: the location and binding proximity of a ligand to a
binding moiety, the occupied space of a bound ligand, the amount of complementary contact
surface between a binding moiety and a ligand, the deformation energy of binding of a given
ligand to a binding moiety, and some estimate of hydrogen bonding strength, van der Waals
interaction, hydrophobic interaction, and/or electrostatic interaction energies between ligand and
binding moiety. Computer modeling can also provide comparisons between the features of a
model system and a candidate compound. For example, a computer modeling experiment can
compare a pharmacophore model of the invention with a candidate compound to assess the fit of
the candidate compound with the model.

By “computer readable media” is meant any media which can be read and accessed
directly by a computer e.g. so that the media is suitable for use in the above-mentioned computer
system. The media include, but are not limited to: magnetic storage media such as floppy discs,
hard disc storage medium and magnetic tape; optical storage media such as optical discs or CD-
ROM; electrical storage media such as RAM and ROM; and hybrids of these categories such as
magnetic/optical storage media.

By a “computer system” is meant the hardware means, software means and data storage
means used to analyse atomic coordinate data. The minimum hardware means of the computer-
based systems of the present invention comprises a central processing unit (CPU), input means,
output means and data storage means. Desirably a monitor is provided to visualise structure
data. The data storage means may be RAM or means for accessing computer readable media of
the invention. Examples of such systems are microcomputer workstations available from Silicon
Graphics Incorporated and Sun Microsystems running Unix based, Windows NT or IBM OS/2
operating systems.

“Detect” refers to identifying the presence, absence or amount of the analyte to be
detected.

By “detectable label” is meant a composition that when linked to a molecule of interest
renders the latter detectable, via spectroscopic, photochemical, biochemical, immunochemical, or
chemical means. For example, useful labels include radioactive isotopes, magnetic beads,
metallic beads, colloidal particles, fluorescent dyes, electron-dense reagents, enzymes (for

example, as commonly used in an ELISA), biotin, digoxigenin, or haptens.
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The term “diastereomers’ refers to stereoisomers with two or more centers of
dissymmetry and whose molecules are not mirror images of one another.

By “disease” is meant any condition or disorder that damages or interferes with the
normal function of a cell, tissue, or organ. Examples of diseases susceptible to treatment with
compounds delineated herein include leukemias and related disorders (e.g., acute myeloid
leukemia (AML), Chronic Lymphocydic Leukemia (CLL), Acute Lymphocytic Leukemia
(ALL), Chronic Myeloid Leukemia (CML), Chronic Myelomonocytic Leukemia (CMML),
Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma, Multiple Myeloma, Non-
Hodgkin Lymphoma, Myeloproliferative disorders or Myelodysplastic syndromes).

By “effective amount” is meant the amount of an agent required to ameliorate the
symptoms of a disease relative to an untreated patient. The effective amount of active
compound(s) used to practice the present invention for therapeutic treatment of a disease varies
depending upon the manner of administration, the age, body weight, and general health of the
subject. Ultimately, the attending physician or veterinarian will decide the appropriate amount
and dosage regimen. Such amount is referred to as an “effective” amount.

The term “enantiomers” refers to two stereoisomers of a compound which are non-
superimposable mirror images of one another. An equimolar mixture of two enantiomers is
called a “racemic mixture” or a “‘racemate.”

By “fitting” is meant determining by automatic, or semi-automatic means, interactions
between one or more atoms of an agent molecule and one or more atoms or binding sites of a
BET family member (e.g., a bromodomain of BRD2, BRD3, BRD4 and BRDT), and
determining the extent to which such interactions are stable. Various computer-based methods
for fitting are described further herein.

By “fragment” is meant a portion of a polypeptide or nucleic acid molecule. This portion
contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of the entire
length of the reference nucleic acid molecule or polypeptide. A fragment may contain 10, 20,
30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nucleotides or
amino acids.

The term “‘haloalkyl” is intended to include alkyl groups as defined above that are mono-,
di- or polysubstituted by halogen, e.g., fluoromethyl and trifluoromethyl.

The term “halogen” designates -F, -Cl, -Br or —I.
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The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring system having 1-4 ring heteroatoms if monocyclic, 1-
6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or
S, and the remainder ring atoms being carbon. Heteroaryl groups may be optionally substituted
with one or more substituents, e.g., substituents as described herein for aryl groups. Examples of
heteroaryl groups include, but are not limited to, pyridyl, furanyl, benzodioxolyl, thienyl,
pyrrolyl, oxazolyl, oxadiazolyl, imidazolyl, thiazolyl, isoxazolyl, quinolinyl, pyrazolyl,
isothiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, triazolyl, thiadiazolyl, isoquinolinyl,
indazolyl, benzoxazolyl, benzofuryl, indolizinyl, imidazopyridyl, tetrazolyl, benzimidazolyl,
benzothiazolyl, benzothiadiazolyl, benzoxadiazolyl, and indolyl.

The term “heteroatom” as used herein means an atom of any element other than carbon or
hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.The term
“isomers” or “stereoisomers” refers to compounds which have identical chemical constitution,
but differ with regard to the arrangement of the atoms or groups in space.

The term “heterocyclic” as used herein, refers to organic compounds that contain at least
at least one atom other than carbon (e.g., S, O, N) within a ring structure. The ring structure in
these organic compounds can be either aromatic or, in certain embodiments, non-aromatic. Some
examples of heterocyclic moeities include, are not limited to, pyridine, pyrimidine, pyrrolidine,
furan, tetrahydrofuran, tetrahydrothiophene, and dioxane.

“Hybridization” means hydrogen bonding, which may be Watson-Crick, Hoogsteen or
reversed Hoogsteen hydrogen bonding, between complementary nucleobases. For example,
adenine and thymine are complementary nucleobases that pair through the formation of
hydrogen bonds.

The term “hydroxyl” means -OH.

By “inhibitory nucleic acid” is meant a double-stranded RNA, siRNA, shRNA, or
antisense RNA, or a portion thereof, or a mimetic thereof, that when administered to a
mammalian cell results in a decrease (e.g., by 10%, 25%, 50%, 75%, or even 90-100%) in the
expression of a target gene. Typically, a nucleic acid inhibitor comprises at least a portion of a
target nucleic acid molecule, or an ortholog thereof, or comprises at least a portion of the
complementary strand of a target nucleic acid molecule. For example, an inhibitory nucleic acid

molecule comprises at least a portion of any or all of the nucleic acids delineated herein.
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By “isolated polynucleotide” is meant a nucleic acid (e.g., a DNA) that is free of the
genes which, in the naturally-occurring genome of the organism from which the nucleic acid
molecule of the invention is derived, flank the gene. The term therefore includes, for example, a
recombinant DNA that is incorporated into a vector; into an autonomously replicating plasmid or
virus; or into the genomic DNA of a prokaryote or eukaryote; or that exists as a separate
molecule (for example, a cDNA or a genomic or cDNA fragment produced by PCR or restriction
endonuclease digestion) independent of other sequences. In addition, the term includes an RNA
molecule that is transcribed from a DNA molecule, as well as a recombinant DNA that is part of
a hybrid gene encoding additional polypeptide sequence.

By an “isolated polypeptide” is meant a polypeptide of the invention that has been
separated from components that naturally accompany it. Typically, the polypeptide is isolated
when it is at least 60%), by weight, free from the proteins and naturally-occurring organic
molecules with which it is naturally associated. Preferably, the preparation is at least 75%, more
preferably at least 90%, and most preferably at least 99%, by weight, a polypeptide of the
invention. An isolated polypeptide of the invention may be obtained, for example, by extraction
from a natural source, by expression of a recombinant nucleic acid encoding such a polypeptide;
or by chemically synthesizing the protein. Purity can be measured by any appropriate method,
for example, column chromatography, polyacrylamide gel electrophoresis, or by HPLC analysis.

The term “isomers” or “stereoisomers” refers to compounds which have identical
chemical constitution, but differ with regard to the arrangement of the atoms or groups in space.

The term “isotopic derivatives” includes derivatives of compounds in which one or more
atoms in the compounds are replaced with corresponding isotopes of the atoms. For example, an
isotopic derivative of a compound containg a carbon atom (C'?) would be one in which the
carbon atom of the compound is replaced with the C" isotope.

By “leukemic cell” is meant a cell derived from a leukemia.

By “marker” is meant any protein or polynucleotide having an alteration in expression
level or activity that is associated with a disease or disorder.

The language “inhibiting the growth” of a cancer cell includes the slowing, interrupting,
arresting or stopping its growth and metastases and does not necessarily indicate a total

elimination of the growth.
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Nucleic acid molecules useful in the methods of the invention include any nucleic acid
molecule that encodes a polypeptide of the invention or a fragment thereof. Such nucleic acid
molecules need not be 100% identical with an endogenous nucleic acid sequence, but will
typically exhibit substantial identity. Polynucleotides having “substantial identity” to an
endogenous sequence are typically capable of hybridizing with at least one strand of a double-
stranded nucleic acid molecule. Nucleic acid molecules useful in the methods of the invention
include any nucleic acid molecule that encodes a polypeptide of the invention or a fragment
thereof. Such nucleic acid molecules need not be 100% identical with an endogenous nucleic
acid sequence, but will typically exhibit substantial identity. Polynucleotides having “substantial
identity” to an endogenous sequence are typically capable of hybridizing with at least one strand
of a double-stranded nucleic acid molecule. By “hybridize” is meant pair to form a double-
stranded molecule between complementary polynucleotide sequences (e.g., a gene described
herein), or portions thereof, under various conditions of stringency. (See, e.g., Wahl, G. M. and
S. L. Berger (1987) Methods Enzymol. 152:399; Kimmel, A. R. (1987) Methods Enzymol.
152:507).

The term “‘optical isomers” as used herein includes molecules, also known as chiral
molecules, that are exact non-superimposable mirror images of one another.

The phrases “parenteral administration” and “administered parenterally” as used herein
means modes of administration other than enteral and topical administration, usually by
injection, and includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticulare, subcapsular, subarachnoid, intraspinal and intrasternal injection and
infusion.

The terms “polycyclyl” or “polycyclic radical” refer to the radical of two or more cyclic
rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or
more carbons are common to two adjoining rings, e.g., the rings are “fused rings”. Rings that are
joined through non-adjacent atoms are termed “bridged” rings. Each of the rings of the
polycycle can be substituted with such substituents as described above, as for example, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
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arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulthydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
heterocyclyl, alkyl, alkylaryl, or an aromatic or heteroaromatic moiety.

The term “polymorph” as used herein, refers to solid crystalline forms of a compound of
the present invention or complex thereof. Different polymorphs of the same compound can
exhibit different physical, chemical and/or spectroscopic properties. Different physical
properties include, but are not limited to stability (e.g., to heat or light), compressibility and
density (important in formulation and product manufacturing), and dissolution rates (which can
affect bioavailability). Differences in stability can result from changes in chemical reactivity
(e.g., differential oxidation, such that a dosage form discolors more rapidly when comprised of
one polymorph than when comprised of another polymorph) or mechanical characteristics (e.g.,
tablets crumble on storage as a kinetically favored polymorph converts to thermodynamically
more stable polymorph) or both (e.g., tablets of one polymorph are more susceptible to
breakdown at high humidity). Different physical properties of polymorphs can affect their
processing.

The term “prodrug” includes compounds with moieties which can be metabolized in vivo.
Generally, the prodrugs are metabolized in vivo by esterases or by other mechanisms to active
drugs. Examples of prodrugs and their uses are well known in the art (See, e.g., Berge et al.
(1977) “Pharmaceutical Salts”, J. Pharm. Sci. 66:1-19). The prodrugs can be prepared in situ
during the final isolation and purification of the compounds, or by separately reacting the
purified compound in its free acid form or hydroxyl with a suitable esterifying agent. Hydroxyl
groups can be converted into esters via treatment with a carboxylic acid. Examples of prodrug
moieties include substituted and unsubstituted, branch or unbranched lower alkyl ester moieties,
(e.g., propionoic acid esters), lower alkenyl esters, di-lower alkyl-amino lower-alkyl esters (e.g.,
dimethylaminoethyl ester), acylamino lower alkyl esters (e.g., acetyloxymethyl ester), acyloxy
lower alkyl esters (e.g., pivaloyloxymethyl ester), aryl esters (phenyl ester), aryl-lower alkyl
esters (e.g., benzyl ester), substituted (e.g., with methyl, halo, or methoxy substituents) aryl and
aryl-lower alkyl esters, amides, lower-alkyl amides, di-lower alkyl amides, and hydroxy amides.
Preferred prodrug moieties are propionoic acid esters and acyl esters. Prodrugs which are

converted to active forms through other mechanisms in vivo are also included.
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Furthermore the indication of stereochemistry across a carbon-carbon double bond is also
opposite from the general chemical field in that *“Z” refers to what is often referred to as a *“cis”
(same side) conformation whereas “E” refers to what is often referred to as a “trans” (opposite
side) conformation. Both configurations, cis/trans and/or Z/E are encompassed by the
compounds of the present invention.

By “reduces” or “increases” is meant a negative or positive alteration, respectively, of at
least about 10%, 25%, 50%, 75%, or 100% relative to a reference.

By “reducing cell survival” is meant to inhibit the viability of a cell or to induce cell
death relative to a reference cell.

By “reference” is meant a standard or control condition.

A “‘reference sequence” is a defined sequence used as a basis for sequence comparison. A
reference sequence may be a subset of or the entirety of a specified sequence; for example, a
segment of a full-length cDNA or gene sequence, or the complete cDNA or gene sequence. For
polypeptides, the length of the reference polypeptide sequence will generally be at least about 16
amino acids, preferably at least about 20 amino acids, more preferably at least about 25 amino
acids, and even more preferably about 35 amino acids, about 50 amino acids, or about 100 amino
acids. For nucleic acids, the length of the reference nucleic acid sequence will generally be at
least about 50 nucleotides, preferably at least about 60 nucleotides, more preferably at least about
75 nucleotides, and even more preferably about 100 nucleotides or about 300 nucleotides or any
integer thereabout or therebetween.

By “root mean square deviation” is meant the square root of the arithmetic mean of the
squares of the deviations from the mean.

Sequence identity is typically measured using sequence analysis software (for example,
Sequence Analysis Software Package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, BESTFIT,
GAP, or PILEUP/PRETTYBOX programs). Such software matches identical or similar
sequences by assigning degrees of homology to various substitutions, deletions, and/or other
modifications. Conservative substitutions typically include substitutions within the following
groups: glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid, asparagine,

glutamine; serine, threonine; lysine, arginine; and phenylalanine, tyrosine. In an exemplary
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approach to determining the degree of identity, a BLAST program may be used, with a
probability score between e.sup.-3 and e.sup.-100 indicating a closely related sequence.

By “siRNA” is meant a double stranded RNA. Optimally, an siRNA is 18, 19, 20, 21,
22, 23 or 24 nucleotides in length and has a 2 base overhang at its 3’ end. These dsRNAs can be
introduced to an individual cell or to a whole animal; for example, they may be introduced
systemically via the bloodstream. Such siRNAs are used to downregulate mRNA levels or
promoter activity.

By “specifically binds” is meant a compound or antibody that recognizes and binds a
polypeptide of the invention, but which does not substantially recognize and bind other
molecules in a sample, for example, a biological sample, which naturally includes a polypeptide
of the invention.

By “subject” is meant a mammal, including, but not limited to, a human or non-human
mammal, such as a bovine, equine, canine, ovine, or feline.

By “substantially identical” is meant a polypeptide or nucleic acid molecule exhibiting at
least 85% identity to a reference amino acid sequence (for example, any one of the amino acid
sequences described herein) or nucleic acid sequence (for example, any one of the nucleic acid
sequences described herein). Preferably, such a sequence is at least 85%, 90%, 95%, 99% or
even 100% identical at the amino acid level or nucleic acid to the sequence used for comparison

The term “sulfthydryl” or “thiol” means —SH.

As used herein, the term “tautomers” refers to isomers of organic molecules that readily
interconvert by tautomerization, in which a hydrogen atom or proton migrates in the reaction,
accompanied in some occasions by a switch of a single bond and an adjacent double bond.

The invention provides a number of targets that are useful for the development of highly
specific drugs to treat or a disorder characterized by the methods delineated herein. In addition,
the methods of the invention provide a facile means to identify therapies that are safe for use in
subjects. In addition, the methods of the invention provide a route for analyzing virtually any
number of compounds for effects on a disease described herein with high-volume throughput,

high sensitivity, and low complexity.

99 ¢, 99 ¢ 99 ¢

As used herein, the terms “prevent,” “preventing,” “prevention,” “prophylactic
treatment” and the like refer to reducing the probability of developing a disorder or condition in a

subject, who does not have, but is at risk of or susceptible to developing a disorder or condition.
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“An effective amount” refers to an amount of a compound, which confers a therapeutic
effect on the treated subject. The therapeutic effect may be objective (i.e., measurable by some
test or marker) or subjective (i.e., subject gives an indication of or feels an effect). An effective
amount of a compound described herein may range from about 1 mg/Kg to about 5000 mg/Kg
body weight. Effective doses will also vary depending on route of administration, as well as the
possibility of co-usage with other agents.

Ranges provided herein are understood to be shorthand for all of the values within the
range. For example, a range of 1 to 50 is understood to include any number, combination of
numbers, or sub-range from the group consisting of 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43,44, 45, 46, 47, 48, 49, or 50.

99 ¢

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing or
ameliorating a disorder and/or symptoms associated therewith. By “ameliorate” is meant
decrease, suppress, attenuate, diminish, arrest, or stabilize the development or progression of a
disease. It will be appreciated that, although not precluded, treating a disorder or condition does
not require that the disorder, condition or symptoms associated therewith be completely
eliminated.

Unless specifically stated or obvious from context, as used herein, the term “or” is
understood to be inclusive. Unless specifically stated or obvious from context, as used herein,
the terms “a”, “an”, and ““the” are understood to be singular or plural.

Unless specifically stated or obvious from context, as used herein, the term “about” is
understood as within a range of normal tolerance in the art, for example within 2 standard
deviations of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise clear from context,
all numerical values provided herein are modified by the term about.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment for a variable or aspect herein includes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.

Any compositions or methods provided herein can be combined with one or more of any

of the other compositions and methods provided herein.
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DETAILED DESCRIPTION OF THE INVENTION

The invention features compositions and methods useful for treating leukemia and related
disorders (e.g., acute myeloid leukemia (AML), Chronic Lymphocydic Leukemia (CLL), Acute
Lymphocytic Leukemia (ALL), Chronic Myeloid Leukemia (CML), Chronic Myelomonocytic
Leukemia (CMML), Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma,
Multiple Myeloma, Non-Hodgkin Lymphoma, Myeloproliferative disorders or Myelodysplastic
syndromes).

The invention is based, at least in part, on the discovery that agents that inhibit Brd4 are
useful for inhibiting the growth or progression of acute myeloid leukemia. This inhibition can
involve suppressing Myc activity. These findings also highlight the utility of RNAIi screening as
a discovery platform for revealing epigenetic vulnerabilities for direct pharmacologic
intervention in cancer.

As reported in detail below, the discovery that Brd4 inhibition is useful for the treatment
of leukemia was made using a non-biased approach to probe epigenetic vulnerabilities in acute
myeloid leukemia (AML) — an aggressive hematopoietic malignancy that is associated with
aberrant chromatin. By screening a customized shRNA library targeting known chromatin
regulators in genetically defined leukemias, the bromodomain-containing protein Brd4 was
identified as a critical requirement for AML disease maintenance. Suppression of Brd4 using
shRNAs or the small-molecule inhibitor JQ1 led to robust anti-leukemic effects in vitro and in
vivo, accompanied by terminal myeloid differentiation and elimination of leukemia stem cells
(LSCs). These effects were due to the requirement of Brd4 in maintaining Myc expression and

promoting aberrant self-renewal.

Bromodomain-containing proteins

Gene regulation is fundamentally governed by reversible, non-covalent assembly of
macromolecules. Signal transduction to RNA polymerase requires higher-ordered protein
complexes, spatially regulated by assembly factors capable of interpreting the post-translational
modification states of chromatin. Epigenetic readers are structurally diverse proteins each

possessing one or more evolutionarily conserved effector modules, which recognize covalent
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modifications of histone proteins or DNA. The ¢-N-acetylation of lysine residues (Kac) on
histone tails is associated with an open chromatin architecture and transcriptional activation
(MarushigeProc Natl Acad Sci U S A 73, 3937-3941, (1976)). Context-specific molecular
recognition of acetyl-lysine is principally mediated by bromodomains.

Bromodomain-containing proteins are of substantial biological interest, as components of
transcription factor complexes (TAF1, PCAF, GenS and CBP) and determinants of epigenetic
memory (Dey et al., Mol Biol Cell 20, 4899-4909, (2009)). There are 41 human proteins
containing a total of 57 diverse bromodomains. Despite large sequence variations, all
bromodomains share a conserved fold comprising a left-handed bundle of four alpha helices (oz,
oA, 0B, 0c), linked by diverse loop regions (ZA and BC loops) that determine substrate
specificity. Co-crystal structures with peptidic substrates showed that the acetyl-lysine is
recognized by a central hydrophobic cavity and is anchored by a hydrogen bond with an
asparagine residue present in most bromodomains (Owen, D. J. et al. The structural basis for the
recognition of acetylated histone H4 by the bromodomain of histone acetyltransferase genSp.
Embo J19,6141-6149, (2000)). The bromodomain and extra-terminal (BET)-family (BRD2,
BRD3, BRD4 and BRDT) shares a common domain architecture comprising two N-terminal
bromodomains that exhibit high level of sequence conservation, and a more divergent C-terminal
recruitment domain (Zeng et al., FEBS Lett 513, 124-128, (2002).

The invention features compositions and methods that are useful for inhibiting human
bromodomain proteins.

Compounds of the Invention

The invention provides compounds (e.g., JQ1 and compounds of formulas delineated
herein) that bind in the binding pocket of the apo crystal structure of the first bromodomain of a
BET family member (e.g., BRD2, BRD3, BRD4). Without wishing to be bound by theory, these
compounds may be particularly effective in inhibiting leukemias, including but not limited to
acute myeloid leukemia (AML), Chronic Lymphocydic Leukemia (CLL), Acute Lymphocytic
Leukemia (ALL), Chronic Myeloid Leukemia (CML), Chronic Myelomonocytic Leukemia
(CMML), Eosinophilic Leukemia, Hairy Cell Leukemia, Hodgkin Lymphoma, Multiple
Myeloma, Non-Hodgkin Lymphoma, Myeloproliferative disorders or Myelodysplastic

syndromes. In one approach, compounds useful for the treatment of leukemias and related
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disorders are selected using a molecular docking program to identify compounds that are
expected to bind to a bromodomain structural binding pocket. In certain embodiments, a
compound of the invention can prevent, inhibit, or disrupt, or reduce by at least 10%, 25%, 50%,
75%, or 100% the biological activity of a BET family member (e.g., BRD2, BRD3, BRD4,
BRDT) and/or disrupt the subcellular localization of such proteins, e.g., by binding to a binding
site in a bromodomain apo binding pocket.

In certain embodiments, a compound of the invention is a small molecule having a
molecular weight less than about 1000 daltons, less than 800, less than 600, less than 500, less
than 400, or less than about 300 daltons. Examples of compounds of the invention include JQ1
and other compounds that bind the binding pocket of the apo crystal structure of the first
bromodomain of a BET family member (e.g., BRD4 (hereafter referred to as BRD4(1); PDB ID
20SS). JQI is a novel thieno-triazolo-1,4-diazepine. The invention further provides
pharmaceutically acceptable salts of such compounds.

In certain embodiments, a compound of the invention is a small molecule having a
molecular weight less than about 1000 daltons, less than 800, less than 600, less than 500, less
than 400, or less than about 300 daltons. Examples of compounds of the invention include JQ1
and other compounds that bind the binding pocket of the apo crystal structure of the first
bromodomain of a BET family member (e.g., BRD4 (hereafter referred to as BRD4(1); PDB ID
20SS). JQI is a novel thieno-triazolo-1,4-diazepine. The invention further provides
pharmaceutically acceptable salts of such compounds.

In one aspect, the compound is a compound of Formula I:

R
L-~a =N R1

Ralm—s A | /z(R

- N— )

SN /N
Re
(D
wherein
X is N or CRs;

Rs is H, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of which is

optionally substituted;
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Rp is H, alkyl, hydroxylalkyl, aminoalkyl, alkoxyalkyl, haloalkyl, hydroxy,

alkoxy, or -COO-R3, each of which is optionally substituted;

ring A is aryl or heteroaryl;

each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl,

each of which is optionally substituted; or any two R, together with the atoms
to which each is attached, can form a fused aryl or heteroaryl group;

R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; each of which is optionally
substituted;

R is -(CHa)s-L, in which n is 0-3 and L is H, -COO-R3, -CO-R3, -CO-N(R3R4), -S(O)»-
R3, -S(0),-N(R3Ry), N(R3R4), N(R4)C(O)R3, optionally substituted aryl, or optionally
substituted heteroaryl;

R, is H, D (deuterium), halogen, or optionally substituted alkyl;

each Rj is independently selected from the group consisting of:

(i) H, aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

(i1) heterocycloalkyl or substituted heterocycloalkyl;

(ii1) -C,-Cg alkyl, -C,-Cs alkenyl or -C,-Cg alkynyl, each containing 0, 1, 2, or 3
heteroatoms selected from O, S, or N; -C3-C); cycloalkyl, substituted -Csz-Cj,
cycloalkyl, -C;-C,; cycloalkenyl, or substituted -C-C,, cycloalkenyl, each of which
may be optionally substituted; and

(iv) NH,, N=CR4Rg;

each Ry is independently H, alkyl, alkyl, cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl, each of which is optionally substituted;

or R; and Ry are taken together with the nitrogen atom to which they are attached

to form a 4-10-membered ring;

R is alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl, or
heteroaryl, each of which is optionally substituted; or R4 and R are taken together
with the carbon atom to which they are attached to form a 4-10-membered ring;

mis0, 1,2, or3;

provided that
(a) if ring A is thienyl, X is N, R is phenyl or substituted phenyl, R, is H, Rp is

methyl, and R is -(CH»),-L, in which nis 1 and L is =CO-N(R3R4), then R3 and
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R, are not taken together with the nitrogen atom to which they are attached to
form a morpholino ring;

(b) if ring A is thienyl, X is N, R is substituted phenyl, R, is H, Rg is methyl, and R,
is -(CH»),-L, in which nis 1 and L is —CO-N(R3R,), and one of R3 and R4 is H,
then the other of R; and R, is not methyl, hydroxyethyl, alkoxy, phenyl,
substituted phenyl, pyridyl or substituted pyridyl; and

(c) if ring A is thienyl, X is N, R is substituted phenyl, R» is H, Rp is methyl, and R;
is -(CHy)n-L, in which nis 1 and L is =COO-R3, then Rj is not methyl or ethyl;

or a salt, solvate or hydrate thereof.

In certain embodiments, R is aryl or heteroaryl, each of

which is optionally substituted.

In certain embodiments, L is H, —-COO-R;, —CO-N(R3R,), -S(0O),-R3, -S(0),-N(R3R,),

N(R3R4), N(R4)C(O)R; or optionally substituted aryl. In certain embodiments, each Rj is

independently selected from the group consisting of: H, -C,;-Cg alkyl, containing 0, 1, 2, or 3
heteroatoms selected from O, S, or N; or NH,, N=CR,4Rg.

In certain embodiments, R, is H, D, halogen or methyl.

In certain embodiments, Ry is alkyl, hydroxyalkyl, haloalkyl, or alkoxy; each of which is

optionally substituted.

In certain embodiments, R is methyl, ethyl, hydroxy methyl, methoxymethyl,

trifluoromethyl, COOH, COOMe, COOEt, or COOCH,0C(O)CHs.

In certain embodiments, ring A is a 5 or 6-membered aryl
or heteroaryl. In certain embodiments, ring A is thiofuranyl,
phenyl, naphthyl, biphenyl, tetrahydronaphthyl, indanyl, pyridyl,
furanyl, indolyl, pyrimidinyl, pyridizinyl, pyrazinyl, imidazolyl,
oxazolyl, thienyl, thiazolyl, triazolyl, isoxazolyl, quinolinyl,
pyrrolyl, pyrazolyl, or 5,6,7,8-tetrahydroisoquinolinyl.

In certain embodiments, ring A is phenyl or thienyl.

In certain embodiments, m is 1 or 2, and at least one

occurrence of R, is methyl.
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In certain embodiments, each R4 is independently H, an
optionally substituted alkyl, or any two Rx together with the atoms
to which each is attached, can form an aryl.

In another aspect, the compound is a compound of Formula

II:
R
=N R4
Ram—<~ | f

S N

S /N
Rg X

(In
wherein
X is N or CRs;

Rs is H, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of which is
optionally substituted;
Rp is H, alkyl, hydroxylalkyl, aminoalkyl, alkoxyalkyl, haloalkyl, hydroxy,
alkoxy, or =COO-R3, each of which is optionally substituted;
each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of
which is optionally substituted; or any two R together with the atoms to which each
is attached, can form a fused aryl or heteroaryl group;
R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of which is optionally
substituted;
R’; is H, =COO-R3, —=CO-R3, optionally substituted aryl, or optionally substituted
heteroaryl;
each Rj is independently selected from the group consisting of:
(1) H, aryl, substituted aryl, heteroaryl, substituted heteroaryl;
(ii) heterocycloalkyl or substituted heterocycloalkyl;
(ii1) -C;-Cg alkyl, -C,-Cg alkenyl or -C,-Cg alkynyl, each containing 0, 1, 2, or 3

heteroatoms selected from O, S, or N; -Cs3-C); cycloalkyl, substituted -C3-C)»
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cycloalkyl; -C3-C); cycloalkenyl, or substituted -C3-C), cycloalkenyl; each of which
may be optionally substituted;

mis0, 1,2, or3;

provided that if R’} is =COO-R3, X is N, R is substituted phenyl, and Rp is methyl, then

Rj is not methyl or ethyl;

or a salt, solvate or hydrate thereof.

In certain embodiments, R is aryl or heteroaryl, each of
which is optionally substituted. In certain embodiments, R is
phenyl or pyridyl, each of which is optionally substituted. In
certain embodiments, R is p-Cl-phenyl, o-Cl-phenyl, m-Cl-phenyl,
p-F-phenyl, o-F-phenyl, m-F-phenyl or pyridinyl.

In certain embodiments, R’ is =COO-R3, optionally substituted aryl, or optionally
substituted heteroaryl; and Rj is -C;-Cg alkyl, which contains 0, 1, 2, or 3 heteroatoms selected
from O, S, or N, and which may be optionally substituted. In certain embodiments, R’ is
—COO-R3, and R3 is methyl, ethyl, propyl, i-propyl, butyl, sec-butyl, or t-butyl; or R’; is H or
optionally substituted phenyl.

In certain embodiments, Rp is methyl, ethyl, hydroxy methyl, methoxymethyl,
trifluoromethyl, COOH, COOMe, COOEt, COOCH,OC(O)CH3s.

In certain embodiments, Rp is methyl, ethyl, hydroxy methyl, methoxymethyl,
trifluoromethyl, COOH, COOMe, COOEt, or COOCH,OC(O)CHs.

In certain embodiments, each R, is independently an
optionally substituted alkyl, or any two Rx together with the atoms
to which each is attached, can form a fuse<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>