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Combination Therapy
FIELD OF THE INVENTION

The present invention relates to amethod of treating cancer in a mammal and to
combinations useful in such treatment. In particular, the present invention relates to
combinations of Type | protein arginine methyltransferase (Type | PRMT) inhibitors and

immuno-modulatory agents, such as anti-PD-1 and anti-OX40 antibodies.

BACKGROUND OF THE INVENTION

Effective treatment of hyperproliferative disorders, including cancer, is a continuing
goal inthe oncology field. Generally, cancer results from the deregulation of the normal
processes that control cell division, differentiation and apoptotic cell death and is
characterized by the proliferation of malignant cells which have the potential for unlimited
growth, local expansion and systemic metastasis. Deregulation of normal processes
includes abnormalities in signal transduction pathways and response to factors that differ

from those found in normal cells.

Arginine methylation isan important post-translational modification on proteins
involved in a diverse range of cellular processes such asgene regulation, RNA processing,
DNA damage response, and signal transduction. Proteins containing methylated arginines
are present in both nuclear and cytosolic fractions suggesting that the enzymes that catalyze
the transfer of methyl groups on to arginines are also present throughout these subcellular
compartments (reviewed in Yang, Y . & Bedford, M. T. Protein arginine methyltransferases
and cancer. Nat Rev Cancer 13, 37-50, doi:10.1038/nrc3409 (2013); Lee, Y .H. & Stalcup,
M. R.Minireview: protein arginine methylation of nonhistone proteins in transcriptional
regulation. Mol Endocrinol 23, 425-433, doi: 10.1210/me.2008-0380 (2009)). In
mammalian cells, methylated arginine exists in three mgjor forms: co-A”*-monomethyl-
arginine (MMA), ©-NY N°-asymmetric dimethyl arginine (ADMA), or w-N%N ‘¢-
symmetric dimethyl arginine (SDMA). Each methylation state can affect protein-protein
interactions in different ways and therefore has the potential to confer distinct functional

conseguences for the biological activity of the substrate (Yang, Y . & Bedford, M. T.



10

15

20

25

30

WO 2018/100534 PCT/IB2017/057548

Protein arginine methyltransferases and cancer. Nat Rev Cancer 13, 37-50,
doi:10.1038/nrc3409 (2013)).

Arginine methylation occurs largely in the context of glycine-, arginine-rich (GAR)
motifs through the activity of afamily of Protein Arginine Methyltransferases (PRMTS)
that transfer the methyl group from S-adenosyl-L-methionine (SAM) to the substrate
arginine side chain producing S-adenosyl-homocysteine (SAH) and methylated arginine.
This family of proteins iscomprised of 10 members of which 9 have been shown to have
enzymatic activity (Bedford, M. T. & Clarke, S. G. Protein arginine methylation in
mammals. who, what, and why. Mol Cell 33, 1-13, doi:10.1016/j.molcel.2008. 12.013
(2009)). The PRMT family is categorized into four sub-types (Type I-1V) depending on the
product of the enzymatic reaction. Type IV enzymes methylate the internal guanidino
nitrogen and have only been described in yeast (Fisk, J. C. & Read, L. K. Protein arginine
methylation in parasitic protozoa. Eukaryot Cell 10, 1013-1022, doi: 10.1 128/EC.05103-1 1
(201 1)); types I-111 enzymes generate monomethyl-arginine (MMA, Rmel) through a
single methylation event. The MMA intermediate isconsidered arelatively low abundance
intermediate, however, select substrates of the primarily Type Il activity of PRMT7 can
remain monomethylated, while Types | and Il enzymes catalyze progression from MMA to
either asymmetric dimethyl-arginine (ADMA, Rme2a) or symmetric dimethyl arginine
(SDMA, Rme2s) respectively. Type || PRMTs include PRMTS5, and PRMTY9, however,
PRMTS5 isthe primary enzyme responsible for formation of symmetric dimethylation.
Type | enzymes include PRMT1, PRMT3, PRMT4, PRMT6 and PRMT8. PRMTL,
PRMT3, PRMT4, and PRMT6 are ubiquitously expressed while PRMT8 islargely
restricted tothe brain (reviewed in Bedford, M. T. & Clarke, S. G. Protein arginine
methylation in mammals. who, what, and why. Mol Cdll 33, 1-13,
doi:10.1016/j.molcel.2008. 12.013 (2009)).

Mis-regulation and overexpression of PRMT1 has been associated with a number of
solid and hematopoietic cancers (Yang, Y . & Bedford, M. T. Protein arginine
methyltransferases and cancer. Nat Rev Cancer 13, 37-50, doi:10.1038/nrc3409 (2013);
Yoshimatsu, M. etal. Dysregulation of PRMT1 and PRMT6, Type | arginine
methyltransferases, isinvolved in various types of human cancers. Int J Cancer 128, 562-

573, doi:10.1002/ijc.25366 (2011)). The link between PRMT1 and cancer biology has
2
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largely been through regulation of methylation of arginine residues found on relevant
substrates. In severa tumor types, PRMT1 can drive expression of aberrant oncogenic
programs through methylation of histone H4 (Takai, H. etal. 5-Hydroxymethylcytosine
plays acritical role in glioblastomagenesis by recruiting the CHTOP-methylosome
complex. Cell Rep 9, 48-60, doi:10.1016/j.celrep.2014.08.071 (2014); Shia, W. J. etal.
PRMTL1 interacts with AML1-ETO to promote its transcriptional activation and progenitor
cell proliferative potential. Blood 119, 4953-4962, doi:10.1182/blood-2011-04-347476
(2012); Zhao, X . etal. Methylation of RUNX 1by PRMT1 abrogates SIN3A binding and
potentiates its transcriptional activity. Genes Dev 22, 640-653, doi: 10.1 101/gad. 1632608
(2008), aswell asthrough its activity on non-histone substrates (Wei, H., Mundade, R.,
Lange, K.C. & Lu, T.Protein arginine methylation of non-histone proteins and itsrole in
diseases. Cell Cycle 13, 32-41, doi: 10.4161/cc.27353 (2014)). In many of these
experimental systems, disruption of the PRMTI -dependent ADMA modification of its
substrates decreases the proliferative capacity of cancer cells (Yang, Y . & Bedford, M. T.
Protein arginine methyltransferases and cancer. Nat Rev Cancer 13, 37-50,

doi: 10. 1038/nrc3409 (2013)). Accordingly, it has been recognized that an inhibitor of
PRMTI should be of value both as an anti-proliferative agent for use in the treatment of
hyperproliferative disorders.

Immunotherapies are another approach to treat hyperproliferative disorders.
Enhancing anti-tumor T cell function and inducing T cell proliferation is a powerful and
new approach for cancer treatment. Three immune-oncology antibodies (e.g., immuno-
modulators) are presently marketed. Anti-CTLA-4 (YERVOY®/ipilimumab) isthought to
augment immune responses a the point of T cell priming and anti-PD-1 antibodies
(OPDIVOD/nivolumab and KEY TRUDAD/pembrolizumab) are thought to act in the local
tumor microenvironment, by relieving an inhibitory checkpoint in tumor specific T cells

that have already been primed and activated.

Though there have been many recent advances in the treatment of cancer, there
remains aneed for more effective and/or enhanced treatment of an individual suffering the

effects of cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1: Types of methylation on arginine residues. From Yang, Y . & Bedford, M. T.
Protein arginine methyltransferases and cancer. Nat Rev Cancer 13, 37-50,
doi:10.1038/nrc3409 (2013).

FIG. 2: Functional classes of cancer relevant PRMT1 substrates. Known substrates of
PRMTI and their association to cancer related biology (Yang, Y . & Bedford, M. T. Protein
arginine methyltransferases and cancer. Nat Rev Cancer 13, 37-50, doi: 10.1038/nrc3409
(2013); Shia, W.J. et a. PRMTI interacts with AML1-ETO to promote its transcriptional
activation and progenitor cell proliferative potential. Blood 119, 4953-4962,

doi: 10. 1182/blood-201 1-04-347476 (2012); Wei, H., Mundade, R., Lange, K.C. & Lu, T.
Protein arginine methylation of non-histone proteins and its role in diseases. Cell Cycle 13,
32-41, doi:10.4161/cc.27353 (2014); Boisvert, F. M., Rhig, A., Richard, S. & Doherty, A. J.
The GAR motif of 53BP1 isarginine methylated by PRMTI| and isnecessary for 53BP1
DNA binding activity. Cell Cycle 4, 1834-1841, doi:10.4161/cc.4.12.2250 (2005);
Boisvert, F. M., Dery, U., Masson, J.Y . & Richard, S. Arginine methylation of MREI 1by
PRMTI isrequired for DNA damage checkpoint control. Genes Dev 19, 671-676,

doi: 10. 1101/gad. 1279805 (2005); Zhang, L . & al. Cross-talk between PRMTI -mediated
methylation and ubiquitylation on RBM15 controls RNA splicing. Elife 4,

doi: 10. 7554/el ife. 07938 (2015); Snijders, A.P. et a. Arginine methylation and
citrullination of splicing factor proline- and glutamine-rich (SFPQ/PSF) regulates its
association with mRNA. RNA 21, 347-359, doi:10.1261/rna.045138.114 (2015); Liao, H.
W. et a. PRMTI -mediated methylation of the EGF receptor regulates signaling and
cetuximab response. J Clin Invest 125, 4529-4543, doi: 10. 1172/JCI82826 (2015); Ng, R. K.
et a. Epigenetic dysregulation of leukaemic HOX code in MLL-rearranged leukaemia
mouse model. J Pathol 232, 65-74, doi: 10.1002/path.4279 (2014); Bressan, G. C. € al.
Arginine methylation analysis of the splicing-associated SR protein SFRS9/SRP30C. Cell
Mol Biol Lett 14, 657-669, doi: 10.2478/sl 1658-009-0024-2 (2009)).

FIG. 3: Methylscan evaluation of cell lines treated with Compound D. Percent of
proteins with methylation changes (independent of directionality of change) are categorized
by functional group asindicated.
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FIG. 4: Mode of inhibition against PRMTI| by Compound A. 1C50 values were
determined following a 18 minute PRMTI reaction and fitting the data to a 3-parameter
dose-response equation. (A) Representative experiment showing Compound A 1C50 values
plotted as afunction of [SAM]/ K n#ep fit to an equation for uncompetitive inhibition
IC50=Ki /(I+(Km/[S])). (B) Representative experiment showing I1C50 values plotted asa
function of [Peptide]/ K, @P. Inset shows data fit to an equation for mixed inhibition to
evaluate Compound A inhibition of PRMTI with respect to peptide H4 1-21 substrate (v =
Vmx * [/ (Km* (IHI]/Ki) + [S] * (1+[1]/K"))). Anaphavaue (a=Ki/Ki) >0.1 but <10

isindicative of amixed inhibitor.

FIG. 5: Potency of Compound A against PRMTI. PRMTI activity was monitored
using aradioactive assay run under balanced conditions (substrate concentrations equal to
K eep) measuring transfer of 3H from SAM to aH4 1-21 peptide. 1C50 values were
determined by fitting the data to a 3-parameter dose-response equation. (A) 1C50 values
plotted as afunction of PRMTI: SAM: Compound A-tri-HCI preincubation time. Open and
filled circles represent two independent experiments (0.5 nM PRMTI). Inset shows a
representative 1C50 curve for Compound A-tri-HCI inhibition of PRMTI activity following
a 60 minute PRMTI: SAM: Compound A-tri-HCI preincubation. (B) Compound A
inhibition of PRMTI categorized by salt form. 1C50 values were determined following a 60

minute PRMTI: SAM: Compound A preincubation and a 20 minute reaction.

FIG. 6: The crystal structure resolved at 2.48A for PRMTI in complex with
Compound A (orange) and SAH (purple). The inset reveals that the compound isbound
in the peptide binding pocket and makes key interactions with PRMTI sidechains.
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FIG. 7: Inhibition of PRMT1 orthologs by Compound A. PRMT1 activity was
monitored using aradioactive assay run under balanced conditions (substrate
concentrations equal to K neep) measuring transfer of *H from SAM to aH4 1-21 peptide.
ICc50 values were determined by fitting the data to a 3-parameter dose-response equation.
(A) 1c50 values plotted as a function of PRMT1: SAM: Compound A preincubation time for
rat (0) and dog () orthologs. (B) I1C50 values plotted as afunction of rat (0), dog (-) or
human (o) PRMT1 concentration. (C) 1C50 values were determined following a 60 minute
PRMT1: SAM: Compound A preincubation and a 20 minute reaction. Data isan average
from testing multiple salt forms of Compound A . Ki*a@P values were calculated based on
the equation Ki=IC50/(I+(Km/[S])) for an uncompetitive inhibitor and the assumption that

the 1C50 determination was representative of the ESI* conformation.

FIG. 8: Potency of Compound A against PRMT family members. PRMT activity was
monitored using aradioactive assay run under balanced conditions (substrate
concentrations a K, ) following a 60 minute PRMT: SAM: Compound A preincubation.
Ic50 values for Compound A were determined by fitting data to a 3-parameter dose-
response equation. (A) Data is an average from testing multiple salt forms of Compound
A. Ki*@P value were calculated based on the equation Ki=IC50/(I+(Km/[S])) for an
uncompetitive inhibitor and the assumption that the 1C50 determination was representative
of the ESI* conformation. (B) 1C50 values plotted as afunction of PRMT3 (-), PRMT4
(0), PRMT6 (=) or PRMT8 () :SAM:Compound A preincubation time.

FIG. 9: MMA in-cdl-western. RKO cellswere treated with Compound A-tri-HCI

(" Compound A-A"), Compound A-mono-HCI (* Compound A-B"), Compound A-free-
base (" Compound A-C"), and Compound A-di-HCI (* Compound A-D") for 72 hours.
Cells were fixed, stained with anti-Rme |GG to detect MMA and anti-tubulin to normalize
signal, and imaged using the Odyssey imaging system. MMA relative to tubulin was
plotted against compound concentration to generate a curve fit (A) in GraphPad using a
biphasic curve fit equation. Summary of EC50 (first inflection), standard deviation, and N

are shown in (B).
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FIG. 10 PRMT1 expression in tumors. mRNA expression levels were obtained from
cBioPortal for Cancer Genomics. ACTB levels and TYR are shown to indicate expression
of level corresponding to agene that isubitiquitously expressed versus one that has
restricted expression, respectively.

FIG. 11: Antiproliferative activity of Compound A in cell culture. 196 human cancer
cell lines were evaluated for sensitivity to Compound A in a 6-day growth assay. glCso
values for each cell line are shown asbar graphs with predicted human exposure as
indicated in (A). Ymin -To, ameasure of cytotoxicity, isplotted asabar-graph in (B), in
which glCioo vaues for each cell line are shown asred dots. The cave calculated from the

rat 14-day MTD (150 mg/kg, cave=2.1uM ) isindicated asared dashed line.

FIG. 122 Timecourse of Compound A effects on arginine methylation marksin
cultured cdlls. (A) Changes inADMA, SDMA, and MMA in Toledo DLBCL cells treated
with Compound A . Changes in methylation are shown normalized relative to tubulin +
SEM (n=3). (B) Representative western blots of arginine methylation marks. Regions
guantified are denoted by black bars on the right of the gel.

FIG. 13: Dose response of Compound A on arginine methylation. (A) Representatitve
western blot images of MMA and ADMA from the Compound A dose response in the
U2932 cell line. Regions quantified for (B) are denoted by black barsto the left of gels. (B)
Minimal effective Compound A concentration required for 50% of maximal induction of
MMA or 50% maximal reduction ADMA in 5lymphoma cell lines after 72 hours of
exposure + standard deviation (n=2). Corresponding glCso values in 6-day growth desth
assay are asindicated in red.
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FIG. 14: Durability of arginine methylation marks in response to Compound A in
lymphoma cells. (A) Stability of changesto ADMA, SDMA, and MMA in the Toledo
DLBCL cell line cultured with Compound A. Changes in methylation are shown
normalized relative to tubulin + SEM (n=3). (B) Representative western blots of arginine
methylation marks. Regions quantified for (A) are denoted by black bars on the side of the
gel.

FIG. 15. Proliferation timecourse of lymphoma cell lines. Cell growth was assessed
over a 10-day timecourse in the Toledo (A) and Daudi (B) cell lines (n=2 per cell line).

Representative data for a single biological replicate are shown.

FIG. 16: Anti-proliferative effects of Compound A in lymphoma cell lines at 6 and 10
days. (A) Average glCso values from 6 day (light blue) and 10 day (dark blue) proliferation
assays in lymphoma cell lines. (B) Ymin-Toat 6 day (light blue) and 10 day (dark blue) with
corresponding glCioo (red points).

FIG. 17: Anti-proliferative effects of Compound A in lymphoma cell lines as classified
by subtype. (A) glCso values for each cell line are shown as bar graphs. Ymin-To, a measure
of cytotoxicity, is plotted as abar-graph in (B), in which glCioo values for each cell line are
shown asred dots. Subtype information was collected from the ATCC or DSMZ cell line

repositories.

FIG. 18: Propidium iodide FACS analysis of cell cycle in human lymphoma cell lines.
Three lymphoma cell lines, Toledo (A), U2932 (B), and OCI-Lyl (C) were treated with 0,
1, 10, 100, 1000, and 10,000 nM Compound A for 10 days with samples taken on days 3, 5,
7, 10 post treatment. Data represents the average + SEM of biological replicates, n=2.
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FIG. 19: Caspase-3/7 activation in lymphoma cell lines treated with Compound A.
Apoptosis was assessed over a 10-day timecourse in the Toledo (A) and Daudi (B) cell
lines. Caspase 3/7 activation is shown as fold-induction relative to DMSO-treated cells.
Two independent replicates were performed for each cell line. Representative data are

shown for each.

FIG. 20: Efficacy of Compound A in mice bearing Toledo xenografts. Mice were
treated QD (37.5, 75, 150, 300, 450, or 600 mg/kg) with Compound A orally or BID with
75 mg/kg (B) over aperiod of 28 (A) or 24 (B) days and tumor volume was measured twice
weekly.

FIG. 21: Effect of Compound A in AML cell lines at 6 and 10 Days. (A) Average glCso
values from 6 day (light blue) and 10 day (dark blue) proliferation assaysin AML cell
lines. (B) Ymin-Toat 6 day (light blue) and 10 day (dark blue) with corresponding glCioo
(red points).

FIG. 22: Invitro proliferation timecourse of ccRCC cines with Compound A. (A)
Growth relative to control (DMSO) for 2 ccRCC cell lines. Representative curves from a
single replicate are shown. (B) Summary of glCso and % growth inhibition for ccRCC cell

lines during the timecourse (Average = SD; n=2 for each line).

FIG. 23; Efficacy of Compound A in ACHN xenografts. Mice were treated daily with
Compound A oraly over aperiod of 28 days and tumor volume was measured twice
weekly.

FIG. 24: Anti-proliferative effects of Compound A in breast cancer cell lines. Bar
graphs of glCso and growth inhibition (%) (red circles) for breast cancer cell lines profiled
with Compound A in the 6-day proliferation assay. Cell lines representing triple negative

breast cancer (TNBC) are shown in orange; other subtypes are in blue.



WO 2018/100534

10

15

20

25

FIG. 25. Effect of Compound A in Breast Cancer Cell Lines at 7 and 12 Days.
Average growth inhibition (%) values from 7 day (light blue) and 10 day (dark blue)
proliferation assays in breast cancer cell lines with corresponding glCso (red points). The
increase in potency and percent inhibition observed in long-term proliferation assays with
breast cancer, but not lymphoma or AML cell lines, suggest that certain tumor types require

alonger exposure to Compound A to fully revea anti-proliferative activity.

FIG. 26: Combination with immunotherapy. Average tumor volume (A) and survival
(B) for single agent and combination in the syngeneic CloudmanS91 tumor model. (C)

Individual tumor growth for animals in each arm of the efficacy study.

FIG. 27: Compound A treatment of CloudmanS91 cellsin culture. Cells were treated
in 6-day proliferation assay in 96-well format and glCso= 9515 + 231.8 nM was
determined.

FIG. 28: Alignment of the amino acid sequences of 106-222, humanized 106-222

(Hul06), and human acceptor X61012 (GenBank accession nhumber) VH sequences.

FIG. 29: Alignment of the amino acid sequences of 106-222, humanized 106-222
(Hul06), and human acceptor AJ388641 (GenBank accession number) VL sequences.

FIG. 30: Nucleotide sequence of the Hul06 VH geneflanked by Spel and Hindlll

sites with the deduced amino acid sequence.

FIG. 31: Nucleotide sequence of the Hul06-222 VL geneflanked by Nhel and EcoRl

sites with the deduced amino acid sequence.

FIG. 32 Alignement of the amino acid sequences of 119-122, humanized 119-122

(Hull9), and human acceptor 214189 (GenBank accession number) VH sequences.

10
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FIG. 33: Alignment of the amino acid sequences of 119-122, humanized 119-122

(Hull9), and human acceptor M 29469 (GenBank accession number) VL sequences.

FIG. 34: Nucleotide sequence of the Hull9 VH geneflanked by Spel and Hindlll

sites with the deduced amino acid sequence.

FIG. 35: Nucleotide sequence of the Hull9 VL geneflanked by Nhel and EcoRI sites

with the deduced amino acid sequence.

FIG. 36: Nucleotide sequence of mouse 119-43-1 VH cDNA with the deduced amino

acid sequence.

FIG. 37: Nucleotide sequence of mouse 119-43-1 VL cDNA and the deduced amino

acid sequence.

FIG. 38: Nucleotide sequence of the designed 119-43-1 VH geneflanked by Spel and

Hindlll sites with the deduced amino acid sequence.

FIG. 39: Nucleotide sequence of the designed 119-43-1 VL geneflanked by Nhel and

EcoRI sites with the deduced amino acid sequence.

FIG. 40: Combination with immunotherapy. Average survival for single agent and

combination in the A20 tumor model.

FIG. 41: Combination with immunotherapy. Average survival for single agent and

combination in the CT26 tumor mode!.

SUMMARY OF THE INVENTION

In one embodiment the present invention provides a combination of a Type | protein
arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory agent

selected from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-PDLI
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antibody or antigen binding fragment thereof, and an anti-OX40 antibody or antigen

binding fragment thereof.

In one embodiment, methods are provided for treating cancer in ahuman in need
thereof, the methods comprising administering to the human a combination of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory
agent selected from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-
PDL1 antibody or antigen binding fragment thereof, and an anti-OX40 antibody or antigen
binding fragment thereof, together with at least one of: a pharmaceutically acceptable

carrier and a pharmaceutically acceptable diluent, thereby treating the cancer in the human.

In one embodiment, the present invention provides a pharmaceutical composition
comprising atherapeutically effective amount of a Type | protein arginine
methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical composition
comprising atherapeutically effective amount of an immuno-modulatory agent selected
from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-PDLI| antibody or
antigen binding fragment thereof, and an anti-OX40 antibody or antigen binding fragment

thereof.

In one embodiment, methods are provided for treating cancer in ahuman in need
thereof, the methods comprising administering to the human atherapeutically effective
amount of a pharmaceutical composition comprising a Type | protein arginine
methyltransferase (Type | PRMT) inhibitor and apharmaceutical composition comprising
an immuno-modulatory agent selected from: an anti-PD-1 antibody or antigen binding
fragment thereof, an anti-PDLI antibody or antigen binding fragment thereof, and an anti-
0OX40 antibody or antigen binding fragment thereof, thereby treating the cancer in the

human.
In one embodiment, the present invention provides use of a combination of aType |

protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory

agent selected from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-

12
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PDLI antibody or antigen binding fragment thereof, and an anti-OX40 antibody or antigen

binding fragment thereof, for the manufacture of a medicament.

In one embodiment, the present invention provides use of a combination of aType |
protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory
agent selected from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-
PDL1 antibody or antigen binding fragment thereof, and an anti-OX40 antibody or antigen

binding fragment thereof, for the treatment of cancer.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

Asused herein "Type | protein arginine methyltransferase inhibitor" or "Type |
PRMT inhibitor" means an agent that inhibits any one or more of the following: protein
arginine methyltransferase 1(PRMT1), protein arginine methyltransferase 3 (PRMT3),
protein arginine methyltransferase 4 (PRMT4), protein arginine methyltransferase 6
(PRMT®6) inhibitor, and protein arginine methyltransferase 8 (PRMT8). In some
embodiments, the Type | PRMT inhibitor isa small molecule compound. In some
embodiments, the Type | PRMT inhibitor selectively inhibits any one or more of the
following: protein arginine methyltransferase 1 (PRMTL), protein arginine
methyltransferase 3 (PRMT3), protein arginine methyltransferase 4 (PRMT4), protein
arginine methyltransferase 6 (PRMT6) inhibitor, and protein arginine methyltransferase 8
(PRMTS8). In some embodiments, the Type | PRMT inhibitor is a selective inhibitor of
PRMT1, PRMT3, PRMT4, PRMT6, and PRMT8.

Arginine methyltransferases are attractive targets for modulation given their role in
the regulation of diverse biological processes. It has now been found that compounds
described herein, and pharmaceutically acceptable salts and compositions thereof, are

effective as inhibitors of arginine methyltransferases.

Definitions of specific functional groups and chemical terms are described in more
detail below. The chemical elements are identified in accordance with the Periodic Table of

the Elements, CAS version, Handbook of Chemistry and Physics, 75t Ed., inside cover,
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and specific functional groups are generally defined as described therein. Additionally,
genera principles of organic chemistry, aswell as specific functional moieties and
reactivity, are described in Thomas Sorrell, Organic Chemistry, University Science Books,
Sausalito, 1999; Smith and March, March's Advanced Organic Chemistry, 51 Edition, John
Wiley & Sons, Inc., New York, 2001; Larock, Comprehensive Organic Transformations,
VCH Publishers, Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic
Synthesis, 3rd Edition, Cambridge University Press, Cambridge, 1987.

Compounds described herein can comprise one or more asymmetric centers, and
thus can exist in various isomeric forms, e.g., enantiomers and/or diastereomers. For
example, the compounds described herein can be in the form of an individual enantiomer,
diastereomer or geometric isomer, or can be in the form of a mixture of stereoisomers,
including racemic mixtures and mixtures enriched in one or more stereocisomer. |somers
can be isolated from mixtures by methods known to those skilled in the art, including chiral
high pressure liquid chromatography (HPLC) and the formation and crystallization of chiral
salts; or preferred isomers can be prepared by asymmetric syntheses. See, for example,
Jacques et ah, Enantiomers, Racemates and Resolutions (Wiley Interscience, New Y ork,
1981); Wilen et ah, Tetrahedron 33:2725 (1977); Eliel, Stereochemistry of Carbon
Compounds (McGraw- Hill, NY, 1962); and Wilen, Tables of Resolving Agents and
Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN
1972). The present disclosure additionally encompasses compounds described herein as
individual isomers substantially free of other isomers, and alternatively, as mixtures of

various isomers.

It isto be understood that the compounds of the present invention may be depicted
as different tautomers. It should also be understood that when compounds have tautomeric
forms, all tautomeric forms are intended to be included in the scope of the present
invention, and the naming of any compound described herein does not exclude any

tautomer form.
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Unless otherwise stated, structures depicted herein are also meant to include compounds
that differ only in the presence of one or more isotopically enriched atoms. For example,
compounds having the present structures except for the replacement of hydrogen by
deuterium or tritium, replacement of ¥ F with 2 F, or the replacement of a carbon by a BC-
or “C-enriched carbon are within the scope of the disclosure. Such compounds are useful,

for example, as analytical tools or probes in biological assays.

When arange of values islisted, it isintended to encompass each value and subrange
within the range. For example "Ci-6 alkyl" isintended to encompass, Ci. Cz, c3, C,, cs, cs,

Ci-6, Ci-5, Ci-4, Ci-3, Ci-2, C2-6, C2-5, C2-4, C2-3, c36, C3-5, C34, ca-6, C,5 and cse alkyl.

"Radical" refersto apoint of attachment on aparticular group. Radical includes divalent

radicals of aparticular group.

"Alkyl" refers to aradica of a straight-chain or branched saturated hydrocarbon group
having from 1to 20 carbon atoms ("Ci-20 akyl"). In some embodiments, an alkyl group has
1to 10 carbon atoms ("Ci-10 alkyl"). In some embodiments, an akyl group has 1to 9
carbon atoms ("C1-9 akyl"). In some embodiments, an akyl group has 1to 8 carbon atoms
("Ci-8 akyl"). In some embodiments, an alkyl group has 1to 7 carbon atoms ("C1-7 akyl").
In some embodiments, an alkyl group has 1to 6 carbon atoms ("Ci-6 akyl"). In some
embodiments, an alkyl group has 1to 5 carbon atoms ("C1-5 akyl"). In some embodiments,
an akyl group has 1to 4 carbon atoms ("Ci-4 alkyl"). In some embodiments, an akyl group
has 1to 3 carbon atoms ('C1-3 akyl"). In some embodiments, an akyl group has 1to 2
carbon atoms ('C1-2 akyl"). In some embodiments, an akyl group has 1carbon atom ("Ci
alkyl™). In some embodiments, an akyl group has 2to 6 carbon atoms ("C2-6 alkyl™).
Examples of Ci-6 alkyl groups include methyl (Ci), ethyl (C2), n-propyl (C3), isopropyl
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(C3), n-butyl (C,), tert-butyl (C,), sec-butyl (C,), iso-butyl (C,), n-pentyl (C5), 3- pentanyl
(C5), amyl (C5), neopentyl (C5), 3-methyl-2-butanyl (C5), tertiary amyl (C5), and n-hexyl
(Ce). Additional examples of alkyl groups include n-heptyl (C7), n-octyl (Cs) and the like.
In certain embodiments, each instance of an alkyl group isindependently optionally
substituted, e.g. , unsubstituted (an "unsubstituted alkyl") or substituted (a "substituted
alkyl") with one or more substituents. In certain embodiments, the alkyl group is
unsubstituted Ci-10 alkyl (e.g., -CH3). In certain embodiments, the akyl group is substituted
Ci-10 akyl.

In some embodiments, an alkyl group is substituted with one or more halogens.
"Perhaloalkyl" isa substituted alkyl group asdefined herein wherein al of the hydrogen
atoms are independently replaced by ahalogen, e.g., fluoro, bromo, chloro, or iodo. In
some embodiments, the alkyl moiety has 1to 8 carbon atoms ("Ci-8 perhaloalkyl"). In some
embodiments, the alkyl moiety has 1to 6 carbon atoms ("Ci-6 perhaloakyl"). In some
embodiments, the alkyl moiety has 1to 4 carbon atoms ("Ci-4 perhaloakyl"). In some
embodiments, the alkyl moiety has 1to 3 carbon atoms ("C1-3 perhaloakyl"). In some
embodiments, the alkyl moiety has 1to 2 carbon atoms ('C1-2 perhaloakyl"). In some
embodiments, all of the hydrogen atoms are replaced with fluoro. In some embodiments, all
of the hydrogen atoms are replaced with chloro. Examples of perhaloalkyl groups include -
CF3, -CF2CF3, -CF2CF2CF3, -CCI3, -CFCI2, -CF2Cl, and the like.

"Alkenyl" refersto aradical of a straight-chain or branched hydrocarbon group
having from 2to 20 carbon atoms and one or more carbon-carbon double bonds (e.g., 1, 2,
3, or 4 double bonds), and optionally one or more triple bonds (e.g., 1, 2, 3, or 4triple
bonds) ("c2-20 alkenyl"). In certain embodiments, akenyl does not comprise triple bonds. In
some embodiments, an alkenyl group has 2to 10 carbon atoms ("C2-10 akenyl"). In some
embodiments, an alkenyl group has 2to 9 carbon atoms ("C2-9 alkenyl"). In some
embodiments, an alkenyl group has 2 to 8 carbon atoms ("C2-8 alkenyl"). In some
embodiments, an alkenyl group has 2to 7 carbon atoms ("C2-7 alkenyl") In some
embodiments, an alkenyl group has 2 to 6 carbon atoms ("C2-6 alkenyl"). In some
embodiments, an alkenyl group has 2to 5 carbon atoms ("C2-5 alkenyl"). In some
embodiments, an alkenyl group has 2 to 4 carbon atoms ("C2-4 alkenyl"). In some

embodiments, an alkenyl group has 2 to 3 carbon atoms ("C2-3 alkenyl"). In some
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embodiments, an alkenyl group has 2 carbon atoms ("c2 akenyl"). The one or more
carbon-carbon double bonds can be internal (such asin 2-butenyl) or terminal (such asin 1-
butenyl). Examples of c2-4 alkenyl groups include ethenyl (c2), 1-propenyl (C3), 2-propenyl
(C3), 1-butenyl (C4), 2-butenyl (C4), butadienyl (C4), and the like. Examples of c2-6 akenyl
groups include the aforementioned c2-4 alkenyl groups aswell as pentenyl (C5), pentadienyl
(C5), hexenyl (ce), andthe like. Additional examples of alkenyl include heptenyl (C7),
octenyl (Cs), octatrienyl (Cs), and the like. In certain embodiments, each instance of an
alkenyl group isindependently optionally substituted, e.g. , unsubstituted (an "unsubstituted
alkenyl") or substituted (a "substituted alkenyl") with one or more substituents. In certain
embodiments, the akenyl group isunsubstituted c2-10 alkenyl. In certain embodiments, the

alkenyl group is substituted c2-10 alkenyl.

"Alkynyl" refersto aradical of a straight-chain or branched hydrocarbon group
having from 2to 20 carbon atoms and one or more carbon-carbon triple bonds (e.g., 1, 2, 3,
or 4 triple bonds), and optionally one or more double bonds (e.g., 1, 2, 3, or 4 double
bonds) (‘c2-20 alkynyl"). In certain embodiments, alkynyl does not comprise double bonds.
In some embodiments, an alkynyl group has 2to 10 carbon atoms (*c2-10 akynyl "). In
some embodiments, an alkynyl group has 2 to 9 carbon atoms ("c2-9 alkynyl") . In some
embodiments, an alkynyl group has 2 to 8 carbon atoms (*c2-8 alkynyl™) . In some
embodiments, an alkynyl group has 2to 7 carbon atoms (‘c2-7 alkynyl™). In some
embodiments, an alkynyl group has 2to 6 carbon atoms (‘c2-6 alkynyl™). In some
embodiments, an alkynyl group has 2to 5 carbon atoms (‘c2-5 alkynyl™) . In some
embodiments, an alkynyl group has 2to 4 carbon atoms (‘c2-4 alkynyl™) . In some
embodiments, an alkynyl group has 2to 3 carbon atoms ('c2-3 alkynyl™) . In some
embodiments, an alkynyl group has 2 carbon atoms (“c2 alkynyl"). The one or more carbon
carbon triple bonds can be internal (such asin 2-butynyl) or terminal (such asin 1-butynyl).
Examples of c2-4 alkynyl groups include, without limitation, ethynyl (c2), 1-propynyl (C3),
2-propynyl (C3), 1-butynyl (C4), 2-butynyl (C4), and the like. Examples of c2-6 alkenyl
groups include the aforementioned c2-4 alkynyl groups aswell as pentynyl (C5), hexynyl
(Ce), andthe like. Additional examples of akynyl include heptynyl (C7), octynyl (Cs), and
the like. In certain embodiments, each instance of an alkynyl group isindependently
optionally substituted, e.g., unsubstituted (an "unsubstituted alkynyl") or substituted (a

"substituted alkynyl") with one or more substituents. In certain embodiments, the alkynyl
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group is unsubstituted c2-10 alkynyl. In certain embodiments, the alkynyl group is

substituted c2-10 alkynyl.

"Fused" or "ortho-fused" are used interchangeably herein, and refer to two rings that

have two atoms and one bond in common, e.g..,

napthalene

"Bridged" refersto aring system containing (1) abridgehead atom or group of
atoms which connect two or more non-adjacent positions of the same ring; or (2) a
bridgehead atom or group of atoms which connect two or more positions of different rings

10  of aring system and does not thereby form an ortho-fused ring, e.g.,

Q0=
"Spiro" or "Spiro-fused” refersto agroup of atoms which connect to the same atom

of a carbocyclic or heterocyclic ring system (geminal attachment), thereby forming aring,

eg.,

ENGTslers

Spiro-fusion a a bridgehead atom is also contemplated.

"Carbocyclyl" or "carbocyclic" refersto aradical of anon-aromatic cyclic
hydrocarbon group having from 3to 14 ring carbon atoms (-c3-14 carbocyclyl") and zero
heteroatoms in the non-aromatic ring system. In certain embodiments, a carbocyclyl group

20 referstoaradical of anon-aromatic cyclic hydrocarbon group having from 3to 10 ring
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carbon atoms (ca.10 carbocyclyl") and zero heteroatoms in the non-aromatic ring system. In
some embodiments, a carbocyclyl group has 3to 8ring carbon atoms ('cag carbocyclyl").
In some embodiments, a carbocyclyl group has 3to 6 ring carbon atoms (cze
carbocyclyl™). In some embodiments, a carbocyclyl group has 3to 6 ring carbon atoms
¢cae carbocyclyl"). In some embodiments, acarbocyclyl group has 5to 10 ring carbon
atoms ('cs.10 carbocyclyl"). Exemplary cae carbocyclyl groups include, without
limitation, cyclopropyl (C3), cyclopropenyl (C3), cyclobutyl (C4), cyclobutenyl (C4),
cyclopentyl (C5), cyclopentenyl (C5), cyclohexyl (Ce), cyclohexenyl (Ce), cyclohexadienyl
(C6), and the like. Exemplary c3s carbocyclyl groups include, without limitation, the
aforementioned c3.6 carbocyclyl groups aswell as cycloheptyl (C7), cycloheptenyl (C7),
cycloheptadienyl (C7), cycloheptatrienyl (C7), cyclooctyl (Cs), cyclooctenyl (Cs),
bicyclo[2.2.1]heptanyl (C7), bicyclo[2.2.2]octanyl (Cs), and the like. Exemplary C3-10
carbocyclyl groups include, without limitation, the aforementioned C3 g carbocyclyl groups
aswell as cyclononyl (cs>), cyclononenyl (cs>), cyclodecyl (c10), cyclodecenyl (cC10),
octahydro-IH-indenyl (cs>), decahydronaphthalenyl (c10), spiro[4.5]decanyl (c10), and the
like. Asthe foregoing examples illustrate, in certain embodiments, the carbocyclyl group is
either monocyclic ("monocyclic carbocyclyl") or isafused, bridged or spiro-fused ring
system such asabicyclic system ("bicyclic carbocyclyl") and can be saturated or can be
partially unsaturated. "Carbocyclyl" also includes ring systems wherein the carbocyclyl
ring, as defined above, isfused with one or more aryl or heteroaryl groups wherein the
point of attachment ison the carbocyclyl ring, and in such instances, the number of carbons
continue to designate the number of carbons in the carbocyclic ring system. In certain
embodiments, each instance of a carbocyclyl group isindependently optionally substituted,
e.g., unsubstituted (an "unsubstituted carbocyclyl") or substituted (a "substituted
carbocyclyl") with one or more substituents. In certain embodiments, the carbocyclyl group
isunsubstituted c3-10 carbocyclyl. In certain embodiments, the carbocyclyl group isa

substituted c3-10 carbocyclyl.

In some embodiments, "carbocyclyl" isamonocyclic, saturated carbocyclyl group
having from 3to 14 ring carbon atoms ("C3-14 cycloalkyl"). In some
embodiments, "carbocyclyl" isamonocyclic, saturated carbocyclyl group having from 3to
10 ring carbon atoms ("C3-10 cycloakyl"). In some embodiments, acycloakyl group has 3

to 8ring carbon atoms ("C3-8 cycloalkyl"). In some embodiments, acycloalkyl group has 3
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to 6 ring carbon atoms ('cas cycloakyl™"). In some embodiments, a cycloakyl group has 5
to 6 ring carbon atoms ('cs.s cycloakyl™). In some embodiments, a cycloakyl group has 5
to 10 ring carbon atoms (cs.10 cycloalkyl"). Examples of cs6 cycloalkyl groups include
cyclopentyl (C5) and cyclohexyl (C5). Examples of ca.6 cycloalkyl groups include the
aforementioned cs6 cycloalkyl groups aswell as cyclopropyl (C3) and cyclobutyl (C4).
Examples of c3s cycloalkyl groups include the aforementioned ca.6 cycloalkyl groups as
well as cycloheptyl (C7) and cyclooctyl (Cs). In certain embodiments, each instance of a
cycloakyl group isindependently unsubstituted (an "unsubstituted cycloalkyl™") or
substituted (a "substituted cycloalkyl™) with one or more substituents. In certain
embodiments, the cycloalkyl group isunsubstituted c3.10 cycloakyl. In certain

embodiments, the cycloalkyl group is substituted c3-10 cycloalkyl.

"Heterocyclyl" or "heterocyclic" refersto aradical of a 3- to 14-membered non-
aromatic ring system having ring carbon atoms and 1to 4 ring heteroatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen, and sulfur (*3-14 membered
heterocyclyl™). In certain embodiments, heterocyclyl or heterocyclic refersto aradical of a
3-10 membered non-aromatic ring system having ring carbon atoms and 1-4 ring
heteroatoms, wherein each heteroatom isindependently selected from nitrogen, oxygen,
and sulfur ("3-10 membered heterocyclyl"). In heterocyclyl groupsthat contain one or more
nitrogen atoms, the point of attachment can be a carbon or nitrogen atom, asvalency
permits. A heterocyclyl group can either be monocyclic ("monocyclic heterocyclyl") or a
fused, bridged or spiro-fused ring system such as abicyclic system ("bicyclic
heterocyclyl™), and can be saturated or can be partialy unsaturated. Heterocyclyl bicyclic
ring systems can include one or more heteroatoms in one or both rings. "Heterocyclyl" also
includes ring systems wherein the heterocyclyl ring, as defined above, is fused with one or
more carbocyclyl groups wherein the point of attachment is either on the carbocyclyl or
heterocyclyl ring, or ring systems wherein the heterocyclyl ring, as defined above, isfused
with one or more aryl or heteroaryl groups, wherein the point of attachment is on the
heterocyclyl ring, and in such instances, the number of ring members continue to designate
the number of ring members in the heterocyclyl ring system. In certain embodiments, each
instance of heterocyclyl isindependently optionally substituted, e.g., unsubstituted (an
"unsubstituted heterocyclyl™) or substituted (a "substituted heterocyclyl") with one or more

substituents. In certain embodiments, the heterocyclyl group isunsubstituted 3-10
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membered heterocyclyl. In certain embodiments, the heterocyclyl group is substituted 3-10
membered heterocyclyl.

In some embodiments, a heterocyclyl group isa5-10 membered non-aromatic ring
system having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur ("5-10 membered heterocyclyl").
In some embodiments, a heterocyclyl group is a 5-8 membered non-aromatic ring system
having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur ("5-8 membered heterocyclyl™).
In some embodiments, a heterocyclyl group is a 5-6 membered non-aromatic ring system
having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur ("5-6 membered heterocyclyl™).
In some embodiments, the 5-6 membered heterocyclyl has 1-3 ring heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6
membered heterocyclyl has 1-2 ring heteroatoms independently selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 membered heterocyclyl has one ring

heteroatom selected from nitrogen, oxygen, and sulfur.

Exemplary 3-membered heterocyclyl groups containing one heteroatom include,
without limitation, azirdinyl, oxiranyl, and thiorenyl. Exemplary 4-membered heterocyclyl
groups containing one heteroatom include, without limitation, azetidinyl, oxetanyl, and
thietanyl. Exemplary 5-membered heterocyclyl groups containing one heteroatom include,
without limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl,
dihydrothiophenyl, pyrrolidinyl, dihydropyrrolyl, and pyrrolyl-2,5-dione. Exemplary 5-
membered heterocyclyl groups containing two heteroatoms include, without limitation,
dioxolanyl, oxasulfuranyl, disulfuranyl, and oxazolidin-2-one. Exemplary 5-membered
heterocyclyl groups containing three heteroatoms include, without limitation, triazolinyl,
oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered heterocyclyl groups containing
one heteroatom include, without limitation, piperidinyl, tetrahydropyranyl,
dihydropyridinyl, and thianyl. Exemplary 6-membered heterocyclyl groups containing two
heteroatoms include, without limitation, piperazinyl, morpholinyl, dithianyl, and dioxanyl.
Exemplary 6- membered heterocyclyl groups containing three heteroatoms include, without
limitation, triazinanyl. Exemplary 7-membered heterocyclyl groups containing one
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heteroatom include, without limitation, azepanyl, oxepanyl and thiepanyl. Exemplary 8-
membered heterocyclyl groups containing one heteroatom include, without limitation,
azocanyl, oxecanyl, and thiocanyl. Exemplary 5-membered heterocyclyl groups fused to a
Cs aryl ring (also referred to herein as a 5,6-bicyclic heterocyclic ring) include, without
limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl, dihydrobenzothienyl,
benzoxazolinonyl, and the like. Exemplary 6-membered heterocyclyl groups fused to an
aryl ring (also referred to herein as a 6,6-bicyclic heterocyclic ring) include, without

limitation, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and the like.

"Aryl" refersto aradical of amonaocyclic or polycyclic (e.g., bicyclic or tricyclic)
4n+2 aromatic ring system (e.g., having 6, 10, or 14 nt electrons shared in a cyclic array)
having 6-14 ring carbon atoms and zero heteroatoms provided in the aromatic ring system
(“ce-14 aryl"). In some embodiments, an aryl group has six ring carbon atoms ('ce aryl”;
e.g., phenyl). In some embodiments, an aryl group hasten ring carbon atoms ("Cio aryl”;
e.g., naphthyl such as 1-naphthyl and 2-naphthyl). In some embodiments, an aryl group has
fourteen ring carbon atoms (ci4 aryl"; e.g., anthracyl). "Aryl" aso includes ring systems
wherein the aryl ring, as defined above, isfused with one or more carbocyclyl or
heterocyclyl groups wherein the radical or point of attachment is on the aryl ring, and in
such instances, the number of carbon atoms continue to designate the number of carbon
atoms in the aryl ring system. In certain embodiments, each instance of an aryl group is
independently optionally substituted, e.g. , unsubstituted (an "unsubstituted aryl™) or
substituted (a "substituted aryl™) with one or more substituents. In certain embodiments, the
aryl group is unsubstituted ce-14 aryl. In certain embodiments, the aryl group is substituted

ce-14 aryl.

"Heteroaryl" refersto aradical of a 5-14 membered monocyclic or polycyclic (e.g.,
bicyclic or tricyclic) 4n+2 aromatic ring system (e.g., having 6 or 10 m electrons shared in a
cyclic array) having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic
ring system, wherein each heteroatom is independently selected from nitrogen, oxygen, and
sulfur ("5- 14 membered heteroaryl”). In certain embodiments, heteroaryl refersto aradical
of a 5-10 membered monocyclic or bicyclic 4n+2 aromatic ring system having ring carbon
atoms and 1-4 ring heteroatoms provided in the aromatic ring system, wherein each

heteroatom is independently selected from nitrogen, oxygen and sulfur ("5-10 membered

22



10

15

20

25

30

WO 2018/100534 PCT/IB2017/057548

heteroaryl). In heteroaryl groups that contain one or more nitrogen atoms, the point of
attachment can be a carbon or nitrogen atom, asvalency permits. Heteroaryl bicyclic ring
systems can include one or more heteroatoms in one or both rings. "Heteroaryl" includes
ring systems wherein the heteroaryl ring, as defined above, isfused with one or more
carbocyclyl or heterocyclyl groups wherein the point of attachment is on the heteroaryl
ring, and in such instances, the number of ring members continue to designate the number
of ring members in the heteroaryl ring system. "Heteroaryl" also includes ring systems
wherein the heteroaryl ring, as defined above, is fused with one or more aryl groups
wherein the point of attachment is either on the aryl or heteroaryl ring, and in such
instances, the number of ring members designates the number of ring members in the fused
(aryl/heteroaryl) ring system. Bicyclic heteroaryl groups wherein one ring does not contain
aheteroatom (e.g., indolyl, quinolinyl, carbazolyl, and the like) the point of attachment can
be on either ring, e.g., either the ring bearing a heteroatom (e.g., 2-indolyl) or the ring that

does not contain a heteroatom (e.g., 5-indolyl).

In some embodiments, a heteroaryl group isa 5-14 membered aromatic ring system
having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring system,
wherein each heteroatom is independently selected from nitrogen, oxygen, and sulfur ("5-
14 membered heteroaryl"). In some embodiments, a heteroaryl group is a 5-10 membered
aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the
aromatic ring system, wherein each heteroatom isindependently selected from nitrogen,
oxygen, and sulfur ("5-10 membered heteroaryl"). In some embodiments, a heteroaryl
group is a5-8 membered aromatic ring system having ring carbon atoms and 1-4 ring
heteroatoms provided in the aromatic ring system, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur ("5-8 membered heteroaryl). In
some embodiments, aheteroaryl group isa5-6 membered aromatic ring system having ring
carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring system, wherein each
heteroatom is independently selected from nitrogen, oxygen, and sulfur ("5-6 membered
heteroaryl™). In some embodiments, the 5-6 membered heteroaryl has 1-3 ring heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6
membered heteroaryl has 1-2 ring heteroatoms independently selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 membered heteroaryl has 1ring

heteroatom selected from nitrogen, oxygen, and sulfur. In certain embodiments, each
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instance of a heteroaryl group isindependently optionally substituted, e.g., unsubstituted
("unsubstituted heteroaryl™) or substituted ("substituted heteroaryl™) with one or more
substituents. In certain embodiments, the heteroaryl group isunsubstituted 5-14 membered
heteroaryl. In certain embodiments, the heteroaryl group is substituted 5-14 membered

heteroaryl.

Exemplary 5-membered heteroaryl groups containing one heteroatom include,
without limitation, pyrrolyl, furanyl and thiophenyl. Exemplary 5-membered heteroaryl
groups containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, and isothiazolyl. Exemplary 5-membered heteroaryl groups
containing three heteroatoms include, without limitation, triazolyl, oxadiazolyl, and
thiadiazolyl. Exemplary 5-membered heteroaryl groups containing four heteroatoms
include, without limitation, tetrazolyl. Exemplary 6-membered heteroaryl groups
containing one heteroatom include, without limitation, pyridinyl. Exemplary 6-membered
heteroaryl groups containing two heteroatoms include, without limitation, pyridazinyl,
pyrimidinyl, and pyrazinyl. Exemplary 6-membered heteroaryl groups containing three or
four heteroatoms include, without limitation, triazinyl and tetrazinyl, respectively.
Exemplary 7-membered heteroaryl groups containing one heteroatom include, without
limitation, azepinyl, oxepinyl, and thiepinyl. Exemplary 6,6-bicyclic heteroaryl groups
include, without limitation, naphthyridinyl, pteridinyl, quinolinyl, isoquinolinyl, cinnolinyl,
guinoxalinyl, phthalazinyl, and quinazolinyl. Exemplary 5,6-bicyclic heteroaryl groups

include, without limitation, any one of the following formulae:
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In any of the monocyclic or bicyclic heteroaryl groups, the point of attachment can

be any carbon or nitrogen atom, asvalency permits.

"Partially unsaturated" refersto agroup that includes at least one double or triple
bond. The term "partially unsaturated” is intended to encompass rings having multiple sites
of unsaturation, but isnot intended to include aromatic groups (e.g., aryl or heteroaryl
groups) as herein defined. Likewise, "saturated" refersto agroup that does not contain a

double or triple bond, i.e. , contains all single bonds.

In some embodiments, alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl groups, as defined herein, are optionally substituted (e.g., "substituted" or
"unsubstituted" aliphatic, "substituted" or "unsubstituted" alkyl, "substituted" or
"unsubstituted" alkenyl, "substituted" or "unsubstituted" alkynyl, "substituted" or
"unsubstituted" carbocyclyl, "substituted" or "unsubstituted" heterocyclyl, "substituted" or
"unsubstituted" aryl or "substituted" or "unsubstituted" heteroaryl group). In general, the
term "substituted”, whether preceded by the term "optionally" or not, meansthat a |least
one hydrogen present on agroup (e.g., a carbon or nitrogen atom) isreplaced with a
permissible substituent, e.g., a substituent which upon substitution results in a stable
compound, e.g., acompound which does not spontaneously undergo transformation such as
by rearrangement, cyclization, elimination, or other reaction. Unless otherwise indicated, a
"substituted" group has a substituent & one or more substitutable positions of the group,
and when more than one position in any given structure is substituted, the substituent is
either the same or different a each position. The term "substituted" is contemplated to
include substitution with all permissible substituents of organic compounds, including any
of the substituents described herein that results in the formation of a stable compound. The

present disclosure contemplates any and all such combinations in order to arrive a a stable
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compound. For purposes of this disclosure, heteroatoms such asnitrogen may have
hydrogen substituents and/or any suitable substituent asdescribed herein which satisfy the

valencies of the heteroatoms and results in the formation of a stable moiety.

Exemplary carbon atom substituents include, but are not limited to, halogen, -CN, -
NOz, N3, -SO2H, -SO3H, -OH, -OR#, -ON(RM),, -N(RPP),, -N(RbP), *X , -N(OR )R>, -SH,
-SR@, -SSRCC| -C(=0)R 2, .cozH, -CHO, -C(OR);, -COIR @, -OC(=0)R %, - OCOIR 2, -
C(=0)N(R *®),, -OC(=0)N(R *?),, -NRP’C(=0)R 2, -NR"CO0 ,R®, - NR®C(=0)N(R )., -
C(=NRP)R#, -C(=NR PP)OR#, -OC(=NR PP)R®, -OC(=NR P)OR®, - C(=NR PP)N(RMP),, -
OC(=NR PP)N(RPP),,, -NRPPC(=NR PP)N(R ), -C(=0)NR PPS0 ,R%, - NR*S0 ,R?, -
S0 N(R®),, -S0 ,R#, -S0 ,OR®, -OS0 ,R®, -S(=0)R #, -OS(=0)R #, - Si(R¥);, -OSi(R @), -
C(=SN(R *®),, -C(=0)SR @, -C(=S)SR #, -SC(=S)SR 2, -SC(=0)SR , -OC(=0)SR , -
SC(=0)OR &, -SC(=0)R 2, -P(=0) ,R®, -OP(=0) ,R#, -P(=0)(R %),, - OP(=0)(R #),, -
OP(=0)(OR <), -P(=0) ,N(R®),, -OP(=0) ,N(R"),, -P(=0)(NR ®P),, - OP(=0)(NR tb),, -
NRPP(=0)(OR ),, -NRPPP(=0)(NR ),, -P(RCC),, -P(R¢C),, -OP(R),, - OP(R)3, -
B(R®),, -B(OR ),, -BR¥®(OR*), Ci-10 alkyl, Ci-10 perhaloalkyl, c2-10 alkenyl, c2-10 alkynyl,
c3-10 carbocyclyl, 3-14 membered heterocyclyl, ce.14 aryl, and 5-14 membered heteroaryl,
wherein each akyl, akenyl, akynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups;

or two geminal hydrogens on acarbon atom are replaced with the group =0, =S,
=NN(R PP),, =NNR®C(=0)R # =NNRPC(=0)OR 2, =NNRPPS(=0) ,R?®, =NR", or =NOR ¢;
each instance of R®is, independently, selected from Ci-10 akyl, Ci-10 perhaloalkyl, c2-10
alkenyl, c2-10 alkynyl, c3.10 carbocyclyl, 3-14 membered heterocyclyl, ce-14 aryl, and 5-14
membered heteroaryl, or two R®groups arejoined to form a 3-14 membered heterocyclyl
or 5-14 membered heteroaryl ring, wherein each akyl, akenyl, akynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl isindependently substituted with 0, 1, 2, 3, 4, or 5 R%

groups;

each instance of RPP is, independently, selected from hydrogen, -OH, -OR#, -
N(R €©),, -CN, -C(=0)R @, -C(=0)N(R <), -CO ,R®, -S0,Ra, -C(=NR <)OR®, -
C(=NR S)N(R C),,, -0 N(R<%),, -S0 ,R, -S0 ,ORe¢, -SOR, -C(=9)N(R CC),, -C(=0)SR <,
- C(=9)SR €€, -P(=0) ,R®, -P(=0)(R #),, -P(=0) N(RX),, -PE0)(NR <), Ci-10 alkyl, Ci-10
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perhaloalkyl, c2-10 alkenyl, c2-10 alkynyl, c3-10 carbocyclyl, 3-14 membered heterocyclyl,
ce-14 ayl, and 5-14 membered heteroaryl, ortwo R® groups arejoined to form a 3-14
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each akyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl isindependently substituted with O,
1, 2, 3, 4, or 5R% groups;

each instance of Re¢ is, independently, selected from hydrogen, Ci-10 alkyl, Ci-10
perhaloalkyl, c2-10 alkenyl, c2-10 alkynyl, c3-10 carbocyclyl, 3-14 membered heterocyclyl,
ce-14 aryl, and 5-14 membered heteroaryl, ortwo R groups arejoined to form a 3-14
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each akyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl isindependently substituted with 0,
1, 2, 3, 4, or 5R% groups;

each instance of RYis, independently, selected from halogen, -CN, -NO2, N3, -
SO2H, -SO3H, -OH, -ORe¢, -ON(R )2, -N(RT)2, -N(Rf); *X , -N(OR )R, -SH, -SR¢¢, -
SSRee, -C(=0)R ¢, -CO2H, -CO ,R%, -OC(=0)R ¢¢, -OCO ,Re¢, -C(=0)N(R 1), -
OC(=0)N(Rf),, -NREC(=0)Re¢, -NRFCO2R*, -NRIC(=0)N(R),, -C(=NRT)OR, -
OC(=NR R, -OC(=NR f)OR <, -C(=NR)N(R),, -OC(=NR )N(R),, -
NRTC(=NRT)N(R™)2,-NR S0 ,R%, -S0 N(R )2, -S0 ,R¢, -S0,0R®, -OS0 ,R, -S(=0)R °, -
Si(R¥),, -OSi(R )5, -C(=S)N(R)2, -C(=0)SR®, -C(=S)SR®, -SC(=S)SR*, -P(=0)2R, -
P(=0)(R ©¢),, -OP(=0)(R ¢¢),, -OP(=0)(OR <¢),, Ci-e akyl, Ci-e perhaloalkyl, c2-6 akenyl, c2-
6 akynyl, csz-10 carbocyclyl, 3-10 membered heterocyclyl, ce-10 aryl, 5-10 membered
heteroaryl, wherein each akyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl isindependently substituted with 0, 1, 2, 3, 4, or 5 R22 groups, or two geminal

R substituents can bejoined to form =0 or =S;

each instance of Re¢ is, independently, selected from Ci-6 alkyl, Ci-6 perhaloalkyl,
c2-6 akenyl, c2-6 akynyl, c3-10 carbocyclyl, ce-10 aryl, 3-10 membered heterocyclyl, and 3-
10 membered heteroaryl, wherein each akyl, akenyl, akynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl isindependently substituted with 0, 1, 2, 3, 4, or 5 R# groups;

each instance of Rff is, independently, selected from hydrogen, Ci-6 akyl, Ci-6
perhaloakyl, c2-6 alkenyl, c2-6 alkynyl, c3-10 carbocyclyl, 3-10 membered heterocyclyl, Ci-

saryl and 5-10 membered heteroaryl, ortwo Rf groups arejoined to form a 3-14 membered
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heterocyclyl or 5-14 membered heteroaryl ring, wherein each akyl, alkenyl, akynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl isindependently substituted with 0, 1, 2, 3,

4, or 5 R88 groups; and

each instance of R#¢is, independently, halogen, -CN, -NO2, N3, -SO2H, -SO3H, -
OH, -01-6 alkyl, -ON(Ci-e akyl) ,, -N(Ci-e alkyl) ,, -N(Ci-e akyl) 3 *X", -NH(Ci-e alkyl) , *X"
, -NH ,(Ci-6 akyl) *X-, -NH3 *X , -N(OCi-e alkyl)(Ci-6 alkyl), -N(OH)(Ci-e akyl), -
NH(OH), -SH, -s1-6 alkyl, -SS(Ci-e akyl), -C(=0)(C1-s akyl), -COH, -CO ,(Ci-e akyl), -
OC(=0)(Ci-6 akyl), -OCO0,(Ci-e akyl), -C(=0)NH ,, -C(=0)N(C1-s akyl) ,, -
OC(=0)NH(Ci-6 akyl), -NHC(=0)( Ci-e akyl), -N(Ci-e akyl)C(=0)( Ci-e alkyl), -
NHCO ,(Ci-6 akyl), -NHC(=0)N(C1- alkyl)2, -NHC(=O)NH(C1-6 akyl), -NHC(=0)NH , -
C(=NH)O(Ci-6 alkyl) ,-OC(=NH)(C1-s alkyl), -OC(=NH)OC1-s alkyl, -C(=NH)N(C1-s
akyl) ,, -C(=NH)NH(C1-6 akyl), -C(=NH)NH ,, -OC(=NH)N(C1-s akyl) 5, - OC(NH)NH(Ci-
6 alkyl), -OC(NH)NH ,, -NHC(NH)N(Ci-e akyl) ,, -NHC(=NH)NH ,, - NHSO ,(Ci-e akyl), -
S0 N(Ci-6 akyl) 5, -SO NH(Ci-e akyl), -S0 NH,,-S0,Ci-e akyl, - S0,0Ci-e akyl, -
0S0,Ci-6 alkyl, -soCi-e alkyl, -Si(Ci-e akyl) 5, -OSi(Ci-e akyl) 5 - C(=S)N(Ci-¢ akyl) ,,
C(=SNH(Ci-6 akyl), C(=S)NH ,, -C(=0)S(Ci-s alkyl), -C(=S)SC1- alkyl, -SC(=S)SCi-6
akyl, -P(=0)2(C1-6 alkyl), -P(=0)(C1-6 alkyl)2, -OP(=0)(C1-s alkyl)2, - OP(=0)(OC1-
akyl) ,, Ci-6 alkyl, Ci-6 perhaloalkyl, c2-6 alkenyl, c2-6 alkynyl, cs10 carbocyclyl, ce10 aryl,
3-10 membered heterocyclyl, 5-10 membered heteroaryl; ortwo geminal RS substituents

can bejoined to form =0 or =S; wherein X is a counterion.

A "counterion" or "anionic counterion” isanegatively charged group associated
with acationic quaternary amino group in order to maintain electronic neutrality.
Exemplary counterions include halide ions (e.g., F, CI-, Br,17),NO3-, CIO4- , OH", H,P04 -
, HSO4- | sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p-
toluenesulfonate, benzenesulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate,
naphthalene-l-sulfonic  acid-5 -sulfonate, ethan-l-sulfonic acid-2-sulfonate, and the like), and
carboxylate ions (e.g., acetate, ethanoate, propanoate, benzoate, glycerate, lactate, tartrate,

glycolate, and the like).

"Halo" or "halogen" refers to fluorine (fluoro, -F), chlorine (chloro, -CI), bromine

(bromo, -Br), oriodine (iodo, -I).
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Nitrogen atoms can be substituted or unsubstituted asvalency permits, and include
primary, secondary, tertiary, and quarternary nitrogen atoms. Exemplary nitrogen atom
substitutents include, but are not limited to, hydrogen, -OH, -OR&, -N(RC),, -CN, -
C(=0)R @, -C(=0)N(R <), -COiR#, -SOiR®, -C(=NRPP)R#, -C(=NR*)OR®, -
C(=NRCC)N(RCC),, -SOIN(R®)2, -SOiR®, -SOiOR*¢, -SOR®, -C(=S)N(R€C),, -C(=0)SR <,
- C(=S)SRC€, -P(=0) ,R®, -P(=0)(R 22),, -P(=0) N(R%),, -P(=0)(NR ), Ci-io akyl, Ci-io
perhaloakyl, c2-10 akenyl, c2-10 alkynyl, c3-10 carbocyclyl, 3-14 membered heterocyclyl,
ce-14 aryl, and 5-14 membered heteroaryl, or two R groups attached to anitrogen atom are
joined to form a 3-14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein
each akyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl isindependently
substituted with 0, 1, 2, 3, 4, or 5 RY groups, and wherein R, Rb®, Rec and R are as
defined above.

In certain embodiments, the substituent present on a nitrogen atom is a nitrogen
protecting group (also referred to as an amino protecting group). Nitrogen protecting
groups include, but are not limited to, -OH, -OR#, -N(RC),, -C(=0)R #, -C(=0)N(R <), -
CO,R®, -S0 ,R®, -C(=NR*°)R#, -C(=NR*)OR?, -C(=NR‘“)N(R¢C),, -S0 N(R%),, -

S0 ,Ree, - SO ,0R, -SOR™, -C(=S)N(R®C),, -C(=0)SR <, -C(=S)SRC¢, ci-10 akyl {eg.,
arakyl, heteroaralkyl), c2-10 alkenyl, c2-10 akynyl, c3-10 carbocyclyl, 3-14 membered
heterocyclyl, cs-14 aryl, and 5-14 membered heteroaryl groups, wherein each alkyl, akenyl,
alkynyl, carbocyclyl, heterocyclyl, arakyl, aryl, and heteroaryl isindependently substituted
with 0, 1, 2, 3, 4, or 5R groups, and wherein R#, Rbb, Rec, and R are as defined herein.
Nitrogen protecting groups are well known in the art and include those described in detail
in Protecting Groups in Organic Synthesis, T.W. Greene and P. G. M. Wuts, 3 rd edition,
John Wiley & Sons, 1999, incorporated herein by reference.

Amide nitrogen protecting groups (e.g., -C(=0)R 3 include, but are not limited to,
formamide, acetamide, chloroacetamide, trichloroacetamide, trifluoroacetamide,
phenylacetamide, 3-phenylpropanamide, picolinamide, 3-pyridylcarboxamide, N-
benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o-nitophenylacetamide, o-
nitrophenoxyacetamide, acetoacetamide, (N'-dithiobenzyloxyacylamino)acetamide, 3-{p-
hydroxyphenyl)propanamide, 3-(o-nitrophenyl)propanamide, 2-methyl-2-(o-
nitrophenoxy)propanamide, 2-methyl-2-(o-phenylazophenoxy)propanamide, 4-
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chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine, o-

nitrobenzamide, and o-(benzoyloxymethyl)benzamide.

Carbamate nitrogen protecting groups (e.g., -C(=0)OR #) include, but are not
limited to, methyl carbamate, ethyl carbamante, 9-fluorenylmethyl carbamate (Fmoc), 9-(2-
sulfo)fluorenylmethyl carbamate, 9-(2,7-dibromo)fluoroenylmethyl carbamate, 2,7-di-i-
butyl-[9-( 10,10-dioxo-10, 10,10,10-tetrahydrothioxanthyl)] methyl carbamate (DBD-
Tmoc), 4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hz), I-(I-adamantyl)-I-
methylethyl carbamate (Adpoc), 1,1-dimethyl -2-haloethyl carbamate, 1,1-dimethyl-2,2-
dibromoethyl carbamate (DB-i-BOC), |,I-dimethyl-2,2,2-trichloroethyl carbamate
(TCBOC), 1-methyl- I-(4-biphenylyl)ethyl carbamate (Bpoc), I-(3,5-di-i-butylphenyl)-I-
methylethyl carbamate (r-Bumeoc), 2-(2'- and 4'-pyridyl)ethyl carbamate (Pyoc), 2-{N,N-
dicyclohexylcarboxamido)ethyl carbamate, ¢-butyl carbamate (BOC), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), alyl carbamate (Alloc), 1-isopropylallyl
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-
quinolyl carbamate, N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl
carbamate (Cbz), z>methoxybenzy| carbamate (Moz), />nitobenzyl carbamate, p-
bromobenzyl carbamate,/?- chlorobenzyl carbamate, 2,4-dichlorobenzyl carbamate, 4-
methylsulfinylbenzyl carbamate (Msz), 9-anthrylmethyl carbamate, diphenylmethyl
carbamate, 2-methylthioethyl carbamate, 2-methylsulfonylethyl carbamate, 2-(p-
toluenesulfonyl)ethyl carbamate, [2-(1,3- dithianyl)] methyl carbamate (Dmaoc), 4-
methylthiophenyl carbamate (Mtpc), 2,4- dimethylthiophenyl carbamate (Bmpc), 2-
phosphonioethyl carbamate (Peoc), 2- triphenylphosphonioisopropyl carbamate (Ppoc),
[,I-dimethyl-2-cyanoethyl carbamate, m- chloro-p-acyloxybenzyl carbamate, p-
(dihydroxyboryl)benzyl carbamate, 5- benzisoxazolylmethyl carbamate, 2-
(trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc), ra-nitrophenyl carbamate, 3,5-
dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, 3,4-dimethoxy-6-nitrobenzyl
carbamate, phenyl(o-nitrophenyl)methyl carbamate, i-amyl carbamate, S-benzyl
thiocarbamate, />-cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p- decyloxybenzyl carbamate, 2,2-
dimethoxyacylvinyl carbamate, o-(N,N - dimethylcarboxamido)benzyl carbamate, 1,1-

dimethyl-3-(N,N-dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl
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carbamate, di(2-pyridyl)methyl carbamate, 2- furanylmethyl carbamate, 2-iodoethyl
carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p'-
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-methylcyclohexyl
carbamate, 1-methyl- 1-cyclopropylmethyl carbamate, 1- methyl-I-(3,5-
dimethoxyphenyl)ethyl carbamate, 1-methyl- I-(/>phenylazophenyl)ethyl carbamate, 1 -
methyl- 1-phenylethyl carbamate, 1-methyl- |-(4-pyridyl)ethyl carbamate, phenyl
carbamate, />-(phenylazo)benzyl carbamate, 2,4,6-tri-i-butylphenyl carbamate, 4-

(trimethylammonium)benzyl carbamate, and 2,4,6-trimethylbenzyl carbamate.

Sulfonamide nitrogen protecting groups (e.g., -S(=0)2R @) include, but are not
limited to, p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,-trimethyl-4-
methoxybenzene sulfonamide (Mtr), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5, 6-tetramethyl-4-
methoxybenzene sulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-
trimethylbenzenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzenesulfonamide (iMds),
2,2,5,7, 8-pentamethylchroman-6-sulfonamide (Pmc), methane sulfonamide (Ms), B-
trimethylsilylethanesulfonamide (SES), 9-anthracenesulfonamide, 4-(4' ,8-
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,

trifluoromethylsulfonamide, and phenacylsulfonamide.

Other nitrogen protecting groups include, but are not limited to, phenothiazinyl-
(10)-acyl derivative, N -z>-toluenesulfonylaminoacy! derivative, N -phenylaminothioacyl
derivative, N -benzoylphenylalanyl derivative, N -acetylmethionine derivative, 4,5-diphenyl-
3-oxazolin-2-one, N -phthalimide, N -dithiasuccinimide (Dts), N -2,3-diphenylmaleimide, N -
2,5-dimethylpyrrole, N-I, 1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 5-
substituted 1,3-dimethyl-l,3,5-triazacyclohexan-2-one, 5-substituted 1,3-dibenzyl- 1,3,5-
triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-pyridone, N -methylamine, N -
alylamine, N -[2-(trimethylsilyl)ethoxy]methylamine (SEM), N -3-acetoxypropylamine, N -
(I-isopropyl-4-nitro-2-oxo-3-pyroolin-3-yl)amine,  quaternary ammonium salts, N -
benzylamine, N -di(4-methoxyphenyl)methylamine, N -5-dibenzosuberylamine, N -
triphenylmethylamine (Tr), N-[(4-methoxyphenyl)diphenylmethyl] amine (MMTr), N-9-
phenylfluorenylamine (PhF), N -2,7-dichloro-9-fluorenylmethyleneamine, N-
ferrocenylmethylamino (Fcm), N-2-picolylamino N -oxide, N-1, 1-
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dimethylthiomethyleneamine, N-benzylideneamine, N-z>methoxybenzylideneamine, N-
diphenylmethyleneamine, N-[(2-pyridyl)mesityljmethyleneamine, N-(N,N-
dimethylaminomethylene)amine, N,N '-isopropylidenediamine, N-p-nitrobenzylideneamine,
N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5-chloro-2-
hydroxyphenyl)phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-
I-cyclohexenyl)amine, N-borane derivative, N-diphenylborinic acid derivative, N-

[ phenyl(pentaacylchromium- or tungsten)acyl] amine, N-copper chelate, N-zinc chelate, N-
nitroamine, N-nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), diakyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4-methoxybenzenesulfenamide,

triphenylmethylsulfenamide, and 3-nitropyridinesulfenamide (Npys).

In certain embodiments, the substituent present on an oxygen atom is an oxygen
protecting group (also referred to as ahydroxyl protecting group). Oxygen protecting
groups include, but are not limited to, -R#, -N(R),, -C(=0)SR #, -C(=0)R &, -C O ,R®, -
C(=0)N(R"),, -C(=NR")R# -C(=NR)OR#, -C(=NRP*)N(R"),, -S(=0)R?, -SO2 R*, -
Si(R®),, -P(RC)2, -P(R%%)3, -P(=0) ,R®, -P(=0)(R #),, -P(=0)(OR <°),, -P(=0) ;N(R"),, and
- P(=0)(NR "0),,, wherein R®, R, and R« are as defined herein. Oxygen protecting groups
are well known in the art and include those described in detail in Protecting Groups in
Organic Synthesis, T.W . Greene and P. G. M . Wuts, 3 edition, John Wiley & Sons, 1999,

incorporated herein by reference.

Exemplary oxygen protecting groups include, but are not limited to, methyl,
methoxylmethyl (MOM), methylthiomethyl (MTM), i-butylthiomethyl,
(phenyldimethylsilyl)methoxymethyl (SMOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy)methyl (p-AOM), guaiacolmethyl
(GUM), /-butoxymethyl, 4-pentenyloxymethyl (POM), siloxymethyl, 2-
methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-
(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
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methoxytetrahydrothiopyranyl S,S-dioxide, I-[(2-chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP), |,4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl,
2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl,  1-ethoxyethyl, 1-
(2-chloroethoxy)ethyl, 1-methyl- 1-methoxyethyl, 1-methyl- 1-benzyloxyethyl, 1- methyl- 1-
benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl,
i-butyl, alyl, />chlorophenyl, ;>methoxyphenyl, 2,4-dinitrophenyl, benzyl (Bn),p-
methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, />-nitrobenzyl, p- halobenzyl, 2,6-
dichlorobenzyl, z>cyanobenzyl,/>-phenylbenzyl, 2-picolyl, 4-picolyl, 3- methyl-2-picolyl
N-oxido, diphenylmethyl, p,p '-dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, o-
naphthyldiphenylmethyl, />methoxyphenyldiphenylmethyl, di(p-
methoxyphenyl)phenylmethyl, tri(/>methoxyphenyl)methyl, 4-(4 '-
bromophenacyloxyphenyl)diphenylmethyl, 4,4',4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4',4"-
tris(benzoyloxyphenyl)methyl, 3-(imidazol- 1-yl)bis(4',4"-dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)- T -pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-
10-oxo)anthryl, 1,3-benzodisulfuran-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, i-butyldimethylsilyl (TBDMS), t-
butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-/>-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), i-butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, />chlorophenoxyacetate, 3-
phenylpropionate, 4-oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate, benzoate,
p- phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), /-butyl carbonate (BOC), akyl
methyl carbonate, 9-fluorenylmethyl carbonate (Fmaoc), alkyl ethyl carbonate, akyl 2,2,2-
trichloroethyl carbonate (Troc), 2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-
(phenylsulfonyl) ethyl carbonate (Psec), 2-(triphenylphosphonio) ethyl carbonate (Peoc),
alkyl isobutyl carbonate, akyl vinyl carbonate, alkyl alyl carbonate, alkyl />-nitrophenyl
carbonate, alkyl benzyl carbonate, alkyl z>methoxybenzy! carbonate, alkyl 3,4-
dimethoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl />-nitrobenzyl carbonate,
alkyl S-benzyl thiocarbonate, 4-ethoxy-I-napththyl carbonate, methyl dithiocarbonate, 2-
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iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o-(dibromomethyl)benzoate, 2-
formylbenzenesulfonate, 2-(methylthiomethoxy)elhyl, 4-(methylthiomethoxy)butyrate, 2-
(methylthiomethoxymelhyl)benzoate, 2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro-
4-( 1,1 ,3,3-tetramethylbutyl)phenoxyacetate, 2,4-bis( 1, 1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, monosuccinoate, (£)-2-methyl-2-butenoate, o-
(methoxyacyl)benzoate, a-naphthoate, nitrate, alkyl N.N.N'.N'-
tetramethylphosphorodiamidate, akyl N-phenylcarbamate, borate,
dimethylphosphinothioyl, akyl 2,4-dinitrophenylsulfenate, sulfate, methane sulfonate
(mesylate), benzylsulfonate, andtosylate (Ts).

In certain embodiments, the substituent present on a sulfur atom is a sulfur
protecting group (also referred to asathiol protecting group). Sulfur protecting groups
include, but are not limited to, -R#, -N(R®),, -C(=0)SR #, -C(=0)R 2, -CO ,R#, -
C(=0)N(R bb),,, -C(=NRPP)R2, -C(=NRPP)OR=, -C(=NRPP)N(R),, -S(=0)R 2, -S0 , R, -
Si(R®) 5 -P(RC),, -P(R%C)3, -P(=0) ,R#®, -P(=0)(R #@),, -P(=0)(OR <),, -P(=0) ;N(R"),, and
- P(=0)(NR "0),, wherein R®, R, and R« are as defined herein. Sulfur protecting groups
are well known in the art and include those described in detail in Protecting Groups in
Organic Synthesis, T.W. Greene and P. G. M . Wauts, 3™ edition, John Wiley & Sons, 1999,

incorporated herein by reference.

"Pharmaceutically acceptable salt" refers to those salts which are, within the scope
of sound medica judgment, suitable for use in contact with the tissues of humans and other
animals without undue toxicity, irritation, alergic response, and the like, and are
commensurate with areasonable benefit/risk ratio. Pharmaceutically acceptable salts are
well known inthe art. For example, Berge & a. describe pharmaceutically acceptable salts
in detail in J. Pharmaceutical Sciences (1977) 66: 1-19. Pharmaceutically acceptable salts
of the compounds describe herein include those derived from suitable inorganic and organic
acids and bases. Examples of pharmaceutically acceptable, nontoxic acid addition salts are
salts of an amino group formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids
such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid, or
malonic acid or by using other methods used in the art such asion exchange. Other

pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
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benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2- naphthalenesulfonate, nicotinate,
nitrate, oleate, oxaate, pamitate, pamoate, pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p -
toluenesulfonate, undecanoate, valerate salts, and the like. Salts derived from appropriate
bases include akali metal, alkaline earth metal, ammonium and N +(Ci -4alkyl)4 salts.
Representative akali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when

appropriate, quaternary salts.

The present invention provides Type | PRMT inhibitors. In one embodiment, the

Type | PRMT inhibitor isacompound of Formula (1):

or a pharmaceutically acceptable salt thereof,
wherein

X isN,Z isNR4 and Y isCRS; or

X isNR4, ZisN,and Y isCRS5; or

X isCR®, ZisNR*,and Y isN; or

X isCR5, ZisN,and Y isNR%

RX isoptionally substituted Ci-4 alkyl or optionally substituted c34 cycloakyl;

Liisabond, -0-, -N(RB)-, -S-, -C(O)-, -C(0)0-, -C(0)S-, -C(O)N(R B)-, -
C(O)N(R B)N(RB)-, -OC(0)-, -OC(O)N(R B)-, -NRBC(0)-, -NRBC(O)N(R B)-, -
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NREC(O)N(RB)N(RB)-, -NRBC(0)0-, -SC (O)-, -C(=NRB)-, -C(=NNRB)-, -C(=NORA)-, -
C(=NRB)N(RB)-, -NREC(=NRB)-, -C(9)-, -C(S)N(RB)-, -NRBC(S)-, -S(0)-, -OS(O)Z-, -
S(0)iO-, -s02-, -N(RB)SOi-, -SOIN(RB)-, or an optionally substituted Ci-e saturated or
unsaturated hydrocarbon chain, wherein one or more methylene units of the hydrocarbon
chain isoptionally and independently replaced with -O-, -N(RB)-, -S-, -C(O)-, -C(0)O, -
C(0)S-, -C(O)N(R®)-, -C(O)N(RB)N(RB)-, -OC(0)-, -OC(0)N(R®B)-, -NRBC(0)-, -
NRBC(0)N(RB)-, -NRBEC(O)N(RB)N(RB)-, -NRBC(0)0-, -sC (O)-, -C(=NR®)-, -
C(=NNR®)-,

-C(=NORA)-, -C(=NRB)N(RB)-, -NRBC(=NRB)-, -C(S)-, -C(S)N(RB)-, -NRBC(S)-, -S(0)-, -
0S(0) -, -S(0) ,0-, -S02-, -N(RB)SOi-, or -SON(R)-;

each RAisindependently selected from the group consisting of hydrogen, optionally
substituted alkyl, optionally substituted akenyl, optionally substituted akynyl, optionaly
substituted carbocyclyl, optionaly substituted heterocyclyl, optionaly substituted aryl,
optionally substituted heteroaryl, an oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a sulfur atom;

each RBisindependently selected from the group consisting of hydrogen, optionally
substituted alkyl, optionally substituted akenyl, optionally substituted akynyl, optionaly
substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl,
optionally substituted heteroaryl, and anitrogen protecting group, or an RB and RW on the
same nitrogen atom may betaken together with the intervening nitrogen to form an
optionally substituted heterocyclic ring;

RW is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted akynyl, optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl; provided that
when Liisabond, RV isnot hydrogen, optionally substituted aryl, or optionally substituted
heteroaryl;

R3ishydrogen, Ci-4akyl, or cs.4 cycloakyl;

R4ishydrogen, optionally substituted Ci-6alkyl, optionally substituted C2-6 alkenyl,
optionally substituted C2-6 alkynyl, optionally substituted c3-7 cycloakyl, optionally
substituted 4-to 7-membered heterocyclyl; or optionally substituted C1-4 akyl-Cy;

Cy isoptionally substituted c3-7 cycloakyl, optionally substituted 4-to 7-membered
heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl; and
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R5ishydrogen, halo, -CN, optionally substituted Ci-4 alkyl, or optionally substituted
cs4 cycloalkyl. In one aspect, R3isaci-4akyl. In one aspect, R3ismethyl. In one aspect,
R4ishydrogen. In one aspect, R%ishydrogen. In one aspect, Li isabond.

In one embodiment, the Type | PRMT inhibitor isacompound of Formula (1)

5 wherein -Li-RW isoptionally substituted carbocyclyl.

In one embodiment, the Type | PRMT inhibitor isacompound of Formula (V)

S

£
i\ & 3 L
N PR
& O 4
/ L
& ra
i N
ot %,
Y R
S
XY

A\
or apharmaceutically acceptable salt thereof, wherein Ring A is optionally
10  substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, or
optionally substituted heteroaryl. In one aspect, Ring A isoptionally substituted
carbocyclyl. In one aspect, R3isaCi-4akyl. In one aspect, R3ismethyl. In one aspect, R¥
isunsubgtituted Ci-4akyl. In one aspect, R* ismethyl. In one aspect, Li isabond.

In one embodiment, the Type | PRMT inhibitor isacompound of Formula (VI)

H R
SN AR
X o

b
o ik
Kyt

15 - VI
or apharmaceutically acceptable sat thereof. In one aspect, Ring A is optionally
substituted carbocyclyl. In one aspect, R3isa Ci-4alkyl. In one aspect, R3ismethyl. In
one aspect, R*isunsubstituted Ci-4akyl. In one aspect, R* is methyl.

20 In one embodiment, the Type | PRMT inhibitor isacompound of Formula (I1):
HN—R3
WY
R™% N
\
)—( R
N )\ 5
~
‘\ﬁ R
R 1
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5
or a pharmaceutically acceptable salt thereof. In one aspect, -Li-RW is optionally
substituted carbocyclyl. In one aspect, R3isaCi-4akyl. Inone aspect, R3ismethyl. In
one aspect, RXisunsubstituted Ci-4alkyl. In one aspect, RXismethyl. In one aspect, R*is
10  hydrogen.

In one embodiment, the Type I PRMT inhibitor is Compound A :

<o//

0]

HN (A)

or a pharmaceutically acceptable salt thereof. Compound A and methods of making
15  Compound A are disclosed in PCT/US20 14/0297 10, in at least page 171 (Compound 158)
and page 266, paragraph [00331].

In one embodiment, the Type | PRMT inhibitor is Compound A-tri-HCI, atri-HCl
salt form of Compound A . In another embodiment, the Type | PRMT inhibitor is
Compound A-mono-HCI, amono-HCI salt form of Compound A . In yet another

20 embodiment, the Type | PRMT inhibitor is Compound A-free-base, afree base form of
Compound A. In still another embodiment, the Type | PRMT inhibitor is Compound A-di-
HC1, adi-HCl sat form of Compound A.

In one embodiment, the Type | PRMT inhibitor is Compound D:
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N
H (D)
or a pharmaceutically acceptable salt thereof.

Type | PRMT inhibitors are further disclosed in PCT/US20 14/0297 10, which is
incorporated herein by reference. Exemplary Type | PRMT inhibitors are disclosed in
Table 1A and Table I B of PCT/US20 14/0297 10, and methods of making the Type | PRMT
inhibitors are described in a least page 226, paragraph [00274] to page 328, paragraph
[00050] of PCT/US2014/029710. "Antigen Binding Protein (ABP)" means a
protein that binds an antigen, including antibodies or engineered molecules that function in
similar waysto antibodies. Such alternative antibody formats include triabody, tetrabody,
miniantibody, and a minibody, Also included are alternative scaffolds in which the one or
more CDRs of any molecules in accordance with the disclosure can be arranged onto a
suitable non-immunoglobulin protein scaffold or skeleton, such as an affibody, a SpA
scaffold, an LDL receptor class A domain, an avimer (see, e.g., U.S. Patent Application
Publication Nos. 2005/0053973, 2005/0089932, 2005/0164301) or an EGF domain. An
ABP aso includes antigen binding fragments of such antibodies or other molecules.
Further, an ABP may comprise the VH regions of the invention formatted into afull length
antibody, a (Fab")2 fragment, a Fab fragment, a bi-specific or biparatopic molecule or
equivalent thereof (such as scFV, bi- tri- or tetra-bodies, Tandabs, etc.), when paired with
an appropriate light chain. The ABP may comprise an antibody that isan 1gGl, 1gG2,
1gG3, or 1gG4; or IgM; IgA, IgE or IgD or amodified variant thereof. The constant domain
of the antibody heavy chain may be selected accordingly. The light chain constant domain
may be akappa or lambda constant domain. The ABP may also be a chimeric antibody of
the type described in W0O86/01533, which comprises an antigen binding region and a non-
immunoglobulin region. Theterms "ABP," "antigen binding protein," and "binding

protein” are used interchangeably herein.

The protein Programmed Death 1 (PD-1) isan inhibitory member of the CD28
family of receptors, that also includes CD28, CTLA-4, ICOS and BTLA. PD-1 is expressed
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on activated B cells, T cells, and myeloid cells (Agata et al., supra; Okazaki e a. (2002)
Curr. Opin. Immunol 14:391779-82; Bennett et al. (2003) JImmunol 170:71 1-8) The initia
members of the family, CD28 and 1COS, were discovered by functional effects on
augmenting T cell proliferation following the addition of monoclonal antibodies (Hutloff et
al. (1999) Nature 397:263-266; Hansen et al. (1980) Immunogenics 10:247-260). PD-1 was
discovered through screening for differential expression in apototic cells (Ishida et al.
(1992) EMBO J 11:3887-95) The other members of the family, CTLA-4, and BTLA were
discovered through screening for differential expression in cytotoxic T lymphocytes and
TH1 cells, respectively. CD28, ICOS and CTLA-4 al have an unpaired cysteine residue
allowing for homodimerization. In contrast, PD-1 is suggested to exist as a monomer,
lacking the unpaired cysteine residue characteristic in other CD28 family members. PD-1
antibodies and methods of using in treatment of disease are described in US Patent Nos.:
US7,595,048; US 8,168,179; US 8,728,474; US7,722,868; US 8,008,449; US 7,488,802;
US7,521,051; US 8,088,905; US 8,168,757; US 8,354,509; and US Publication Nos.
US201 10171220; US201 10171215; and US201 10271358. Combinations of CTLA-4 and
PD-1 antibodies are described in US Patent No. 9,084,776.

Asused herein, "PD-1 antagonist” means any chemical compound or biological
molecule that blocks binding of PD-L1 expressed on a cancer cell to PD-1 expressed on an
immune cell (T cell, B cell or NKT cell) and preferably also blocks binding of PD-L2
expressed on a cancer cell to the immune-cell expressed PD-1. Alternative names or
synonyms for PD-1 and its ligands include: PDCD1, PD1, CD279 and SLEB2 for PD-1,
PDCD1L1, PDL1, B7H1, B7-4, CD274 and B7-H for PD-L1; and PDCD1L2, PDL2, B7-
DC, Btdc and CD273 for PD-L2. Human PD-1 amino acid sequences can be found in
NCBI Locus No.: NP_005009. Human PD-L1 and PD-L2 amino acid sequences can be
found in NCBI Locus No.: NP_054862 and NP_0795 15, respectively.

PD-1 antagonists useful in the any of the aspects of the present invention include a
monoclonal antibody (mAb), or antigen binding fragment thereof, which specifically binds
to PD-1 or PD-L1, and preferably specifically binds to human PD-1 or human PD-L1. The
mAb may be ahuman antibody, a humanized antibody or a chimeric antibody, and may
include ahuman constant region. In some embodiments, the human constant region is

selected from the group consisting of 1gGl, 1gG2, 1gG3 and 1gG4 constant regions, and in
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preferred embodiments, the human constant region isan IgGl or IgG4 constant region. In
some embodiments, the antigen binding fragment is selected from the group consisting of
Fab, Fab'-SH, F(ab")2, scFv and Fv fragments.

Examples of mAbs that bind to human PD-1, and useful in the various aspects and
embodiments of the present invention, are described in US Patent No. 8,552,154; US Patent
No. 8,354,509; US Patent No. 8,168,757; US Patent No. 8,008,449; U S Patent No.
7,521,051; USPatent No. 7,488,802; W02004072286; W0O2004056875; and
WQO2004004771.

Other PD-1 antagonists useful in the any of the aspects and embodiments of the
present invention include an immunoadhesin that specifically binds to PD-1, and preferably
specifically binds to human PD-1, e.g., afusion protein containing the extracellular or PD-1
binding portion of PD-L1 or PD-L2 fused to a constant region such as an Fc region of an
immunoglobulin molecule. Examples of immunoadhesin molecules that specifically bind
to PD-1 are described in W0O2010027827 and WO201 1066342. Specific fusion proteins
useful asthe PD-1 antagonist in the treatment method, medicaments and uses of the present
invention include AMP-224 (also known as B7-DCIg), which isaPD-L2-FC fusion protein
and binds to human PD-1.

Nivolumab is ahumanized monoclonal anti-PD-1 antibody commercially available
as OPDIVO®. Nivolumab isindicated for the trestment of some unresectable or metastatic
melanomas. Nivolumab binds to and blocks the activation of PD-1, an |g superfamily
transmembrane protein, by its ligands PD-L1 and PD-L2, resulting in the activation of T-
cells and cell-mediated immune responses against tumor cells or pathogens. Activated PD-
1negatively regulates T-cell activation and effector function through the suppression of
P13k/Akt pathway activation. Other names for nivolumab include: BMS-936558, MDX-
1106, and ONO-4538. The amino acid sequence for nivolumab and methods of using and
making are disclosed in US Patent No. US 8,008,449.

Pembrolizumab isahumanized monoclona anti-PD-1 antibody commercially
available as KEY TRUDA®. Pembrolizumab isindicated for the treatment of some
unresectable or metastatic melanomas. The amino acid sequence of pembrolizumab and

methods of using are disclosed in US Patent No. 8,168,757.
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PD-LI isaB7 family member that isexpressed on many cell types, including APCs
and activated T cells (Yamazaki et al. (2002) J. Immunol. 169:5538). PD-L| binds to both
PD-1 and B7-1. Both binding of T-cell-expressed B7-1 by PD-LI and binding of T-cell-
expressed PD-LI by B7-1 result in T céll inhibition (Butte et al. (2007) Immunity 27: 111).
There is aso evidence that, like other B7 family members, PD-LI can aso provide
costimulatory signalsto T cells (Subudhi et a. (2004) J. Clin. Invest. 113:694; Tamura et
al. (2001) Blood 97:1809). PD-LI (human PD-LI cDNA iscomposed of the base sequence
shown by EMBL/GenBank Acc. No. AF2335 16 and mouse PD-LI cDNA is composed of
the base sequence shown by NM. sub.—021893) that isaligand of PD-1 isexpressed in so-
called antigen-presenting cells such as activated monocytes and dendritic cells (Journal of
Experimental Medicine (2000), vol. 19, issue 7, p 1027-1034). These cells present
interaction molecules that induce avariety of immuno-inductive signalsto T lymphocytes,
and PD-LI isone of these molecules that induce the inhibitory signal by PD-1. It has been
revealed that PD-L| ligand stimulation suppressed the activation (cellular proliferation and
induction of various cytokine production) of PD-1 expressing T lymphocytes. PD-LI
expression has been confirmed in not only immunocompetent cells but also a certain kind
of tumor cell lines (cell lines derived from monocytic leukemia, cell lines derived from
mast cells, cell lines derived from hepatic carcinomas, cell lines derived from neuroblasts,
and cell lines derived from breast carcinomas) (Nature Immunology (2001), vol. 2, issue 3,
p. 261-267).

Anti-PD-L| antibodies and methods of making the same are known inthe art. Such
antibodies to PD-LI may be polyclonal or monoclonal, and/or recombinant, and/or
humanized. PD-LI| antibodies are in development as immuno-modulatory agents for the

treatment of cancer.

Exemplary PD-LI| antibodies are disclosed in US Patent No. 9,212,224; US Patent
No. 8,779,108; US Patent No 8,552,154; US Patent No. 8,383,796; U S Patent No.
8,217,149; US Patent Publication No. 201 10280877; W0O2013079174; and
W02013019906. Additional exemplary antibodies to PD-LI (aso referred to as CD274 or
B7-H1) and methods for use are disclosed in U S Patent No. 8,168,179; US Patent No.
7,943,743; US Patent No. 7,595,048; W(02014055897; W(02013019906; and
WQ02010077634. Specific anti-human PD-LI monoclona antibodies useful asa PD-1
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antagonist in the treatment method, medicaments and uses of the present invention include
MPDL3280A, BMS-936559, MEDI4736, MSB0010718C.

Atezolizumab is afully humanized monoclonal anti-PD-LI antibody commercialy
available as TECENTRIQ™. Atezolizumab isindictated for the treatment of some locally
advanced or metastatic urothelial carcinomas. Atezolizumab blocks the interaction of PD-
L1 with PD-1 and CD 80.

CD 134, aso known as OX40, isamember of the TNFR-superfamily of receptors
which isnot constitutively expressed on resting naive T cells, unlike CD28. OX40 isa
secondary costimulatory molecule, expressed after 24 to 72 hours following activation;
its ligand, OX40L, is also not expressed on resting antigen presenting cells, but isfollowing
their activation. Expression of OX40 isdependent on full activation of the T céll;
without CD28, expression of OX40 isdelayed and of fourfold lower levels. OX40/0X40-
ligand (OX40 Receptor)/(OX40L) are apair of costimulatory molecules critical for T cell
proliferation, survival, cytokine production, and memory cell generation. Early in vitro
experiments demonstrated that signaling through OX40 on CD4* T cells lead to TH2, but
not TH1 development. These results were supported by in vivo studies showing that
blocking OX40/0X40L interaction prevented the induction and maintenance of TH2-
mediated allergic immune responses. However, blocking OX40/0OX40L interaction
ameliorates or prevents THI-mediated diseases. Furthermore, administration of soluble
OX40L or gene transfer of OX40L into tumors were shown to strongly enhance anti-tumor
immunity in mice. Recent studies also suggest that OX40/OX40L may play arolein
promoting CD8 T cell-mediated immune responses. Asdiscussed herein, OX40 signaling
blocks the inhibitory function of CD4* CD25* naturally occurring regulatory T cells and the
OX40/0X40L pair plays acritical role inthe globa regulation of peripheral immunity
versus tolerance. OX-40 antibodies, OX-40 fusion proteins and methods of using them are
disclosed in USPatent Nos: US 7,504,101; US 7,758,852; US 7,858,765; US 7,550,140;
US 7,960,515; and US 9,006,399 and international publications. W O 2003082919; WO
2003068819; W O 2006063067; W O 2007084559; W O 2008051424; W02012027328; and
W02013028231.
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Herein an antigen binding protein (ABP) of the invention or an anti-OX40 antigen
binding protein is one that binds OX40, and in some embodiments, does one or more of the
following: modulate signaling through OX40, modulates the function of OX40, agonize
0OX40 signaling, stimulate OX40 function, or co-stimulate OX40 signaling. Example 1of
U.S. Patent 9,006,399 discloses an OX40 binding assay. One of skill inthe art would
readily recognize avariety of other well known assays to establish such functions.

In one embodiment, the OX40 antigen binding protein is one disclosed in
WO20 12/027328 (PCT/US201 1/048752), international filing date 23 August 201 1. In
another embodiment, the antigen binding protein comprises the CDRs of an antibody
disclosed in W02012/027328 (PCT/US201 1/048752), international filing date 23 August
201 1, or CDRs with 90% identity to the disclosed CDR sequences. In afurther
embodiment the antigen binding protein comprises aVH, aVL, or both of an antibody
disclosed in WO20 12/027328 (PCT/US20 11/048752), international filing date 23 August
2011, or aVH or aVL with 90% identity to the disclosed VH or VL sequences.

In another embodiment, the OX40 antigen binding protein is disclosed in
W02013/028231 (PCT/US2012/024570), international filing date 9 Feb. 2012. In another
embodiment, the antigen binding protein comprises the CDRs of an antibody disclosed in
WQ02013/028231 (PCT/US2012/024570), international filing date 9 Feb. 2012, or CDRs
with 90% identity to the disclosed CDR sequences. In afurther embodiment, the antigen
binding protein comprises aVH, aVL, or both of an antibody disclosed in
W02013/028231 (PCT/US2012/024570), international filing date 9 Feb. 2012, or aVVH or
aVL with 90% identity tothe disclosed VH or VL sequences.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises
one or more of the CDRs or VH or VL sequences, or sequences with 90% identity thereto,
shown in FIGS. 28to 39 herein.

In one embodiment, the anti-OX40 ABP or antibody of the present invention

comprise any one or a combination of the following CDRs;
CDRH1: DYSMH (SEQ ID NO: 1)

CDRH2: WINTETGEPTYADDFKG (SEQ ID NO:2)
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CDRH3: PYYDYVSYYAMDY (SEQ ID NO:3)
CDRLI: KASQDVSTAVA (SEQ ID NO:7)
CDRL2: SASYLYT (SEQ ID NO:8)

CDRL3: QQHYSTPRT (SEQ ID NO: 9)

In some embodiments, the anti-OX40 ABP or antibodies of the present invention
comprise aheavy chain variable region having at least 90% sequence identity to SEQ ID
NO:5. Suitably, the OX40 binding proteins of the present invention may comprise aheavy
chain variable region having about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NO:5.

Humanized Heavy Chain (v H) Variable Region:

QVQOLVQSGS ELKKPGASVK VSCKASGYTF TDY SMHWVRQ APGQGLKWMG
WINTETGEPTY ADDFKGRFVF SLDTSVSTAY LQISSLKAEDTAV YYCANPYYDY

VSYYAMDYWGQGTTV TVSS

(SEQ ID NO:5)

In one embodiment of the present invention the OX40 ABP or antibody comprises
CDRLI (SEQ ID NO:7), CDRL2 (SEQ ID NO:8), and CDRL3 (SEQ ID NO:9) inthe light
chain variable region having the amino acid sequence set forth in SEQ ID NO: 11. In some
embodiments, OX40 binding proteins of the present invention comprise the light chain
variable region set forth in SEQ ID NO: 11. In one embodiment, an OX40 binding protein
of the present invention comprises the heavy chain variable region of SEQ ID NO:5 and the
light chain variable region of SEQ ID NO: 11.

Humanized Light Chain (VL) Variable Region

DIOMTQSPS SLSASVGDRV TITCKASODV STAVAWYOOK PGKAPKLLIY
SASYLYTGVP SRFSGSGSGT DFTFTISSLQ PEDIATYYCQ QHYSTPRTFG
QGTKLEIK (SEQ ID NO: 11)

In some embodiments, the OX40 binding proteins of the present invention comprise

alight chain variable region having a least 90% sequence identity to the amino acid
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sequence set forth in SEQ ID NO: 11. Suitably, the OX40 binding proteins of the present
invention may comprise alight chain variable region having about 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity
to SEQ ID NO: 11.

In another embodiment, the anti-OX40 ABP or antibody of the present invention

comprise any one or a combination of the following CDRs;
CDRH 1 SHDMS (SEQ ID NO:13)

CDRH2: AINSDGGSTYYPDTMER (SEQ ID NO: 14)
CDRH3: HYDDYYAWFAY (SEQ ID NO: 15)

CDRLI: RASKSVSTSGYSYMH (SEQ ID NO: 19)
CDRL2: LASNLES (SEQ ID NO:20)

CDRL3: QHSRELPLT (SEQ ID NO:21)

In some embodiments, the anti-OX40 ABP or antibodies of the present invention
comprise aheavy chain variable region having at least 90% sequence identity to SEQ ID
NO: 17. Suitably, the OX40 binding proteins of the present invention may comprise a
heavy chain variable region having about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 17.

Humanized Heavy Chain (v H) Variable Region:

EVQLVESGG GLVQPGGSLR LSCAASEYEF PSHDMSWVRO APGKGLELVA
AINSDGGSTYY PDTMERRFTI SRDNAKNSLY LOMNSLRAEDTAV

YYCARHYDDY YAWFAYWGOGTMV TVSS (SEQ ID NO: 17)

In one embodiment of the present invention the OX40 ABP or antibody comprises
CDRLI (SEQ ID NO: 19), CDRL2 (SEQ ID NO:20), and CDRL3 (SEQ ID NO:21) in the
light chain variable region having the amino acid sequence set forth in SEQ ID NO:23. In
some embodiments, OX40 binding proteins of the present invention comprise the light
chain variable region set forth in SEQ ID NO:23. In one embodiment, an OX40 binding
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protein of the present invention comprises the heavy chain variable region of SEQ ID

NO: 17 and the light chain variable region of SEQ ID NO:23.
Humanized Light Chain (VL) Variable Region

EIVLTQSPA TLSLSPGERA TLSCRASKSVSTSG YSYMHWYQQOK PGQAPRLLIY
LASNLESGVP ARFSGSGSGT DFTLTISSLE PEDFAVYYCQHSRELPLTFG

GGTKVEIK (SEQ ID NO:23)

In some embodiments, the OX40 binding proteins of the present invention comprise
alight chain variable region having a least 90% sequence identity to the amino acid
sequence set forth in SEQ ID NO:23. Suitably, the OX40 binding proteins of the present
invention may comprise alight chain variable region having about 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity
to SEQ ID NO: 23.

CDRs or minimum binding units may be modified by at least one amino acid
substitution, deletion or addition, wherein the variant antigen binding protein substantially
retains the biological characteristics of the unmodified protein, such as an antibody
comprising SEQ ID NO: 5 and SEQ ID NO: 11or an antibody comprising SEQ ID NO: 17
and SEQ ID NO: 23.

It will be appreciated that each of CDR HI, H2, H3, LI, L2, L3 may be modified
alone or in combination with any other CDR, in any permutation or combination. In one
embodiment, a CDR is modified by the substitution, deletion or addition of up to 3 amino
acids, for example 1or 2 amino acids, for example 1amino acid. Typicaly, the
modification is a substitution, particularly a conservative substitution, for example as

shown in Error! Reference sour ce not found, below.

Table1l
Side chain Members
Hydrophobic Met, Ala, Val, Leu, Ile
Neutral hydrophilic Cys, Ser, Thr
Acidic Asp, Glu
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Basic Asn, Gin, His, Lys, Arg

Residues that influence chain orientation | Gly, Pro

Aromatic Trp, Tyr, Phe

In one embodiment, the ABP or antibody of the invention comprises the CDRs of
the 106-222 antibody, e.g., of FIGS. 28-29 herein, e.g., CDRHI, CDRH2, and CDRH3
having the amino acid sequence as set forth in SEQ ID NOs 1, 2, and 3, asdisclosed in
FIG. 28, and e.g.,CDRLI, CDRL2, and CDRL 3 having the sequences as set forth in SEQ
ID NOs 7, 8, and 9 respectively. In one embodiment, the ABP or antibody of the invention
comprises the CDRs of the 106-222, Hul06 or Hu106-222 antibody as disclosed in
WO20 12/027328 (PCT/US201 1/048752), international filing date 23 August 201 1. Ina
further embodiment, the anti-OX40 ABP or antibody of the invention comprises the VH
and VL regions of the 106-222 antibody as shown in FIGS. 28-29 herein, e.g., aVH having
an amino acid sequence as set forth in SEQ ID NO:4and aVL asin FIG. 29 having an
amino acid sequence as set forth in SEQ ID NO: 10. In another embodiment, the ABP or
antibody of the invention comprises aVH having an amino acid sequence as set forth in
SEQ ID NO: 5in FIG. 28 herein, and aVL having an amino acid sequence as set forth in
SEQ ID NO: 11in FIG. 29 herein. In afurther embodiment, the anti-OX40 ABP or
antibody of the invention comprises the VH and VL regions of the Hu106-222 antibody or
the 106-222 antibody or the HUlO6 antibody as disclosed in W02012/027328
(PCT/U S2011/048752), international filing date 23 August 2011. In afurther
embodiment, the anti-OX40 ABP or antibody of the invention is 106-222, Hu106-222 or
Hul06, eg., asdisclosed in W02012/027328 (PCT/US201 1/048752), international filing
date 23 August 2011. In afurther embodiment, the ABP or antibody of the invention
comprises CDRs or VH or VL or antibody sequences with 90% identity to the sequences in

this paragraph.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises
the CDRs of the 119-122 antibody, e.g., of FIGS. 32-33 herein, e.g., CDRHI, CDRH2, and
CDRH3 having the amino acid sequence as set forth in SEQ ID NOs 13, 14, and 15
respectively . In another embodiment, the anti-OX40 ABP or antibody of the invention
comprises the CDRs of the 119-122 or Hul 19 or Hul 19-222 antibody as disclosed in
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WO20 12/027328 (PCT/US201 1/048752), international filing date 23 August 201 1. Ina
further embodiment, the anti-OX40 ABP or antibody of the invention comprises aVH
having an amino acid sequence as set forth in SEQ ID NO: 16 in FIG. 32 herein, and aVL
having the amino acid sequence as set forth in SEQ ID NO: 22 as shown in FIG. 33 herein.
In another embodiment, the anti-OX40 ABP or antibody of the invention comprises aVH
having an amino acid sequence as set forth in SEQ ID NO: 17 and aV L having the amino
acid sequence as set forth in SEQ ID NO: 23. In afurther embodiment, the anti-OX40
ABP or antibody of the invention comprises the VH and VL regions of the 119-122 or

Hul 19 or Hul 19-222 antibody as disclosed in W02012/027328 (PCT/US201 1/048752),
international filing date 23 August 2011. In afurther embodiment, the ABP or antibody of
the invention is 119-222 or Hul 19 or Hul 19-222 antibody, e.g., asdisclosed in

WO20 12/027328 (PCT/US20 11/048752), international filing date 23 August 2011. Ina
further embodiment, the ABP or antibody of the invention comprises CDRs or VH or VL or

antibody sequences with 90% identity to the sequences in this paragraph.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises
the CDRs of the 119-43-1 antibody, e.g., as shown in FIGS. 36-37 herein. In another
embodiment, the anti-OX40 ABP or antibody of the invention comprises the CDRs of the
119-43-1 antibody asdisclosed in WO20 13/028231 (PCT/US20 12/024570), international
filing date 9 Feb. 2012. In afurther embodiment, the anti-OX40 ABP or antibody of the
invention comprises one of the VH and one of the VL regions of the 119-43-1 antibody as
shown in FIGS. 36-39. In afurther embodiment, the anti-OX40 ABP or antibody of the
invention comprises the VH and VL regions of the 119-43-1 antibody as disclosed in
W02013/02823 1 (PCT/US20 12/024570), international filing date 9 Feb. 2012. Ina
further embodiment, the ABP or antibody of the invention is 119-43-1 or 119-43-1
chimeric as disclosed in FIGS. 36-39 herein. In afurther embodiment, the ABP or antibody
of the invention asdisclosed in W02013/028231 (PCT/US20 12/024570), international
filing date 9 Feb. 2012. In further embodiments, any one of the ABPs or antibodies
described in this paragraph are humanized. In further embodiments, any one of the any one
of the ABPs or antibodies described in this paragraph are engineered to make a humanized
antibody. In afurther embodiment, the ABP or antibody of the invention comprises CDRs

or VH or VL or antibody sequences with 90% identity to the sequences in this paragraph.
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In another embodiment, any mouse or chimeric sequences of any anti-OX40 ABP

or antibody of the invention are engineered to make a humanized antibody.

In one embodiment, the anti-OX40 ABP or antibody of the invention comprises: (a)
aheavy chain variable region CDRI comprising the amino acid sequence of SEQ ID NO:
1; (b) aheavy chain variable region CDR2 comprising the amino acid sequence of SEQ ID
NO: 2; (c) aheavy chain variable region CDR3 comprising the amino acid sequence of
SEQ ID NO. 3; (d) alight chain variable region CDRI comprising the amino acid sequence
of SEQ ID NO. 7; (e) alight chain variable region CDR2 comprising the amino acid
sequence of SEQ ID NO. 8; and (f) alight chain variable region CDR3 comprising the
amino acid sequence of SEQ ID NO. 9.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises:
(@) aheavy chain variable region CDRI comprising the amino acid sequence of SEQ ID
NO: 13; (b) aheavy chain variable region CDR2 comprising the amino acid sequence of
SEQ ID NO: 14; (c) aheavy chain variable region CDR3 comprising the amino acid
sequence of SEQ ID NO. 15; (d) alight chain variable region CDRI comprising the amino
acid sequence of SEQ ID NO. 19; (e) alight chain variable region CDR2 comprising the
amino acid sequence of SEQ ID NO. 20; and (f) alight chain variable region CDR3
comprising the amino acid sequence of SEQ ID NO. 21.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises:
aheavy chain variable region CDRI comprising the amino acid sequence of SEQ ID NO: 1
or 13; aheavy chain variable region CDR2 comprising the amino acid sequence of SEQ ID
NO: 2 or 14; and/or aheavy chain variable region CDR3 comprising the amino acid
sequence of SEQ ID NO: 3 or 15, or aheavy chain variable region CDR having 90%
identity thereto.

In yet another embodiment, the anti-OX40 ABP or antibody of the invention
comprises: alight chain variable region CDRI comprising the amino acid sequence of
SEQ ID NO: 7 or 19; alight chain variable region CDR2 comprising the amino acid
sequence of SEQ ID NO: 8 or 20 and/or alight chain variable region CDR3 comprising the
amino acid sequence of SEQ ID NO: 9 or 21, or aheavy chain variable region having 90
percent identity thereto.
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In a further embodiment, the anti-OX40 ABP or antibody of the invention
comprises: alight chain variable region ("VL") comprising the amino acid sequence of
SEQ ID NO: 10, 11, 22 or 23, or an amino acid sequence with a least 90 percent identity to
the amino acid sequences of SEQ ID NO: 10, 11, 22 or 23. In another embodiment, the
anti-OX40 ABP or antibody of the invention comprises aheavy chain variable region
("VH™") comprising the amino acid sequence of SEQ ID NO: 4, 5, 16 and 17, or an amino
acid sequence with a least 90 percent identity to the amino acid sequences of SEQ ID NO:
4,5, 16 and 17. In another embodiment, the anti-OX40 ABP or antibody of the invention
comprises avariable heavy chain sequence of SEQ ID NO:5 and avariable light chain
sequence of SEQ ID NO: 11, or a sequence having 90 percent identity thereto. In another
embodiment, the anti-OX40 ABP or antibody of the invention comprises avariable heavy
chain sequence of SEQ ID NO: 17 and avariable light chain sequence of SEQ ID NO: 23 or
a sequence having 90 percent identity thereto.

In another embodiment, the anti-OX40 ABP or antibody of the invention comprises
avariable light chain encoded by the nucleic acid sequence of SEQ ID NO: 12, or 24, or a
nucleic acid sequence with at least 90 percent identity to the nucleotide sequences of SEQ
ID NO: 12 or 24. In another embodiment, the anti-OX40 ABP or antibody of the invention
comprises avariable heavy chain encoded by anucleic acid sequence of SEQ ID NO: 6 or
18, or anucleic acid sequence with at least 90 percent identity to nucleotide sequences of
SEQ ID NO: 6 or 18.

Also provided herein are monoclonal antibodies. In one embodiment, the
monoclonal antibodies comprise avariable light chain comprising the amino acid sequence
of SEQ ID NO: 10 or 22, or an amino acid sequence with a least 90 percent identity to the
amino acid sequences of SEQ ID NO: 10 or 22. Further provided are monoclonal
antibodies comprising avariable heavy chain comprising the amino acid sequence of SEQ
ID NO: 4 or 16, or an amino acid sequence with & least 90 percent identity to the amino
acid sequences of SEQ ID NO: 4 or 16.

CTLA-4isaT cdl surface molecule that was originally identified by differential
screening of amurine cytolytic T cell cDNA library (Brunet et d., Nature 328:267-
270(1987)). CTLA-4 isaso amember of the immunoglobulin (1g) superfamily; CTLA-4

comprises a single extracellular |g domain. CTLA-4 transcripts have been found in T cell
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populations having cytotoxic activity, suggesting that CTLA-4 might function in the
cytolytic response (Brunet et a, supra; Brunet e al., Immunol. Rev. 103-(21-36 (1988)).
Researchers have reported the cloning and mapping of a gene for the human counterpart of
CTLA-4 (Dariavach et a, Eur. J. Immunol. 18: 1901-1905 (1988)) to the same
chromosomal region (2g33-34) as CD28 (L afage-Pochitaloff et al., Immunogenetics

31: 198-201 (1990)). Sequence comparison between this human CTLA-4 DNA and that
encoding CD28 proteins reveals significant homology of sequence, with the greatest degree
of homology in the juxtamembrane and cytoplasmic regions (Brunet et al., 1988, supra;
Dariavach et al, 1988, supra). Yervoy (ipilimumab) isafully human CTLA-4 antibody
marketed by Bristol Myers Squibb. The protein structure of ipilimumab and methods are
using are described in U S Patent Nos. 6,984,720 and 7,605,238.

Suitable anti-CTLA4 antibodies for use in the methods of the invention, include,
without limitation, anti-CTLA4 antibodies, human anti-CTLA4 antibodies, mouse anti-
CTLA4 antibodies, mammalian anti-CTLA4 antibodies, humanized anti-CTLA4
antibodies, monoclona anti-CTLA4 antibodies, polyclonal anti-CTLA4 antibodies,
chimeric anti-CTLA4 antibodies, ipilimumab, tremelimumab, anti-CD28 antibodies, anti-
CTLAA4 adnectins, anti-CTLA4 domain antibodies, single chain anti-CTLA4 fragments,
heavy chain anti-CTLA4 fragments, light chain anti-CTLA4 fragments, inhibitors of
CTLAA4 that agonize the co-stimulatory pathway, the antibodies disclosed in PCT
Publication No. WO 200 1/0 14424, the antibodies disclosed in PCT Publication No. WO
2004/035607, the antibodies disclosed in U.S. Published Application No. US
2005/0201994, and the antibodies disclosed in granted European Patent No. EP1212422B1.
Additional CTLA-4 antibodies are described in U.S. Pat. Nos. 5,811,097, 5,855,887,
6,051,227, and 6,984,720; in PCT Publication Nos. WO 01/14424 and W O 00/37504; and
in U.S. Publication Nos. US 2002/0039581 and U S 2002/086014. Other anti-CTLA-4
antibodies that can be used in amethod of the present invention include, for example, those
disclosed in: WO 98/42752; U.S. Pat. Nos. 6,682,736 and 6,207,156; Hurwitz et al., Proc.
Natl. Acad. Sci. USA, 95(17): 10067-10071 (1998); Camacho € a., J. Clin. Oncology,
22(145):AbstractNo. 2505 (2004) (antibody CP-675206); Mokyr & al, Cancer Res.,,
58:5301-5304 (1998), and U.S. Pat. Nos. 5,977,318, 6,682,736, 7,109,003, and 7,132,281.

Asused herein an "immuno-modulator” or "immuno-modulatory agent” refersto

any substance including monoclonal antibodies that affects the immune system. In some
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embodiments, the immuno-modulator or immuno-modulatory agent upregulates the
immune system. |mmuno-modulators can be used as anti-neoplastic agents for the
treatment of cancer. For example, immune-modulators include, but are not limited to, anti-
PD-1 antibodies (Opdivo/nivolumab and Keytruda/pembrolizumab), anti-CTLA-4
antibodies such asipilimumab (YERVOY), and anti-OX40 antibodies.

Asused herein theterm "agonist” refersto an antigen binding protein including but
not limited to an antibody, which upon contact with a co-signalling receptor causes one or
more of the following (1) stimulates or activates the receptor, (2) enhances, increases or
promotes, induces or prolongs an activity, function or presence of the receptor and/or (3)
enhances, increases, promotes or induces the expression of the receptor. Agonist activity
can be measured in vitro by various assays know in the art such as, but not limited to,
measurement of cell signalling, cell proliferation, immune cell activation markers, cytokine
production. Agonist activity can also be measured in vivo by various assays that measure
surrogate end points such as, but not limited to the measurement of T cell proliferation or

cytokine production.
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Asused herein the term "antagonist” refers to an antigen binding protein including
but not limited to an antibody, which upon contact with a co-signalling receptor causes one
or more of the following (1) attenuates, blocks or inactivates the receptor and/or blocks
activation of areceptor by its natural ligand, (2) reduces, decreases or shortens the activity,
function or presence of the receptor and/or (3) reduces, descrease, abrogates the expression
of the receptor. Antagonist activity can be measured in vitro by various assays know in the
art such as, but not limited to, measurement of an increase or decrease in cell signaling,
cell proliferation, immune cell activation markers, cytokine production. Antagonist activity
can also be measured in vivo by various assays that measure surrogate end points such as,
but not limited to the measurement of T cell proliferation or cytokine production.

Asused herein the term "cross competes for binding" refers to any agent such as an
antibody that will compete for binding to atarget with any of the agents of the present
invention. Competition for binding between two antibodies can be tested by various
methods known in the art including Flow cytometry, Meso Scale Discovery and ELISA.
Binding can be measured directly, meaning two or more binding proteins can be put in
contact with a co-signalling receptor and bind may be measured for one or each.
Alternatively, binding of molecules or interest can be tested against the binding or natural
ligand and quantitatively compared with each other.

Theterm "antibody" isused herein in the broadest sense to refer to molecules with
an immunoglobulin-like domain (for example 1gG, IgM, IgA, IgD or IgE) and includes
monoclonal, recombinant, polyclonal, chimeric, human, humanized, multispecific
antibodies, including bispecific antibodies, and heteroconjugate antibodies; a single
variable domain (e.g., VH, VHH, VL, domain antibody (dAb™)), antigen binding antibody
fragments, Fab, F(ab') ,, Fv, disulphide linked Fv, single chain Fv, disulphide-linked scFv,
diabodies, TANDABS™, etc. and modified versions of any of the foregoing (for a
summary of alternative "antibody" formats see, e.g., Holliger and Hudson, Nature
Biotechnology, 2005, Vol 23, No. 9, 1126-1 136).

Alternative antibody formats include alternative scaffolds in which the one or more
CDRs of the antigen binding protein can be arranged onto a suitable non-immunoglobulin

protein scaffold or skeleton, such as an affibody, a SpA scaffold, an LDL receptor class A
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domain, an avimer (see, e.qg., U.S. Patent Application Publication Nos. 2005/0053973,
2005/0089932, 2005/0164301) or an EGF domain.

Theterm "domain" refersto afolded protein structure which retains its tertiary
structure independent of the rest of the protein. Generally domains are responsible for
discrete functional properties of proteins and in many cases may be added, removed or
transferred to other proteins without loss of function of the remainder of the protein and/or

of the domain.

Theterm "single variable domain" refers to afolded polypeptide domain
comprising sequences characteristic of antibody variable domains. It therefore includes
complete antibody variable domains such asVH, vHH and Vv L and modified antibody
variable domains, for example, in which one or more loops have been replaced by
seguences which are not characteristic of antibody variable domains, or antibody variable
domains which have been truncated or comprise N- or C-terminal extensions, aswell as
folded fragments of variable domains which retain a least the binding activity and
specificity of the full-length domain. A single variable domain is capable of binding an
antigen or epitope independently of a different variable region or domain. A "domain
antibody" or "dAb™)" may be considered the same as a"single variable domain". A
single variable domain may be ahuman single variable domain, but also includes single
variable domains from other species such as rodent nurse shark and Camelid vHH dAbs™.
Camelid vHH are immunoglobulin single variable domain polypeptides that are derived
from species including camel, llama, alpaca, dromedary, and guanaco, which produce
heavy chain antibodies naturally devoid of light chains. Such vHH domains may be
humanized according to standard techniques available in the art, and such domains are
considered to be "single variable domains'. Asused herein v Hincludes camelid VHH

domains.

An antigen binding fragment may be provided by means of arrangement of one or
more CDRs on non-antibody protein scaffolds. "Protein Scaffold" as used herein includes
but isnot limited to an immunoglobulin (1g) scaffold, for example an IgG scaffold, which
may be afour chain or two chain antibody, or which may comprise only the Fc region of an

antibody, or which may comprise one or more constant regions from an antibody, which
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constant regions may be of human or primate origin, or which may be an artificial chimera

of human and primate constant regions.

The protein scaffold may be an Ig scaffold, for example an 1gG, or IgA scaffold.
The 1gG scaffold may comprise some or al the domains of an antibody (i.e. CHI, CH2,
CHS3, vH, v L). The antigen binding protein may comprise an 1gG scaffold selected from
IgGl, 1gG2, IgG3, 1gG4 or IgG4PE. For example, the scaffold may be IgGI . The scaffold

may consist of, or comprise, the Fc region of an antibody, or is a part thereof.

Affinity isthe strength of binding of one molecule, e.g. an antigen binding protein
of the invention, to another, e.g. itstarget antigen, at a single binding site. The binding
affinity of an antigen binding protein to itstarget may be determined by equilibrium
methods (e.g. enzyme-linked immunoabsorbent assay (ELISA) or radioimmunoassay
(RIA)), or kinetics (e.g. BIACORE™ analysis). For example, the Biacore™ methods
described in Example 5 may be used to measure binding affinity.

Avidity isthe sumtotal of the strength of binding of two molecules to one another

a multiple sites, e.g. taking into account the valency of the interaction.

By "isolated" it is intended that the molecule, such as an antigen binding protein or
nucleic acid, is removed from the environment in which it may be found in nature. For
example, the molecule may be purified away from substances with which it would normally
exist in nature. For example, the mass of the molecule in a sample may be 95% of the total

mass.

Theterm "expression vector" as used herein means an isolated nucleic acid which
can be used to introduce anucleic acid of interest into a cell, such as a eukaryotic cell or
prokaryotic cell, or acell free expression system where the nucleic acid sequence of interest
is expressed as apeptide chain such asaprotein. Such expression vectors may be, for
example, cosmids, plasmids, viral sequences, transposons, and linear nucleic acids
comprising anucleic acid of interest. Once the expression vector isintroduced into a cell
or cell free expression system (e.g., reticulocyte lysate) the protein encoded by the nucleic
acid of interest is produced by the transcription/translation machinery. Expression vectors
within the scope of the disclosure may provide necessary elements for eukaryotic or
prokaryotic expression and include viral promoter driven vectors, such as CMV promoter
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driven vectors, e.g., pcDNA3.1, pCEP4, and their derivatives, Baculovirus expression
vectors, Drosophila expression vectors, and expression vectors that are driven by
mammalian gene promoters, such ashuman |g gene promoters. Other examples include
prokaryotic expression vectors, such as T7 promoter driven vectors, e.g., pET41, lactose
promoter driven vectors and arabinose gene promoter driven vectors. Those of ordinary
skill in the art will recognize many other suitable expression vectors and expression
systems.

The term "recombinant host cell" asused herein means a cell that comprises a
nucleic acid sequence of interest that was isolated prior to its introduction into the cell. For
example, the nucleic acid sequence of interest may bein an expression vector while the cell
may be prokaryotic or eukaryotic. Exemplary eukaryotic cells are mammalian cells, such
asbut not limited to, COS-1, COS-7, HEK293, BHK21, CHO, BSC-1, HepG2, 653, SP2/0,
NSO, 293, HeLa, myeloma, lymphoma cells or any derivative thereof. Most preferably, the
eukaryotic cell isaHEK293, NSO, SP2/0, or CHO cell. E. coli isan exemplary prokaryotic
cell. A recombinant cell according to the disclosure may be generated by transfection, cell
fusion, immortalization, or other procedures well known inthe art. A nucleic acid
sequence of interest, such asan expression vector, transfected into a cell may be
extrachromasomal or stably integrated into the chromosome of the cell.

A "chimeric antibody" refersto atype of engineered antibody which contains a
naturally-occurring variable region (light chain and heavy chains) derived from a donor
antibody in association with light and heavy chain constant regions derived from an
acceptor antibody.

A "humanized antibody" refersto atype of engineered antibody having its CDRs
derived from a non-human donor immunoglobulin, the remaining immunoglobulin-derived
parts of the molecule being derived from one or more human immunoglobulin(s). In
addition, framework support residues may be altered to preserve binding affinity (see, eg.,
Queen et a. Proc. Natl Acad Sci USA, 86: 10029-10032 (1989), Hodgson, et al,
Bio/Technology, 9:421 (1991)). A suitable human acceptor antibody may be one selected
from a conventional database, e.g., the KABAT™ database, Los Alamos database, and
Swiss Protein database, by homology to the nucleotide and amino acid sequences of the
donor antibody. A human antibody characterized by ahomology to the framework regions

of the donor antibody (on an amino acid basis) may be suitable to provide aheavy chain
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constant region and/or a heavy chain variable framework region for insertion of the donor
CDRs. A suitable acceptor antibody capable of donating light chain constant or variable
framework regions may be selected in asimilar manner. It should be noted that the
acceptor antibody heavy and light chains are not required to originate from the same
acceptor antibody. The prior art describes several ways of producing such humanized
antibodies - see, for example, EP-A-0239400 and EP-A-054951.

Theterm "fully human antibody" includes antibodies having variable and constant
regions (if present) derived from human germline immunoglobulin sequences. The human
sequence antibodies of the invention may include amino acid residues not encoded by
human germline immunoglobulin sequences (e.g., mutations introduced by random or site-
specific mutagenesis in vitro or by somatic mutation in vivo). Fully human antibodies
comprise amino acid sequences encoded only by polynucleotides that are ultimately of
human origin or amino acid sequences that are identical to such sequences. Asmeant
herein, antibodies encoded by human immunoglobulin-encoding DNA inserted into a
mouse genome produced in atransgenic mouse are fully human antibodies since they are
encoded by DNA that isultimately of human origin. In this situation, human
immunoglobulin-encoding DNA can be rearranged (to encode an antibody) within the
mouse, and somatic mutations may also occur. Antibodies encoded by originaly human
DNA that has undergone such changes in amouse are fully human antibodies as meant
herein. The use of such transgenic mice makes it possible to select fully human antibodies
against ahuman antigen. Asisunderstood in the art, fully human antibodies can be made
using phage display technology wherein ahuman DNA library is inserted in phage for
generation of antibodies comprising human germline DNA sequence.

Theterm "donor antibody" refersto an antibody that contributes the amino acid
sequences of its variable regions, CDRs, or other functional fragments or analogs thereof to
afirst immunoglobulin partner. The donor, therefore, provides the altered immunoglobulin
coding region and resulting expressed altered antibody with the antigenic specificity and

neutralising activity characteristic of the donor antibody.

The term "acceptor antibody" refersto an antibody that is heterologous to the donor
antibody, which contributes all (or any portion) of the amino acid sequences encoding its

heavy and/or light chain framework regions and/or its heavy and/or light chain constant
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regions to the first immunoglobulin partner. A human antibody may be the acceptor

antibody.

Theterms "VH" and "VL" are used herein to refer to the heavy chain variable region

and light chain variable region respectively of an antigen binding protein.

"CDRs' are defined asthe complementarity determining region amino acid
sequences of an antigen binding protein. These are the hypervariable regions of
immunoglobulin heavy and light chains. There are three heavy chain and three light chain
CDRs (or CDR regions) in the variable portion of an immunoglobulin. Thus, "CDRS' as
used herein refersto al three heavy chain CDRs, al three light chain CDRs, all heavy and
light chain CDRs, or a least two CDRs.

Throughout this specification, amino acid residues in variable domain sequences
and full length antibody sequences are numbered according to the Kabat numbering
convention. Similarly, the terms "CDR", "CDRL1", "CDRL2", "CDRL3", "CDRH1",
"CDRH2", "CDRH3" used in the Examples follow the Kabat numbering convention. For
further information, see Kabat et al., Sequences of Proteins of Immunological Interest, 5th
Ed., U.S. Department of Health and Human Services, National Institutes of Health (1991).

It will be apparent to those skilled in the art that there are aternative numbering
conventions for amino acid residues in variable domain sequences and full length antibody
sequences. There are also alternative numbering conventions for CDR sequences, for
example those set out in Chothia et al. (1989) Nature 342: 877-883. The structure and
protein folding of the antibody may mean that other residues are considered part of the

CDR sequence and would be understood to be so by a skilled person.

Other numbering conventions for CDR sequences available to a skilled person
include "AbM" (University of Bath) and "contact” (University College London) methods.
The minimum overlapping region using a least two of the Kabat, Chothia, AbM and
contact methods can be determined to provide the "minimum binding unit*. The minimum

binding unit may be a sub-portion of a CDR.

In one embodiment, a combination of a Type | protein arginine methyltransferase

(Type | PRMT) inhibitor and an immuno-modulatory agent selected from: an anti-CTLA4
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antibody or antigen binding fragment thereof, an anti-PD-1 antibody or antigen binding
fragment thereof, an anti-PDLI antibody or antigen binding fragment thereof, and an anti-
0OX40 antibody or antigen binding fragment thereof, is provided. In one aspect, the Type |
PRMT inhibitor is aprotein arginine methyltransferase 1 (PRMTL) inhibitor, a protein
arginine methyltransferase 3 (PRMT3) inhibitor, aprotein arginine methyltransferase 4
(PRMT4) inhibitor, a protein arginine methyltransferase 6 (PRMT6) inhibitor, or a protein
arginine methyltransferase 8 (PRMTB8) inhibitor. In one aspect, the immuno-modulatory
agent is an anti-PD-1 antibody or antigen binding fragment thereof. In another aspect, the
anti-PD-1 antibody is pembrolizumab or nivolumab. In another aspect, the immuno-
modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof. In till
another aspect, the immuno-modulatory agent isan OX40 agonist. In one aspect, the
immuno-modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof
comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in
SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRL1 as set forth in SEQ ID NO:7;
CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO:9 or a
direct equivalent of each CDR wherein a direct equivalent has no more than two amino acid
substitutions in said CDR. In another aspect, the immuno-modulatory agent is an anti-
OX40 antibody or antigen binding fragment thereof comprising aheavy chain variable
region having a least 90% sequence identity to SEQ ID NO:5 and alight chain variable
region having a least 90% identity to SEQ ID NO: 11. In one aspect, the Type | PRMT
inhibitor isacompound of Formulal, Il, V, or VI. In one aspect, the Type | PRMT
inhibitor is Compound A . In another aspect, the Type | PRMT inhibitor is Compound D.
In one embodiment, a combination of a Type | protein arginine methyltransferase (Type |
PRMT) inhibitor and an immuno-modulatory agent is provided, wherein the Type | PRMT
inhibitor is Compound A and the immuno-modulatory agent is an agonist anti-OX40
antibody or antigen binding fragment thereof. In one embodiment, a combination of a Type
| protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory
agent is provided, wherein the Type | PRMT inhibitor is Compound A and the immuno-
modulatory agent isan antagonistic anti-PDI -antibody or antigen binding fragment thereof.
In one embodiment, a combination of a Type | protein arginine methyltransferase (Type |
PRMT) inhibitor and an immuno-modulatory agent is provided, wherein the Type | PRMT

inhibitor is Compound A and the immuno-modulatory agent is an anti-OX40 antibody or
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antigen binding fragment thereof comprising one or more of: CDRHI as set forth in SEQ
ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3;
CDRL1 as set forth in SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO:8 and/or CDRL3
as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR wherein a direct equivalent
has no more than two amino acid substitutions in said CDR. In one embodiment, a
combination of a Type | protein arginine methyltransferase (Type | PRMT) inhibitor and an
immuno-modulatory agent is provided, wherein the Type | PRMT inhibitor is Compound A
and the immuno-modulatory agent is an anti-OX40 antibody or antigen binding fragment
thereof comprising aheavy chain variable region having a least 90% sequence identity to
SEQ ID NO: 5 and alight chain variable region having at least 90% identity to SEQ ID NO:
11. In one embodiment, a combination of a Type | protein arginine methyltransferase
(Type | PRMT) inhibitor and an immuno-modulatory agent is provided, wherein the Type |
PRMT inhibitor is Compound A and the immuno-modulatory agent is an anti-PDI-
antibody or antigen binding fragment thereof, wherein the anti-PDI -antibody is

pembrolizumab or nivolumab.

In another embodiment, the present invention provides a pharmaceutical
composition comprising atherapeutically effective amount of a Type | protein arginine
methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical composition
comprising atherapeutically effective amount of an immuno-modulatory agent selected
from: an anti-CTLA4 antibody or antigen binding fragment thereof, an anti-PD-1 antibody
or antigen binding fragment thereof, an anti-PDLI antibody or antigen binding fragment
thereof, and an anti-OX40 antibody or antigen binding fragment thereof. In one aspect, the
Type | PRMT inhibitor is aprotein arginine methyltransferase 1 (PRMT1) inhibitor, a
protein arginine methyltransferase 3 (PRMT3) inhibitor, a protein arginine
methyltransferase 4 (PRMT4) inhibitor, aprotein arginine methyltransferase 6 (PRMT6)
inhibitor, or a protein arginine methyltransferase 8 (PRMT8) inhibitor. In one aspect, the
immuno-modul atory agent isan anti-PD-1 antibody or antigen binding fragment thereof.

In one aspect, the anti-PD-1 antibody is pembrolizumab or nivolumab. In another aspect,
the immuno-modulatory agent is an anti-OX40 antibody or antigen binding fragment
thereof. In still another aspect, the immuno-modulatory agent is an OX40 agonist. In one

aspect, the immuno-modulatory agent isan anti-OX40 antibody or antigen binding
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fragment thereof comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2
as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO: 3; CDRL1 as set forth in
SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID
NO: 9 or adirect equivalent of each CDR wherein adirect equivalent has no more than two
amino acid substitutions in said CDR. In another aspect, the immuno-modulatory agent is
an anti-OX40 antibody or antigen binding fragment thereof comprising aheavy chain
variable region having a least 90% sequence identity to SEQ ID NO: 5 and alight chain
variable region having a least 90% identity to SEQ ID NO: 11. In another aspect, the Type
| PRMT inhibitor is acompound of Formulal, II, V, or VI. In one aspect, the Type |
PRMT inhibitor is Compound A. In another aspect, the Type | PRMT inhibitor is
Compound D. In one embodiment, the present invention provides a pharmaceutical
composition comprising atherapeutically effective amount of a Type | protein arginine
methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical composition
comprising atherapeutically effective amount of an immuno-modulatory agent, wherein the
Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is an agonist
anti-OX40 antibody or antigen binding fragment thereof. In another embodiment, a
pharmaceutical composition comprising atherapeutically effective amount of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical
composition comprising atherapeutically effective amount of an immuno-modulatory agent
are provided, wherein the Type | PRMT inhibitor is Compound A and the immuno-
modulatory agent isan antagonistic anti-PDI -antibody. In one embodiment, a
pharmaceutical composition comprising atherapeutically effective amount of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical
composition comprising atherapeutically effective amount of an immuno-modulatory agent
are provided, wherein the Type | PRMT inhibitor is Compound A and and the immuno-
modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof comprising
one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID
NO: 2; CDRH3 as set forth in SEQ ID NO: 3; CDRL1 as set forth in SEQ ID NO:7; CDRL2
as set forth in SEQ 1D NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9 or a direct
equivalent of each CDR wherein adirect equivalent has no more than two amino acid
substitutions in said CDR. In another embodiment, a pharmaceutical composition

comprising atherapeutically effective amount of a Type | protein arginine
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methyltransferase (Type | PRMT) inhibitor and a second pharmaceutical composition
comprising atherapeutically effective amount of an immuno-modulatory agent are
provided, wherein the Type | PRMT inhibitor is Compound A and and the immuno-
modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof comprising
aheavy chain variable region having at least 90% sequence identity to SEQ ID NO:5 and a
light chain variable region having a least 90% identity to SEQ ID NO: 11. In one
embodiment, a pharmaceutical composition comprising atherapeutically effective amount
of aType | protein arginine methyltransferase (Type | PRMT) inhibitor and a second
pharmaceutical composition comprising atherapeutically effective amount of an immuno-
modulatory agent are provided, wherein the Type | PRMT inhibitor is Compound A and
and the immuno-modulatory agent is an anti-PDI -antibody or antigen binding fragment
thereof, wherein the anti-PDI -antibody is pembrolizumab or nivolumab.

In yet another embodiment, methods are provided for treating cancer in ahuman in
need thereof, the methods comprising administering to the human a combination of a Type
| protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory
agent selected from: an anti-CTLA4 antibody or antigen binding fragment thereof, an anti-
PD-1 antibody or antigen binding fragment thereof, an anti-PDL| antibody or antigen
binding fragment thereof, and an anti-OX40 antibody or antigen binding fragment thereof,
is provided., together with a least one of: a pharmaceutically acceptable carrier and a
pharmaceutically acceptable diluent, thereby treating the cancer in the human. In one
aspect, the Type | PRMT inhibitor isaprotein arginine methyltransferase 1 (PRMT1)
inhibitor, a protein arginine methyltransferase 3 (PRMT3) inhibitor, a protein arginine
methyltransferase 4 (PRMT4) inhibitor, a protein arginine methyltransferase 6 (PRMT6)
inhibitor, or a protein arginine methyltransferase 8 (PRMT8) inhibitor. In one aspect, the
immuno-modulatory agent isan anti-PD-1 antibody or antigen binding fragment thereof.
In one aspect, the anti-PD-1 antibody is pembrolizumab or nivolumab. In another aspect,
the immuno-modulatory agent is an anti-OX40 antibody or antigen binding fragment
thereof. In still another aspect, the immuno-modulatory agent is an OX40 agonist. In one
aspect, the immuno-modulatory agent is an anti-OX40 antibody or antigen binding
fragment thereof comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2
as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO: 3; CDRL1 as set forth in
SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID
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NO: 9 or adirect equivalent of each CDR wherein adirect equivalent has no more than two
amino acid substitutions in said CDR. In another aspect, the immuno-modulatory agent is
an anti-OX40 antibody or antigen binding fragment thereof comprising a heavy chain
variable region having a least 90% sequence identity to SEQ ID NO:5 and alight chain
variable region having e least 90% identity to SEQ ID NO: 11. In one aspect, the Type |
PRMT inhibitor and the immuno-modulatory agent are administered to the patient in a
route selected from: simultaneously, sequentially, in any order, systemically, orally,
intravenously, and intratumorally. In one aspect, the Type | PRMT inhibitor is
administered orally. In one aspect, the Type | PRMT inhibitor is a compound of Formula
[,11,V,orVI. Inone aspect, the Type | PRMT inhibitor is Compound A. |n another
aspect, the Type | PRMT inhibitor is Compound D. In one embodiment, methods are
provided for treating cancer in a human in need thereof, the methods comprising
administering to the human a combination of Compound A and an agonist anti-OX40
antibody or antigen binding fragment thereof. In another embodiment, methods are
provided for treating cancer in ahuman in need thereof, the methods comprising
administering to the human a combination of Compound A and an anti-OX40 antibody or
antigen binding fragment thereof comprising one or more of: CDRH1 as set forth in SEQ
ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3;
CDRL1 as set forth in SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO:8 and/or CDRL3
as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR wherein adirect equivalent
has no more than two amino acid substitutions in said CDR. In still another embodiment,
methods are provided for treating cancer in ahuman in need thereof, the methods
comprising administering to the human a combination of Compound A and an anti-OX40
antibody or antigen binding fragment thereof comprising aheavy chain variable region
having at least 90% sequence identity to SEQ ID NO: 5 and alight chain variable region
having a least 90% identity to SEQ ID NO: 11. In another embodiment, methods are
provided for treating cancer in a human in need thereof, the methods comprising
administering to the human a combination of Compound A and an antagonist anti-PD 1
antibody or antigen binding fragment thereof. In one embodiment, methods are provided
for treating cancer in ahuman in need thereof, the methods comprising administering to the
human a combination of Compound A and an anti-PD 1 antibody or antigen binding

fragment thereof, wherein the anti-PD 1-antibody is pembrolizumab or nivolumab.
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In afurther embodiment, methods are provided for treating cancer in ahuman in
need thereof, the methods comprising administering to the human atherapeutically
effective amount of a pharmaceutical composition comprising a Type | protein arginine
methyltransferase (Type | PRMT) inhibitor and apharmaceutical composition comprising
an immuno-modulatory agent selected from: an anti-CTLA4 antibody or antigen binding
fragment thereof, an anti-PD-1 antibody or antigen binding fragment thereof, an anti-PDLI
antibody or antigen binding fragment thereof, and an anti-OX40 antibody or antigen
binding fragment thereof, thereby treating the cancer inthe human. In one aspect, the Type
| PRMT inhibitor isaprotein arginine methyltransferase 1 (PRMT1) inhibitor, a protein
arginine methyltransferase 3 (PRMT3) inhibitor, a protein arginine methyltransferase 4
(PRMT4) inhibitor, aprotein arginine methyltransferase 6 (PRMT6) inhibitor, or a protein
arginine methyltransferase 8 (PRMT8) inhibitor. In one aspect, the immuno-modulatory
agent is an anti-PD-1 antibody or antigen binding fragment thereof. In one aspect, the anti-
PD-1 antibody is pembrolizumab or nivolumab. In another aspect, the immuno-modul atory
agent is an anti-OX40 antibody or antigen binding fragment thereof. In still another aspect,
the immuno-modulatory agent isan OX40 agonist. In one aspect, the immuno-modulatory
agent is an anti-OX40 antibody or antigen binding fragment thereof comprising one or
more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH?2 as set forth in SEQ ID NO:2;
CDRH3 as set forth in SEQ ID NO:3; CDRL1 as set forth in SEQ ID NO: 7; CDRL2 as set
forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9 or adirect equivalent of
each CDR wherein adirect equivalent has no more than two amino acid substitutions in
said CDR. In another aspect, the immuno-modulatory agent is an anti-OX40 antibody or
antigen binding fragment thereof comprising aheavy chain variable region having  |least
90% sequence identity to SEQ ID NO: 5 and alight chain variable region having a |east
90% identity to SEQ ID NO: 11. In one aspect, the Type | PRMT inhibitor and the
immuno-modulatory agent are administered to the patient in aroute selected from:
simultaneoudly, sequentialy, in any order, systemically, orally, intravenously, and
intratumorally. In one aspect, the Type | PRMT inhibitor is administered orally. In one
aspect, the Type | PRMT inhibitor isacompound of Formulal, Il, V, or VI. In one aspect,
the Type | PRMT inhibitor is Compound A. In another aspect, the Type | PRMT inhibitor

is Compound D. In one embodiment, methods are provided for treating cancer in ahuman
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in need thereof, the methods comprising administering to the human atherapeutically
effective amount of a pharmaceutical composition comprising Compound A and a
pharmaceutical composition comprising an agonist anti-OX40 antibody or antigen binding
fragment thereof. In another embodiment, methods are provided for treating cancer in a
human in need thereof, the methods comprising administering to the human a
therapeutically effective amount of a pharmaceutical composition comprising Compound A
and a pharmaceutical composition comprising an anti-OX40 antibody or antigen binding
fragment thereof comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2
as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO: 3; CDRL1 as set forth in
SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID
NO: 9 or adirect equivalent of each CDR wherein adirect equivalent has no more than two
amino acid substitutions in said CDR. In still another embodiment, methods are provided
for treating cancer in ahuman in need thereof, the methods comprising administering to the
human atherapeutically effective amount of a pharmaceutical composition comprising
Compound A and a pharmaceutical composition comprising an anti-OX40 antibody or
antigen binding fragment thereof comprising aheavy chain variable region having at least
90% sequence identity to SEQ ID NO:5 and alight chain variable region having & least
90% identity to SEQ ID NO: 11. In another embodiment, methods are provided for treating
cancer in ahuman in need thereof, the methods comprising administering to the human a
therapeutically effective amount of a pharmaceutical composition comprising Compound A
and a pharmaceutical composition comprising an antagonist anti-PD 1 antibody or antigen
binding fragment thereof. In one embodiment, methods are provided for treating cancer in
ahuman in need thereof, the methods comprising administering to the human aa
therapeutically effective amount of a pharmaceutical composition comprising of Compound
A and apharmaceutical composition comprising an anti-PD 1antibody or antigen binding

fragment thereof, wherein the anti-PD 1-antibody is pembrolizumab or nivolumab.

In another embodiment, the present invention provides use of a combination of
aType | protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-
modulatory agent selected from: an anti-CTLA4 antibody or antigen binding fragment
thereof, an anti-PD- 1antibody or antigen binding fragment thereof, an anti-PDLI antibody
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or antigen binding fragment thereof, and an anti-OX40 antibody or antigen binding
fragment thereof, for the manufacture of a medicament. In one embodiment, the present
invention provides use of acombination of aType | protein arginine methyltransferase
(Type | PRMT) inhibitor and an immuno-modulatory agent selected from: an anti-PD-1
antibody or antigen binding fragment thereof, an anti-PDLI antibody or antigen binding
fragment thereof, and an anti-OX40 antibody or antigen binding fragment thereof, for the
treatment of cancer. In one aspect, the Type | PRMT inhibitor is aprotein arginine
methyltransferase 1 (PRMT1) inhibitor, aprotein arginine methyltransferase 3 (PRMT3)
inhibitor, a protein arginine methyltransferase 4 (PRMT4) inhibitor, a protein arginine
methyltransferase 6 (PRMT6) inhibitor, or aprotein arginine methyltransferase 8 (PRMTS)
inhibitor. In one aspect, the immuno-modulatory agent is an anti-PD-1 antibody or antigen
binding fragment thereof. In one aspect, the anti-PD- 1antibody is pembrolizumab or
nivolumab. In another aspect, the immuno-modulatory agent is an anti-OX40 antibody or
antigen binding fragment thereof. In still another aspect, the immuno-modulatory agent is
an OX40 agonist. In one aspect, the immuno-modulatory agent is an anti-OX40 antibody
or antigen binding fragment thereof comprising one or more of: CDRHI as set forth in SEQ
ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3;
CDRL1 as set forth in SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO:8 and/or CDRL3
as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR wherein a direct equivalent
has no more than two amino acid substitutions in said CDR. |n another aspect, the
immuno-modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof
comprising aheavy chain variable region having a least 90% sequence identity to SEQ ID
NO: 5 and alight chain variable region having e least 90% identity to SEQ ID NO: 11. In
one aspect, the Type | PRMT inhibitor isacompound of Formulal, 1, V, or VI. Inone
aspect, the Type | PRMT inhibitor is Compound A. In another aspect, the Type | PRMT
inhibitor is Compound D. In one embodiment, use of a combination of a Type | protein
arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory agent is
provided for the manufacture of a medicament, wherein the Type | PRMT inhibitor is
Compound A and the immuno-modulatory agent isan agonist anti-OX40 antibody or
antigen binding fragment thereof. In one embodiment, use of acombination of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modulatory

agent for the manufacture of amedicament is provided, wherein the Type | PRMT inhibitor
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is Compound A and the immuno-modulatory agent is an antagonistic anti-PDI -antibody or
antigen binding fragment thereof. In one embodiment, use of acombination of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modul atory
agent for the manufacture of a medicament is provided, wherein the Type | PRMT inhibitor
is Compound A and the immuno-modulatory agent is an anti-OX40 antibody or antigen
binding fragment thereof comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1;
CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRLI as set
forthin SEQ ID NO:7; CDRL2 as set forth in SEQ ID NO:8 and/or CDRL3 as set forth in
SEQ ID NO: 9 or adirect equivalent of each CDR wherein adirect equivalent has no more
than two amino acid substitutions in said CDR. |n one embodiment, use of a combination
of aType | protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-
modulatory agent for the manufacture of amedicament is provided, wherein the Type |
PRMT inhibitor is Compound A and the immuno-modulatory agent is an anti-OX40
antibody or antigen binding fragment thereof comprising aheavy chain variable region
having at least 90% sequence identity to SEQ ID NO: 5 and alight chain variable region
having a least 90% identity to SEQ ID NO: 11. In one embodiment, use of a combination
of aType | protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-
modulatory agent for the manufacture of amedicament is provided, wherein the Type |
PRMT inhibitor is Compound A and the immuno-modulatory agent is an anti-PDI-
antibody or antigen binding fragment thereof, wherein the anti-PD 1-antibody is

pembrolizumab or nivolumab.

In one embodiment, the present invention provides a combination of a Type |
protein arginine methyltransferase (Type | PRMT) inhibitor and an immuno-modul atory
agent selected from: an anti-CTLA4 antibody or antigen binding fragment thereof, an anti-
PD-1 antibody or antigen binding fragment thereof, an anti-PDL| antibody or antigen
binding fragment thereof, and an anti-OX40 antibody or antigen binding fragment thereof,
for use in the treatment of cancer. In one aspect, the Type | PRMT inhibitor is aprotein
arginine methyltransferase 1 (PRMT1) inhibitor, a protein arginine methyltransferase 3
(PRMT3) inhibitor, a protein arginine methyltransferase 4 (PRMT4) inhibitor, a protein
arginine methyltransferase 6 (PRMT6) inhibitor, or aprotein arginine methyltransferase 8

(PRMTS) inhibitor. In one aspect, the immuno-modulatory agent is an anti-PD-1 antibody
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or antigen binding fragment thereof. In one aspect, the anti-PD-1 antibody is
pembrolizumab or nivolumab. In ancther aspect, the immuno-modulatory agent is an anti-
0OX40 antibody or antigen binding fragment thereof. In still another aspect, the immuno-
modulatory agent isan OX40 agonist. In one aspect, the immuno-modulatory agent isan
anti-OX40 antibody or antigen binding fragment thereof comprising one or more of:
CDRHI as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set
forth in SEQ ID NO: 3; CDRL1 as set forth in SEQ ID NO: 7; CDRL2 as set forth in SEQ
ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR
wherein adirect equivalent has no more than two amino acid substitutions in said CDR. In
another aspect, the immuno-modulatory agent is an anti-OX40 antibody or antigen binding
fragment thereof comprising a heavy chain variable region having a least 90% sequence
identity to SEQ ID NO: 5 and alight chain variable region having a least 90% identity to
SEQ ID NO: 11. In one aspect, the Type | PRMT inhibitor and the immuno-modulatory
agent are administered to the patient in aroute selected from: simultaneously, sequentialy,
in any order, systemically, orally, intravenously, and intratumorally. In one aspect, the
Type | PRMT inhibitor is administered orally. In one aspect, the Type | PRMT inhibitor is
acompound of Formulal, II, V, or VI. In one aspect, the Type | PRMT inhibitor is
Compound A. In another aspect, the Type | PRMT inhibitor is Compound D. In one
embodiment, a combination of a Type | protein arginine methyltransferase (Type | PRMT)
inhibitor and an immuno-modulatory agent for use in the treatment of cancer is provided,
wherein the Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is
an agonist anti-OX40 antibody or antigen binding fragment thereof. In one embodiment, a
combination of a Type | protein arginine methyltransferase (Type | PRMT) inhibitor and
an immuno-modulatory agent for use in the treatment of cancer is provided, wherein the
Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is an
antagonistic anti-PDI -antibody or antigen binding fragment thereof. In one embodiment, a
combination of a Type | protein arginine methyltransferase (Type | PRMT) inhibitor and
an immuno-modulatory agent for use in the treatment of cancer is provided, wherein the
Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is an anti-OX40
antibody or antigen binding fragment thereof comprising one or more of: CDRHI as set
forthin SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ
ID NO:3; CDRL1 as set forth in SEQ ID NO:7; CDRL2 as set forth in SEQ ID NO:8
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and/or CDRL3 as set forth in SEQ ID NO:9 or adirect equivalent of each CDR wherein a
direct equivalent has no more than two amino acid substitutions in said CDR. In one
embodiment, a combination of a Type | protein arginine methyltransferase (Type | PRMT)
inhibitor and an immuno-modulatory agent for use in the treatment of cancer is provided,
wherein the Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is
an anti-OX40 antibody or antigen binding fragment thereof comprising aheavy chain
variable region having a least 90% sequence identity to SEQ ID NO: 5 and alight chain
variable region having a least 90% identity to SEQ ID NO: 11. In one embodiment, a
combination of a Type | protein arginine methyltransferase (Type | PRMT) inhibitor and
an immuno-modulatory agent for use in the treatment of cancer is provided, wherein the
Type | PRMT inhibitor is Compound A and the immuno-modulatory agent is an anti-PDI-
antibody or antigen binding fragment thereof, wherein the anti-PDI -antibody is

pembrolizumab or nivolumab.

In one embodiment, a product containing a Type | PRMT inhibitor and an immuno-
modulatory agent selected from: an anti-CTLA4 antibody or antigen binding fragment
thereof, an anti-PD-1 antibody or antigen binding fragment thereof, an anti-PDLI antibody
or antigen binding fragment thereof, and an anti-OX40 antibody or antigen binding
fragment thereof as acombined preparation for ssmultaneous, separate, or sequential usein
medicine is provided. In one aspect, the Type | PRMT inhibitor isaprotein arginine
methyltransferase 1 (PRMT1) inhibitor, aprotein arginine methyltransferase 3 (PRMT3)
inhibitor, a protein arginine methyltransferase 4 (PRMT4) inhibitor, a protein arginine
methyltransferase 6 (PRMT6) inhibitor, or aprotein arginine methyltransferase 8 (PRMT8)
inhibitor. In one aspect, the immuno-modulatory agent isan anti-PD-1 antibody or antigen
binding fragment thereof. In one aspect, the anti-PD- 1 antibody is pembrolizumab or
nivolumab. In another aspect, the immuno-modulatory agent is an anti-OX40 antibody or
antigen binding fragment thereof. In still another aspect, the immuno-modulatory agent is
an OX40 agonist. In one aspect, the immuno-modulatory agent is an anti-OX40 antibody
or antigen binding fragment thereof comprising one or more of: CDRHI as set forth in SEQ
ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3;
CDRL1 as set forth in SEQ ID NO:7; CDRL2 as set forth in SEQ ID NO:8 and/or CDRL3
as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR wherein a direct equivalent
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has no more than two amino acid substitutions in said CDR. In another aspect, the
immuno-modulatory agent is an anti-OX40 antibody or antigen binding fragment thereof
comprising aheavy chain variable region having a least 90% sequence identity to SEQ ID
NO: 5 and alight chain variable region having at least 90% identity to SEQ ID NO: 11. In
one aspect, the Type | PRMT inhibitor and the immuno-modulatory agent are administered
tothe patient in aroute selected from: simultaneously, sequentially, in any order,
systemically, oraly, intravenoudly, and intratumorally. In one aspect, the Type | PRMT
inhibitor is administered orally. In one aspect, the Type | PRMT inhibitor is acompound of
Formulal, Il, V, or V1. In one aspect, the Type | PRMT inhibitor is Compound A. In
another aspect, the Type | PRMT inhibitor is Compound D. In one embodiment, a product
containing Compound A and an agonist anti-OX40 antibody or antigen binding fragment
thereof for simultaneous, separate, or sequential use in medicine isprovided. In another
embodiment, a product containing Compound A and an antagonist anti-PD 1 antibody for
simultaneous, separate, or sequential use in medicine isprovided. In one embodiment, a
product containing Compound A and an anti-OX40 antibody or antigen binding fragment
thereof for simultaneous, separate, or sequential use in medicine is provided, wherein the
anti-OX40 antibody or antigen binding fragment thereof comprises one or more of: CDRHI
as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRHS3 as set forth in
SEQ ID NO:3; CDRL1 as set forth in SEQ ID NO:7; CDRL2 as set forth in SEQ ID NO:8
and/or CDRL3 as set forth in SEQ ID NO:9 or adirect equivalent of each CDR wherein a
direct equivalent has no more than two amino acid substitutions in said CDR. In one
embodiment, a product containing Compound A and an anti-OX40 antibody or antigen
binding fragment thereof for simultaneous, separate, or sequential use in medicine is
provided, wherein the anti-OX40 antibody or antigen binding fragment thereof comprises a
heavy chain variable region having e least 90% sequence identity to SEQ ID NO:5and a
light chain variable region having at least 90% identity to SEQ ID NO: 11. In ancther
embodiment, a product containing Compound A and an anti-PD 1 antibody or antigen
binding fragment thereof for simultaneous, separate, or sequential use in medicine is
provided, wherein the anti-PD 1-antibody ispembrolizumab or nivolumab.

In one embodiment, a product containing a Type | PRMT inhibitor and an immuno-
modulatory agent selected from: an anti-CTLA4 antibody or antigen binding fragment
thereof, an anti-PD- 1antibody or antigen binding fragment thereof, an anti-PDLI antibody
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or antigen binding fragment thereof, and an anti-OX40 antibody or antigen binding
fragment thereof as a combined preparation for simultaneous, separate, or sequential use in
treating cancer in ahuman subject isprovided. In one aspect, the Type | PRMT inhibitor is
aprotein arginine methyltransferase 1 (PRMT1) inhibitor, aprotein arginine
methyltransferase 3 (PRMT3) inhibitor, aprotein arginine methyltransferase 4 (PRMT4)
inhibitor, a protein arginine methyltransferase 6 (PRMTG6) inhibitor, or a protein arginine
methyltransferase 8 (PRMTS8) inhibitor. In one aspect, the immuno-modulatory agent isan
anti-PD-1 antibody or antigen binding fragment thereof. In one aspect, the anti-PD-1
antibody is pembrolizumab or nivolumab. In another aspect, the immuno-modulatory agent
isan anti-OX40 antibody or antigen binding fragment thereof. In still another aspect, the
immuno-modulatory agent isan OX40 agonist. In one aspect, the immuno-modulatory
agent is an anti-OX40 antibody or antigen binding fragment thereof comprising one or
more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2;
CDRH3 as set forth in SEQ ID NO:3; CDRL1 as set forth in SEQ ID NO: 7; CDRL2 as set
forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9 or adirect equivaent of
each CDR wherein adirect equivalent has no more than two amino acid substitutions in
said CDR. In another aspect, the immuno-modulatory agent is an anti-OX40 antibody or
antigen binding fragment thereof comprising aheavy chain variable region having a |least
90% sequence identity to SEQ ID NO: 5 and alight chain variable region having a |least
90% identity to SEQ ID NO: 11. In one aspect, the Type | PRMT inhibitor and the
immuno-modulatory agent are administered to the patient in aroute selected from:
simultaneously, sequentially, in any order, systemically, orally, intravenously, and
intratumorally. In one aspect, the Type | PRMT inhibitor is administered orally. In one
aspect, the Type | PRMT inhibitor isacompound of Formulal, Il, V, or VI. In one aspect,
the Type | PRMT inhibitor is Compound A. In another aspect, the Type | PRMT inhibitor
is Compound D. In one embodiment, aproduct containing Compound A and an agonist
anti-OX40 antibody or antigen binding fragment thereof for simultaneous, separate, or
sequential use in treating cancer in ahuman subject isprovided. In another embodiment, a
product containing Compound A and an antagonist anti-PD 1 antibody or antigen binding
fragment thereof for simultaneous, separate, or sequential use in treating cancer in ahuman
subject is provided. In one embodiment, aproduct containing Compound A and an anti-

0OX40 antibody or antigen binding fragment thereof for simultaneous, separate, or
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sequential use in treating cancer in ahuman subject is provided, wherein the anti-OX40
antibody or antigen binding fragment thereof comprises one or more of: CDRHI as set
forthin SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ
ID NO:3; CDRL1 as set forth in SEQ ID NO:7; CDRL2 as set forth in SEQ ID NO:8
and/or CDRL3 as set forth in SEQ ID NO:9 or adirect equivalent of each CDR wherein a
direct equivalent has no more than two amino acid substitutions in said CDR. In one
embodiment, a product containing Compound A and an anti-OX40 antibody or antigen
binding fragment thereof for simultaneous, separate, or sequential use in treating cancer in
ahuman subject isprovided, wherein the anti-OX40 antibody or antigen binding fragment
thereof comprises aheavy chain variable region having a least 90% sequence identity to
SEQ ID NO: 5 and alight chain variable region having a least 90% identity to SEQ ID NO:
11. In another embodiment, a product containing Compound A and an anti-PD 1 antibody
or antigen binding fragment thereof for simultaneous, separate, or sequential use in treating
cancer in ahuman subject is provided, wherein the anti-PD 1-antibody is pembrolizumab or

nivolumab.

In one embodiment, a product containing a Type | PRMT inhibitor and an immuno-
modulatory agent selected from: an anti-CTLA4 antibody or antigen binding fragment
thereof, an anti-PD- 1antibody or antigen binding fragment thereof, an anti-PDLI antibody
or antigen binding fragment thereof, and an anti-OX40 antibody or antigen binding
fragment thereof asacombined preparation for simultaneous, separate, or sequential use in
treating cancer in a human subject is provided, wherein the cancer is melanoma, colon
cancer, or lymphoma. In one aspect, the Type | PRMT inhibitor is aprotein arginine
methyltransferase 1(PRMT1) inhibitor, aprotein arginine methyltransferase 3 (PRMT?3)
inhibitor, a protein arginine methyltransferase 4 (PRMT4) inhibitor, a protein arginine
methyltransferase 6 (PRMT6) inhibitor, or aprotein arginine methyltransferase 8 (PRMT8)
inhibitor. In one aspect, the immuno-modulatory agent is an anti-PD- 1 antibody or antigen
binding fragment thereof. In one aspect, the anti-PD- 1 antibody is pembrolizumab or
nivolumab. In another aspect, the immuno-modulatory agent is an anti-OX40 antibody or
antigen binding fragment thereof. In still another aspect, the immuno-modulatory agent is
an OX40 agonist. In one aspect, the immuno-modulatory agent is an anti-OX40 antibody

or antigen binding fragment thereof comprising one or more of: CDRHI as set forth in SEQ
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ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3;
CDRL1 as set forth in SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO:8 and/or CDRL3
as set forth in SEQ ID NO: 9 or adirect equivalent of each CDR wherein a direct equivalent
has no more than two amino acid substitutions in said CDR. |n another aspect, the
immuno-modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof
comprising aheavy chain variable region having a least 90% sequence identity to SEQ ID
NO: 5 and alight chain variable region having at least 90% identity to SEQ ID NO: 11. In
one aspect, the Type | PRMT inhibitor and the immuno-modulatory agent are administered
tothe patient in a route selected from: simultaneously, sequentialy, in any order,
systemically, orally, intravenously, and intratumorally. In one aspect, the Type | PRMT
inhibitor is administered orally. In one aspect, the Type | PRMT inhibitor is acompound of
Formulal, I, V, or VI. In one aspect, the Type | PRMT inhibitor is Compound A. In
another aspect, the Type | PRMT inhibitor is Compound D. In one embodiment, a product
containing Compound A and an agonist anti-OX40 antibody or antigen binding fragment
thereof for simultaneous, separate, or sequential use in treating cancer in ahuman subject is
provided, wherein the cancer is colon cancer or lymphoma. In another embodiment, a
product containing Compound A and an antagonist anti-PD 1 antibody or antigen binding
fragment thereof for simultaneous, separate, or sequential use in treating cancer in ahuman
subject is provided, wherein the cancer ismelanoma. In one embodiment, a product
containing Compound A and an anti-OX40 antibody or antigen binding fragment thereof
for simultaneous, separate, or sequential use in treating cancer in ahuman subject is
provided, wherein the cancer is colon cancer or lymphoma, and wherein the anti-OX40
antibody or antigen binding fragment thereof comprises one or more of: CDRH1 as set
forthin SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ
ID NO:3; CDRL1 as set forth in SEQ ID NO:7; CDRL?2 as set forth in SEQ ID NO:8
and/or CDRL3 as set forth in SEQ ID NO:9 or adirect equivalent of each CDR wherein a
direct equivalent has no more than two amino acid substitutions in said CDR. In one
embodiment, aproduct containing Compound A and an anti-OX40 antibody or antigen
binding fragment thereof for simultaneous, separate, or sequential use in treating cancer in
ahuman subject isprovided, wherein the cancer is colon cancer or lymphoma, and wherein
the anti-OX40 antibody or antigen binding fragment thereof comprises a heavy chain

variable region having a least 90% sequence identity to SEQ ID NO:5 and alight chain
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variable region having e least 90% identity to SEQ ID NO: 11. In another embodiment, a
product containing Compound A and an anti-PD 1 antibody or antigen binding fragment
thereof for simultaneous, separate, or sequential use in treating cancer in ahuman subject is
provided, wherein the cancer is melanoma, and wherein the anti-PD 1-antibody is

pembrolizumab or nivolumab.

In one aspect of any one of the embodiments herein, the cancer isa solid tumor or a

haematological cancer. In one aspect, the cancer is melanoma, lymphoma, or colon cancer.

In one aspect the cancer is selected from head and neck cancer, breast cancer, lung
cancer, colon cancer, ovarian cancer, prostate cancer, gliomas, glioblastoma, astrocytomas,
glioblastoma multiforme, Bannayan-Zonana syndrome, Cowden disease, Lhermitte-Duclos
disease, inflammatory breast cancer, Wilm's tumor, Ewing's sarcoma, Rhabdomyosarcoma,
ependymoma, medulloblastoma, kidney cancer, liver cancer, melanoma, pancreatic cancer,
sarcoma, osteosarcoma, giant cell tumor of bone, thyroid cancer, lymphoblastic T cell
leukemia, Chronic myelogenous leukemia, Chronic lymphocytic leukemia, Hairy-cell
leukemia, acute lymphoblastic leukemia, acute myelogenous leukemia, AML, Chronic
neutrophilic leukemia, Acute lymphoblastic T cell leukemia, plasmacytoma, Immunoblastic
large cdll leukemia, Mantle cell leukemia, Multiple myeloma Megakaryoblastic leukemia,
multiple myeloma, acute megakaryocytic leukemia, promyelocytic leukemia,
Erythroleukemia, malignant lymphoma, hodgkins lymphoma, non-hodgkins lymphoma,
lymphoblastic T cell lymphoma, Burkitt's lymphoma, follicular lymphoma, neuroblastoma,
bladder cancer, urothelial cancer, vulval cancer, cervical cancer, endometrial cancer, rena
cancer, mesothelioma, esophageal cancer, salivary gland cancer, hepatocellular cancer,
gastric cancer, nasopharangeal cancer, buccal cancer, cancer of the mouth, GIST

(gastrointestinal stromal tumor), and testicular cancer.

In one aspect, the methods of the present invention further comprise administering

a least one neo-plastic agent to said human.

In one aspect the human has a solid tumor. In one aspect the tumor is selected from
head and neck cancer, gastric cancer, melanoma, renal cell carcinoma (RCC), esophageal
cancer, non-small cell lung carcinoma, prostate cancer, colorectal cancer, ovarian cancer
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and pancreatic cancer. In another aspect the human has aliquid tumor such as diffuse large
B cell lymphoma (DLBCL), multiple myeloma, chronic lyphomblastic leukemia (CLL),

follicular lymphoma, acute myeloid leukemia and chronic myelogenous leukemia.

The present disclosure also relatesto a method for treating or lessening the severity
of a cancer selected from: brain (gliomas), glioblastomas, Bannayan-Zonana syndrome,
Cowden disease, Lhermitte-Duclos disease, breast, inflammatory breast cancer, Wilm's
tumor, Ewing's sarcoma, Rhabdomyosarcoma, ependymoma, medulloblastoma, colon, head
and neck, kidney, lung, liver, melanoma, ovarian, pancreatic, prostate, sarcoma,
osteosarcoma, giant cell tumor of bone, thyroid, lymphoblastic T-cell leukemia, chronic
myel ogenous leukemia, chronic lymphocytic leukemia, hairy-cell leukemia, acute
lymphoblastic leukemia, acute myelogenous leukemia, chronic neutrophilic leukemia, acute
lymphoblastic T-cell leukemia, plasmacytoma, immunoblastic large cell leukemia, mantle
cell leukemia, multiple myeloma megakaryoblastic leukemia, multiple myeloma, acute
megakaryocytic leukemia, promyelocytic leukemia, erythroleukemia, malignant lymphoma,
Hodgkins lymphoma, non-hodgkins lymphoma, lymphaoblastic T cell lymphoma, Burkitt's
lymphoma, follicular lymphoma, neuroblastoma, bladder cancer, urothelial cancer, lung
cancer, vulval cancer, cervical cancer, endometrial cancer, renal cancer, mesothelioma,
esophageal cancer, salivary gland cancer, hepatocellular cancer, gastric cancer,
nasopharangeal cancer, buccal cancer, cancer of the mouth, GIST (gastrointestinal stromal

tumor) and testicular cancer.

By the term "treating" and grammatical variations thereof asused herein, is meant
therapeutic therapy. In reference to aparticular condition, treating means. (1) to ameliorate
or prevent the condition of one or more of the biological manifestations of the condition,
(2) to interfere with (a) one or more points in the biological cascade that leadsto or is
responsible for the condition or (b) one or more of the biological manifestations of the
condition, (3) to alleviate one or more of the symptoms, effects or side effects associated
with the condition or treatment thereof, or (4) to slow the progression of the condition or
one or more of the biological manifestations of the condition. Prophylactic therapy isalso
contemplated thereby. The skilled artisan will appreciate that "prevention” is not an
absolute term. In medicine, "prevention” is understood to refer to the prophylactic

administration of adrug to substantially diminish the likelihood or severity of a condition
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or biological manifestation thereof, or to delay the onset of such condition or biological
manifestation thereof. Prophylactic therapy is appropriate, for example, when a subject is
considered at high risk for developing cancer, such aswhen a subject has a strong family

history of cancer or when a subject has been exposed to a carcinogen.

Asused herein, the terms "cancer," "neoplasm," and "tumor" are used
interchangeably and, in either the singular or plural form, refer to cellsthat have undergone
amalignant transformation that makes them pathological to the host organism. Primary
cancer cells can be readily distinguished from non-cancerous cells by well-established
techniques, particularly histological examination. The definition of a cancer cell, as used
herein, includes not only aprimary cancer cell, but any cell derived from a cancer cell
ancestor. This includes metastasized cancer cells, and in vitro cultures and cell lines
derived from cancer cells. When referring to atype of cancer that normally manifests asa
solid tumor, a "clinically detectable" tumor isone that is detectable on the basis of tumor
mass; e.g., by procedures such as computed tomography (CT) scan, magnetic resonance
imaging (MRI), X-ray, ultrasound or palpation on physical examination, and/or which is
detectable because of the expression of one or more cancer-specific antigens in a sample
obtainable from apatient. Tumors may be a hematopoietic (or hematologic or
hematological or blood-related) cancer, for example, cancers derived from blood cells or
immune cells, which may be referred to as "liquid tumors." Specific examples of clinical
conditions based on hematologic tumors include leukemias such as chronic myelocytic
leukemia, acute myelocytic leukemia, chronic lymphocytic leukemia and acute
lymphocytic leukemia; plasma cell malignancies such as multiple myeloma, MGUS and
Waldenstrom's macroglobulinemia; lymphomas such as hon-Hodgkin's lymphoma,

Hodgkin's lymphoma; and the like.

The cancer may be any cancer in which an abnormal number of blast cells or
unwanted cell proliferation ispresent or that is diagnosed as ahematological cancer,
including both lymphoid and myeloid malignancies. Myeloid malignancies include, but are
not limited to, acute myeloid (or myelocytic or myelogenous or myelablastic) leukemia
(undifferentiated or differentiated), acute promyeloid (or promyelocytic or promyelogenous
or promyeloblastic) leukemia, acute myelomonocytic (or myelomonoblastic) leukemia,

acute monocytic (or monoblastic) leukemia, erythroleukemia and megakaryocyte (or
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megakaryoblastic) leukemia. These leukemias may be referred together as acute myeloid
(or myelocytic or myelogenous) leukemia (AML). Myeloid malignancies also include
myel oproliferative disorders (MPD) which include, but are not limited to, chronic
myelogenous (or myeloid) leukemia (CML), chronic myelomonocytic leukemia (CMML),
essential thrombocythemia (or thrombocytosis), and polcythemia vera (PCV). Myeloid
malignancies also include myelodysplasia (or myelodysplastic syndrome or MDS), which
may be referred to as refractory anemia (RA), refractory anemia with excess blasts
(RAEB), and refractory anemiawith excess blasts in transformation (RAEBT); aswell as
myelofibrosis (MFS) with or without agnogenic myeloid metaplasia.

Hematopoietic cancers also include lymphoid malignancies, which may affect the
lymph nodes, spleens, bone marrow, peripheral blood, and/or extranodal sites. Lymphoid
cancers include B-cell malignancies, which include, but are not limited to, B-cell non-
Hodgkin's lymphomas (B-NHLs). B-NHLs may be indolent (or low-grade), intermediate-
grade (or aggressive) or high-grade (very aggressive). Indolent Bedll lymphomas include
follicular lymphoma (FL); small lymphocytic lymphoma (SLL); marginal zone lymphoma
(MZL) including nodal MZL, extranodal MZL, splenic MZL and splenic MZL with villous
lymphocytes; lymphoplasmacytic lymphoma (LPL); and mucosa-associated-lymphoid
tissue (MALT or extranodal marginal zone) lymphoma. Intermediate-grade B-NHLs
include mantle cell lymphoma (MCL) with or without leukemic involvement, diffuse large
cell lymphoma (DLBCL), follicular large cell (or grade 3 or grade 3B) lymphoma, and
primary mediastinal lymphoma (PML). High-grade B-NHLs include Burkitt's lymphoma
(BL), Burkitt-like lymphoma, small non-cleaved cell lymphoma (SNCCL) and
lymphoblastic lymphoma. Other B-NHLs include immunoblastic lymphoma (or
immunocytoma), primary effusion lymphoma, HIV associated (or AIDS related)
lymphomas, and post-transplant lymphoproliferative disorder (PTLD) or lymphoma. B-cell
malignancies also include, but are not limited to, chronic lymphocytic leukemia (CLL),
prolymphocytic leukemia (PLL), Waldenstrom's macroglobulinemia (WM), hairy cell
leukemia (HCL), large granular lymphocyte (LGL) leukemia, acute lymphoid (or
lymphocytic or lymphoblastic) leukemia, and Castleman's disease. NHL may also include
T-cell non-Hodgkin's lymphoma s(T-NHLSs), which include, but are not limited to T-cell
non-Hodgkin's lymphoma not otherwise specified (NOS), peripheral T-cell lymphoma
(PTCL), anaplastic large cell lymphoma (ALCL), angioimmunoblastic lymphoid disorder
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(AILD), nasal natural killer (NK) cell / T-cell lymphoma, gamma/delta lymphoma,

cutaneous T cell lymphoma, mycosis fungoides, and Sezary syndrome.

Hematopoietic cancers also include Hodgkin's lymphoma (or disease) including
classical Hodgkin's lymphoma, nodular sclerosing Hodgkin's lymphoma, mixed cellularity
Hodgkin's lymphoma, lymphocyte predominant (LP) Hodgkin's lymphoma, nodular LP
Hodgkin's lymphoma,and lymphocyte depleted Hodgkin's lymphoma. Hematopoietic
cancers also include plasma cell diseases or cancers such as multiple myeloma (MM)
including smoldering MM, monoclonal gammopathy of undetermined (or unknown or
unclear) significance (MGUS), plasmacytoma (bone, extramedullary), lymphoplasmacytic
lymphoma (LPL), Waldenstrom's Macroglobulinemia, plasma cell leukemia, and primary
amyloidosis (AL). Hematopoietic cancers may also include other cancers of additional
hematopoietic cells, including polymorphonuclear leukocytes (or neutrophils), basophils,
eosinophils,, dendritic cells, platelets, erythrocytes and natural killer cells. Tissues which
include hematopoietic cells referred herein to as "hematopoietic cell tissues" include bone
marrow; peripheral blood; thymus; and peripheral lymphoid tissues, such as spleen, lymph
nodes, lymphoid tissues associated with mucosa (such asthe gut-associated lymphoid
tissues), tonsils, Peyer's patches and appendix, and lymphoid tissues associated with other

mucosa, for example, the bronchial linings.

Asused herein theterm "Compound A2 means an immuno-modulatory agent
selected from: an anti-PD-1 antibody or antigen binding fragment thereof, an anti-PDLI
antibody or antigen binding fragment thereof, an anti-CTLA4 antibody or antigen binding
fragment thereof, or an anti-OX40 antibody or antigen binding fragment thereof. In some
embodiments, Compound AZ2isan anti-PD-1 antibody. Suitably Compound A2may be
selected from nivolumab and pembrolizumab. In some embodiments, Compound A2 is an
agonist antibody directed to OX40 or antigen binding portion thereof comprising avH
domain comprising an amino acid sequence at least 90% identical to the amino acid
sequence set forth in SEQ ID N O:5; and aV L domain comprising an amino acid sequence
a least 90% identical to the amino acid sequence as set forth in SEQ ID NO: 11. In till
other embodiments, Compound A2 is an agonist antibody direct to OX40 or antigen binding
portion thereof comprising an anti-OX40 antibody or antigen binding fragment thereof
comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in
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SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRLI asset forth in SEQ ID NO:7;
CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forthin SEQ ID NO:9 or a
direct equivalent of each CDR wherein a direct equivalent has no more than two amino acid

substitutions in said CDR.

Asused herein theterm "Compound B2' means a Type | PRMT inhibitor. In some
embodiments, Compound B2 is a compound of Formulal, I, V, or VI. Suitably Compound

B2is Compound A .

Suitably, the combinations of this invention are administered within a " specified

period".

Theterm "specified period" and grammatical variations thereof, as used herein,
means the interval of time between the administration of one of Compound A2 and
Compound B2 and the other of Compound A2 and Compound B2. Unless otherwise
defined, the specified period can include simultaneous administration. Unless otherwise
defined, the specified period refers to administration of Compound A2 and Compound B2
during a single day.

Suitably, if the compounds are administered within a "specified period" and not
administered simultaneously, they are both administered within about 24 hours of each
other - inthis case, the specified period will be about 24 hours; suitably they will both be
administered within about 12 hours of each other - in this case, the specified period will be
about 12 hours; suitably they will both be administered within about 11 hours of each other
- inthis case, the specified period will be about 11hours; suitably they will both be
administered within about 10 hours of each other - in this case, the specified period will be
about 10 hours; suitably they will both be administered within about 9 hours of each other -
in this case, the specified period will be about 9 hours; suitably they will both be
administered within about 8 hours of each other - in this case, the specified period will be
about 8 hours; suitably they will both be administered within about 7 hours of each other -
in this case, the specified period will be about 7 hours; suitably they will both be
administered within about 6 hours of each other - in this case, the specified period will be
about 6 hours; suitably they will both be administered within about 5 hours of each other -
in this case, the specified period will be about 5 hours; suitably they will both be
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administered within about 4 hours of each other - in this case, the specified period will be
about 4 hours; suitably they will both be administered within about 3 hours of each other -
in this case, the specified period will be about 3 hours; suitably they will be administered
within about 2 hours of each other - in this case, the specified period will be about 2 hours;
suitably they will both be administered within about 1hour of each other - inthis case, the
specified period will be about 1hour. Asused herein, the administration of Compound A2
and Compound B2 in less than about 45 minutes apart is considered simultaneous
administration.

Suitably, when the combination of the invention is administered for a " specified

period", the compounds will be co-administered for a "duration of time".

Theterm "duration of time" and grammatical variations thereof, asused herein
means that both compounds of the invention are administered for an indicated number of
consecutive days. Unless otherwise defined, the number of consecutive days does not have
to commence with the start of treatment or terminate with the end of treatment, it isonly
required that the number of consecutive days occur a some point during the course of
treatment.

Regarding "specified period" administration:

Suitably, both compounds will be administered within a specified period for a least
one day - inthis case, the duration of time will be a |east one day; suitably, during the
course to treatment, both compounds will be administered within a specified period for a
least 3 consecutive days - in this case, the duration of time will be a least 3 days; suitably,
during the course to treatment, both compounds will be administered within a specified
period for a least 5 consecutive days - inthis case, the duration of time will be a least 5
days; suitably, during the course to treatment, both compounds will be administered within
a specified period for a least 7 consecutive days - in this case, the duration of time will be
a least 7 days; suitably, during the course to treatment, both compounds will be
administered within a specified period for a least 14 consecutive days - in this case, the
duration of time will be & least 14 days; suitably, during the course to treatment, both
compounds will be administered within a specified period for a least 30 consecutive days -
in this case, the duration of time will be a least 30 days.
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Suitably, if the compounds are not administered during a "specified period", they
are administered sequentially. By theterm "sequential administration”, and grammatical
derivates thereof, as used herein is meant that one of Compound A2 and Compound BZ2is
administered once aday for two or more consecutive days and the other of Compound A2
and Compound B2 is subsequently administered once a day for two or more consecutive
days. Also, contemplated herein isadrug holiday utilized between the sequential
administration of one of Compound A2 and Compound B2 and the other of Compound A2
and Compound B2. Asused herein, adrug holiday isaperiod of days after the sequential
administration of one of Compound A2 and Compound B2 and before the administration of
the other of Compound A2 and Compound B2 where neither Compound A2 nor Compound
B2is administered. Suitably the drug holiday will be aperiod of days selected from: 1day,
2 days, 3days, 4 days, 5days, 6 days, 7 days, 8days, 9days, 10 days, 11days, 12 days, 13
days and 14 days.

Regarding sequential administration:

Suitably, one of Compound A2 and Compound B2 is administered for from 1to 30
consecutive days, followed by an optional drug holiday, followed by administration of the
other of Compound A2 and Compound B2 for from 1to 30 consecutive days. Suitably, one
of Compound A2 and Compound B2 is administered for from 1to 21 consecutive days,
followed by an optional drug holiday, followed by administration of the other of Compound
A2 and Compound B2 for from 1to 21 consecutive days. Suitably, one of Compound A2
and Compound B2 is administered for from 1to 14 consecutive days, followed by adrug
holiday of from 1to 14 days, followed by administration of the other of Compound A2 and
Compound B2for from 1to 14 consecutive days. Suitably, one of Compound A2 and
Compound B2isadministered for from 1to 7 consecutive days, followed by a drug holiday
of from 1to 10 days, followed by administration of the other of Compound A2 and

Compound B2for from 1to 7 consecutive days.

Suitably, Compound B2 will be administered first in the sequence, followed by an
optional drug holiday, followed by administration of Compound A2. Suitably, Compound
B2isadministered for from 3to 21 consecutive days, followed by an optional drug holiday,
followed by administration of Compound A2 for from 3to 21 consecutive days. Suitably,
Compound BZ2isadministered for from 3to 21 consecutive days, followed by adrug
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holiday of from 1to 14 days, followed by administration of Compound A2 for from 3to 21
consecutive days. Suitably, Compound B2 is administered for from 3to 2 1 consecutive
days, followed by a drug holiday of from 3to 14 days, followed by administration of
Compound A2 for from 3to 21 consecutive days. Suitably, Compound B2 is administered
for 21 consecutive days, followed by an optional drug holiday, followed by administration
of Compound A2 for 14 consecutive days. Suitably, Compound B2 is administered for 14
consecutive days, followed by adrug holiday of from 1to 14 days, followed by
administration of Compound A2 for 14 consecutive days. Suitably, Compound B2is
administered for 7 consecutive days, followed by a drug holiday of from 3to 10 days,
followed by administration of Compound A2 for 7 consecutive days. Suitably, Compound
B2is administered for 3 consecutive days, followed by adrug holiday of from 3to 14 days,
followed by administration of Compound A2 for 7 consecutive days. Suitably, Compound
B2is administered for 3 consecutive days, followed by adrug holiday of from 3to 10 days,

followed by administration of Compound A2 for 3 consecutive days.

It isunderstood that a"specified period" administration and a "sequential”
administration can be followed by repeat dosing or can be followed by an alternate dosing
protocol, and a drug holiday may precede the repeat dosing or alternate dosing protocol.

The methods of the present invention may also be employed with other therapeutic

methods of cancer treatment.

Compound A2 and Compound B2 may be administered by any appropriate route.
Suitable routes include oral, rectal, nasal, topical (including buccal and sublingual),
intratumorally, vaginal, and parenteral (including subcutaneous, intramuscular, intravenous,
intradermal, intrathecal, and epidural). It will be appreciated that the preferred route may
vary with, for example, the condition of the recipient of the combination and the cancer to
betreated. It will also be appreciated that each of the agents administered may be
administered by the same or different routes and that Compound A2 and Compound B2 may

be compounded together in a pharmaceutical composition/formulation.

In one embodiment, one or more components of a combination of the invention are
administered intravenously. In one embodiment, one or more components of a combination

of the invention are administered orally. In another embodiment, one or more components
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of acombination of the invention are administered intratumorally. In another embodiment,
one or more components of acombination of the invention are administered systemically,
e.g., intravenously, and one or more other components of a combination of the invention
are administered intratumorally. In any of the embodiments, e.g., in this paragraph, the

components of the invention are administered as one or more pharmaceutical compositions.

Typicaly, any anti-neoplastic agent that has activity versus a susceptible tumor
being treated may be co-administered in the treatment of cancer in the present invention.
Examples of such agents can be found in Cancer Principles and Practice of Oncology by
V.T. Devita, T.S. Lawrence, and S.A. Rosenberg (editors), 10t edition (December 5, 2014),
Lippincott Williams & Wilkins Publishers. A person of ordinary skill in the art would be
able to discern which combinations of agents would be useful based on the particular
characteristics of the drugs and the cancer involved. Typica anti-neoplastic agents useful
in the present invention include, but are not limited to, anti-microtubule or anti-mitotic
agents such as diterpenoids and vinca alkaloids; platinum coordination complexes;
alkylating agents such as nitrogen mustards, oxazaphosphorines, alkylsulfonates,
nitrosoureas, and triazenes; antibiotic agents such as actinomycins, anthracyclins, and
bleomycins; topoisomerase | inhibitors such as camptothecins; topoisomerase 11 inhibitors
such as epipodophyllotoxins; antimetabolites such as purine and pyrimidine analogues and
anti-folate compounds; hormones and hormonal analogues; signal transduction pathway
inhibitors; non-receptor tyrosine kinase angiogenesis inhibitors; immunotherapeutic agents;
proapoptotic agents; cell cycle signalling inhibitors; proteasome inhibitors; heat shock
protein inhibitors; inhibitors of cancer metabolism; and cancer gene therapy agents such as
genetically modified T cells.

Examples of afurther active ingredient or ingredients for use in combination or co-
administered with the present methods or combinations are anti-neoplastic agents.
Examples of anti-neoplastic agents include, but are not limited to, chemotherapeutic agents;

immuno-modulatory agents; immune-modulators; and immunostimulatory adjuvants.
EXAMPLES

The following examples illustrate various non-limiting aspects of this invention.
Example 1
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Arginine Methylation and PRMTs

Arginine methylation isan important post-translational modification on proteins
involved in a diverse range of cellular processes such asgene regulation, RNA processing,
DNA damage response, and signal transduction. Proteins containing methylated arginines
are present in both nuclear and cytosolic fractions suggesting that the enzymes that catalyze
the transfer of methyl groups on to arginines are also present throughout these subcellular
compartments (reviewed inYang, Y . & Bedford, M. T. Protein arginine methyltransferases
and cancer. Nat Rev Cancer 13, 37-50, doi:10.1038/nrc3409 (2013); Lee, Y .H. & Stallcup,
M. R.Minireview: protein arginine methylation of nonhistone proteins in transcriptional
regulation. Mol Endocrinol 23, 425-433, doi: 10.1210/me.2008-0380 (2009)). In
mammalian cells, methylated arginine exists in three major forms. co-A”-monomethyl-
arginine (MMA), &-N% N°-asymmetric dimethyl arginine (ADMA), or w-N%N 6-
symmetric dimethyl arginine (SDMA). Each methylation state can affect protein-protein
interactions in different ways and therefore has the potential to confer distinct functional
consequences for the biological activity of the substrate (Yang, Y . & Bedford, M. T.
Protein arginine methyltransferases and cancer. Nat Rev Cancer 13, 37-50,
doi:10.1038/nrc3409 (2013)).

Arginine methylation occurs largely inthe context of glycine-, arginine-rich (GAR)
motifs through the activity of afamily of Protein Arginine Methyltransferases (PRMTS)
that transfer the methyl group from S-adenosyl-L-methionine (SAM) to the substrate
arginine side chain producing S-adenosyl-homocysteine (SAH) and methylated arginine
(FIG. 1). This family of proteins is comprised of 10 members of which 9 have been shown
to have enzymatic activity (Bedford, M. T. & Clarke, S. G. Protein arginine methylation in
mammals. who, what, and why. Mol Cell 33, 1-13, doi:10.1016/j.molcel.2008.12.013
(2009)). The PRMT family is categorized into four sub-types (Type I-1V) depending on the
product of the enzymatic reaction (FIG. 1). Type IV enzymes methylate the internal
guanidino nitrogen and have only been described in yeast (Fisk, J. C. & Read, L. K. Protein
arginine methylation in parasitic protozoa. Eukaryot Cell 10, 1013-1022,
doi: 10. 1128/EC.05103-1 1 (201 1)); types I-1l1l enzymes generate monomethyl-arginine
(MMA, Rmel) through a single methylation event. The MMA intermediate is considered a
relatively low abundance intermediate, however, select substrates of the primarily Type Ill
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activity of PRMT7 can remain monomethylated, while Types | and Il enzymes catalyze
progression from MMA to either asymmetric dimethyl-arginine (ADMA, Rme2a) or
symmetric dimethyl arginine (SDMA, Rme2s) respectively. Type || PRMTs include
PRMTS5, and PRMT9, however, PRMT5 isthe primary enzyme responsible for formation
of symmetric dimethylation. Type | enzymes include PRMT1, PRMT3, PRMT4, PRMT6
and PRMT8. PRMT1, PRMT3, PRMT4, and PRMT6 are ubiquitously expressed while
PRMTS8 islargely restricted to the brain (reviewed in Bedford, M. T. & Clarke, S. G.
Protein arginine methylation in mammals; who, what, and why. Mol Cell 33, 1-13,
doi:10.1016/j.molcel.2008. 12.013 (2009)).

PRMT1 isthe primary Type 1enzyme capable of catalyzing the formation of MMA
and ADMA on numerous cellular substrates (Bedford, M. T. & Clarke, S. G. Protein
arginine methylation in mammals; who, what, and why. Mol Cell 33, 1-13,
doi:10.1016/j .molcel .2008.12.0 13 (2009)) . In many instances, the PRMT 1-dependent
ADMA modification is required for the biological activity and trafficking of its substrates
(Nicholson, T.B., Chen, T. & Richard, S. The physiological and pathophysiological role of
PRMT 1-mediated protein arginine methylation. Pharmacol Res 60, 466-474,
doi:10.1016/j.phrs.2009. 07.006 (2009)), and the activity of PRMT1 accounts for ~85% of
cellular ADMA levels (Dhar, S.etal. Loss of the major Type | arginine methyltransferase
PRMT1 causes substrate scavenging by other PRMTs. Sci Rep 3, 1311,
doi:10.1038/srep01311 (2013); Pawlak, M. R., Scherer, C. A., Chen, J., Roshon, M. J. &
Ruley, H. E. Arginine N-methyltransferase lisrequired for early postimplantation mouse
development, but cells deficient in the enzyme are viable. Mol Cell Biol 20, 4859-4869
(2000)). Complete knockout of PRMT1 results in a profound increase in MMA across
numerous substrates suggesting that the major biological function for PRMTL1 isto convert
MMA to ADMA while other PRMTSs can establish and maintain MMA (Dhar, S. etal. Loss
of the major Type | arginine methyltransferase PRMT1 causes substrate scavenging by
other PRMTs. Sci Rep 3, 1311, doi: 10. 1038/srep013 11 (2013)). In addition, SDMA levels
are increased upon loss of PRMTL, likely a consequence of the loss of ADMA and the
corresponding increase of MMA that can serve asthe substrate for SDMA-generating Type
Il PRMTs. Inhibition of Type | PRMTs may lead to altered substrate function through loss
of ADMA, increase in MMA, or, aternatively, a switch to the distinct methylation pattern
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associated with SDMA (Dhar, S. et al. Loss of the magjor Type | arginine methyltransferase
PRMTI causes substrate scavenging by other PRMTs. Sci Rep 3, 1311,
doi:10.1038/srep01311 (2013)).

Disruption of the Prmtl locus in mice results in early embryonic lethaity and
homozygous embryos fail to develop beyond E6.5 indicating arequirement for PRMTI in
normal development (Pawlak, M. R., Scherer, C. A., Chen, J.,, Roshon, M. J. & Ruley, H.
E. Arginine N-methyltransferase 1isrequired for early postimplantation mouse
development, but cells deficient in the enzyme are viable. Mol Cell Biol 20, 4859-4869
(2000); Yu, Z., Chen, T., Hebert, J, Li, E. & Richard, S. A mouse PRMTI null alee
defines an essentia role for arginine methylation in genome maintenance and cell
proliferation. Mol Cell Biol 29, 2982-2996, doi: 10. 1128/MCB.00042-09 (2009)).
Conditional or tissue specific knockout will be required to better understand the role for
PRMTI inthe adult. Mouse embryonic fibroblasts derived from Prmtl null mice undergo
growth arrest, polyploidy, chromosomal instability, and spontaneous DNA damage in
association with hypomethylation of the DNA damage response protein MRE! 1,
suggesting arole for PRMTI in genome maintenance and cell proliferation (Yu, Z., Chen,
T., Hebert, J,, Li, E. & Richard, S. A mouse PRMTI null allele defines an essentia role for
arginine methylation in genome maintenance and cell proliferation. Mol Cell Biol 29, 2982-
2996, doi: 10.1 128/MCB. 00042-09 (2009)). PRMTI protein and mRNA can be detected in
awide range of embryonic and adult tissues, consistent with its function asthe enzyme
responsible for the majority of cellular arginine methylation. Although PRMTs can
undergo post-translational modifications themselves and are associated with interacting
regulatory proteins, PRMTI retains basal activity without arequirement for additional
modification (reviewed inYang, Y .& Bedford, M. T. Protein arginine methyltransferases
and cancer. Nat Rev Cancer 13, 37-50, doi:10.1038/nrc3409 (2013)).

PRMTI and Cancer

Mis-regulation and overexpression of PRMTI has been associated with a number of
solid and hematopoietic cancers (Yang, Y . & Bedford, M. T. Protein arginine
methyltransferases and cancer. Nat Rev Cancer 13, 37-50, doi:10.1038/nrc3409 (2013);
Yoshimatsu, M. etal. Dysregulation of PRMTI and PRMT6, Type | arginine

90



10

15

20

25

30

WO 2018/100534 PCT/IB2017/057548

methyltransferases, isinvolved in various types of human cancers. Int J Cancer 128, 562-
573, doi:10.1002/ijc.25366 (2011)). The link between PRMTI and cancer biology has
largely been through regulation of methylation of arginine residues found on relevant
substrates (FIG. 2). In several tumor types, PRMTI can drive expression of aberrant
oncogenic programs through methylation of histone H4 (Takai, H. etal. 5-
Hydroxymethylcytosine plays acritical role in glioblastomagenesis by recruiting the
CHTOP-methylosome complex. Cell Rep 9, 48-60, doi:10.1016/j.celrep.2014.08.071
(2014); Shia, W.J.etal. PRMTI interacts with AMLI-ETO to promote its transcriptional
activation and progenitor cell proliferative potential. Blood 119, 4953-4962,

doi: 10. 1182/blood-201 1-04-347476 (2012); Zhao, X . et al. Methylation of RUNX 1by
PRMTI abrogates SIN3A binding and potentiates its transcriptional activity. Genes Dev 22,
640-653, doi: 10.1 101/gad. 1632608 (2008)), aswell asthrough its activity on non-histone
substrates (Wei, H., Mundade, R., Lange, K. C. & Lu, T. Protein arginine methylation of
non-histone proteins and its role in diseases. Cell Cycle 13, 32-41, doi: 10.4161/cc. 27353
(2014)). In many of these experimental systems, disruption of the PRMTI -dependent
ADMA modification of its substrates decreases the proliferative capacity of cancer cells
(Yang, Y. & Bedford, M. T.Protein arginine methyltransferases and cancer. Nat Rev
Cancer 13, 37-50, doi: 10.1038/nrc3409 (2013)).

Severa studies have linked PRMTI tothe development of hematological and solid
tumors. PRMTI isassociated with leukemia development through methylation of key
drivers such asMLL and AMLI-ETO fusions, leading to activation of oncogenic pathways
(Shia, W.J.etal. PRMTI interacts with AMLI-ETO to promote its transcriptional
activation and progenitor cell proliferative potential. Blood 119, 4953-4962,
doi: 10. 1182/blood-201 1-04-347476 (2012); Cheung, N. et al. Targeting Aberrant
Epigenetic Networks Mediated by PRMTI and KDM4C in Acute Myeloid Leukemia.
Cancer Cell 29, 32-48, doi:10.1016/j.ccell.2015. 12.007 (2016)). Knockdown of PRMTI
in bone marrow cells derived from AMLI-ETO expressing mice suppressed clonogenicity,
demonstrating acritical requirement for PRMTI in maintaining the leukemic phenotype of
this model (Shia, W.J.etal. PRMTI interacts with AMLI-ETO to promote its
transcriptional activation and progenitor cell proliferative potential. Blood 119, 4953-4962,
doi: 10. 1182/blood-201 1-04-347476 (2012)). PRMTI isalso acomponent of MLL fusion
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complexes, promotes aberrant transcriptional activation in association with H4R3
methylation, and knockdown of PRMT1 can suppress MLL-EEN mediated transformation
of hematopoietic stem cells (Cheung, N., Chan, L. C, Thompson, A., Cleary, M.L. & So,
C.W. Pratein arginine-methyltransferase-dependent oncogenesis. Nat Cell Biol 9, 1208-
1215, doi: 10.1038/nchl642 (2007)). In breast cancer patients, high expression of PRMT1
was found to correlate with shorter disease free survival and with tumors of advanced
histological grade (Mathioudaki, K. etal. Clinical evaluation of PRMT1 gene expression in
breast cancer. Tumour Biol 32, 575-582, doi:10.1007/s13277-010-0153-2 (2011)). Tothis
end, PRMT1 has been implicated in the promotion of metastasis and cancer cell invasion
(Gao, Y . etal. The dual function of PRMT1 in modulating epithelial-mesenchymal
transition and cellular senescence in breast cancer cells through regulation of ZEB 1. Ci
Rep 6, 19874, doi: 10.1038/srepl9874 (2016); Avasaradla, S. etal. PRMT1 IsaNovel
Regulator of Epithelial-Mesenchymal-Transition in Non-small Cell Lung Cancer. J Biol
Chem 290, 13479-13489, doi: 10. 1074/jbc.MI 14.636050 (2015)) and PRMT1 mediated
methylation of Estrogen Receptor a (ERa) can potentiate growth-promoting signal
transduction pathways. This methylation driven mechanism may provide agrowth
advantage to breast cancer cells even in the presence of anti-estrogens (Le Romancer, M . et
al. Regulation of estrogen rapid signaling through arginine methylation by PRMTI. Mol
Cell 31, 212-221, doi: 10.1016/j.molcel.2008.05.025 (2008)). In addition, PRMTI
promotes genome stability and resistance to DNA damaging agents through regulating both
homologous recombination and non-homologous end-joining DNA repair pathways
(Boisvert, F. M., Rhie, A., Richard, S. & Doherty, A.J. The GAR motif of 53BP1 is
arginine methylated by PRMTI and isnecessary for 53BP1 DNA binding activity. Cell
Cycle 4, 1834-1841, doi: 10.4161/cc.4. 12.2250 (2005); Boisvert, F. M., Dery, U., Masson, J.
Y . & Richard, S. Arginine methylation of MREI 1by PRMTI isrequired for DNA damage
checkpoint control. Genes Dev 19, 671-676, doi:10.1101/gad.|279805 (2005)). Therefore,
inhibition of PRMTI may sensitize cancers to DNA damaging agents, particularly in
tumors where DNA repair machinery may be compromised by mutations (such as BRCA1
in breast cancers) (O'Donovan, P.J. & Livingston, D. M. BRCA1 and BRCA2:
breast/ovarian cancer susceptibility gene products and participants in DNA double-strand
break repair. Carcinogenesis 31, 961-967, doi: 10.1093/carcin/bgq069 (2010)). Together,

these observations demonstrate key roles for PRMTI in clinically-relevant aspects of tumor
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biology, and suggest arationale for exploring combinations with therapies such asthose

that promote DNA damage.

RNA binding proteins and splicing machinery are amajor class of PRMTI
substrates and have been implicated in cancer biology through their biological function as
well as recurrent mutations in leukemias (Bressan, G. C. et al. Arginine methylation
analysis of the splicing-associated SR protein SFRS9/SRP30C. Cell Mol Biol Lett 14, 657-
669, doi:10.2478/d 1658-009-0024-2 (2009); Sveen, A., Kilpinen, S., Ruusulehto, A.,
Lothe, R.A. & Skotheim, R. 1. Aberrant RNA splicing in cancer; expression changes and
driver mutations of splicing factor genes. Oncogene 35, 2413-2427,
doi:10.1038/onc. 2015.318 (2016); Hsu, T.Y . etal. The spliceosome is atherapeutic
vulnerability in MY C-driven cancer. Nature 525, 384-388, doi: 10.1038/naturel 4985
(2015)). In arecent study, PRMTI was shown to methylate the RNA binding protein,
RBM15, in acute megakaryocytic leukemia (Zhang, L . etal. Cross-talk between PRMT1-
mediated methylation and ubiquitylation on RBM 15 controls RNA splicing. Elife 4,
doi:10.7554/eLife.07938 (2015)). PRMTI mediated methylation of RBM 15 regulates its
expression; consequently, overexpression of PRMTI in AML cell lines was shown to block
differentiation by downregulation of RBM15, thereby preventing its ability to bind pre-
MRNA intronic regions of genes important for differentiation. To identify putative PRMTI
substrates, a proteomic approach (Methylscan, Cell Signaling Technology) was utilized to
identify proteins with changes in arginine methylation states in response to atool PRMTI
inhibitor, Compound D . Protein fragments from Compound D- and DSMO-treated cell
extracts were immunoprecipitated using methyl arginine specific antibodies (ADMA,
MMA, SDMA), and peptides were identified by mass spectrometry. While many proteins
undergo changes in arginine methylation, the majority of substrates identified were
transcriptional regulators and RNA processing proteins in AML cell lines treated with the
tool compound (FIG. 3).

In summary, the impact of PRMTI| on cancer relevant pathways suggests inhibition
may lead to anti-tumor activity, providing anovel therapeutic mechanism for the treatment
of AML, lymphoma, and solid tumor indications. Asdescribed in the emerging literature,

several mechanisms support arationale for the use of aPRMTI inhibitor in hematological
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and solid tumors including: inhibition of AML-ETO driven oncogenesis in leukemia,
inhibition of growth promoting signal transduction in breast cancer, and modulation of
splicing through methylation of RNA binding proteins and spliceosome machinery.
Inhibition of Type | PRMTs including PRMT1 represents atractable strategy to suppress

aberrant cancer cell proliferation and survival.

BIOCHEMISTRY
Detailed in vitro biochemical studies were conducted with Compound A to

characterize the potency and mechanism of inhibition against Type | PRMTs.

Mechanism d Inhibition

The inhibitory mechanism of Compound A for PRMT1 was explored through
substrate competition experiments. Inhibitor modality was examined by plotting
Compound A 150 values as a function of substrate concentration divided by its K@P and
comparing the resulting plots to the Cheng-Prusoff relationship for competitive, non-
competitive, and uncompetitive inhibition (Copeland, R. A . Evaluation of enzyme
inhibitors in drug discovery. A guide for medicinal chemists and pharmacologists. Methods
BiochemAnal 46, 1-265 (2005)). Compound A 1C50 values decreased with increasing
SAM concentration indicating that inhibition of PRMT1 by Compound A was
uncompetitive with respect to SAM with aK PP value of 15 nM when fit to an equation for
uncompetitive inhibition (FIG. 4A). No clear modality trend was observed when
Compound A 150 values were plotted as afunction of H4 1-21 peptide (FIG. 4B)
suggesting mixed type inhibition. Further analysis was performed using agloba analysis
resulting in an a value of 3.7 confirming the peptide mechanism as mixed and yielding a

K;#P value of 19 nM (FIG. 4B, inset).

Time Dependence and Reversihility

Compound A was evauated for time dependent inhibition by measuring 1C50 values
following varying SAM:PRMT1: Compound A preincubation time and a 20 minute
reaction. An inhibitory mechanism that isuncompetitive with SAM implies that generation
of the SAM:PRMT1 complex isrequired to support binding of Compound A, therefore
SAM (held at Kn2P) was included during the preincubation. Compound A demonstrated
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time dependent inhibition of PRMT1 methylation evident by an increase in potency with
longer preincubation time (FIG. 5A). Since time dependent inhibition was observed,
further 1C50 determinations included a 60 minute SAM: PRMT1: Compound A
preincubation and a 40 minute reaction time to provide a better representation of compound
potency. These conditions yield an 1C50 of 3.1 + 0.4 nM (n=29) that is>10-fold above the
theoretical tight-binding limit (0.25 nM) of the assay. Examining 1C50 values at varying
PRMT1 concentrations revealed that the actual tight binding limit would be significantly
lower than 0.25 nM potentially dueto alow active fraction (FIG. 5B). The sat form of
Compound A did not significantly affect the 1C50 value determined against PRMT1 (FIG.
5B).

Two explanations for time dependent inhibition are slow-binding reversible
inhibition and irreversible inhibition. To distinguish between these two mechanisms,
affinity selection mass spectrometry (ASMS) was used to examine the binding of
Compound A to PRMT1. ASMS first separates bound from unbound ligand, and then
detects reversibly bound ligand by MS. A 2 hr preincubation of PRMT1:SAM with
Compound A was used to ensure that the time dependent complex (ESI*) was fully formed
based on the profile shown in FIG. 5A) in which maximal potency was observed after 20
minutes of preincubation. Under these conditions, Compound A was detectable using
ASMS. This suggests that the primary mechanism isreversible in nature, since ASMS
would be unable to detect irreversibly bound Compound A. Definitive reversibility studies
including off-rate analysis have not yet been performed and would further validate the

mechanism.

Crystallography

To determine inhibitor binding mode, the co-crystal structure of Compound A
bound to PRMT1 and SAH was determined (2.48 A resolution) (FIG. 6). SAH isthe
product formed upon removal of the methyl group from SAM by PRMT1; therefore, SAH
and SAM should similarly occupy the same pocket of PRMT1. The inhibitor binds in the
cleft normally occupied by the substrate peptide directly adjacent to the SAH pocket and its
diamine sidechain occupies the putative arginine substrate site. The terminal methylamine
forms a hydrogen bond with the Glul62 sidechain residue that is 3.6 A from the thioether
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of SAH and the SAH binding pocket isbridged to Compound A by Tyr57 and Met66.
Compound A binds PRMTI through the formation of ahydrogen bond between the proton
of the pyrazole nitrogen of Compound A and the acidic sidechain of Glu65; the diethoxy
branched cyclohexyl moiety lies along the solvent exposed surface in a hydrophobic groove
formed by Tyr57, 11e62, Tyrl66 and Tyrl70. The spatia separation between SAH and
inhibitor binding, aswell asinteractions with residues such as Tyr57 could support the
SAM uncompetitive mechanism reveaed inthe enzymatic studies. The finding that
Compound A isbound in the substrate peptide pocket and that the diamine sidechain may
mimic the amines of the substrate arginine residue implies that inhibitor modality may be
competitive with peptide. Biochemical mode of inhibition studies support that Compound
A isamixed inhibitor with respect to peptide (FIG. 4B). The time-dependent behavior of
Compound A aswell asthe potential for exosite binding of the substrate peptide outside of
the peptide cleft could both result in amode of inhibition that isnot competitive with
peptide, explaining the difference in modality suggested by the structural and biochemical
studies.

Orthologs

To facilitate interpretation of toxicology studies, the potency of Compound A was
evaluated against the rat and dog orthologs of PRMTI. Aswith human PRMTI,
Compound A reveaed time dependent inhibition against rat and dog PRMTIl with ICso
values decreasing with increasing preincubation (FIG. 7A). Additionaly, no shiftin
Compound A potency was observed across arange of enzyme concentrations (0.25- 32 nM)
suggesting the 1C50 values measured did not approach the tight-binding limit of the assay
for human, rat or dog (FIG. 7B). 1C50 values were determined using conditions equivalent
to those used to assess human PRMTI and revealed that Compound A potency varied < 2-
fold across all species (FIG. 7C).

Selectivity

The selectivity of Compound A was assessed across apanel of PRMT family
members. 1C50 values were determined against representative Types | (PRMT3, PRMT4,
PRMT6 and PRMT8) and Il (PRMT5/MEP50 and PRMT9) family members following a 60
minute SAM: Enzyme: Compound A preincubation. Compound A inhibited the activity of
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al Type | PRMTs tested with varying potencies, but failed to inhibit Type Il family
members (FIG. 8A). Additional characterization of the Type | PRMTs revealed that
Compound A was atime dependent inhibitor of PRMT4, PRMT6 and PRM T8 dueto the
increase in potency observed following increasing Enzyme: SAM: Compound A

preincubation times; whereas, PRMT3 displayed no time dependent behavior (FIG. 8B).

To further characterize selectivity of Compound A, the inhibition of twenty -one
methyltransferases was evaluated at a single concentration of Compound A (10 uM,
Reaction Biology). The highest degree of inhibition, 18%, was observed against PRDMO.
Overall, Compound A showed minimal inhibition of the methyltransferases tested
suggesting it is a selective inhibitor of Type | PRMTs (Table 2). Additional selectivity
assays are described in the Safety sections.

Table2 Methyltransferasestested for inhibition by Compound A. Enzymes were
assayed a afixed concentration of SAM (1 uM) independent of the SAM Km value.

Average %

Methyltransferase Substrate Inhibition
PRDM9 Histone H3 17.99
NSD2 Nucleosomes 14.97
MLL3 Complex Core Histone 13.67
EZH1 Complex Core Histone 11.97
SMYD2 Histone H4 9.26
PRMT3 Histone H4 9.01
EZH2 Complex Core Histone 817
MLL2 Complex Core Histone 6.21
SET1B Complex Core Histone 5.96
NSD1 Nucleosomes 3.81
G9a Histone H3 (1-21) 3.72
SET7 Core Histone 3.47
SETD2 Nucleosomes 315
Dot1L Nucleosomes 2.75
GLP Histone H3 (1-21) 1.86
MLL4 Complex Core Histone 0.27
MLL1 Complex Nucleosomes 0.27
SUV420H1-tv2 Nucleosomes 0.00
SUV39H1 Histone H3 0.00
SET8 Nucleosomes 0.00
SUV39H2 Histone H3 0.00
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In summary, Compound A isapotent, reversible, selective inhibitor of Type |
PRMT family members showing equivalent biochemical potency against PRMTI, PRMT6
and PRMT8 with 1C50 values ranging between 3-5 nM. The crystal structure of PRMTI in
complex with Compound A reveals that Compound A binds in the peptide pocket and both
the crystal structure, aswell asenzymatic studies are consistent with a SAM uncompetitive

mechanism.

BIOLOGY
Cellular Mechanistic Effects

Inhibition of PRMTI ispredicted to result in adecrease of ADMA on cellular
PRMTI substrates, including arginine 3 of histone H4 (H4R3me2a), with concomitant
increases in MMA and SDMA (Dhar, S. etal. Loss of the major Type | arginine
methyltransferase PRMTI causes substrate scavenging by other PRMTs. Sci Rep 3, 1311,
doi: 10. 1038/srep013 11 (2013)). To evauate the effect of Compound A on arginine
methylation the dose response associated with increased MMA was evaluated in an in-cell-
western assay using an antibody to detect MMA and the cellular mechanistic EC50 of 10.1 +
4.4 nM was determined (FIG. 9). The dose response appeared biphasic, possibly due to
differential activity between the Type | PRMTs or differential potency towards a particular
subset of substrates. An equation describing abiphasic curve was used to fit the data and
since there was no obvious plateau associated with the second inflection over the range of
concentrations tested, the first inflection was reported. Various salt forms were tested in
this assay format and all demonstrated similar EC50values and are, therefore, considered
interchangeable for al biology studies (FIG. 9). Additional studies were performed to
examine the timing, durability, and impact on other methylation states in select tumor types
asindicated below. The potency of Compound A on induction of MMA indicates that
Compound A can be used to investigate the biological mechanism associated with
inhibition of Type 1PRMTs in cells.

Typel PRMT Expression in Cancer
Analysis of gene expression data from multiple tumor types collected from > 100

cancer studies through The Cancer Genome Atlas (TCGA) and other primary tumor
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databases represented in cBioPortal indicates that PRMT1 ishighly expressed g in cancer,
with highest levels in lymphoma (diffuse large B-cell lymphoma, DLBCL) relative to other
solid and hematological malignancies (FIG. 10). Expression of ACTB, a common
housekeeping gene and TYR, agene selectively expressed in skin, were also surveyed to
characterize the range associated with high ubiquitous expression or tissue restricted
expression, respectively. High expression in lymphoma among other cancers provides
additional confidence that the target of Compound A inhibition ispresent in primary tumors
that correspond to cell lines evaluated in preclinical studies. PRMTs 3, 4, and 6 are also
expressed across arange of tumor types while PRMT8 expression appears more restricted
aspredicted given itstissue specific expression (Lee, J., Sayegh, J., Danidl, J, Clarke, S. &
Bedford, M. T.PRMTS8, anew membrane-bound tissue-specific member of the protein
arginine methyltransferase family. J Biol Chem 280, 32890-32896,

doi: 10. 1074/jbc.M506944200 (2005)).

Cdllular Phenotypic Effects

Compound A was analyzed for its ability to inhibit cultured tumor cell line growth
in a 6-day growth-death assay using Cell Titer Glo (Promega) that quantifies ATP asa
surrogate of cell number. The growth of all cell lines was evaluated over time across awide
range of seeding densities to identify conditions that permitted proliferation throughout the
entire 6-day assay. Cells were plated at the optimal seeding density and after overnight
incubation, a 20-point 2-fold titration of compound was added and plates were incubated
for 6 days. A replicate plate of cells was harvested a the time of compound addition to
guantify the starting number of cells (To). Values obtained after the 6 day treatment were
expressed as a function of the Tovalue and plotted against compound concentration. The To
value was normalized to 100% and represents the number of cells at the time of compound
addition. The data were fit with a 4 parameter equation to generate a concentration response
curve and the growth 1C50 (glCso) was determined. The glCso isthe midpoint of the 'growth
window', the difference between the number of cells at the time of compound addition (To)
and the number of cells after 6 days (DM SO control). The growth-death assay can be used
to quantify the net population change, clearly defining cell death (cytotoxicity) asfewer
cells compared to the number e the time of compound addition (To). A negative Ymin-To

value isindicative of cell death while ag!Cioo value represents the concentration of
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compound required for 100% inhibition of growth. The growth inhibitory effect of
Compound A was evaluated using this assay in 196 human cancer cell lines representing

solid and hematological malignancies (FIG. 11).

Compound A induced near or complete growth inhibition in most cell lines, with a
subset showing cytotoxic responses, asindicated by anegative Ymin-Tovalue (FIG. 1IB).
This effect was most pronounced in AML and lymphoma cancer cell lines, where 50 and
54% of cell lines showed cytotoxic responses, respectively. The total AUC or exposure
(Cave) calculated from the rat 14-day MTD (150 mg/kg, Cave=2.1 uM) was used as an
estimate of aclinically relevant concentration of Compound A for evaluation of sensitivity.
While lymphoma cell lines showed cytotoxicity with glCioo values below 2.1 uM, many
cell lines across al tumor types evaluated showed glCso values < 2.1 uM suggesting that
concentrations associated with anti-tumor activity may be achievable in patients. The dog
21-day MTD was dlightly higher (25 mg/kg; total AUC or Cave= 3.2 uM), therefore the
lower concentration from the rat provides amore conservative target for appreciating cell
line sensitivity. Lymphoma cell lines were highly sensitive to Type | PRMT inhibition,
with amedian glCso of 0.57 uM and cytotoxicity observed in 54%. Among solid tumor
types, potent anti-proliferative activity of Compound A was observed in melanoma and
kidney cancer cell lines (primarily representing clear cell renal carcinoma), however, the

responses were predominantly cytostatic inthis assay format (FIG. 11, Table 3).

Table3 Compound A 6-day proliferation summary. glCso < 2.1 pM was used astarget
based on concentration achieved in the rat 14-day MTD (150 mg/kg, Cave=2.1 uM).

Tota AM Lymph Bladd Brea Colo Kidn NSC Melano Prost

1 L oma er S n ey LC ma ate

Median giCso 21 05 57 532 595 55 166 281 028 1.86

f..NAN A

Median gI Cioo 29. 16. 21.62 2033 29.3 29. 29.3 29.3 2033 20.34

[TV A 272 igie] 3 272 < 2

% Cytotoxic 23 50  54% 0% 10% 3% 0% 16% 0% 0%

o/ o/
% glCso<2 49 80  goy  28% 41% 29 60% 28% 71%  75%
=N o/ o/ o/

% glCioo<2 4% 0% 14% 0% 0% 0% 0% 0% 0% 0%
=N
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Totai” Ceii 196 1o 59 18 79 34 10 25 7 4

ILinaoc

Evaluation of the anti-proliferative effects of Compound A indicates that inhibition
of PPYMTI results in potent anti-tumor activity across cell lines representing arange of
solid and hematological malignancies. Together, these data suggest that clinical
development in solid and hematological malignancies iswarranted. Prioritized indications
include:

* Lymphoma: cytotoxicity in 54% of cell lines

e« AML: cytotoxicity in 50% of cell lines

* Rena cell carcinoma: glCso < 2.1 uM in 60% of cell lines

* Melanoma: gICso< 2.1uM in 71% of cdl lines

* Breast cancer including TNBC: gICso< 2.1 pM in 41% of cell lines

Lymphoma Biology
Cell Mechanistic Effects

To evaluate the effect of Compound A on arginine methylation in lymphoma, a
human DLBCL cell line (Toledo) was treated with 0.4 uM Compound A or vehicle for up
to 120 hours after which protein ly sates were evaluated by western analysis using
antibodies for various arginine methylation states. Aspredicted, ADMA methylation
decreased while MMA increased upon compound exposure (FIG. 12). Anincrease in
levels of SDMA was also observed, suggesting that the increase in MMA may have
resulted in accumulation in the pool of potential substrates for PRM TS5, the major catalyst
of SDMA formation. Given the detection of numerous substrates with varying kinetics,
and variability of ADMA levels among DM SO-treated samples, both the full lane and a
prominent 45kDa band were characterized to assess ADMA. Increases in MMA were
apparent by 24 hours and near maximal by 48 hours while decreases in the 45 kDa ADMA
band required 72-96 hours to achieve maximal effect. Increases in SDMA were apparent
after 48 hours of compound exposure and continued to increase through 120 hours,
consistent with the potential switch from conversion of MMA to ADMA by Type | PRMTs
to SDMA by Type || PRMTs (FIG. 12).
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The dose response associated with Compound A effects on arginine methylation
(MMA, ADMA, SDMA) was determined in apanel of lymphoma cell lines (FIG. 13).
ADMA decreases were measured across the full lane and the single 45 kDa band that
decreased to undetectable levels across al cell lines evaluated. Overall, concentrations
required to achieve 50% of the maximal effect were similar across cell lines and did not
correspond to the glCso in the 6-day growth death assay, suggesting that the lack of

sensitivity isnot explained by poor target engagement.

To determine the durability of global changes in arginine methylation in response to
Compound A, ADMA, SDMA, and MMA levels were assessed in cells treated with
Compound A after compound washout (FIG. 14). Toledo cells were cultured with 0.4 uM
Compound A for 72 hours to establish robust effects on arginine methylation marks. Cells
were then washed, cultured in Compound A-free media, samples were collected daily
through 120 hours, and arginine methylation levels were examined by western analysis.
MMA levels rapidly decreased, returning to baseline by 24 hours after Compound A
washout, while ADMA and SDMA returned to baseline by 24 and 96 hours, respectively.
Notably, recovery of the 45kDa ADMA band appeared delayed relative to most other
species inthe ADMA western blots, suggesting the durability of arginine methylation
changes by Compound A may vary by substrate. SDMA appeared to continue to increase
even after 6 hours of washout. This is consistent with the continued increase observed
through 120 hours without any obvious plateau (FIG. 12) coupled with the durable increase
in MMA that has not yet returned to baseline after washout. Durability of each
modification generally reflected the kinetics of arginine methylation changes brought about
by Compound A, with MMA being the most rapid.

Cell Phenotypic Effects

To assess the time course associated with inhibition of growth by Compound A, an
extended duration growth-death assay was performed in a subset of lymphoma cell lines.
Similar to the 6-day proliferation assay described previously, the seeding density was
optimized to ensure growth throughout the duration of the assay, and cell number was

assessed by CTG at selected timepoints beginning from days 3-10. Growth inhibition was
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observed as early as 6 days and was maximal by 8 days in Toledo and Daudi lymphoma
cell lines (FIG. 15).

A larger set of cell lines was evaluated on days 6 and 10 to measure the effects of
prolonged exposure to Compound A and determine whether cell linesthat displayed a
cytostatic response in the 6-day assay might undergo cytotoxicity at later timepoints. The
extended time of exposure to Compound A had minimal effects on potency (glCso) or
cytotoxicity (v min-T0) across lymphoma cell lines evaluated (FIG. 16) indicating that 6-day

proliferation evaluation could be utilized for assessment of sensitivity.

Given that growth inhibition was apparent a day 6 and prolonged exposure had
minimal impact on potency or percent inhibition, abroad panel of lymphoma cell lines
representing Hodgkin's and non-Hodgkin's subtypes was evaluated in the 6-day growth-
death assay format (FIG. 17). All subtypes appeared equally sensitive in this format and
many cell lines underwent cytotoxicity (as indicated by negative Ymin-T o) independent of
classification, suggesting that Compound A has anti-tumor effects in all subtypes of
lymphoma evaluated.

The proliferation assay results suggest that the inhibition of PRMT1 induces
apparent cytotoxicity in a subset of lymphoma cell lines. To further elucidate this effect,
the cell cycle distribution in lymphoma cell lines treated with Compound A was evaluated
using propidium iodide staining followed by flow cytometry. Cell linesthat showed a
range of ymin-Toand glCso values in the 6-day proliferation assay were seeded at low
density to alow logarithmic growth over the duration of the assay, and treated with varying
concentrations of Compound A. Consistent with the growth-death assay results, an
accumulation of cellsin sub-Gl (<G1), indicative of cell death, was observed in Toledo
cellsin atime and dose dependent manner beginning after 3 days of treatment with
Compound A concentrations = 1000 nM (FIG. 18). By day 7, an increase in the sub-Gl
population was apparent a concentrations > 100 nM. In U2932 and OCI-Lyl, cell lines
that underwent apparent cytostatic growth inhibition in the 6-day proliferation assay, this
effect was only evident at 10 pM Compound A . No profound effect in any other cell cycle

phase was revealed in this assay format.
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To confirm the FACS analysis of cell cycle, evaluation of caspase cleavage was
performed as an additional measure of apoptosis during a 10-day timecourse. Seeding
density was optimized to ensure consistent growth throughout the duration of the assay, and
caspase activation was assessed using aluminescent Caspase-Glo 3/7 assay (Promega).
Caspase-Glo 3/7 signal was normalized to cell number (assessed by CTG) and shown as
fold-induction relative to control (DM SO treated) cells. Caspase 3/7 activity was monitored
over a 10-day timecourse in DLBCL cell lines showing cytotoxic (Toledo) and cytostatic
(Daudi) responsesto Compound A (FIG. 19). Consistent with the profile observed in the
growth-death assay, the Toledo cell line showed robust caspase activation concurrent with
decreases in cell number at all timepoints, while induction of caspase activity inthe Daudi

cell line was less pronounced and limited to the highest concentrations of Compound A .

Together with the cell cycle profiles, these data indicate that Compound A induces
caspase-mediated apoptosis inthe Toledo DLBCL cdll line, suggesting the cytotoxicity
observed in other lymphoma cell lines may reflect activation of apoptotic pathways by
Compound A.

Anti-tumor Effects in Mouse Xenogr afts

The effect of Compound A on tumor growth was assessed in a Toledo (human
DLBCL) xenograft model. Female SCID mice bearing subcutaneous Toledo tumors were
weighed, tumors were measured with callipers, and mice were block randomized according
totumor size into treatment groups of 10 mice each. Mice were dosed orally with either
vehicle or Compound A (150 mg/kg- 600 mg/kg) for 28 days daily. Throughout the study,
mice were weighed and tumor measurements were taken twice weekly. Significant tumor
growth inhibition (TGI) was observed a all doses and regressions were observed a doses >

300 mg/kg (FIG. 20, Table 5). There was no significant body weight loss in any dose
group.

Given that complete TGl was observed a all doses evaluated, a second study was
performed to test the anti-tumor effect of Compound A a lower doses aswell asto

compare twice daily (BID) dosing relativeto daily (QD). Inthis second study, mice were
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dosed orally with either vehicle or Compound A (37.5 mg/kg- 150 mg/kg) for 24 days QD
or 75 mg/kg BID. Inthis study, BID administration of 75 mg/kg resulted in the same TGl
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as 150 mg/kg (95% and 96%, respectively) while < 75 mg/kg QD resulted in partia TGl

(<79%) (FIG. 20, Table 5). No significant body weight loss was observed in any dose

group. These data suggest that either BID or QD dosing with the same total daily dose

should result in similar efficacy.

Additional Tumor Types

AML

In addition to lymphoma cell lines, Compound A had potent, cytotoxic activity in a

subset of AML cell lines examined in the 6-day proliferation assay (Table 3). Eight of 10

cell lines had glCso values < 2uM, and Compound A induced cytotoxicity in 5 cell lines.
Although PRMTI interacts with the AML-ETO fusion characteristic of the M2 AML

subtype (Shia, W. J. etal. PRMTI interacts with AMLI-ETO to promote its transcriptional

activation and progenitor cell proliferative potential. Blood 119, 4953-4962,
doi:10.1182/blood-201 1-04-347476 (2012)), cell lines carrying this fusion protein

(Kasumi-1 and SKNO-1) were not the only lines showing sensitivity to Compound A as

measured by glCso or that underwent cytotoxicity (Table 4, FIG. 21), therefore, the

presence of this oncogenic fusion protein does not exclusively predict sensitivity of AML

cell lines to Compound A.

Table4 Summary of Compound A activity in AML céll lines

Cell Line glCso (uM) glCioo"M) Ymin-To  Subtype
HL-60 0.02 + 0.01 6.38 + 12.83 -33.4 M3
MV-4-11 0.12 + 0.08 14.55 £ 4.27 565.6 M5
MOLM-13 0.21 + 0.01 8.64 £ 0.39 -100.0 M5
SKM-1 0.22 + 0.11 1161 + 552 -19.1 M5
KASUMI- 0.36 + 0.25 18.88 + 10.55 -17.7 M2
MOLM-16 0.65 + 0.01 9.69 + 10.58 -68.6 MO
OCl- 0.87+0.14 29.33 £ 0.00 523.2 M4
TF-1 1.67 + 0.36 29.33 £ 0.00 788.1 M6
NOMO-1 385+ 210 29.33 £ 0.00 259.1 M5
SHI-1 429 + 3.52 29.33 £ 0.02 292.0 M5
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Similar to studies in lymphoma, a set of cell lines was evaluated on days 6 and 10to
measure the effects of prolonged exposure to Compound A and determine whether AML
cell lines that displayed a cytostatic response in the 6-day assay might undergo cytotoxicity
a later timepoints. Consistent with the lymphoma result, extending time of exposure to

5 Compound A had minimal effects on potency (glCso) or cytotoxicity (Y min-To) across AML
cell lines evaluated (FIG. 21).

Renal Cell Carcinoma
Renal cell carcinoma cell lines had among the lowest median glCso compared with
10  other solid tumor types. Although none of the lines tested showed a cytotoxic response
upon treatment with Compound A, all showed complete growth inhibition and 6 of 10 had
glCso values < 2 uM (Table 5). 7 of the 10 lines profiled represent clear cell rena

carcinoma (ccRCC), the mgjor clinical subtype of renal cancer.

15 Table5 Summary of Compound A anti-proliferative effectsin renal cell carcinoma

cells
Y min-

Cell Line glCso (UM) To Subtype
ACHN 0.10 + 0.05 96.5 ccRCC
CAKI-1 0.28 +£ 0.23 178.7 ccRCC

G-401 0.35+ 0.04 353.7 Wilm's
786-0 0.59 + 041 643.7 ccRCC
SK-NEP-1 143 £ 0.86 253 Wilm's
769-P 1.89+ 0.82 119.0 ccRCC
A498 273+281 3134 ccRCC
G-402 289+ 205 92.6 Leiomyoblastoma
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SW156 351+ 201 346.7 ccRCC

CAKI-2 423+ 151 169.6 ccRCC

To assess the time course of growth inhibition in renal carcinoma cell lines by
Compound A, cell growth was assessed by CTG in apand of 4 ccRCC cell lines at days
3,45, and 6 (FIG. 22). The largest shift in activity occurred between days 3 and 4, where al
cell lines showed decreases glCso values and increases growth inhibition. Potency of
Compound A (assessed by glCso) was maximal by 4 days in 3 of 4 lines and did further not
change through the 6 day assay duration. Additionally, percent growth inhibition reached
100%in all cell lines evaluated. Therefore, maximal growth inhibition in ccRCC cell lines
was apparent within the 6-day growth window utilized in the cell line screening strategy.

Caspase activation was evaluated during the proliferation timecourse and, consistent
with the lack of overt cytotoxicity asindicated by the Ymin-Tovalues, caspase cleavage only
occurred at the highest concentration (30 uM) indicating that apopotosis may have a
minimal contribution to the overall growth inhibitory effect induced by Compound A in
ccRCC cdll lines.

The effect of Compound A on tumor growth was assessed in mice bearing human
renal cell carcinoma xenografts (ACHN). Female SCID mice bearing subcutaneous ACHN
cell line tumors were weighed and tumors were measured by callipers and block
randomized according to tumor size into treatment groups of 10 mice each. Mice were
dosed orally with either vehicle or Compound A (150 mg/kg - 600 mg/kg) for up to 59 days
daily. Throughout the study, mice were weighed and tumor measurements were taken
twice weekly. Significant tumor growth inhibition was observed at all doses and
regressions were observed a doses > 300 mg/kg. Significant body weight loss was
observed in animals treated with 600 mg/kg daily and, therefore, that dosing group was
terminated on day 31 (FIG. 23, Table 6).
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Table 6 Efficacy of Compound A in vivo

Cél Line Body weight
(Tumor Dose TGl Difference
Type) (mg/kg) (Regression)  Day (vs. vehicle)

150 QD  99%* -4%
Toledo 300 QD 100%* (37%) -3%

28

(DLBCL) 450 QD 100%* (58%) -8%

600 QD 100%* (62%) -7%

37.50D 63%* -5%
Toledo 75 QD 79%* -5%

25

(DLBCL) 75BID  95%* -4%

150 QD  96%* -T%

150 QD  98%* -3%

300 QD 100%* (2%) -4%
ACHN

450 QD 100%* (15%) 39 -7%
(ccRCC)

600 100%* (6%) -17%

QD**

* p<0.05, two-tailed t-test
** 600 QD arm of ACHN efficacy study was terminated at day 31

PCT/IB2017/057548

Together, these data suggest that 100% TGI can be achieved a similar doses in

subcutaneous xenografts of human solid and hematologic tumors.

Breast Cancer

Breast cancer cell lines displayed arange of sensitivities to Compound A and in

many cases, showed partial growth inhibition in the 6-day proliferation assay (FIG. 24).

Cdll lines representing triple negative breast cancer (TNBC) had dightly lower median
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glCso values compared with non-TNBC cell lines (3.6 uM and 6.8 uM for TNBC and non-

TNBC, respectively).

Since the effect on proliferation by Compound A was cytostatic and

did not result in complete growth inhibition in the majority of breast cancer cell lines, an

extended duration growth-death assay was performed to determine whether the sensitivity

to Compound A would increase with prolonged exposure. In 7/17 cell lines tested there

was an increase in percent maximal inhibition by > 10% and a > 2-fold decrease in glCso

(FIG. 25). Inthe prolonged exposure assay, 11/17 cell lines had glCso < 2 uM (65%) while

7/17 (41%) met this criteria in the 7 day assay format.

Melanoma

Among solid tumor types, Compound A had the most potent anti-proliferative effect

in melanoma cell lines (FIG. 11). Six of 7 lines assessed had glCso values less than 2 uM

(Table 7). The effect of Compound A was cytostatic in al melanoma lines, regardiess of

glCso value.

Table 7 Summary of Compound A Activity in Melanoma Cell Lines

Cdl Line

A375
SK-MEL-5
IGR-1
SK-MEL-2
COLO0741
HT144
MDA-MB-

Example 2

Combinations

gICso (uM)

0.05 + 0.03
0.09 + 0.03
027 £ 0.14
028+ 0.14
0.43 £ 0.37
3.46 *+ 2.68
29.36 +

glCioo (uM)

29.33 + 0.00
27.09 + 3.92
29.33 + 0.00
22.37 +
28.55 + 1.40
29.33 + 0.00
29.33 + 0.00

Y min-

To

91.9
31.8
507.0
35.9
125
124.9
191

Two rational approaches were undertaken to investigate potential combinations with

Compound A. The second approach utilized to evaluate combinations with Compound A

involved exploration of the combined benefits of immunotherapy with PRMT1 inhibition.

PRMT1 has been implicated in immune regulation through modulation of the TLR receptor
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signaling pathway, whereby PRMT1 knock-down results in increased expression of pro-
inflammatory molecules (Tikhanovich, I.etal. Dynamic Arginine Methylation of Tumor
Necrosis Factor (TNF) Receptor-associated Factor 6 Regulates Toll-like Receptor
Signaling. J Biol Chem 290, 22236-22249, doi: 10. 1074/jbc.M| 15.653543 (20 15)).
Preliminary RNA-seq studies with the PRMTI inhibitor tool compound (Compound D)
demonstrated altered ex pression Of immune response gene families such as chemokines,
cytokines, interferons, and interleukins in AML cell lines. Given the emerging clinical
efficacy associated with immunotherapy, the combined anti-tumor activity of Compound A
with anti-PD-1 was examined in a syngeneic immune-competent mouse model.

Female DBA/2N Tac mice bearing subcutaneous murine melanoma (CloudmanS9 1)
tumors were orally administered vehicle or 300 mg/kg Compound A once daily for 3
weeks. Mice were administered anti-PD |, IgG, or corresponding vehicle 10 mg/kg
intraperitoneally twice weekly for 21days. An additional cohort was administered anti-PD |
for 21 days but continued receiving Compound A through 50 days. Tumor measurements
were taken twice weekly throughout the duration of the study. Compound A aone and in
combination with anti-PD 1had significant effects on tumor growth inhibition at day 21
(FIG. 26; Table 8). This effect was most profound inthe Compound A/, nti-PD |
combination group, where tumor regression was observed in nearly all animals (FIG. 26).
Effects on bodyweight and morbidity were observed in some animals in the combination

treatment groups.

Table8 Statistical comparison of tumor growth inhibition at Day 21. p value (t-test) is

indicated for each comparison.

Day-21 Tumor o g *
Growth Inhibition| 2lr 3 2
8 e 2 e o g + o 2
& = T AR L EZ ¢ &
> I |8 23l 8 ¥
Vehicle | 6E-01 2E-01 6E-03 5E-03 2E-03
rat [g2A 2E-02 1E-02
PD-1 5E-02 1E-02
Compound A-di- 6E-01 4E-02

110



WO 2018/100534 PCT/IB2017/057548

10

15

20

25

HCl |

Compound A-di-
1E-02

HC1 + rat 1g2A

To determine whether the effects observed on tumor growth reflect the sensitivity of
the cell line, the effect of Compound A on growth of CloudmanS91 cells in culture was
evaluated. In a 96-well, optimized 6-day assay format, Compound A had weak effects on
the growth of this mouse derived cell line (gIlCso= 9.5 uM) suggesting that the anti-tumor
activity observed in the syngeneic mouse model was not cell autonomous and may require
an intact immune system (FIG. 27). Studiesto confirm the contribution of the immune
system to the anti-tumor effects using an immune compromised mouse xenograft model of
Cloudman S91, are currently underway.

Collectively, these data suggest Compound A may engage the immune system and
may synergize with immune system checkpoint modulators currently approved for use in
patients as well asthose under development. This mechanism could complement any direct

effect on cancer cell proliferation and viability by Compound A .

Example 3

Combinations

Survival advantage was determined for CT-26 (colon carcinoma) tumor model mice
and A20 (lymphoma) tumor model mice treated with Compound D and anti-OX40 as single
agents and in combination. Mice were orally administered vehicle or 300 mg/kg
Compound D once daily for 3 weeks. Mice were administered anti-OX40 (clone 0X86) 5
mg/kg or corresponding vehicle intraperitoneally twice weekly for 21 days. Clone 0X86 is
arat anti-mouse OX40 receptor antibody.

FIG. 40 shows average survival in A20 tumor model treated with correspond! ng

vehicles (Groups 1and 3), Compound D (Group 5), anti-OX40 (Group 2), and a
combination of Compound D and anti-OX40 (Group 10).
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FIG. 41 shows average survival in CT-26 tumor model treated with corresponding
vehicles (Groups 1and 3), Compound A (Group 5), anti-OX40 (Group 2), and a
combination of Compound D and anti-OX40 (Group 10).

Treatment of CT-26 xenograft tumors with the combination of anti-OX-40 antibody

and Compound D resulted in the increase in survival, highlighting the potential synergistic
interaction between two agents.

112



WO 2018/100534 PCT/IB2017/057548

What isclaimed is:

1 A combination of aType | protein arginine methyltransierase (Type | PRMT)
inhibitor and an immuno-modulatory agent selected from: an anti-PD-1 antibody
or antigen binding fragment thereof, an anti-PDLI antibody or antigen binding

fragment thereof, and an anti-OX40 antibody or antigen binding fragment thereof.

2. The combination of claim 1, wherein the Type | PRMT inhibitor isa protein
arginine methyltransierase 1 (PRMT1) inhibitor, aprotein arginine
methyltransierase 3 (PRMT3) inhibitor, aprotein arginine methyltransferase 4
(PRMT4) inhibitor, aprotein arginine methyltransferase 6 (PRMT6) inhibitor, or a
protein arginine methyltransferase 8 (PRMT8) inhibitor.

3. The combination of claim 1or 2, wherein the Type | PRMT inhibitor isa

compound of Formula (1):

HN-—R?
_ e
RW’ V4
Ty N
\
R}(
I

or apharmaceutically acceptable salt thereof,
wherein

X isN,Z isNR4 and Y is CR>; or

X isNR4, ZisN,and Y is CR>; or

X isCR®,ZisNR*,and Y isN; or

X isCR®,ZisN,and Y isNR#%

R* isoptionaly substituted Ci-4 alkyl or optionally substituted cs4 cycloakyl;

Liisabond, -0-, -N(RB)-, -S-, -C(O)-, -C(0)0-, -C(0)S-, -C(O)N(R B)-, -
C(O)N(R B)N(R®)-, -OC(O)-, -OC(0)N(R ®)-, -NRBC(0)-, -NREC(O)N(R B)-, -
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NRBC(0)N(RB)N(RB)-, -NRBC(0)0-, -SC (0)-, -C(=NRB)-, -C(=NNRB)-, -C(=NORA)-, -
C(=NRB)N(RE)-, -NREC(=NRE)-, -C(S)-, -C(S)N(RB)-, -NREC(S)-, -S(O)-, -OS(O)Z-, -
S(0)iO-, -s02-, -N(RB)SOi-, -SOIN(RB)-, or an optionally substituted Ci-e saturated or
unsaturated hydrocarbon chain, wherein one or more methylene units of the hydrocarbon
chain isoptionaly and independently replaced with -0-, -N(RB)-, -S-, -C(O)-, -C(0)O, -
C(0)S-, -C(0)N(RE)-, -C(0)N(RE)N(RE)-, -OC(O)-, -OC(0)N(RE)-, -NREC(0)-, -
NRBC(0)N(RB)-, -NRBC(0)N(RB)N(RB)-, -NRBC(0)0-, -SC (0)-, -C(=NRB)-, -
C(=NNR®)-,

-C(=NORA)-, -C(=NRB)N(RB)-, -NRBC(=NRB)-, -C(S)-, -C(SN(RB)-, -NRBC(S)-, -S(0)-,
0S(0) -, -S(0) ,0-, -802-, -N(RB)SOi-, or -SON(R¥)-;

each RAisindependently selected from the group consisting of hydrogen,
optionally
substituted alkyl, optionally substituted akenyl, optionaly substituted alkynyl, optionally
substituted carbocyclyl, optionally substituted heterocyclyl, optionaly substituted aryl,
optionally substituted heteroaryl, an oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a sulfur atom;

each RB isindependently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted akynyl,
optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally
substituted aryl, optionally substituted heteroaryl, and anitrogen protecting group, or an
RE and RW on the same nitrogen atom may betaken together with the intervening nitrogen
to form an optionally substituted heterocyclic ring;

RW ishydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted akynyl, optionally substituted carbocyclyl, optionaly substituted
heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl; provided that
when Liisabond, RV isnot hydrogen, optionally substituted aryl, or optionally
substituted heteroaryl;

R3ishydrogen, Ci-4alkyl, or ca4 cycloalkyl;

R4is hydrogen, optionally substituted Ci-6akyl, optionally substituted C2-6
alkenyl,
optionally substituted C2-6 alkynyl, optionally substituted ¢3.7 cycloakyl, optionally
substituted 4-to 7-membered heterocyclyl; or optionally substituted C1-4 akyl-Cy;
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Cy isoptionally substituted 3.7 cycloalkyl, optionally substituted 4-to 7-
membered heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl;
and

RS ishydrogen, halo, -CN, optionally substituted Ci-4 alkyl, or optionally
substituted s34 cycloalkyl.

4, The combination of any one of claims 1-3, wherein the Type | PRMT inhibitor isa

compound of Formula (11):

HN—R3

or apharmaceutically acceptable salt thereof.

5. The combination of claim 3 or 4, wherein the Type | PRMT inhibitor isa

compound of Formula (1) or (II) wherein -Li-RW isoptionally substituted

carbocyclyl.
6. The combination of any one of claims 1-5, wherein the Type | PRMT inhibitor is
Compound A:
<O //
O
H
N ] NS
y |
HN (A)

or apharmaceutically acceptable salt thereof.

7. The combination of any one of claims 1-6, wherein the immuno-modulatory agent

isan antagonist anti-PD-1 antibody or antigen binding fragment thereof.
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8. The combination of claim 7, wherein the anti-PD-1 antibody is pembrolizumab or
nivolumab.
9. The combination of any one of claims 1-6, wherein the immuno-modulatory agent

isan anti-OX40 antibody or antigen binding fragment thereof.

10. The combination of claim 9, wherein the immuno-modulatory agent isan OX40

agonist.

11.  The combination of claim 9 or 10, wherein the immuno-modulatory agent isan
anti-OX 40 antibody or antigen binding fragment thereof comprising one or more
of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID NO:2;
CDRH3 as set forth in SEQ ID NO:3; CDRL1 as set forth in SEQ ID NO:7;
CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9
or adirect equivalent of each CDR wherein adirect equivalent has no more than

two amino acid substitutions in said CDR.

12. The combination of any one of claims 9-11, wherein the immuno-modulatory
agent isan anti-OX40 antibody or antigen binding fragment thereof comprising a
variable heavy chain sequence having at least 90% sequence identity to the amino
acid sequence set forth in SEQ ID NO:5 and avariable light chain sequence having
a least 90% sequence identity to the amino acid sequence set forth in SEQ 1D NO:
11.

13. A combination of of aType | protein arginine methyltransferase (Type | PRMT)
inhibitor and an immuno-modulatory agent, wherein the Type | PRMT inhibitor is

Compound A :

<o//
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14.

15.

or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is
an anti-PD 1 antibody or antigen binding fragment thereof, wherein the anti-PD 1

antibody is selected from pembrolizumab or nivolumab.

A combination of of aType | protein arginine methyltransferase (Type | PRMT)
inhibitor and an immuno-modulatory agent, wherein the Type | PRMT inhibitor is

Compound A :

<o//

0]

N ] ) T/\/H\
HN (A)
or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is
an anti-OX40 antibody or antigen binding fragment thereof comprising one or
more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID
NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRLI asset forthin SEQ ID NO:7;
CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9
or adirect equivalent of each CDR wherein adirect equivalent has no more than

two amino acid substitutions in said CDR.

A combination of of aType | protein arginine methyltransferase (Type | PRMT)
inhibitor and an immuno-modulatory agent, wherein the Type | PRMT inhibitor is

Compound A :

<o//

)

H
N ] U
. |
HN (A)
or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is

an anti-OX40 antibody or antigen binding fragment thereof comprising avariable
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16.

17.

18.

19.

heavy chain sequence having at least 90% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 5 and avariable light chain sequence having a
least 90% sequence identity to the amino acid sequence set forth in SEQ ID NO:
11.

A method of treating cancer in ahuman in need thereof, the method comprising
administering to the human a combination of any one of claims 1-15, together with
a least one of: apharmaceutically acceptable carrier and apharmaceutically

acceptable diluent, thereby treating the cancer in the human.

A pharmaceutical composition comprising atherapeutically effective amount of a
Type | protein arginine methyltransferase (Type | PRMT) inhibitor and a second
pharmaceutical composition comprising atherapeutically effective amount of an
immuno-modulatory agent selected from: an anti-PD-1 antibody or antigen binding
fragment thereof, an anti-PDLI| antibody or antigen binding fragment thereof, and

an anti-OX40 antibody or antigen binding fragment thereof.

A pharmaceutical composition comprising atherapeutically effective amount of a
Type | protein arginine methyltransferase (Type | PRMT) inhibitor and a second
pharmaceutical composition comprising atherapeutically effective amount of an

immuno-modulatory agent, wherein the Type I PRMT inhibitor is Compound A :

<o//

O

N ]
HN (A)

or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is

H
|
an anti-PD 1 antibody or antigen binding fragment thereof, wherein the anti-PD 1

antibody is selected from pembrolizumab or nivolumab.

A pharmaceutical composition comprising atherapeutically effective amount of a

Type | protein arginine methyltransferase (Type | PRMT) inhibitor and a second
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20.

pharmaceutical composition comprising atherapeutically effective amount of an

immuno-modulatory agent, wherein the Type I PRMT inhibitor is Compound A :

<o//

0]

N g T/\/H\

HN (A)
or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is
an anti-OX40 antibody or antigen binding fragment thereof comprising one or
more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set forth in SEQ ID
NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRLI asset forth in SEQ ID NO:7;
CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth in SEQ ID NO: 9
or adirect equivalent of each CDR wherein adirect equivalent has no more than

two amino acid substitutions in said CDR.

A pharmaceutical composition comprising atherapeutically effective amount of a
Type | protein arginine methyltransferase (Type | PRMT) inhibitor and a second
pharmaceutical composition comprising atherapeutically effective amount of an

immuno-modulatory agent, wherein the Type I PRMT inhibitor is Compound A :

<o//

0]

N ]
HN (A)

or apharmaceutically acceptable salt thereof, and the immuno-modulatory agent is

H
N/\/N\
|

an anti-OX40 antibody or antigen binding fragment thereof comprising avariable
heavy chain sequence having e least 90% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 5 and avariable light chain sequence having a&
least 90% sequence identity to the amino acid sequence set forth in SEQ ID NO:
11.
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21.  The pharmaceutical composition of claim 17, wherein the Type | PRMT inhibitor
isaprotein arginine methyltransierase 1(PRMT1) inhibitor, aprotein arginine
methyltransferase 3 (PRMT3) inhibitor, aprotein arginine methyltransferase 4
(PRMT4) inhibitor, aprotein arginine methyltransferase 6 (PRMT6) inhibitor, or a
protein arginine methyltransferase 8 (PRMT8) inhibitor.

22.  The pharmaceutical composition of claim 17 or 21, wherein the Typel PRMT
inhibitor is a compound of Formula (1):

H N“‘“‘RS
W 4
R e
Li # N
\ X
8 Y
X} Y
e
Z
[
or apharmaceutically acceptable salt thereof,
wherein

X isN,Z isNR4,andY isCRS5; or

X iSNR4,Z isN,andY isCRS5; or

X iISCR5,Z isNR4,andY isN; or

X iISCR5,Z isN, andY isNR4;

Rx isoptionally substituted ci-4 alkyl or optionally substituted cz4 cycloalkyl;
Liisabond, -0-, -N(R B)-, -S-, -C(0)-, -C(0)0-, -C(0)S-, -C(O)N(RB)-, -

C(O)N(RB)N(R B)-, -0C(0)-, -OC (O)N(RB)-, -NREC(0)-, -NREC(O)N(RE)-, -
NRBC(O)N(RB)N(R B)-, -NRBC(0)0-, -SC(0)-, -C(=NR B)-, -C(=NNR B)-, -C(=NOR A)-, -

C(=NR B)N(R B)-, -NREC(=NR B)-, -C(5)-, -C(SNR B)-, -NREC(S)-, -S(0)-, -0S(0) ,, -

S(0)iO-, -S02-, -N(R B)SOi-, -SOIN(R B)-, or an optionally substituted Ci-e saturated or

unsaturated hydrocarbon chain, wherein one or more methylene units of the hydrocarbon

chain is optionally and independently replaced with -O-, -N(R B)-, -S-, -C(0)-, -Cc(0)O-, -
Cc(0)S-, -c(O)N(RB)-, -C(O)N(RB)N(R B)-, -0c(0)-, -OC (O)N(RE)-, -NRBC(0)-, -
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NRBC(0)N(RB)-, -NRBC(O)N(RB)N(RB)-, -NRBC(0)0-, -SC (0)-, -C(=NRB)-, -
C(=NNR®)-,

-C(=NORA)-, -C(=NRB)N(RB)-, -NRBC(=NR®8)-, -C(S)-, -C(S)N(RB)-, -NRBC(S)-, -S(O)-,
05(0).-, -5(0) ,0-, -s02-, -N (RE)SOi-, or -SON (RE)-;

each RAisindependently selected from the group consisting of hydrogen,
optionally
substituted alkyl, optionally substituted akenyl, optionally substituted akynyl, optionaly
substituted carbocyclyl, optionally substituted heterocyclyl, optionaly substituted aryl,
optionally substituted heteroaryl, an oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a sulfur atom;

each RBisindependently selected from the group consisting of hydrogen,
optionally substituted akyl, optionally substituted alkenyl, optionally substituted akynyl,
optionally substituted carbocyclyl, optionaly substituted heterocyclyl, optionally
substituted aryl, optionally substituted heteroaryl, and a nitrogen protecting group, or an
RB and RW on the same nitrogen atom may be taken together with the intervening nitrogen
to form an optionally substituted heterocyclic ring;

RW is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted akynyl, optionally substituted carbocyclyl, optionaly substituted
heterocyclyl, optionaly substituted aryl, or optionally substituted heteroaryl; provided that
when Liisabond, RV isnot hydrogen, optionally substituted aryl, or optionally
substituted heteroaryl;

R3ishydrogen, Ci-4akyl, or ca4 cycloakyl;

R4ishydrogen, optionally substituted Ci-6alkyl, optionally substituted C2-6
alkenyl,
optionally substituted C2-6 alkynyl, optionally substituted c3-7 cycloakyl, optionaly
substituted 4-to 7-membered heterocyclyl; or optionaly substituted C1-4 alkyl-Cy;

Cy isoptionaly substituted c3-7 cycloakyl, optionaly substituted 4-to 7-
membered heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl;
and

RSishydrogen, halo, -CN, optionally substituted Ci-4 alkyl, or optionally
substituted c3-4 cycloalkyl.
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23.

24.

25.

26.

27.

The pharmaceutical composition of claim 17, 21, or 22, wherein the Type | PRMT

inhibitor is acompound of Formula (I1):

HN—pR3

R* i1
or apharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 17, 21, or 22, wherein the Type | PRMT
inhibitor is acompound of Formula (1) or (I1) wherein -Li-RW isoptionally

substituted carbocyclyl.

The pharmaceutical composition of any one of claims 17 and 21-24, wherein the

Type | PRMT inhibitor is Compound A :

<o//

0]

N\
HN (A)

or apharmaceutically acceptable salt thereof.

H
Y N/\/N\
|

The pharmaceutical composition of any of claims 17 and 21-250r , wherein the
immuno-modulatory agent is an anti-PD-1 antibody or antigen binding fragement

thereof.

The pharmaceutical composition of claim 26, wherein the anti-PD-1 antibody is

pembrolizumab or nivolumab.
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28.

29.

30.

31

32.

33.

The pharmaceutical composition of any one of claims 17 and 21-25, wherein the
immuno-modulatory agent is an anti-OX40 antibody or antigen binding fragment

thereof.

The pharmaceutical composition of claim 28, wherein the immuno-modulatory

agent isan OX40 agonist.

The pharmaceutical composition of claim 28 or 29, wherein the immuno-
modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof
comprising one or more of: CDRH1 as set forth in SEQ ID NO: 1; CDRH2 as set
forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRL1 as set forth
in SEQ ID NO: 7; CDRL2 as set forth in SEQ ID NO: 8 and/or CDRL3 as set forth
in SEQ ID NO: 9 or adirect equivalent of each CDR wherein adirect equivalent

has no more than two amino acid substitutions in said CDR.

The pharmaceutical composition of any one of claims 28-30, wherein the immuno-
modulatory agent isan anti-OX40 antibody or antigen binding fragment thereof
comprising avariable heavy chain sequence having a least 90% sequence identity
to the amino acid sequence set forth in SEQ ID NO:5 and avariable light chain
sequence having a least 90% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 11.

A method of treating cancer in ahuman in need thereof, the method comprising
administering to the human atherapeutically effective amount of the
pharmaceutical composition of any one of claims 17-31, thereby treating the

cancer in the human.

The method of claim 32, wherein the Type | PRMT inhibitor and the immuno-
modulatory agent are administered to the patient in aroute selected from:
simultaneously, sequentialy, in any order, systemically, oraly, intravenously, and

intratumorally.

The method of claim 32 or 33, wherein the Type | PRMT inhibitor is administered
orally.
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35. The method of any one of claims 32-34, wherein the cancer is melanoma,

lymphoma, or colon cancer.

36. Use of a combination of any one of claims 1-15 for the manufacture of a

medicament to treat cancer.

37. Use of a combination of any one of claims 1-15 for the treatment of cancer.
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| PRMT3 162 18 8 52
| PRMT4 38 53 9 19 12
| PRMT6 4.7 0.6 10 24 15
| PRMT8 3.9 0.4 10 20 13
Il PRMT5/MEP50  >20408 2 >6500
Il PRMT9 >20408 2 >6500

8/41

ICs0 (nM)

PCT/IB2017/057548

Q
400 -
L4
o)
200 @ e ©
¢ °
o
B _© o o
0 LQH\\RH\\!i \\\\\\\ |_ R - 0 -
0 20 40 60

Preincubation Time (min)




WO 2018/100534 PCT/IB2017/057548

FIG.9

il £q
Bt e
£ <& Y PSFES
F 4 3 il 489 ¥ ‘X
& N ~3 g COmMpoung &4
: A ¥ - o
g § & & Compoond &-8
& 3 ) 7 §(\\ 264 S s Compoung 5-C
Egedagl PRy . ;
§ A e Compound A-D
i s L AR Jr P P ¥ 3] ¥ b ¥ v ¥ T L
-2 B B ¥ 2 ¥ 3 5 < <4 4] 1 2 & 4 8

ng [Gompaundind ing [OSHIIRETIBO] 1

=z

Compound ECs {(nl) | STD DEV {ni}
Compound A-8 1043 444

Y

5

i}

]

[
|

Compound 5-8 173 83 244 g
Compound &-C 1015 145 g
Cormpound &-I 17 35 343 2
Compound A-D $3 0 aid 4

9/41



Median Gene expression (log)

PCT/IB2017/057548

WO 2018/100534

FIG. 10

PRMT3 «s~PRMT4 3~PRMT6 «s=PRMT8 =3~ACTB ws=TYR

«PRMTI
6.
N - &
o A ey & SRR e e o
5 Q\\\\“\\\\“\;\\\\\\\\“‘““ e T g \\\\\N\\\\\\\&‘m g AR e e g™
$ $
4 §\\ \ S
\“\\\
AN \Q“‘\\ \&‘i\\\\\\ SR SR RN
_ SIS YR R g ST R .
3 \\\\\\\“\\“\\ X & AR f\.,. LS - N
& N ey R
27 i
Q R §
A § I
FAY § N }
1 §3 . § \ N H
§ X S $ X § 3
§ 3 § AR
§ .-"' R $ \\E 3
0 &‘“\\\\s 0\\\\\\\\\\\\\\\\\‘\\\‘\\\\\\\\\\\ S
- \.‘m\\‘

LS AL

f@igéﬂﬁy &’@"f g ‘
Ll @"\ &£ f & ép @ & 5
\acﬁc"jé\@@é‘ ,59?:, bqé.o@ & cﬁ’d‘f&f Vﬁ
&\\“ (}oé&o@oQ & @*\9@ & f y \\f@ o é@@ é 60 oo &

ﬁ&" v"e_ﬁ@ 6&*3«& qu a)}‘\ f@p oeéo&oo\o o e° o Yb‘ v

{)b‘\ é\é\q. K § o Q{é\ 6\6\; S 63?‘(@ Qfo

€ < & fé’
\9‘@‘\

10/41



PCT/IB2017/057548
FIG. 11

WO 2018/100534

i} oy

10000
1000

<3
<}

10

EESELIR] I
O
ﬁ:ocm_msm_ Pl
A P

W\\\Q\\\ A AR A A AT A

)
7 o

8 s

NBCLL
\§
§
s

% PR s o
L e AR
: e
%
s
A
\\\\“\\\\\\\\\\\\\\\\\\\\\\\\\
7
G

A

Colon
N
.
Rk
§ N
\
X
\

S
M
{27

s

R

W\\N\Vﬂ“\\\\%\\\\\\\\\\\\\\\\\\\\

Y
<
e
.

Hragst

7
7 s
H

A
. \n«n«n\n«v\nn«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«n«v
s s

s

s

“
PR
A

Bladder

§

N

S
y
3
3
3
3

X
\
X
X
X
X
W
X
\
R

3

N

&
N
§
N
N
\
N
%
Y&

I
P

N

\
§
N
N
\
N
S

\
\
X
N

St

%

I e
N

o
3

Eysrphoria

\
N

N G correerrrrr
. -
A, H\\ o e
; (L C b R s
_ s W

m ﬂ“\m&&w“\“&“&“&“ LI,

s
o o
<} < - <}
< -

7 srrrrrrrrrs
2o Yrrvensnsnsrses

0 0
5

10000
.50 o
-100 =

) %5016 @ (%) L-unwp

11/41



PCT/IB2017/057548

WO 2018/100534

FIG. 12

S

N AR K v N e

s
o

0~

3

ny oy

e 2

.
[

VIS

L

o L) iy
e ¥ e

IIIIIIIIIIIIIIIIS | Va
o
¥
. [ §
“.M (4]
s} G
R B e ;
m» F2t
m.u.n 3 [1d
1t
ol | o
- E . ]
e 1 1%} o o
- o en P o

VINCTY

BCMG Y = WY

A R i N

e

Howrs

12/41



PCT/IB2017/057548
FIG. 13

WO 2018/100534

¢ g [
2B 2 .

% [
L ﬂ
4 L)
= [T
.mu, ] o e ] o i < 3 o o i3
m (IMu) & punadwos (U @ ol () o puraduess

gi 9
a5
5T

— N
=3

SW3

= o
Z b =
= = Z

= 2

13/41



WO 2018/100534 PCT/IB2017/057548

FIG. 14

A 8 72

Howgs

Hours post W

1.8 DRSO 3E Y N i BTG e A
QIOMSO Corapound A -+ B.74 38 72 95480
M Comgound A
G5
4.8 SR

ADMA
SDMA

a8 Tubulm
a8 3.5 SO

it & 24 48 T2 8L 3D ¥ & 24 48 TE &8 wammmmw

=
2y
&
(o)
5

Tubutin WERE 2o MMM e Neeet Naeet wese! done?

MARA

s MM

ADMA ~ 45k0a

g TOE 2 49 TE oM
Haours post Washout TUBIEE et s fose e S0 S e

14/41



WO 2018/100534 PCT/IB2017/057548

FIG. 15

Tolado B Da vl Compound & hA
163560 10000 4

#DMEC
ACHIE

1R

Hoof TN

15/41



PCT/IB2017/057548

FIG. 16

N
)
.7/
L
Y,
W
A
—
V7
s
Y77
s
I
B
N
— A
—
I
—
T
s
-
U
Vi
— i
s
I
i

10000

kb7
G
V7
Bl
7/
L
Y

Y
B
7
G

77/

7
B

o

N

Y

i

77

S

%
R

100000
10000

WO 2018/100534

o
o
-

1000

{INu) %516

[o] (=] o
o ?

(%) LU A

Karpas
422

DLCL2

WaU-

7
i

elmlel
16/41

u2932

S
7

|e|1u|

elm

R

LEDO|SUDHLS| OCI-Ly1 fsuDHL4] Daudi

elm

elm

7

ho

8
Ol

NN
-100 §°



PCT/IB2017/057548

WO 2018/100534

FIG. 17

IO

Cither
R-Cal

SHInY

UOBNT
Adguiiig

DLECL

supfBpo

s

10000

(Nu) 4016

10000
1000

Ko
@ i

Lorzz7
\\“\ w
%

a
o
L7
m§§
%
G,
U777
\\\\\\\\W\\\\\\\\
“
I
L
G
9 A,
DL
% %
%

Z

3
L7
&\\\\\\\\\\\\\\\

“

R
%

%\m\ﬁ\\\\\\\\\\\\
Z

100
50

A
7

(=)
(=)
-

10

]

Iy

7%

A,

A

000
A

7
A
]

7%

]
e

PR

]

-50
-100

o (WA

17/41



PCT/IB2017/057548

WO 2018/100534

FIG. 18

<

: i
2 %
2

(Pl 30 9} JUDTLEO DS Yhic]

N

Compound &

/M

#
W
Y
P

Ve

Y
o

ks
2 A <>
= k2%3

{301 30 %) JIBIUO D WH

CB A D
P D P

£
&

&
®

o

N

&

LN

Compound &

E}a}f 10

Day &

18/41



WO 2018/100534 PCT/IB2017/057548

FIG. 18 (continued)

a

é

BHA Contert {% of total)
%

R \;é@_a@ N eSS & A R I G R I S
. YRS Lo DR < & &L
\_Bmmfmitﬁ.{n&?} K & W § S $x EN @ﬁ@‘r“

19/41



PCT/IB2017/057548

WO 2018/100534

FIG. 19

Compound &k

b

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\,\\\\\

é\
R
w
@
15
L.
[ o] [5%)
[9%] [ .
[

fLD AN o

aspdsen

g

[of]

FIG. 20

—&—Vehicle

~®37.5 mg/kg
=75 mg/kg
=&=75 mg/kg BID
w150 mg/kg

3000

-8 V/ehicle

[=] [=]
=1 [=1
=1 n
« -

2500
1000

(glw) swinjop Jowng

oo oo
X ¥ M
X X X X
S o o o
£ E E E
29 Q9
H O nH O
- ® ¥ ©
i :
% % % Ed
701 ¥
Q Q Q Q Q o o
=1 =1 S =1 S Q
Q D =1 e} =] H
] « « - -

(g aw NJoA Jown)

14 17 21 24

10
Study Days

18 21 25
Study Days

14

1

20/41



PCT/IB2017/057548

WO 2018/100534

FIG. 21

U
L
Y
b
Y
T
s
A
Y,
T
G
I
D
G
V.
L
Y
W
s
.
Y
.

(u) ©o)6

10000

00
100
10

P
Vi
vy
B
\\.\\N\\\\\\\\\\\\\\

%

s I 10
SKNO-1

N
s I 10
SKM-1

Y

e|1o

OCI-
AML3

7/
v
I
i
7/

e|1o

OCI-
AML2

e|1o
NOMO-1

s |1o s |10
MOLM-16 My-4-11

/]

%
i,
i
WY,
G
. =

s | 10
-1 MOLM-1

e|1o
Ke-1

10

KASUMI-

©

100000 1

A

—

10000 1
1000 1
100

(W) %06

21/41



PCT/IB2017/057548

<<<<<<<<

WO 2018/100534
FIG. 22
A
I P 4408 e
seba Fhgm ¥y i:
& ® > N & ;% &
— A v R & #
R pofB-wyg S L S S,
= NN "
& sk ) ;\\ P
= . S
IR \«\ c
= - & Dayd \N s g
B Dayd \‘\_\%\\.—*
ELON Dayd - =
g 1 1 . &
R 3.3 4 .
Compound & )
B
100000 1 100%
10000 1 S
< 75%
< 5
= 1000 4 =
o = 50%
[(p] =
O 100 4 =
@ -
o g 25%
O
1 0%

769P

A498

ACHN

CAKI-1

22/41

A498

®WDay 3
NDay 4
®Day 5
#Day6

ACHN  CAKI1



PCT/IB2017/057548

WO 2018/100534

FIG. 23

—8-—V/ehicle

0 3 7 10 14 17 21 24 28 31 35 38 42 45 49 52 56 59

o o D D

XY ¥ ¥ X

= = = =

o O D D

E E E E

o o o o

0 O v O

-~ ™ <+ ©

54 :

2 o

i H W
o o o o
[=} el = 0
o ~ 5 N

1

(cluw) swnjop Jown|

Study Days

FIG. 24

00

=4

100000

NTNBC
N Other

(%) uomagiyuj ymois

(=) (=) (=) (=)
o« o <~ N

(=]
% 827 OOH
§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W2§<o
A S8 VNS
] L8 L5SH
Y 0218
b 777777777/7777777/77777 Woudx:
Y], L3N
S\ anNvan
], 908V OOH
777 7777777777777 LM
77 7777777777777/ (Sl
777777777/7777/7; Q3T
A, 695 OOH
A, 0LOOH
B YA L©6 OOH
Y LS VBNV
% A VANYAN
B ] 8OraNVaN
7777777777777 ekl
% 7 s6€V OoH
] ersle
% ] €7V OOH
% A VS Lz
% A,
W VSTV O
% V] cSyanvan
] 8SOOH
% ] ©6800VN
% ] Saes
7777777777777 Ratlzeseldl
% Y] SV vanvan
% _h\“\\\\\\\\\\\\\\\\\\\\ LezanNvan
2 9SYANYAN

X

N\

ANMMMTNN

AN

8LINJ3

N\

NN

10
NN
1

10000
1000
100

() %516

23/41



PCT/IB2017/057548

WO 2018/100534

FIG. 25

V77ZZ;Z;Z;Z

D

(6) LOHTIYL LIMCID

24/41



WO 2018/100534 PCT/IB2017/057548

FIG. 26

e T4

smpound & + 501
sl ompound 8+ PO

o}

7 -

et

sl

\\§“\“\‘\}\

o

Average TumorVolume {imm’y

B o i
T s Rrreomosonnsonssons
= N
Ny
-
= R
= bt
o a 00000000 “afi it o "
‘ 3

< FHigng i
= R y [IT——

¥ - .
e M ™
= * Compound &+ T8
lE w4
= 2 Compound &+ P01
T
n

e

Compound &

PL-Y

25/41



PCT/IB2017/057548
FIG. 26 (continued)

WO 2018/100534

Ga ¥ ;

54+

s

v A

w3

i

Lomp
+F

[s
i
13

T ) , T
h. 03 3

i
s

]
o

£,
-
> -
g s
) "
L2 pot
o] [
i
3 ]
s < e w3 5 e o
vl o ] ] o I
52 2 % E; % 2
Lol L} - - “ (o]

fa

7 3] 2]
o [+
s “
" Lol

%) [ UL ] A0LIFI[ 9/ D OUATT | |2 P LA [

26/41



WO 2018/100534

e e

2300
2400
2000
1500
1200

200

PCT/IB2017/057548

FIG. 27

| 1 | 1 | 1

27/41



WO 2018/100534

SER 0 Nos
SEQ ¥ No.B

105 222 Vi
HutiGe vh
Xgigiz

38-222 ¥H
Hulng v
XB10IZ

108-222 ¥
Hutos: v
81012

FIG. 28
$P6-222 ¥4
1 2
123458780 G123480%788 0

QIDLVOSER ELRKPGETVK
FELVESES EUKKPEASVK

12348

PCT/IB2017/057548

&

5789 DI2G4SSTEE
TSCKASGYTF Tovashwrg —WORT SER D Aol
VSOKASGYTE TOYSRRWYRG

QUIRVOSEE ELKEPGASYK VSCKABGYTF Tov--- WYRQ
4 & g 7
DTEBLLBVER V1228458789 G@E”QSG?&Q C 23458789

a o CORZ 2

S{,!“"\

APGKGLKEME WIKNTETQEPTY A“DFKQPFA’ \LETS&STAY

APGGRLIWMGE WINTETOEPTY ADDFRORFYVE SLOTSVSTAY
AFGUALEWMG <~ o i e

8
$322223458789
abe
LOTNNLKNEDTAT
LT SBLKAERTAY
LOISSLKAEDTAY

- -RFYE SLOTSVETAY

5

g

M
3

k|

QOOOGOTAB4AB6788 4123

abade

~———CUORE SEQ iD No.3

oY VOYYAMBYWGHETSY TVSS

VSYYAMDYWGEETTY TVES

YYCARPYYDY
YYCAR =~ - -

28/41

'-—-WGKC3§V TVE83



WO 2018/100534

SEQ 6 No.1g 1086-R22 VL
SEQF Moo tT O RLTGe VL
AJ388831

108+282 VL
Huiod Vi
Ad388641

108-222 VL

Huigs YL
Adagasat

FIG. 29

108322 W

PCT/IB2017/057548

CDRT SEQ iD Me.F

4 2 N3
IR345ETHG 0123458788 0?23456?8§}§?23456?39
TEIVMTOOBY, THSTSVRIRY SITUKASCDV STAVARYRGK
DIIMTOSPS SLEASYGERY TITCRASGRV STAYAWYQEK
TIIMTOBRS SLSASYEORY TITC--me~n meomnme WY QGK
ODRZ SEQ I No.g

4 = 8 7
0123458788 OI234587R8 §123406788 (123458738
PEOBPHLLIY SASYLYTGYP ORFTGSGEGT DFVFTISSVG
PREAPRLUIY SASYLYTQVF SRFSGEQSGT DFYFTISSLG

PGRAPELLIY
CORS SEQ iD No§

8 | o

0123456780 0129456709

AEDLAVYYCQ, QBYSTPRIFER

PEBIATYYCR QHYSTPRTFR

FEBIATYVRY wrmvmvna FG

29/41

SRF5Q8886T
5
G1234587
GETRLEIK
QETRLEIK
QETKLEIK

DFTFTISSLE



WO 2018/100534

SEQG & Ne.§

PCT/IB2017/057548
FIG. 30
HEIO8—-322 VR
5p9?
ACTAGTACCACCATERUTTEASTETREACCTTROTATTON TEATESCABLTICOTAAAGT
MA W» ¥R T L OLOF LM A A& A O 3

ATCUAAGGACAGETTCART TGATRCAGTOTERBATO TRAGTTEAARARGHRE
S E

LK ¥

3

M
3
k2

A Q% @ L v a s o

DCAGGACAAGETTTAAAQTGOATRIG
LKW M 8

TEEAGCCTOA
P26 A 8

W i

COAACATATECAGATRACT TCAAMGEACHRTTTETITTOTE
P T Y A B B F K g R F VY F S8 LoD

TOA Y L G l S S L‘ A V

2 u

O ¥ ¥ 8 ¥ ¥ A M i Y W &

HIRALIL
BYCACORTCTCOTCARGTARGAA TGS SCCTCTORABCTTY

¥ T ¥ § 8§

30/41

TTTEGACAZOTLTETCAGS

T 8 ¥ &

¥ V C &

SATTAGGTCTCTTAGTATGCTATGBACSTACTEOGETTAGRRAACEGALS

2 &% T T



WO 2018/100534 PCT/IB2017/057548

FIG. 31

Muioe-2ad Vi
Nhal
SEQ Ne 12 SOTAGCACTAGCATERAGTUACAGATTCARRTCTTTG
qOE- & G I L ¥ F y

TTOEYGTTTOTOTGRTYRTOY
vVoF oW L8

5 ——f

GACABRETLACCATCACCTROAAGBOCARTCAGGATETBAGTACTRCTRTABCCTRGTAT
3 R I 7 ¥ A

¥ F [ A 8 & B ¥ § T AN Wy
CAACAGRAACCAGGAAAABCCOCTAMACTATTEAT TTACTURSCATCCTACOTOTACACT
QK P & AP ¥ L L I Y S A S Y LY ¥

GEARTSCLTTCACGRTTCAGTRGCABTAGATOTRAGARBEATTTCACT TTCADCATIABS
G v B 8 R OF 8§ 6§ &8 & T pF Y F YT I g

J)
G')

AGTRTOUAGS CvrAAFHCQTTQQAﬂFnTQ*TAQTGTHADFAA3ATTAT&UTA TCOTCGH
L ¥ B oI &8 7T ¥ N L g a M Y B8 7 PR

rﬁi

EoaRl
TOEEY OOASBUTREASATOAAAG GTAAGTAGAATEDARARAATTE
F 8 ¢ & T X.L g1 K

31/41



WO 2018/100534 PCT/IB2017/057548

FIG. 32

§19-122 ¥

1 2
125455780 0129485789 (128456750 N
{ o > oy 4
SEQ 1D Ne.i§ 118-122 W EVOLVEGGD SLYGPGESLK LSOESNEYEF LORY SEQ 8 Not3
SEQ D NI Hutig vn EVDLVESGE GLVEPGHSLA LSUAARY
234188 EVELVEGEE SLYRPGOSLE LECAAGG

ES 5 [ 7
Q123436788 01283454788 DIRT4SE7RY 123456788

a --CERE SEQ & Noig
118-122 vH TPEMRLELVA AINSDGASTYY PRTMERBFII SHDNTKKYLY
Huiig vy APGKGLELVA AINSDGRSTYY PDTMEREFTI SRDNAKNSLY
7124189 APGHGLEWVR <= -ainvvcns cwvenn HETT SRONSKNSLY

1

a 2 3

QI ZZ22345GTES A 2I48H/TEY 12348R78Y G123
ang 3o oGRS BEQ i Ka1S

110-1238 ¥ L EOTAL YYCARBYDBY  YAWFAVWOQBTLY TVSA

Huiiy ¥H u ERTAY YYCARBYDRY YAUFAVWEGETMV TV3S

ZI4188 LONMNSLRAEDTAY YYOAR - -~ 4 vo v« WEQBTMY TVSS

32/41



WO 2018/100534 PCT/IB2017/057548

FIG. 33

P1e~122 VL

1 2 8
TEBASEYES (234BATRY O1SRASETITIVES 012345678
abing -~ COR? SEQ 40-Ne.1®
YBYMHRYGRK
HYRGR

SEQ D Nowzz 118-128 Wi DIVLTRSPA SLAVSLEARA TISCH
35Q & No.Z3 Huiig vl EIVLTQEPA TLSLOPGERS TLBG

NZS453 EIVLTGSPA TLOLSRGERA TLEC« - wansw- - YRR
CORZ SER 1 Mol
3 (5 & 7
0123456780 0123456785 0123458760 0723456789
$1g-122 Vi POOPPXLLIY LASNLEGOVE ARFSGSOSGT DETLNIHPYE
HITTS VL PROAPRLLTY LASNLESGYP ARFSGSS5GT DFTLTISSLE
MODARG RGQAFPRLLIV - - e GYP ARFSGSESGT DFTLTIBGLE
COR3 SEQ © Ne2 ,
g fa g

H1R3458783 Q123458788 01234887
115-138 Vi EEQAATYYEQ HERELPLIFS AGTRLELK

Butlg vi PEQEAVYYCD HEBRELPLTFG GETKVEIX
REQ4ED PEDEFBVYYC . ~viennn- FG GRTKVETK

33/41



WO 2018/100534

PCT/IB2017/057548
FIG. 34
Hutig-123 ¥4
Spel
SEQ D Mo s ACTABTACCACCATGRACTTCaBGO TCASCT TRBT TTTLOTTOTROTTATT T TARAANGT
¥ 8 F & L B L v F L 0¥ L I L ﬁ S
CTACARTETRAGSTRCAGCTAETGRASTCTEACERAGRET TAGTOCAGCOTABARGETCS
VvV a o EeEvvgs L v g &6 66 LY @4 P & 46 8
STEAGACTCTCUTOTRCABCCTOTRARTACRAGTTCOC TTLCCATGACATSTCTTRRG TS
L 8% L 8 ¢ A A § EY EF P S H BN B WYV
CRUCAGGOTCLGAGEAAGROECTERAGTTGRTCACAGUCATTARTARTRATARTERTAGS
8 8 A P B ¥ € L E L ¥ & & I R B8 D & G 8
ACCTACTATOUAGACADCATORAGAGACGATTRACCATITCLAGASADAATECCAABAAD
T Y ¥Y P B T M E R & FT I § 8 08 A & H
TCAUTATACO TRCASATEAACARTCTEAGBACORABRACADARTURTETATTACTETROA
$ LY L 8 ¥ N & L B A E T T &YV Y Y $ A

AGACACTATOATEATTACTACBULTART TTRCTTADTH

A

B H Y B b ¥ YA ¥ F A Y
HindIil

ETCTCTTC&&GTGAGTGCTAA FTCAARCTT

¥ § 8§

34/41

W

RAGRGAETATEETCALT
a8 7 8y

-
¥



WO 2018/100534

FIG. 35

R-122 W
Nhel

PCT/IB2017/057548

SEQ B No24 GCTABCACCACTATERAGADA BSCACACTEOTETTATOBETACTEOTROTCTE66TTI0M

#E T BT L

P
£ 63

TTOOACTRGTS \AnT* STECTOACACAT
g

& I ¥ L1 g

¥
3

ﬁt"i

S
=

L8 LB AS

AEEECCASCUTOTTATGOAGRBLCARBARAAGTETCAGTARAT
g & T T

Ll W ¥ L oL LW Y

TCTCOTRCTACCTTATCTTTRTCTOLAGGS
&8 F AT L 3L S PG

TATABTTAT

CTBG6
X § V¥ 8 3 & Y ¢ ¥

TRCACTRETACCAACAGABACCAGBACAGECTCOLARACTLUTOATCTATLYTROATEE

M.&nggaxpaa

u‘a‘F‘ARF

A F R L LT ¥ L A S8

CAGTGRUAGTRRBTOTRAGACABACTTRACC
g & & & ¥ & T B FT

CTOACGATUABCAGCOTARARC U TRASGATTTTREART T TATTACTRTCARGACARTAGR

L T 1 & 38 L g P2 ED

<

ECORI
CTRAATTS

35/41

E AV ¥ Y € 4 H 8§ R

OAAGGTCCARATCAABL GTAARTACADTIT
X ¥V E T ¢



PCT/IB2017/057548

WO 2018/100534

FIG. 36

Eot

AR
R GNP Co

G|

ENTTENIITIN AR TS A A OO SN D NN
CTCTTASATEGTETUCAGA

T

o ey, e
CATASTT

5

STRTT

R AN D T
Lonseii

o
ISLI

e

e
of

LR Yy P
GTALTY

NI
AL

SR B No28—

N
i

SEG B No.28-—

s

REORI
R A

£%

TR D e
CAA

I NI A TN R S D
R ol RN e J.»(.JG Bt G\JA"‘WA-;V AN

P

ey

N
5

(s

e
WA AN

{a

Y P D,
FTGACECCT

LR N
[SERCIONS

T

b

e OB 1 BEG

<

~
M

=

.38

Ko

!

7]
32

TCARAAE

BUGIaN
v

1

RN

PP
S LN

~

£

3

Ny

4
#
i
i

)

L
X

we
Koty

DR
SREOP WL

of

4
5

B

&

AT
ACTEEEG

2R
A AR

AAGTGTTOTACTIT

o

.
=]

4]

T
o

=t

SEQ i Moy

CorR 3

36/41



PCT/IB2017/057548

WO 2018/100534

FIG. 37

P R YO
CTCAGTEY

s

TOATGIYT

NAI
L ANT

SRS I IS
b BRI JERRUR &

NPT
AR R

(%3

s,
LR

o~
o

{

PRUE VR

NI Y TR AN £ PO N,
wrliodaliivag

i

N T
G

M
Pen Y

e

P
Pt

N

Nt

N
OO AR
SN AR

)

o

COR 1 S50 1D Mou32

N e
W e A Y

-
SR

X

e
i b

AT NI Y NI N
Ll UL TALWULS

35

D Ko

i)
i

q

T O 2 S

e e
COTGERGCNT

CEOURS
Aty

~a

AT
SRR

GG

U YT AT N R
GRGATTATTCOTICA

5

TSI
VRPN AC L

T
2UEQ

WA

N AN
ks

634

X

COR 3 354

a
&rs
N

:

foany
A

A
LA

e
Sk

37/41



PCT/IB2017/057548
FIG. 38

WO 2018/100534

1) .
Wy .wu 23 et pocg
; 157 N
132) 5 Ly €4
i
[
1653 =28 - w3
o
853 -
fot 4
i ] W
3 R
4
£ .
L2t 8o
R s
A i £
D [ e
L ¥,
o [
GG £ o
9] i fre
£t g i g
Lo T 19 [E2 0 921 3 §--t
o fmt o g B
2 2 3 $-3 Bt
4 1 } eh fxl o ] w4
85 i9 & #i
3 2 e st
Frd Ly B oad sal oy o]
a3 2 oy b
79 <3 )
[ [ES Y. 65) j G e 1523
£ £ (e
[99] g it .
P! iy wﬁv 5 mm‘“ $~d g
oy & & L
SRy 9 £ o
Ees m\% T PRI AN S mm ot
% 5 ;
5 | <3 T <
[S3 R 5 £
Lo T4 A
o3 £y |29
(S 4 9 e 3R
. [ et
£- M,AM wa o
& m,uw fa?
&2 &
(] 1D i
al s
/
{

ied
Lis3

38/41



PCT/IB2017/057548

WO 2018/100534

FIG. 39

ty

ekt
MR

.

aTeve
Wi

o
Tl

~en

T YR
AN N e WA

7

OO P
CUTECETAS

AL

TN
g

0
LRy

T

A Y AN
AR

STl

ZRROYRESS

T
2LV

1

RO
FANU SRS

e
Lo

e
H

<
i
t

e
TOARGCATUXN

GGG

™

g
STERE AN

4
v
£
R

Ll X

GTYTRG

AL

NTTR

e

A

£
L

ek

S

L
RS S

e
(ORRALENS

N T

KT

3

e
A

=
A

fo Lizd

o~

GALLTE
<

e
o 3

48

NS

e e
SR

39/41



PCT/IB2017/057548
FIG. 40

WO 2018/100534

BE3 B agdkRop,s

N
<
-
De]
B4
b
B L
2 z -
T 23
[ 3 b
. %
o k]
PRy Q ~
»
o
e i M
: 3
3 2 s}
i
I 4 —~
B g
& PN o~
N I 1
fsl " [
% y “
2= i :
? %, z o ¢
L s w5 ~ Sa
. . s =
v X EREEPS 2
@ L K % <
% og R oo b &
& o s f e &
M A N 4 * ¥
) 3 3 5o
L ow B A ¢S ra
& o 2 L
D 22 e a
e P~
) oW o
nm - AR
o 3 N B g
& ¥ woE H s
% z £ 2 2%
S X 2 OX =
Ny i LN R
& BB % So% % ¢
T E 53 25 9 3%
&5 5 & L 0E L &
2. i L. s s - b
LRIV 5o
7 ¥ v , P PR P
I
o “ “z o o~ 1~ - g hvg iz 3 I A 3
G k4 Ei & Es & ke i & - 5 ¥ 2 \N v 2 4 ““ W\
: i [

DU WIRXIBY

40/41




WO 2018/100534 PCT/IB2017/057548

FIG. 41

41/41



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/057548

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K39/00 A61K31/415
ADD.

A61K31/4155

A61P35/00

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

A61K A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal , wpPl Data, BIOSIS,

CHEM ABS Data,

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EMBASE

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y wo 2014/153226 Al (EPIZYME INC [US]) 1-37
25 September 2014 (2014-09-25)
abstract
page 171; compound 158
page 208, paragraph 240 - page 209,
paragraph 242
page 210, paragraph 250 - page 216,
paragraph 258
page 254; compound 106
page 266; compound 158
cl aims
Y wo 2012/027328 A2 (UNIV TEXAS [US]; LIU 1-37
YONG-JUN [US]; VOO KUl SHIN [US]; BOVER
LAURA [US) 1 March 2012 (2012-03-01)
cited in the appl icati on
abstract; cl aims
-/-

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel orcannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

"&" document member of the same patent family

Date of the actual completion of the international search

26 February 2018

Date of mailing of the international search report

07/03/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Garabatos-Perera, J

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/057548

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y wo 2013/028231 Al (UNIV TEXAS [US]; LIU
YONG-JUN [US]; VOO KUl SHIN [US]; BOVER
LAURA [US) 28 February 2013 (2013-02-28)
cited in the appl icati on

abstract; cl aims

Y us 2013/309250 Al (COGSWELL JOHN [US] ET
AL) 21 November 2013 (2013-11-21)
abstract; cl aims

Y us 2011/008369 Al (FINNEFROCK ADAM C [US]
ET AL) 13 January 2011 (2011-01-13)
abstract
cl aims

1-37

1-37

1-37

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2017/057548
Patent document Publication Patent family Publication

cited in search report date member(s) date

wo 2014153226 Al 25-09-2014 AU 2014236146 Al 10-09-2015
CA 2903394 Al 25-09-2014
CN 105339351 A 17-02-2016
EA 201591531 Al 29-02-2016
EP 2970132 Al 20-01-2016
HK 1219736 Al 13-04-2017
JP 2016516067 A 02-06-2016
KR 20160003648 A 11-01-2016
sG 11201506972P A 29-10-2015
us 2016024016 Al 28-01-2016
us 2017267642 Al 21-09-2017
Wo 2014153226 Al 25-09-2014

wo 2012027328 A2 01-03-2012 AU 2011293558 Al 21-03-2013
BR 112013004266 A2 02-08 -2016
BR 112014003982 A2 09-05-2017
CA 2809089 Al 01-03-2012
CL 2013000545 Al 26-09-2014
CL 2015002526 Al 10-06 -2016
CL 2016003052 Al 04-08 -2017
CN 103221427 A 24-07 -2013
CN 106554417 A 05-04 -2017
co 6680693 A2 31-05-2013
CR 20130126 A 28-06 -2013
CY 1118928 TI 10-01-2018
DK 2609118 T3 03-04 -2017
po P2013000045 A 28-02-2014
EA 201390278 Al 30-08-2013
EA 201500204 Al 30-11-2015
EP 2609118 A2 03-07 -2013
EP 2933268 Al 21-10-2015
ES 2630328 T3 21-08 -2017
ES 2649155 T3 10-01-2018
HK 1213272 Al 30-06-2016
HR P20170568 TI 30-06-2017
HU E031371 T2 28-07-2017
JP 5984810 B2 06-09 -2016
JP 2013538057 A 10-10-2013
JP 2017018110 A 26-01-2017
KR 20140093600 A 28-07-2014
KR 20160149322 A 27-12-2016
LT 2609118 T 25-04 -2017
MX 339964 B 17-06 -2016
NZ 608033 A 26-09-2014
NZ 629913 A 29-01-2016
NZ 716369 A 26-05-2017
PE 00422018 Al 09-01-2018
PE 14032013 Al 10-01-2014
PL 2609118 T3 31-07 -2017
PT 2609118 T 22-03-2017
SG 187945 Al 28-03-2013
us 2013280275 Al 24-10-2013
us 2014308276 Al 16-10-2014
us 2015315281 Al 05-11-2015
us 2016068604 Al 10-03-2016
us 2017267773 Al 21-09-2017
wo 2012027328 A2 01-03-2012
ZA 201301442 B 30-07-2014

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2017/057548
Patent document Publication Patent family Publication

cited in search report date member(s) date

wo 2013028231 Al 28-02-2013 AU 2012299421 Al 06-03-2014
AU 2016200435 Al 18-02-2016
CA 2845810 Al 28-02-2013
CN 103946238 A 23-07-2014
EP 2748199 Al 02-07-2014
JP 6038920 B2 07-12-2016
JP 2014526898 A 09-10-2014
KR 20140090976 A 18-07-2014
TN 2013000076 Al 25-06-2014
Wo 2013028231 Al 28-02-2013

us 2013309250 Al 21-11-2013 AU 2013263076 Al 22-01-2015
AU 2017213489 Al 31-08-2017
CA 2873402 Al 21-11-2013
CN 104470949 A 25-03-2015
EA 201492105 Al 30-06-2015
EP 2850102 Al 25-03-2015
HK 1203971 Al 06-11-2015
JP 2015518826 A 06-07-2015
KR 20150020189 A 25-02-2015
sG 10201700698W A 27-02-2017
sG 11201407190T A 30-12-2014
us 2013309250 Al 21-11-2013
us 2015125463 Al 07-05-2015
us 2016090417 Al 31-03-2016
wo 2013173223 Al 21-11-2013

us 2011008369 Al 13-01-2011 EP 2262837 A2 22-12-2010
us 2011008369 Al 13-01-2011
wo 2009114335 A2 17-09-2009

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	abstract
	description
	claims
	drawings
	wo-search-report

