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(57) Abstract: The finding that multiple cancers lack one of two
NMTs, while stromal and normal tissues do not, enables the treatment
of NMT2-deficient cancer cells with an NMT inhibitor. It is shown
herein that NMT2 expression is reduced or eliminated in certain can-
cers, and in one example lymphomas, via an epigenetic mechanism(s).
Reduction or elimination of NMT?2 expression renders the cancer sens-
itive inhibitors of NMT.
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EPIGENETIC SILENCING OF NMT2

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. provisional patent application number US
62/194,109, filed July 17, 2015, the entire contents of which are hereby incorporated by

reference.

FIELD
[0001] The present disclosure relates generally to epigenetic methods for cancer

diagnosis and treatment.

BACKGROUND

[0002] Cancer is a leading cause of death in Canada. The Canadian Cancer
Society estimate there will be approximately 170000 new cases of cancer in 2011, and
approximately 75000 deaths as a result of cancer.

[0003] It has been estimated that in 2015, about 589430 Americans will die of
cancer, or about 1,620 people per day. Cancer is the second most common cause of
death in the US, and accounts for nearly 1 of every 4 deaths.

[0004] Hematological cancers account for approximately nine percent of new
cancer cases and nine percent of cancer related deaths. One type of hematological
cancer is lymphoma. Aggressive non Hodgkin Lymphomas such as Burkitt Lymphoma
(BL) and Diffuse Large B Cell Lymphoma (DLBCL) are treatable, but current therapies
are expensive, carry serious toxicities, and achieve widely varying responses, with the
majority of patients ultimately experiencing disease relapse. In North America alone,
there are 78,000 new NHL cases per year and 600,000 NHL survivors in remission but
with ongoing risk of relapse. Improved treatments are required.

[0005] N-myristoylation of proteins is a modification in which myristate (a 14-
carbon saturated fatty acid) is covalently attached to the NH2 terminal glycine of a variety
of cellular, viral, and onco-proteins (e.g., oncogenic Src-related tyrosine kinases,
heterotrimeric G alpha subunits, etc.).

[0006] Cellular myristoylated proteins have diverse biological functions in signal
transduction and oncogenesis. Modification of proteins by myristoylation is required for
the subcellular targeting, protein conformation and biological activity of many important

proteins in eukaryotic cells, including those required for signal transduction and regulatory
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functions important in cell growth. Tyrosine kinases of the Src family (proto-oncogenes)
are among the most extensively studied myristoylated proteins.

[0007] Myristoylation of proteins is catalyzed by N-myristoyltransferase (NMT).
NMT is responsible for this activity in eukaryotic cells and works by modifying its
polypeptide substrate after the removal of the initiator methionine residue by methionyl
aminopeptidase. This modification occurs primarily as a cotranslational process,
although myristoylation can also occur post-translationally after proteolytic cleavage of
proteins, typically during apoptosis. Two isozymes of the mammalian NMT enzymes have
been cloned and are designated NMT1 and NMT2. NMTs play a pro-survival role in cells.
The two NMTs are present in all normal mammalian cells.

[0008] There remains a need for compounds, composition and method for the
treatment of cancer.

[0009] This background information is provided for the purpose of making known
information believed by the applicant to be of possible relevance to the present invention.
No admission is necessarily intended, nor should it be construed, that any of the

preceding information constitutes prior art against the present invention.

SUMMARY

[0010] In one aspect of the present disclosure there is provided a method of
predicting the response in a cancer patient to treatment with an NMT inhibitor comprising,
providing a biological sample of said cancer patient, and determining in said biological
sample the methylation status of the NMT2 gene, and predicting a positive clinical
response to said treatment with said NMT inhibitor, if hypermethylation is determined in
the NMT2 gene.

[0011] In one aspect of the present disclosure there is provided a method for
identifying and/or selecting a patient with a cancer, or treated for a cancer, suitable for
treatment with an NMT inhibitor, comprising providing a biological sample of said cancer
patient, and determining the methylation status of the NMT2 gene, and identifying and/or
selecting the cancer patient for treatment with said NMT inhibitor if hypermethylation is
determined in the NMT2 gene.

[0012] In one aspect of the present disclosure there is provided a method for
selecting a suitable treatment regimen for a cancer in a cancer patient comprising
providing a biological sample of said cancer patient, and determining in said biological

sample the methylation status of the NMT2 gene, and selecting an NMT inhibitor for
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treatment if hypermethylation of NMT2 gene is determined and/or under expression is
determined in the NMT2 gene.

[0013] In one aspect of the present disclosure there is provided a method of
treating a patient with cancer with an NMT inhibitor comprising providing a biological
sample of said cancer patient, and determining in said biological sample the methylation
status of NMT2 gene, and selecting said NMT inhibitor for treatment if hypermethylation is
determined in NMT2 gene.

[0014] In one aspect of the present disclosure there is provided a method
comprising: a) obtaining a sample from a subject having cancer, or suspected as having
cancer; b) contacting the sample with a reagent to form a product (in some cases a
complex) indicative of methylation status of NMT2 gene present in the sample; c)
measuring the product formed to determine a methylation status of NMT2 gene in the
sample; and d) determining the benefit of NMT inhibitor treatment of said cancer in in said
subject, wherein the determination of benefit of NMT inhibitor treatment is determined by
hypermethylation of NMT2 gene in said sample.

[0015] In one aspect, wherein in step b) said regent comprises primers to detect
hypermethylation in the NMT2 gene.

[0016] In one aspect said primers comprise SEQ ID NO:1 and/or SEQ ID NO: 2.
[0017] In one aspect of the present disclosure there is provided a method of
treating a subject with cancer or suspect of having cancer, comprising administering an
NMT inhibitor to said subject when the NMT2 gene is hypermethylated in said sample,
optionally as compared to a control.

[0018] In one aspect of the present disclosure there is provided a method for
treating cancer in a subject, comprising: a) obtaining nucleic acid from a sample from the
subject; b) performing bisulfite modification to the nucleic acid in step a); ¢) performing a
method selected from PCR, methylation-specific PCR, quantitative methylation specific
PCR (QMSP), realtime methylation-specific PCR, PCR assay using a methylation DNA-
specific binding protein, quantitative PCR, DNA chip-based assay, pyrosequencing, or
bisulfite sequencing, on the bisulfite modified nucleic acid from step b) using PCR primers
and/or probes specific for the promoter region of the NMT2 gene, e) determining a
promoter methylation level of the promoter region of NMT2 in the sample, optionally
compared to a control, g) treating said patient with an inhibitor to NMT when promoter
methylation level of the promoter region of NMT2 gene in the sample is determined to be

hypermethylated.



WO 2017/011907 PCT/CA2016/050846

10

15

20

25

30

35

[0019] In one aspect said PCR primers comprise SEQ |D NO:1 and/or SEQ ID
NO: 2.
[0020] In one aspect determining the methylation status comprises, a) performing

bisulfite modification to the nucleic acid in said sample, b) determining methylation of the
promoter of the NMT2 gene using PCR primers and/or probes specific for the promoter
region of the NMT2 gene from step a).

[0021] In one aspect step b) is performed by a method selected from PCR,
methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

[0022] In one aspect detection of hypermethylation of the NMT2 gene is
performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.
[0023] In one aspect said NMT inhibitor comprises a small molecule, an antibody,

a peptide fragment, a nucleic acid, or combinations thereof.
[0024] In one aspect said small molecule comprises DDD85646, DDD86481, or a

derivative thereof.

[0025] In one aspect said antibody is a monoclonal antibody or a polyclonal
antibody.
[0026] In one aspect said nucleic acid comprises a dsRNA molecule, a RNAI

molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
[0027] In one aspect said cancer is lymphoma, B cell lymphoma, follicular
lymphoma, diffuse large B-cell lymphoma, mantle cell ymphoma, B-CLL/SLL,
immunocytoma/Waldenstrom's, MALT-type/monocytoid B 20 cell lymphoma, Burkitt's
lymphoma, a pediatric lymphoma, anaplastic large cell ymphoma, acute myeloid
leukemia, Blast Phase Chronic Myeloid Leukaemia, Burkitt's Lymphoma, Plasma Cell
Myeloma, Intestinal Adenocarcinoma, Lung mixed Adenosquamous Carcinoma, Lung
Small Cell Carcinoma, Lung, Oesophagus Squamous Cell Carcinoma, Bone, Breast
Ductal Carcinoma, Stomach Diffuse Adenocarcinoma, Thyroid Medullary Carcinoma,
urinary Tract Transitional Cell Carcinoma, myeloma, ovarian clear cell carcinoma,
transition cell carcinoma (ureter and bladder cancer), chronic myelogenous leukemia
(CML), lymphoma-CLL, breast carcinoma, colorectal adenocarcinoma, pancreas
adenocarcinoma, ovarian carcinoma, non-small cell lung carcinoma, osteosarcoma,
melanoma, gastric adenocarcinoma, endometrial adenocarcinoma, esophageal

squamous carcinoma.
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[0028] In one aspect said NMT inhibitor comprises DDD85646 or DDD86481.
[0029] In one aspect said treatment further comprises treatment with a histone acetyl

transferase inhibitor, a DNA demethylase Inhibitor, and/or histone demethylase inhibitor.

[0030] In one aspect said histone acetyl transferase inhibitor is anacardic acid,
CPTH2, MB-3, and/or Curcumin.
[0031] In one aspect said histone demethylase inhibitor is Daminozide, GSK J1,

GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, IOX 1, JIB 04, RN 1
dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

[0032] In one aspect, when said cancer is a lymphoma, the method further
comprising administering a treatment selected from CHORP (i.e., cyclophosphamide,
doxorubicin, vincristine, and prednisone), GAP-BOP (i.e., cyclophosphamide,
doxorubicin, procarbazine, bleomycin, vincristine, and prednisone), m-BACOD (i.e.,
methotrexate, bleomycin, doxorubicin, cyclophosphamide, vincristine, dexamethasone,
and leucovorin), ProMACE-MOPP (i.e., prednisone, methotrexate, doxorubicin,
cyclophosphamide, etoposide, leucovorin with standard MOPP), ProMACE-CytaBOM
(prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine, bleomycin,
vincristine, methotrexate, and leucovorin), and MACOP-B (methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone, bleomycin, and leucovorin). For relapsed
aggressive non-Hodgkin's lymphoma the following chemotherapy drug combinations may
be used with the compounds and compositions described herein: IMVP-16 (i.e.,
ifosfamide, methotrexate, and etoposide), MIME (i.e., methyl-gag, ifosfamide,
methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16 high dose cytarabine,
and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high dosage cytarabine, and
cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide, procarbazine, prednisone, and
bleomycin), or CAMP (i.e., lomustine, mitoxantrone, cytarabine, and prednisone).

[0033] In one aspect, when said cancer is Hodgkin's disease, the method further
comprising administering a treatment selected from VABCD (i.e., vinblastine, doxorubicin,
dacarbazine, lomustine and bleomycin), ABDIC (i.e., doxorubicin, bleomycin,
dacarbazine, lomustine, and prednisone), CBVD (i.e., lomustine, bleomycin, vinblastine,
dexamethasone), PCVP (i.e., vinblastine, procarbazine, cyclophosphamide, and
prednisone), CEP (i.e., lomustine, etoposide, and prednimustine), EVA (i.e., etoposide,
vinblastine, and doxorubicin), MOPLACE (i.e., cyclophosphamide, etoposide, prednisone,
methotrexate, cytaravine, and vincristine), MIME (i.e., methyl-gag, ifosfamide,
methotrexate, and etoposide), MINE (i.e., mitoquazone, ifosfamide, vinorelbine, and
etoposide), MTX-CHOP (i.e., methotrexate and CHOP), CEM (i.e., lomustine, etoposide,

-5.
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and methotrexate), CEVD (i.e., lomustine, etoposide, vindesine, and dexamethasone),
CAVP (i.e., lomustine, melphalan, etoposide, and prednisone), EVAP (i.e., etoposide,
vinblastine, cytarabine, and cisplatin), and EPOCH (i.e., etoposide, vincristine, ;
doxorubicin, cyclophosphamide, and prednisone).

[0034] In one aspect, when said cancer is breast cancer, the method further
comprising administering a treatment selected from paclitaxel, docetaxel, nanoparticle
albumin bound paclitaxel, capecitabine, doxorubicin, eribulin, vinorelbine, trastuzumab,
carboplatin, cisplatin; endocrine therapies including tamoxifen, anastrozole, letrozole,
exemestane, fulvestrant, and cell cycle inhibitors including palbocilib, ribociclib, LEEQO1,
and everolimus; immune checkpoint inhibiting drugs including nivolumab and
pembrolizumab, either individually or in combination.

[0035] In one aspect, when said cancer is small cell lung cancer, the method
further comprising administering a treatment selected from carboplatin, cisplatin,
etoposide, irinotecan, either individually or in combination.

[0036] In one aspect, when said cancer is non-small cell lung cancer, the method
further comprising administering a treatment selected from carboplatin, paclitaxel,
docetaxel, gefitinib, erlotinib, afatinib, bevacizumab, ramucirumab, osimertinib,
necitumumab, crizotinib, ceritinib, alectinib, and immune checkpoint inhibiting drugs
including nivolumab, pembrolizumab, either individually or in combination.

[0037] In one aspect, when said cancer is bladder carcinoma, the method further
comprising administering a treatment selected from methotrexate, vincblastine,
doxorubicin, cisplatin; carboplatin and paclitaxel, docetaxel, gemcitabine and cisplatin,
either individually or in combination.

[0038] In one aspect the determination of hypermethylation in the NMT2 gene is
performed by a method selected from the group consisting of PCR, methylation-specific
PCR, realtime methylation-specific PCR, PCR assay using a methylation DNA-specific
binding protein, quantitative PCR, DNA chip-based assay, pyrosequencing, and bisulfite
sequencing.

[0039] In one aspect said biological sample comprises, a tissue, a cell specimen
or fluids includes detached tumor cells and/or free nucleic acids, a blood sample, a
fractionated blood sample, a bone marrow sample, a biopsy sample, a frozen tissue
sample, a fresh tissue specimen, a cell sample, and/or a paraffin embedded section.
[0040] In one aspect said subject is a human.

[0041] In one aspect of the present disclosure there is described an in vitro assay

for selecting a treatment for a patient with cancer, comprising: a) obtaining nucleic acid
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from a sample from the subject; b) performing bisulfite modification to the nucleic acid in
step a); ¢) performing a method selected from PCR, methylation-specific PCR,
quantitative methylation specific PCR (QMSP), realtime methylation-specific PCR, PCR
assay using a methylation DNA-specific binding protein, quantitative PCR, DNA chip-
based assay, pyrosequencing, or bisulfite sequencing, on the bisulfite modified nucleic
acid from step b) using PCR primers and/or probes specific for the promoter region of the
NMT2 gene, e) determining a promoter methylation level of the promoter region of NMT2
in the sample, optionally compared to a control, wherein the selected treatment is an

NMT inhibitor when promoter region of NMT2 gene in the sample is determined to be

hypermethylated.

[0042] In one aspect said PCR primers comprise SEQ |D NO:1 and/or SEQ ID
NO: 2.

[0043] In one aspect of the present disclosure there is described an in vitro assay

of a sample from a patient for selecting a treatment for a patient with cancer, comprising:
a) performing bisulfite modification to the nucleic acid in said sample, b) determining
methylation of the promoter of the NMT2 gene using PCR primers and/or probes specific
for the promoter region of the NMT2 gene from step a).

[0044] In one aspect step b) is performed by a method selected from PCR,
methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

[0045] In one aspect detection of hypermethylation of the NMT2 gene is
performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.
[0046] In one aspect the selected treatment is an NMT inhibitor when promoter

region of NMT2 gene in the sample is determined to be hypermethylated.

[0047] In one aspect said NMT inhibitor comprises a small molecule, an antibody,
a peptide fragment, a nucleic acid, or combinations thereof.

[0048] In one aspect said small molecule comprises DDD85646, DDD86481, or a

derivative thereof.

[0049] In one aspect said antibody is a monoclonal antibody or a polyclonal
antibody.
[0050] In one aspect said nucleic acid comprises a dsRNA molecule, a RNAI

molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
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[0051] In one aspect of the present disclosure there is described a kit for selecting
a suitable treatment for a cancer in a cancer patient, comprising: a) one or more reagents
for determining the methylation status of the NMT2 gene from a sample of said cancer
patient, wherein the selected treatment is an NMT inhibitor when promoter region of
NMT2 gene in the sample is determined to be hypermethylated, b) instructions for the use
thereof.

[0052] In one aspect said reagents comprise PCR primers and/or probes specific

for the promoter region of the NMT2 gene.

[0053] In one aspect said PCR primers comprise SEQ |D NO:1 and/or SEQ ID
NO: 2.

[0054] In one aspect, further comprising and NMT inhibitor.

[0055] In one aspect said NMT inhibitor comprises a small molecule, an antibody,

a peptide fragment, a nucleic acid, or combinations thereof.
[0056] In one aspect said small molecule comprises DDD85646, DDD86481, or a

derivative thereof.

[0057] In one aspect said antibody is a monoclonal antibody or a polyclonal
antibody.
[0058] In one aspect said nucleic acid comprises a dsRNA molecule, a RNAI

molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
[0059] In one aspect further comprising a histone acetyl transferase inhibitor, a

DNA demethylase Inhibitor, and/or histone demethylase inhibitor.

[0060] In one aspect said histone acetyl transferase inhibitor is anacardic acid,
CPTH2, MB-3, and/or Curcumin.
[0061] In one aspect said histone demethylase inhibitor is Daminozide, GSK J1,

GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, IOX 1, JIB 04, RN 1
dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

[0062] In one aspect further comprising reagents for a treatment selected from
CHORP (i.e., cyclophosphamide, doxorubicin, vincristine, and prednisone), GAP-BOP (i.e.,
cyclophosphamide, doxorubicin, procarbazine, bleomycin, vincristine, and prednisone),
m-BACOD (i.e., methotrexate, bleomycin, doxorubicin, cyclophosphamide, vincristine,
dexamethasone, and leucovorin), ProMACE-MOPRP (i.e., prednisone, methotrexate,
doxorubicin, cyclophosphamide, etoposide, leucovorin with standard MOPP), ProMACE-
CytaBOM (prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine,
bleomycin, vincristine, methotrexate, and leucovorin), and MACOP-B (methotrexate,

doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin, and leucovorin). For
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relapsed aggressive non-Hodgkin's lymphoma the following chemotherapy drug
combinations may be used with the compounds and compositions described herein:
IMVP-16 (i.e., ifosfamide, methotrexate, and etoposide), MIME (i.e., methyl-gag,
ifosfamide, methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16 high dose
cytarabine, and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high dosage
cytarabine, and cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide, procarbazine,
prednisone, and bleomycin), or CAMP (i.e., lomustine, mitoxantrone, cytarabine, and
prednisone).

[0063] In one aspect further comprising reagents for a treatment for Hodgkin’s
disease selected from VABCD (i.e., vinblastine, doxorubicin, dacarbazine, lomustine and
bleomycin), ABDIC (i.e., doxorubicin, bleomycin, dacarbazine, lomustine, and
prednisone), CBVD (i.e., lomustine, bleomycin, vinblastine, dexamethasone), PCVP (i.e.,
vinblastine, procarbazine, cyclophosphamide, and prednisone), CEP (i.e., lomustine,
etoposide, and prednimustine), EVA (i.e., etoposide, vinblastine, and doxorubicin),
MOPLACE (i.e., cyclophosphamide, etoposide, prednisone, methotrexate, cytaravine,
and vincristine), MIME (i.e., methyl-gag, ifosfamide, methotrexate, and etoposide), MINE
(i.e., mitoquazone, ifosfamide, vinorelbine, and etoposide), MTX-CHOP (i.e.,
methotrexate and CHOP), CEM (i.e., lomustine, etoposide, and methotrexate), CEVD
(i.e., lomustine, etoposide, vindesine, and dexamethasone), CAVP (i.e., lomustine,
melphalan, etoposide, and prednisone), EVAP (i.e., etoposide, vinblastine, cytarabine,
and cisplatin), and EPOCH (i.e., etoposide, vincristine, ; doxorubicin, cyclophosphamide,
and prednisone).

[0064] In one aspect further comprising reagents for a treatment for breast cancer
selected from paclitaxel, docetaxel, nanoparticle albumin bound paclitaxel, capecitabine,
doxorubicin, eribulin, vinorelbine, trastuzumab, carboplatin, cisplatin, endocrine therapies
including tamoxifen, anastrozole, letrozole, exemestane, fulvestrant, and cell cycle
inhibitors including palbocilib, ribociclib, LEEOO1, and everolimus; immune checkpoint
inhibiting drugs including nivolumab and pembrolizumab, either individually or in
combination.

[0065] In one aspect further comprising reagents for a treatment for small cell
lung cancer selected from carboplatin, cisplatin, etoposide, irinotecan, either individually
or in combination.

[0066] In one aspect further comprising reagents for a treatment for non-small cell
lung cancer selected from carboplatin, paclitaxel, docetaxel, gefitinib, erlotinib, afatinib,

bevacizumab, ramucirumab, osimertinib, necitumumab, crizotinib, ceritinib, alectinib, and
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immune checkpoint inhibiting drugs including nivolumab, pembrolizumab, either
individually or in combination.

[0067] In one aspect further comprising reagents for a treatment for bladder
carcinoma, the method further comprising administering a treatment selected from
methotrexate, vincblastine, doxorubicin, cisplatin; carboplatin and paclitaxel, docetaxel,
gemcitabine and cisplatin, either individually or in combination.

[0068] In one aspect of the present disclosure there is described use of an NMT
inhibitor for treating a subject with a cancer wherein the NMT2 gene in a sample from
said subject is determined to be hypermethylated.

[0069] In one aspect of the present disclosure there is described use of an NMT
inhibitor for the manufacture of a medicament for treating a subject with a cancer wherein
the NMT2 gene in a sample from said subject is determined to be hypermethylated.
[0070] In one aspect determining the methylation status comprises, a) performing
bisulfite modification to the nucleic acid in said sample, b) determining methylation of the
promoter of the NMT2 gene using PCR primers and/or probes specific for the promoter
region of the NMT2 gene from step a).

[0071] In one aspect step b) is performed by a method selected from PCR,
methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

[0072] In one aspect detection of hypermethylation of the NMT2 gene is
performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.
[0073] In one aspect said NMT inhibitor comprises a small molecule, an antibody,

a peptide fragment, a nucleic acid, or combinations thereof.
[0074] In one aspect said small molecule comprises DDD85646, DDD86481, or a

derivative thereof.

[0075] In one aspect said antibody is a monoclonal antibody or a polyclonal
antibody.
[0076] In one aspect said nucleic acid comprises a dsRNA molecule, a RNAI

molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
[0077] In one aspect said cancer is lymphoma, B cell lymphoma, follicular
lymphoma, diffuse large B-cell lymphoma, mantle cell ymphoma, B-CLL/SLL,
immunocytoma/Waldenstrom's, MALT-type/monocytoid B 20 cell lymphoma, Burkitt's

lymphoma, a pediatric lymphoma, anaplastic large cell ymphoma, acute myeloid
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leukemia, Blast Phase Chronic Myeloid Leukaemia, Burkitt's Lymphoma, Plasma Cell
Myeloma, Intestinal Adenocarcinoma, Lung mixed Adenosquamous Carcinoma, Lung
Small Cell Carcinoma, Lung, Oesophagus Squamous Cell Carcinoma, Bone, Breast
Ductal Carcinoma, Stomach Diffuse Adenocarcinoma, Thyroid Medullary Carcinoma,
urinary Tract Transitional Cell Carcinoma, myeloma, ovarian clear cell carcinoma,
transition cell carcinoma (ureter and bladder cancer), chronic myelogenous leukemia
(CML), lymphoma-CLL, breast carcinoma, colorectal adenocarcinoma, pancreas
adenocarcinoma, ovarian carcinoma, non-small cell lung carcinoma, osteosarcoma,
melanoma, gastric adenocarcinoma, endometrial adenocarcinoma, esophageal
sguamous carcinoma.

[0078] In one aspect said NMT inhibitor comprises DDD85646 or DDD86481.
[0079] In one aspect further comprising use of a histone acetyl transferase

inhibitor, a DNA demethylase Inhibitor, and/or histone demethylase inhibitor.

[0080] In one aspect said histone acetyl transferase inhibitor is anacardic acid,
CPTH2, MB-3, and/or Curcumin.
[0081] In one aspect said histone demethylase inhibitor is Daminozide, GSK J1,

GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, 10X 1, JIB 04, RN 1
dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

[0082] In one aspect, wherein when said cancer is a lymphoma, the use further
comprising use of a treatment selected from CHOP (i.e., cyclophosphamide, doxorubicin,
vincristine, and prednisone), GAP-BOP (i.e., cyclophosphamide, doxorubicin,
procarbazine, bleomycin, vincristine, and prednisone), m-BACOD (i.e., methotrexate,
bleomycin, doxorubicin, cyclophosphamide, vincristine, dexamethasone, and leucovorin),
ProMACE-MOPRP (i.e., prednisone, methotrexate, doxorubicin, cyclophosphamide,
etoposide, leucovorin with standard MOPP), ProMACE-CytaBOM (prednisone,
doxorubicin, cyclophosphamide, etoposide, cytarabine, bleomycin, vincristine,
methotrexate, and leucovorin), and MACOP-B (methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone, bleomycin, and leucovorin). For relapsed
aggressive non-Hodgkin's lymphoma the following chemotherapy drug combinations may
be used with the compounds and compositions described herein: IMVP-16 (i.e.,
ifosfamide, methotrexate, and etoposide), MIME (i.e., methyl-gag, ifosfamide,
methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16 high dose cytarabine,
and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high dosage cytarabine, and
cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide, procarbazine, prednisone, and

bleomycin), or CAMP (i.e., lomustine, mitoxantrone, cytarabine, and prednisone).
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[0083] In one aspect, wherein when said cancer is Hodgkin’s disease, the use
further comprising use of a treatment selected from VABCD (i.e., vinblastine, doxorubicin,
dacarbazine, lomustine and bleomycin), ABDIC (i.e., doxorubicin, bleomycin,
dacarbazine, lomustine, and prednisone), CBVD (i.e., lomustine, bleomycin, vinblastine,
dexamethasone), PCVP (i.e., vinblastine, procarbazine, cyclophosphamide, and
prednisone), CEP (i.e., lomustine, etoposide, and prednimustine), EVA (i.e., etoposide,
vinblastine, and doxorubicin), MOPLACE (i.e., cyclophosphamide, etoposide, prednisone,
methotrexate, cytaravine, and vincristine), MIME (i.e., methyl-gag, ifosfamide,
methotrexate, and etoposide), MINE (i.e., mitoquazone, ifosfamide, vinorelbine, and
etoposide), MTX-CHOP (i.e., methotrexate and CHOP), CEM (i.e., lomustine, etoposide,
and methotrexate), CEVD (i.e., lomustine, etoposide, vindesine, and dexamethasone),
CAVP (i.e., lomustine, melphalan, etoposide, and prednisone), EVAP (i.e., etoposide,
vinblastine, cytarabine, and cisplatin), and EPOCH (i.e., etoposide, vincristine, ;
doxorubicin, cyclophosphamide, and prednisone).

[0084] In one aspect, wherein when said cancer is breast cancer, the use further
comprising use of a treatment selected from paclitaxel, docetaxel, nanoparticle albumin
bound paclitaxel, capecitabine, doxorubicin, eribulin, vinorelbine, trastuzumab,
carboplatin, cisplatin; endocrine therapies including tamoxifen, anastrozole, letrozole,
exemestane, fulvestrant, and cell cycle inhibitors including palbocilib, ribociclib, LEEQCO1,
and everolimus; immune checkpoint inhibiting drugs including nivolumab and
pembrolizumab, either individually or in combination.

[0085] In one aspect, wherein when said cancer is small cell lung cancer, the use
further comprising a use of a treatment selected from carboplatin, cisplatin, etoposide,
irinotecan, either individually or in combination.

[0086] In one aspect, wherein when said cancer is non-small cell lung cancer, the
use further comprising use of a treatment selected from carboplatin, paclitaxel, docetaxel,
gefitinib, erlotinib, afatinib, bevacizumab, ramucirumab, osimertinib, necitumumab,
crizotinib, ceritinib, alectinib, and immune checkpoint inhibiting drugs including nivolumab,
pembrolizumab, either individually or in combination.

[0087] In one aspect, wherein when said cancer is bladder carcinoma, the use
further comprising a use of a treatment selected from methotrexate, vincblastine,
doxorubicin, cisplatin; carboplatin and paclitaxel; docetaxel, gemcitabine and cisplatin,
either individually or in combination.

[0088] In one aspect, wherein the determination of hypermethylation in the NMT2

gene is performed by a method selected from the group consisting of PCR, methylation-
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specific binding protein, quantitative PCR, DNA chip-based assay, pyrosequencing, and
bisulfite sequencing.

[0089] In one aspect, wherein said biological sample comprises, a tissue, a cell
specimen or fluids includes detached tumor cells and/or free nucleic acids, a blood
sample, a fractionated blood sample, a bone marrow sample, a biopsy sample, a frozen

tissue sample, a fresh tissue specimen, a cell sample, and/or a paraffin embedded

section.
[0090] In one aspect, wherein said subject is a human.
[0091] Other aspects and features of the present disclosure will become apparent

to those ordinarily skilled in the art upon review of the following description of specific

embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0092] Embodiments of the present disclosure will now be described, by way of
example only, with reference to the attached Figures.

[0093] Fig. 1 depicts NMT2 expression is decreased in several cancer cell lines in
the CCLE database and in tumours from TCGA database. NMT2 (grey) has a broader
range of mMRNA expression than NMT1 (black) in cancer cell lines (Panel A) and tumours
(Panel B). Box plot of NMT2 mRNA expression in cancer-specific cell lines and tumour
types. ***, p < 0.0001 vs. all tumours by t test, #, data not available (Panels C, D, E).
NMT2 mRNA copies determined by droplet digital PCR in various lymphocytic cell lines
(Panel F). Specific NMT activity in the cell lines in (Panel G) *, p < 0.05. Kaplan-Meier
plots show the progression-free survival (PFS) of 470 DLBCL patients (GSE31312) with
high (red; top curve) versus low (blue; bottom curve) NMT2 expression (Panel H). P value
was determined by log-rank test. All values are mean £ s.e.m. of 3 independent
experiments;

[0094] Fig. 2 depicts a CpG island at the NMT2 promoter (Panel A). Epigenetic
regulation of NMT2 in lymphoma cell lines and tumours (Panel B) NMT2 expression
(RSEM normalized counts) in TCGA tumours correlates negatively with NMT2
methylation values (cg02268561 beta values) at position 15,212,006 in WSU-DLCL2
(highlighted in red in Panel B). p = 0.0082, Spearman correlation analysis, n = 43 from
the TCGA cohort). Bisulfite sequencing of DAPK1 promoter region reveals a highly

methylated CpG containing promoter region only in malignant B lymphocytes (Panel C),
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[0095] Fig. 3 depicts the number of NMT2 mRNA copies measured by digital PCR
in various lymphocytic cell lines after a 24-h treatments with DAC in the presence or
absence of SAHA (Panels A-D). NMT2 protein levels assessed by western blotting in
BL2 (Panel E) and IM9 (Panel F) (normalized to GAPDH level) after 24-h treatments as
above. Values are mean = s.e.m. of 3 independent experiments. (Panel G) NMT2
expression (RSEM normalized counts) in TCGA tumours correlates negatively with NMT2
methylation values (cg02268561 beta values) at position 15,212,006 in WSU-DLCL2
(highlighted in red in Figure 2B). p = 0.0082, Spearman correlation analysis, n = 43 from
the TCGA cohort. depicts graphs and immunoblots;

[0096] Fig. 4 shows a box and whiskers plot showing the distribution of individual
mice tumor volumes in each group graphs (Panel A). PCLX-001 dose-response curves
for xenografts derived from cell lines DOHH2 (Panel B); Combination therapy PCLX-001
and DOX dose-response curves for xenografts derived from cell lines DOHH2 (Panel C);
and

[0097] Fig 5 PCLX-001 dose-response curves for xenografts derived from cell line
BL2 (Panel A). Combination therapy PCLX-001 and DOX dose-response curves for
xenografts derived from cell line BL2 (Panel B). Total NMT specific activity in BL2 tumour
sample in Panels A (Panel C). Patient selection strategy for precision medicine (Panel D).
Identification of NMT2-deficiency in DLBCLs from three patients by
immunohistochemistry (IHC) and RNA in situ hybridization (ISH). Tumour from patient
DLBCL3 is also shown after engraftment in mice (Panel E). PCLX-001 dose-response
curves for the xenograft derived from patient 3 (Panel F). Representative tumours from
mice with patient-derived xenografts (PDX) (Panel G). PCLX-001 treatment of mice with
NMT2-deficient DLBCL3 PDX induces apoptosis (increase in cleaved caspase-3 staining)
(Panel G) and reduces cell proliferation (reduction of Ki-67 staining) (Panel H). Shown are

representative stained tumour slices for each treatment (Panel |).

DETAILED DESCRIPTION

[0098] As will be described in more detail below, there is described herein
compounds, composition and methods for the treatment of a subject with cancer. There
are also described here methods for identifying subject with cancer that are suitable for
treatment with the compounds, composition and methods are described herein.

[0099] Cells need at least one NMT to survive. The finding that multiple cancers
lack one of two NMTs, while stromal and normal tissues do not, enables the treatment of
NMT2-deficient cancer cells with an NMT inhibitor. See WO2013/013302 and
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WQO2014/067002, the entire contents of which are hereby incorporated by reference in
their entirety.

[00100] It is shown herein that NMT2 expression is reduced or eliminated in certain
cancers, and in one example lymphomas, via an epigenetic mechanism(s). Reduction or
elimination of NMT2 expression renders the cancer sensitive inhibitors of NMT.

[00101] In some examples, determination of the methylation status of NMT2 gene
may be used to identify cancers which will respond to treatment with NMT inhibitors.
[00102] Cancers

[00103] The term “cancer’, as used herein, refers to a variety of conditions caused
by the abnormal, uncontrolled growth of cells. Cells capable of causing cancer, referred to
as “cancer cells”, possess characteristic properties such as uncontrolled proliferation,
immortality, metastatic potential, rapid growth and proliferation rate, and/or certain typical
morphological features. Cancer cells may be in the form of a tumour, but such cells may
also exist alone within a subject, or may be a non-tumorigenic cancer cell. A cancer can
be detected in any of a number of ways, including, but not limited to, detecting the
presence of a tumor or tumors (e.g., by clinical or radiological means), examining cells
within a tumor or from another biological sample (e.g., from a tissue biopsy), measuring
blood markers indicative of cancer, and detecting a genotype indicative of a cancer.
However, a negative result in one or more of the above detection methods does not
necessarily indicate the absence of cancer, e.g., a patient who has exhibited a complete

response to a cancer treatment may still have a cancer, as evidenced by a subsequent

relapse.
[00104] In a specific example of the present disclosure, the cancer is lymphoma.
[00105] The term “lymphoma” as used herein refers to a malignant growth of Bor T

cells in the lymphatic system. “Lymphoma” includes numerous types of malignant
growths, including Hodgkin's Lymphoma and non-Hodgkin's lymphoma. The term “non-
Hodgkin's Lymphoma” as used herein, refers to a malignant growth of B or T cells in the
lymphatic system that is not a Hodgkin's Lymphoma (which is characterized, e.g., by the
presence of Reed-Sternberg cells in the cancerous area). Non-Hodgkin's lymphomas
encompass over 29 types of lymphoma, the distinctions between which are based on the

type of cancer cells.

[00106] In a more specific example of the present disclosure, the cancer is a B-
lymphoma.
[00107] Thus, in one embodiment, the compounds, compositions and methods of

the disclosure are suitable for the treatment of a subject with B cell lymphoma.
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[00108] Examples of B-cell ymphomas include, but are not limited to, for example,
follicular lymphoma, diffuse large B-cell lymphoma, mantle cell lymphoma, B-CLL/SLL,
immunocytoma/Waldenstrom's, and MALT-type/monocytoid B cell lymphoma. Also
contemplated are the treatment of pediatric lymphomas such as Burkitt's lymphoma,
diffuse large B-cell lymphoma, follicular lymphoma, precursor B-LBL, precursor T-LBL,
and anaplastic large cell lymphoma.

[00109] In other embodiments, the cancer is lymphoma, B cell lymphoma, follicular
lymphoma, diffuse large B-cell lymphoma, mantle cell lymphoma, B-CLL/SLL,
immunocytoma/Waldenstrom's, MALT-type/monocytoid B cell lymphoma, Burkitt's
lymphoma, a pediatric lymphoma, anaplastic large cell lymphoma, acute myeloid
leukemia, Blast Phase Chronic Myeloid Leukaemia, Burkitt's Lymphoma, Plasma Cell
Myeloma, Intestinal Adenocarcinoma, Lung mixed Adenosquamous Carcinoma, Lung
Small Cell Carcinoma, Lung, Oesophagus Squamous Cell Carcinoma, Bone, Breast
Ductal Carcinoma, Stomach Diffuse Adenocarcinoma, Thyroid Medullary Carcinoma,
urinary Tract Transitional Cell Carcinoma, myeloma, ovarian clear cell carcinoma,
transition cell carcinoma (ureter and bladder cancer), chronic myelogenous leukemia
(CML), Ilymphoma-CLL, breast carcinoma, colorectal adenocarcinoma, pancreas
adenocarcinoma, ovarian carcinoma, non-small cell lunch carcinoma, osteosarcoma,
melanoma, gastric adenocarcinoma, endometrial adenocarcinoma, or esophageal
squamous carcinoma.

[00110] The term “subject” or “patient” as used herein, refers to an animal, and can
include, for example, domesticated animals, such as cats, dogs, etc., livestock (e.g.,
cattle, horses, pigs, sheep, goats, etc.), laboratory animals (e.g., mouse, rabbit, rat,
guinea pig, etc.), mammals, non-human mammals, primates, non-human primates,
rodents, birds, reptiles, amphibians, fish, and any other animal. In a specific example, the
subject is a human.

[00111] The term “treatment” or “treat” as used herein, refers to obtaining beneficial
or desired results, including clinical results. Beneficial or desired clinical results can
include, but are not limited to, alleviation or amelioration of one or more symptoms or
conditions, diminishment of extent of disease, stabilized (i.e. not worsening) state of
disease, preventing spread of disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, diminishment of the reoccurrence of
disease, and remission (whether partial or total), whether detectable or undetectable.
"Treating" and "Treatment" can also mean prolonging survival as compared to expected

survival if not receiving treatment. "Treating" and "treatment" as used herein also include
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prophylactic treatment. For example, a subject with early cancer, for example an early
stage lymphoma, can be treated to prevent progression or alternatively a subject in
remission can be treated with a compound or composition described herein to prevent
recurrence.
[00112]

sample from a subject, including but not limited to a fluid, cell or tissue sample that

The term "sample" or “biological sample” as used herein refers to any

comprises cancer cells, or which is suspected of containing cancer cells, which can be
assayed for epigenetic modification, gene expression levels, protein levels, enzymatic
activity levels, and the like. In a specific example, the sample it assayed for epigenetic
modification. In another specific example, the epigenetic modification is methylation or
acetylation. The sample may include, for example, a blood sample, a fractionated blood
sample, a bone marrow sample, a biopsy sample, a frozen tissue sample, a fresh tissue
specimen, a cell sample, and/or a paraffin embedded section, material from which DNA
can be extracted in sufficient quantities and with adequate quality to permit measurement

of epigenetic modification(s).

[00113] Inhibitors of NMT

[00114] In a specific aspect, said NMT inhibitor comprises a small molecule, an
antibody, a peptide fragment, a nucleic acid, or combinations thereof.

[00115] In a specific aspect, said small molecule comprises DDD85646, the

pyrazole sulphonamide inhibitor of T. brucei NMT [J.A.Frearson et al (2010) Nature.
464.728-723)], or a derivative thereof.

[00116]
[00117]
referred to as PCLX-001 and CCI-002 herein), or a derivative thereof.

In a specific aspect, said small molecule comprises Trs-DBA.

In a specific aspect, said small molecule comprises DDD86481 (also

[00118] DDD85646 and DDD86481 are shown in Table 1.

Table 1 DDD00085646 DDD00086481

Structure . .

[00119] In a specific aspect, said antibody is a monoclonal antibody or a polyclonal
antibody.
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[00120] In a specific aspect, said nucleic acid comprises a dsRNA molecule, a
RNAI molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
[00121] Peptide fragments may be prepared wholly or partly by chemical synthesis
that fit in the active site of NMT1. Peptide fragments can be prepared according to
established, standard liquid or solid-phase peptide synthesis methods, which will be
known to the skilled worker.

[00122] Nucleic acid inhibitors, or the complements thereof, inhibit activity or
function by down-regulating production of active polypeptide. This can be monitored using
conventional methods well known in the art, for example by screening using real time
PCR as described in the examples.

[00123] Examples of nucleic acid inhibitors include anti-sense or RNAi technology,
the use of which is to down-regulate gene expression is well established in the art. Anti-
sense oligonucleotides may be designed to hybridize to the complementary sequence of
nucleic acid, pre-mRNA or mature mRNA, interfering with the production of the base
excision repair pathway component so that its expression is reduced or completely or
substantially completely prevented. In addition to targeting coding sequence, anti- sense
techniques may be used to target control sequences of a gene, e.g. in the 5 flanking
sequence, whereby the anti-sense oligonucleotides can interfere with expression control
sequences.

[00124] An alternative to anti-sense is to use a copy of all or part of the target gene
inserted in sense, that is the same, orientation as the target gene, to achieve reduction in
expression of the target gene by co-suppression.

[00125] Additionally, double stranded RNA (dsRNA) silencing may be used.
dsRNA mediated silencing is gene specific and is often termed RNA interference (RNAI).
[00126] In another example, nucleic acid is used which on transcription produces a
ribozyme, able to cut nucleic acid at a specific site and therefore also useful in influencing
NMT.

[00127] In yet another example, small RNA molecules may be employed to
regulate gene expression. These include targeted degradation of mMRNAs by small
interfering RNAs (siRNAs), post transcriptional gene silencing (PTGs), developmentally
regulated sequence-specific translational repression of mRNA by micro-RNAs (miRNAs)
and targeted transcriptional gene silencing.

[00128] In yet another example, the expression of a short hairpin RNA molecule
(shRNA) in the cell may be used. A shRNA consists of short inverted repeats separated

by a small loop sequence. One inverted repeat is complimentary to the gene target. In the
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cell the shRNA is processed by DICER into a siRNA which degrades the target NMT
gene mRNA and suppresses expression. In a preferred embodiment the shRNA is
produced endogenously (within a cell) by transcription from a vector.

[00129] The term "inhibit” or “inhibitor” as used herein, refers to any method or
technique which inhibits protein synthesis, levels, activity, or function, as well as methods
of inhibiting the induction or stimulation of synthesis, levels, activity, or function of the
protein of interest, for example NMT1. The term also refers to any metabolic or
regulatory pathway, which can regulate the synthesis, levels, activity, or function of the
protein of interest. The term includes binding with other molecules and complex
formation. Therefore, the term “inhibitor" refers to any agent or compound, the application
of which results in the inhibition of protein function or protein pathway function. However,
the term does not imply that each and every one of these functions must be inhibited at
the same time.

[00130] Administration/pharmaceutical compositions

[00131] In other examples, the compounds and/or compositions are provided in a
pharmaceutically effect amount suitable for administration to a subject.

[00132] The term "pharmaceutically effective amount" as used herein refers to the
amount of a drug or pharmaceutical agent that will elicit the biological or medical
response of a tissue, system, animal or human that is being sought by a researcher or
clinician. This amount can be a therapeutically effective amount.

[00133] The compounds and compositions are provided in a pharmaceutically
acceptable form.

[00134] The term "pharmaceutically acceptable” as used herein includes
compounds, materials, compositions, and/or dosage forms (such as unit dosages) which
are suitable for use in contact with the tissues of a subject without excessive toxicity,
irritation, allergic response, or other problem or complication, commensurate with a
reasonable benefit/risk ratio. Each carrier, excipient, etc. is also be "acceptable" in the
sense of being compatible with the other ingredients of the formulation.

[00135] The actual amount administered, and rate and time-course of
administration, will depend on the nature and severity of what is being treated.
Prescription of treatment, e.g. decisions on dosage etc., is within the responsibility of
general practitioners and other medical doctors, and typically takes account of the
disorder to be treated, the condition of the individual patient, the site of delivery, the

method of administration and other factors known to practitioners.

-19-

PCT/CA2016/050846



WO 2017/011907

10

15

20

25

30

[00136] A compound or composition may be administered alone or in combination
with other ftreatments, either simultaneously or sequentially, dependent upon the
condition to be treated.

[00137] The formulations may conveniently be presented in unit dosage form and
may be prepared by any methods well known in the art of pharmacy. Such methods
include the step of bringing the active compound into association with a carrier, which
may constitute one or more accessory ingredients. In general, the formulations are
prepared by uniformly and intimately bringing into association the active compound with
liquid carriers or finely divided solid carriers or both, and then if necessary shaping the
product.

[00138] The compounds and compositions may be administered to a subject by
any convenient route of administration, whether systemically/peripherally or at the site of
desired action, including but not limited to, oral (e.g. by ingestion); topical (including e.g.
transdermal, intranasal, ocular, buccal, and sublingual); pulmonary (e.g. by inhalation or
insufflation therapy using, e.g. an aerosol, e.g. through mouth or nose); rectal; vaginal,
parenteral, for example, by injection, including subcutaneous, intradermal, intramuscular,
intravenous, intraarterial, intracardiac, intrathecal, intraspinal, intracapsular, subcapsular,
intraorbital, intraperitoneal, intratracheal, subcuticular, intraarticular, subarachnoid, and
intrasternal; by implant of a depot / for example, subcutaneously or intramuscularly.
[00139] Formulations suitable for oral administration (e.g., by ingestion) may be
presented as discrete units such as capsules, cachets or tablets, each containing a
predetermined amount of the active compound; as a powder or granules; as a solution or
suspension in an aqgueous or non-aqueous liquid; or as an oil-in- water liquid emulsion or
a water- in-oil liquid emulsion; as a bolus; as an electuary; or as a paste.

[00140] Formulations suitable for parenteral administration (e.g., by injection,
including cutaneous, subcutaneous, intramuscular, intravenous and intradermal), include
aqueous and non-aqueous isotonic, pyrogen-free, sterile injection solutions which may
contain anti-oxidants, buffers, preservatives, stabilisers, bacteriostats, and solutes which
render the formulation isotonic with the blood of the intended recipient; and aqueous and
non- aqueous sterile suspensions which may include suspending agents and thickening
agents, and liposomes or other microparticulate systems which are designed to target the
compound to blood components or one or more organs. Examples of suitable isotonic
vehicles for use in such formulations include Sodium Chloride Injection, Ringer's Solution,

or Lactated Ringer's Injection.
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[00141] The formulations may be presented in unit-dose or multi-dose sealed
containers, for example, ampoules and vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules, and tablets. Formulations
may be in the form of liposomes or other microparticulate systems which are designed to
target the active compound to blood components or one or more organs.

[00142] Compositions comprising compounds disclosed herein may be used in the
methods described herein in combination with standard chemotherapeutic regimes or in
conjunction with radiotherapy.

[00143] Combination therapy

[00144] In the case of cancer, and for example lymphoma, in a patient, known
treatments are dependent upon the subject being treated, the type of disease, and its
stage. Existing treatment modalities for various cancer, including for example for
lymphoma, are known to the skilled worker. Accordingly, known treatments for cancer(s)
may be used together with the NMT inhibitors disclosed herein.

[00145] Common drug combinations for use in treating lymphomas include, but are
not limited, to CHOP (i.e., cyclophosphamide, doxorubicin, vincristine, and prednisone),
GAP-BOP (i.e., cyclophosphamide, doxorubicin, procarbazine, bleomycin, vincristine, and
prednisone), m-BACOD (i.e., methotrexate, bleomycin, doxorubicin, cyclophosphamide,
vincristine, dexamethasone, and leucovorin), ProMACE-MOPP (i.e., prednisone,
methotrexate, doxorubicin, cyclophosphamide, etoposide, leucovorin with standard
MOPP), ProMACE-CytaBOM (prednisone, doxorubicin, cyclophosphamide, etoposide,
cytarabine, bleomycin, vincristine, methotrexate, and leucovorin), and MACOP-B
(methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin, and
leucovorin). For relapsed aggressive non-Hodgkin's lymphoma the following
chemotherapy drug combinations may be used with the compounds and compositions
described herein: IMVP-16 (i.e., ifosfamide, methotrexate, and etoposide), MIME (i.e.,
methyl-gag, ifosfamide, methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16
high dose cytarabine, and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high
dosage cytarabine, and cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide,
procarbazine, prednisone, and bleomycin), and CAMP (i.e., lomustine, mitoxantrone,
cytarabine, and prednisone).

[00146] Treatment for salvage chemotherapy used for certain lymphomas such as

for relapsed, resistant Hodgkin's Disease include but are not limited to VABCD (i.e.,
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vinblastine, doxorubicin, dacarbazine, lomustine and bleomycin), ABDIC (i.e,,
doxorubicin, bleomycin, dacarbazine, lomustine, and prednisone), CBVD (i.e., lomustine,
bleomycin, vinblastine, dexamethasone), PCVP (i.e., vinblastine, procarbazine,
cyclophosphamide, and prednisone), CEP (i.e., lomustine, etoposide, and
prednimustine), EVA (i.e., etoposide, vinblastine, and doxorubicin), MOPLACE (i.e.,,
cyclophosphamide, etoposide, prednisone, methotrexate, cytaravine, and vincristine),
MIME (i.e., methyl-gag, ifosfamide, methotrexate, and etoposide), MINE (i.e.,
mitoquazone, ifosfamide, vinorelbine, and etoposide), MTX-CHOP (i.e., methotrexate and
CHOP), CEM (i.e., lomustine, etoposide, and methotrexate), CEVD (i.e., lomustine,
etoposide, vindesine, and dexamethasone), CAVP (i.e., lomustine, melphalan, etoposide,
and prednisone), EVAP (i.e., etoposide, vinblastine, cytarabine, and cisplatin), and
EPOCH (i.e., etoposide, vincristine, ; doxorubicin, cyclophosphamide, and prednisone).
[00147] Treatment for breast cancer includes treatment with paclitaxel, docetaxel,
nanoparticle albumin bound paclitaxel, capecitabine, doxorubicin, eribulin, vinorelbine,
trastuzumab, carboplatin, cisplatin; endocrine therapies including tamoxifen, anastrozole,
letrozole, exemestane, fulvestrant, and cell cycle inhibitors including palbocilib, ribociclib,
LEEOO1, and everolimus; immune checkpoint inhibiting drugs including nivolumab and
pembrolizumab, either individually or in combination.

[00148] Treatment for small cell lung cancer includes treatment with carboplatin,
cisplatin, etoposide, irinotecan, either individually or in combination.

[00149] Treatment for non-small cell lung cancer includes treatment with
carboplatin, paclitaxel, docetaxel, gefitinib, erlotinib, afatinib, bevacizumab, ramucirumab,
osimertinib, necitumumab, crizotinib, ceritinib, alectinib, and immune checkpoint inhibiting
drugs including nivolumab, pembrolizumab, either individually or in combination.

[00150] Treatment for bladder carcinoma includes treatment with methotrexate,
vincblastine, doxorubicin, cisplatin; carboplatin and paclitaxel, docetaxel, gemcitabine and
cisplatin, either individually or in combination.

[00151] Epigenetic mechanisms

[00152] As mentioned above, it is shown herein that NMT2 expression (i.e., NMT2
gene expression) is reduced or eliminated in certain cancers, and in one example
lymphomas, via an epigenetic mechanism(s). Reduction or elimination of NMT2
expression renders the cancer sensitive inhibitors of NMT.

[00153] The term "epigenetic" as used herein refers to modification(s) in gene

expression that is independent of DNA sequence.
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[00154] Epigenetic factors include modifications in gene expression that are
controlled by changes in DNA methylation (hypermethylation or hypomethylation), and
chromatin structure.

[00155] For example, DNA methylation patterns are known to correlate with gene

expression. DNA methylation occurs at the 5-position of cytosines at CpG sites.

[00156] In other example, epigenetic changes are altered acetylation patterns or
levels.

[00157] Epigenetic mechanisms- methylation

[00158] In some examples herein, determination of the methylation status of NMT2

gene may be used to identify cancers, which will respond to treatment with NMT
inhibitors.

[00159] The term "methylation status" as used herein, refers to the level of
methylation of cytosine residues in CpG sites in a gene, for example NMT2. CpG sites
include CpG pairs, CpG islands, and CpG island shores.

[00160] The term "CpG island" refers to a genomic DNA region that contains a high
percentage of CpG sites relative to the average genomic CpG incidence

[00161] In the example of CpG pairs, the methylation status may be methylated or
unmethylated. In the example of CpG islands or CpG island shores, or to any stretch of
residues, the methylation status refers to the level of methylation, which is the relative or
absolute concentration of methylated C at the particular CpG island or CpG island shore
or stretch of residues in a biological sample.

[00162] Methylation of a CpG sites or CpG island at a promoter typically reduces or
eliminates expression of the gene.

[00163] CpG sites or CpG islands may surround the 5' region of the coding region
of the gene as well as the 3' region of the coding region. Accordingly, CpG sites or CpG
islands can be found in multiple regions of a nucleic acid sequence including upstream of
coding sequences in a regulatory region including a promoter region, in the coding
regions (e.g., exons), downstream of coding regions in, for example, enhancer regions,
and in introns. All of these regions can be assessed to determine their methylation status,
as appropriate.

[00164] The levels of methylation of the NMT2 gene, for example hypermethylation
of NMT2 or hypomethylation of NMT2, may be determined by any suitable means in order
to reflect the expression level of NMT2.

[00165] The term "expression level" as used herein refers to the level of gene

expression.
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[00166] The term "gene" as used herein refers to a nucleic acid (for example DNA)
sequence that comprises coding sequences necessary for the production of a polypeptide
such as NMT2, RNA (e.g., including but not limited to, mRNA, tRNA and rRNA) or
precursor. The polypeptide, RNA, or precursor may be encoded by a full length coding
sequence or by any portion of the coding sequence so long as the desired activity or
functional properties (e.g. , enzymatic activity, ligand binding, signal transduction, etc.) of
the full-length or fragment are retained. The term also encompasses the coding region of
a structural gene and the including sequences located adjacent to the coding region on
both the 5' and 3' ends for a distance of about 1 kb, and in some example greater than 1
kb, on either end such that the gene corresponds to the length of the full-length mRNA.
[00167] The term "hypermethylation' as used herein refers to the average
methylation status corresponding to an increased presence of 5-methyl cytidine at one or
a more of CpG CpG site or CpG island within a DNA sequence, for example the NMT2
gene, of a test DNA sample, relative to the amount of 5-methyl cytidine at corresponding
CpG site or CpG island within a “normal” and/or control DNA sample.

[00168] In some example, hypermethylation refers to an of about 1%, about 5%,
about 10%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, or more than about 95% greater than the extent of methylation of
cytosines typically expected or observed for the CpG site or sites being evaluated. It will
be appreciated that methylation varies under different metabolic conditions, stress, etc, as
would be know to a skilled worker. In some example, hypermethyation refers to
methylation at a single cytidine.

[00169] The term "hypomethylation" as used herein refers to the average
methylation status corresponding to a decreased presence of 5-methyl cytidine at one or
a more of CpG CpG site or CpG island within a DNA sequence, for example the NMT2
gene, of a test DNA sample, relative to the amount of 5-methyl cytidine at corresponding
CpG site or CpG island within a “normal” and/or control DNA sample.

[00170] Typically CpG motifs reside near the transcription start site, for example,
within about 3 kbp, within about 2.5 kbp, within about 2 kbp, within about 1.5 kbp, within
about 1 kbp, within about 750 bp, or within about 500 bp

[00171] In some examples, CpG islands are less than 100 base pairs, between

100 and 200 base pairs, between 200 and 300 base pairs, between 300 and 500 base
pairs, between 500 and 750 base pairs, between 750 and 1000 base pair; 100 or more

base pairs in length.
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[00172] In some examples, the methylation status of the NMT2 gene is determined
to be hypermethylation. In some examples, the methylation status of NMT2 is
determined to be hypomethylation.

[00173] In the example in which the methylation of the NMT2 gene in a sample is
determined to be hypermethylation, NMT2 expression is reduced or eliminated.

[00174] In the example in which the methylation of the NMT2 gene in a sample is
determined to be hypomethylation, NMT2 expression is not reduced or eliminated.
[00175] The term “reduced expression” as used herein refers to a lesser
expression level of a gene in a biological sample, compared to expression in a control or
reference sample.

[00176] The methylation status of the NMT2 gene in a sample may be determined
using a wide range of suitable devices and methods of methylation quantitation or
detection, as would be known to the skilled worker.

[00177] Suitable devices include, but are not limited to lab-on-chip technology,
microfluidic technologies, biomonitor technology, proton recognition technologies (e.g.,
lon Torrent), and/or other highly parallel and/or deep sequencing methods.

[00178] Suitable methods of DNA methylation analysis include, but are not limited
to, MALDI-TOFF, MassARRAY, Methy Light, Quantitative analysis of ethylated alleles
(QAMA), enzymatic regional methylation assay (ERMA), HeavyMethyl, QBSUPT, MS-
SNuPE, MethylQuant, Quantitative PCR sequencing, and Oligonucleotide-based
microarray systems.

[00179] Further suitable method of DNA methylation analysis include, but are not
limited to, methylation-specific PCR (MSP), bisulfite sequencing (also referred to as a
sequencing of DNA treated with bisulfite to convert Methylated Cytosine to Uracil),
pyrosequencing, methylation- sensitive DNA restriction enzyme analysis, quantitative
bisulfite pyrosequencing, bisulfite genomic sequencing PCR and AQAMA.

[00180] In some examples, determining of the methylation status of the NMT2
gene comprises determining the methylation frequency of the CpG island or CpG island
shore. Determining of the level of a nucleic acid polymer with altered methylation is
carried out in a variety of ways, and as noted above, including but not limited to,
methylation-specific PCR, quantitative methylation-specific PCR, methylation- sensitive
DNA restriction enzyme analysis, quantitative bisulfite pyrosequencing, next generation
sequencing and bisulfite genomic sequencing PCR.

[00181] In some examples, methylation-sensitive restriction endonucleases may be

used to detect methylated CpG dinucleotidemotifs. Such endonucleases may either
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preferentially cleave methylated recognition sites relative to non-methylated recognition
sites Non limiting examples include are Aat Il, Ace lll, Ad |, Acl |, Age |, Alu |, Asc |, Ase1,
AsiS |, Ban |, Bbe |, BsaA |, BsaH |, BsiE |, BsiWlI, BsrVI, BssK 1, BstB |, BstN |, Bs |, Cla
I, Eae |, Eag |, Fau |, Fsel, Hha |, mPI I, HinC Il, Hpa 11, Npy99 |, HpyCAIV, Kas |,Mbo |,
Miu I, MapA 11. Msp |, Nae |, Nar I, Not 1, Pml |, Pstl, Pvu |, Rsr I, Sac Il, Sap |, Sau3A |,
SAll, Sfol, SgrA |, Sma | SnaB |, Tsc |, Xma |, and Zra |. In some example, endonucleases
preferentially cleave non-methylated relative to methylated recognition sites. Non limiting
examples include Ace Il, Ava |, BssH Il, BstU |, Hpa I, Not |, and Mho .

[00182] In some examples, chemical reagents can be used that selectively modify
either the methylated or non-methylated form of CpG dinucleotide motifs. Modified
products can be detected directly, or after a further reaction which creates products that
are easily distinguishable. Means which detect altered size and/or charge can be used to
detect modified products, including but not limited to electrophoresis, chromatography,
and mass spectrometry. Examples of such chemical reagents for selective modification
include hydrazine and bisulfite ions. Hydrazine-modified DNA can be treated with
piperidine to cleave it. Bisulfite ion-treated DNA can be treated with alkali. Other means
for detection that are reliant on specific sequences can be used, including but not limited
to hybridization, amplification, sequencing, and ligase chain reaction. Combinations of
such techniques can be used as is desired.

[00183] NMT2 epigenetic modification - a marker for one or more of
diagnosis, prognosis, classifying, stratifying, or monitoring, of a cancer in a
subject.

[00184] Determination of the methylation status of NMT2 may be used to monitor
efficacy of a therapeutic regimen, for example, a chemotherapeutic agent or a biological
agent, such as an inhibitor of NMT.

[00185] Determination of the methylation status of NMT2 may also be used to
determine what therapeutic or preventive regimen to employ on a patient.

[00186] Determination of the methylation status of NMT2 may also be used to
stratify patients into groups for testing agents and determining their efficacy on various
groups of patients. Such uses characterize the cancer into categories based on the
genes, which are epigenetically silenced and/or the amount of silencing of the genes. In
the case of a diagnosis or characterization, information comprising data or conclusions
can be written or communicated electronically or orally. The identification may be assisted
by a machine. Communication of the data or conclusions may be from a clinical

laboratory to a clinical Office, from a clinician to a patient, or from a specialist to a
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generalist, as examples. The form of communication of data or conclusions typically may
involve a tangible medium or physical human acts.

[00187] In one example, a test sample obtainable from tissue or cell specimens or
fluids includes detached tumor cells and/or free nucleic acids that are released from dead
or damaged tumor cells.

[00188] Nucleic acids include RNA, genomic DNA, mitochondrial DNA, single or
double stranded. Any nucleic acid specimen in purified or non-purified form obtained
from such sample may be utilized. The test samples may contain cancer cells or pre-
cancer cells or nucleic acids from them. In s specific example, genomic DNA is isolated.
[00189] Demethylating agents can be contacted with cells in vitro or in vivo for the
purpose of restoring normal gene expression to the cell or for validation of methylation.
Suitable demethylating agents include, but are not limited to 5-aza-2’-deoxycytidine, 5-
azacytidine, Zebularine, procaine, and L-ethionine. This reaction may be used for
diagnosis, for determining predisposition, and for determining suitable therapeutic
regimes.

[00190] In one example, determination of the methylation status of NMT2 is for
determining the condition(s) for the risk of developing cancer, metastasis, tumour relapse,
prediction of the response to a treatment, the identification and/or selection of a cancer,
such as lymphoma, the selection of a suitable treatment regimen, stratification of a
patient, and the treatment of a patient.

[00191] In certain embodiments of the invention, the methylation status is
determined in part or wholly on the basis of a comparison with a control. The control can
be a value or set of values related to the extent and/or pattern of methylation in a control
sample. In certain embodiments of the invention, such a value or values may be
determined, for example, by calculations, using algorithms, and/or from previously
acquired and/or archived data. In certain embodiments of the invention, the value or set
of values for the control is derived from experiments performed on samples or using a
subject. For example, control data can be derived from experiments on samples derived
from comparable tissues or cells, such as normal tissue adjacent to tumors.

[00192] In certain embodiments of the invention, a control comprising DNA that is
mostly or entirely demethylated, at one or more of the CpG sites being analyzed, is used.
Such a control may be obtained, for example, from mutant tissues or cells lacking
methyltransferase activity and/or from tissues or cells that have been chemically

demethylated. For example, controls may be obtained from tissues or cells lacking activity
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of methyltransferases. Agents such as 5-aza-2’-deoxycytidine may be used to chemically
demethylate DNA.

[00193] In certain embodiments of the invention, a control comprising DNA that is
mostly or entirely methylated, at one or more of the CpG sites being analyzed, is used.
Such a control may be obtained, for example, from cells or tissues that are known or
expected to be mostly or entirely methylated at the CpG site or sites of interest. Such a
control could also be obtained by cells or tissues in which methylation levels have been
altered and/or manipulated.

[00194] In one example, described herein is a method of predicting the response in
a cancer patient, for example a lymphoma patient, to treatment of cancer. The drug for
the treatment is an NMT inhibitor. In some examples, the NMT inhibitor is used in
combination with at least one additional chemotherapy.

[00195] The presence of hypermethylation of NMT2 indicates that the NMT2 gene
is methylated to a higher extent, which enables intervention with an NMT inhibitor.
Therefore, the presence of hypermethylation of NMT2 indicates a more positive clinical
response to said treatment, whereas the absence of methylation or a lower level of
methylation compared to a control sample indicates an unsuccessful clinical response to
the treatment with an NMT inhibitor. If a positive clinical response to treatment with an
NMT inhibitor is determined, the patient is identified or selected for a treatment with said
NMT inhibitor. In other cases, the patient is not selected for treatment with an NMT
inhibitor, and one or more alternative drug or medical interventions may be more
beneficial for the treatment of the cancer patient.

[00196] Accordingly, there is provided the use of NMT2 epigenetic modification, for
example methylation of NMT2, as a marker for one or more of diagnosis, prognosis,
classifying, or monitoring of cancer in a subject.

[00197] The term “prognosis” as used herein refers to the prediction of the
likelihood of cancer-attributable death or progression, including recurrence, metastatic
spread, and drug resistance, of a neoplastic disease, such as breast cancer.

[00198] The term “prognostic marker” as used herein refers to a marker that
informs about the outcome of a patient in the absence of systemic therapy or portends an
outcome different from that of the patients without the marker, despite empiric (not
targeted to the marker) systemic therapy.

[00199] The term “predictive marker” as used herein refers to a marker that

predicts that differential efficacy (benefit) of a particular therapy based on marker status.
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[00200] The term “diagnosis” as used herein, refers to the identification of a
molecular and/or pathological state, disease or condition, such as the identification of
breast cancer, or other type of cancer.

[00201] Testing can be performed diagnostically or in conjunction with a
therapeutic regimen.

[00202] Therefore, in one aspect, there is provided a method of predicting the
response in a cancer patient (for example a lymphoma patient) to treatment with an NMT
inhibitor comprising providing a biological sample of said cancer patient (for example the
lymphoma patient), and determining in said biological sample the methylation status of
the NMTZ2 gene, and predicting a positive clinical response to said treatment, if
hypermethylation is determined in the NMT2 gene.

[00203] In another aspect, there is provided a method for identifying and/or
selecting a patient with a cancer (for example a lymphoma), or treated for a cancer (for
example a lymphoma), suitable for treatment with an NMT inhibitor, comprising providing
a biological sample of cancer patient, and determining in the methylation status of the
NMT2 gene, and identifying and/or selecting the cancer patient for treatment with said
NMT inhibitor if hypermethylation is determined in the NMT2 gene.

[00204] Further provided is a method for selecting a suitable treatment regimen for
a cancer (for example a lymphoma) in a cancer patient comprising providing a biological
sample of said cancer patient, and determining in said biological sample the methylation
status of the NMT2 gene, and selecting an NMT inhibitor for treatment if hypermethylation
and/or under expression is determined in the NMT2 gene.

[00205] Further provided is a method of treating a patient with cancer (for example
lymphoma) with an NMT inhibitor comprising providing a biological sample of said cancer
patient, and determining in said biological sample the methylation status of NMT2, and
selecting said NMT inhibitor for treatment if hypermethylation is determined in NMT2.
[00206] It will be appreciated that in some circumstances, a patient who initially
responds to NMT inhibitor treatment may relapse. Such a relapse can manifest is
several ways, including but not limited to, reoccurrence of the primary tumour and
development of metastasis. In addition to, or alternatively, an additional distinct tumour
can arise.

[00207] In accordance with one aspect of the present invention, there is provided a
method comprising: a) obtaining a sample from a subject with, or suspected as having,
cancer; b) contacting the sample a reagent to form a product (in some cases a complex)

indicative of methylation status of NMT2 present in the sample; ¢) measuring the product
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formed to determine an amount or a concentration of methylated NMT2 in the sample;
and d) determining the benefit of NMT inhibitor treatment of said cancer in in said subject,
wherein the determination of benefit of NMT inhibitor treatment is determined by

hypermethylation of NMT2 in said sample.

[00208] In a specific aspect, administering an NMT inhibitor to said subject is
indicated when NMT2 is hypermethylated in said sample, optionally as compared to a
control.

[00209] In accordance with one aspect, there is provided a method for treating

cancer in a subject, comprising: a) obtaining nucleic acid from a sample from the subject;
b) performing bisulfite modification to the nucleic acid in step a); ¢) performing a method
selected from PCR, methylation-specific PCR, quantitative methylation specific PCR
(QMSP), realtime methylation-specific PCR, PCR assay using a methylation DNA-specific
binding protein, quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite
sequencing, on the bisulfite modified nucleic acid from step b) using PCR primers and/or
probes specific for the promoter region of the NMT2 gene, e) determining a promoter
methylation level of the promoter region of NMT2 in the sample, optionally compared to a
control, g) treating said patient with an inhibitor to NMT when promoter methylation level
of the promoter region of NMT2 gene in the sample is determined to be hypermethylated.
[00210] In accordance with one aspect, there is provided an in vitro assay for
selecting a treatment for a patient with cancer, comprising: a) obtaining nucleic acid from
a sample from the subject; b) performing bisulfite modification to the nucleic acid in step
a);, c¢) performing a method selected from PCR, methylation-specific PCR, quantitative
methylation specific PCR (QMSP), realtime methylation-specific PCR, PCR assay using a
methylation DNA-specific binding protein, quantitative PCR, DNA chip-based assay,
pyrosequencing, or bisulfite sequencing, on the bisulfite modified nucleic acid from step
b) using PCR primers and/or probes specific for the promoter region of the NMT2 gene,
e) determining a promoter methylation level of the promoter region of NMT2 in the
sample, optionally compared to a control, wherein the selected treatment is an NMT
inhibitor when promoter region of NMT2 gene in the sample is determined to be
hypermethylated.

[00211] In accordance with one aspect, there is provided an in vitro assay of a
sample from a patient for selecting a treatment for a patient with cancer, comprising: a)
performing bisulfite modification to the nucleic acid in said sample, b) determining
methylation of the promoter of the NMT2 gene using PCR primers and/or probes specific

for the promoter region of the NMT2 gene from step a).
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[00212] In one aspect of the assay step b) is performed by a method selected from
PCR, methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

[00213] In one aspect, detection of hypermethylation of the NMTZ2 gene is
performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.
[00214] In once aspect of the, there is proved a kit for selecting a suitable

treatment for a cancer in a cancer patient, comprising: a) one or more reagents for
determining the methylation status of the NMT2 gene from a sample of said cancer
patient, wherein the selected treatment is an NMT inhibitor when promoter region of
NMT2 gene in the sample is determined to be hypermethylated, b) instructions for the use
thereof.

[00215] In one aspect, said reagents comprise PCR primers and/or probes specific
for the promoter region of the NMT2 gene.

[00216] In one aspect, there is provided a use of an NMT inhibitor for treating a
subject with a cancer wherein the NMT2 gene in a sample from said subject is
determined to be hypermethylated.

[00217] In one aspect, there is provided a use of an NMT inhibitor for the
manufacture of a medicament for treating a subject with a cancer wherein the NMT2 gene

in a sample from said subject is determined to be hypermethylated.

[00218] Epigenetic mechanisms- acetylation

[00219] As noted above, in some example, the epigenetic modification is histone
acetylation.

[00220] An additional mechanism underlying gene silencing involves histone

acetylation. Histone acetylation is mediated by histone acetyl transferases, while acetyl
groups are removed by histone deacetylase(s) (HDAC).

[00221] It is shown herein that that lymphoma cells aberrantly increase methylation
(hypermethylation) and decrease acetylation (hypoacetylation) to silence NMT2.

[00222] There are several structurally distinct classes of HDAC inhibitors including,
but not limited to, valproic acid, valproates, VPA; butyrates, NaB; vorinostat, SAHA,
romidepsin, depsipeptide; belinostat, PXD101,; trichostatin A, TSA; apicidin; etinostat,
MS275; mocetinostat, MGCDO0103; panobinostat, LBH589; givinostat, ITF2357;
pracinostat, SB939; CHR--3996l; chidamide, CS055, HBI--8000; AR--42; quisinostat,
JNJ--26481585; abexinostat, PC|--24782; resminostat, 4SC--201, RAS2410; CG200745;
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M344, ME--344; WJ25591; A248; NK--HDAC--1; MHY219; Ky--2; HDACI 4b; OBP--801,
YM753; DWP0016;, BRD8430; largazole, adamantine; trifluoromethyloxadiazole (TFMO)
series, eg TMP195; YK--4--272, compound 2 (see Katrina J. Falkenberg1 and Ricky W.
Johnstone (2014) NATURE REVIEWS | DRUG DISCOVERY. Vol 13. 673- 691;and
Andrew A. Lane and Bruce A. Chabner (2009) J Clin Oncol 27:5459-5468.) the contents
all of which are hereby incorporated by reference, in their entirety.

[00223] Histone Acetyl Transferase inhibitors, DNA Demethylase Inhibitors,
and/or histone demethylase inhibitors.

[00224] Histone acetyltransferases (HAT) are enzymes that acetylate conserved
lysine amino acids on histone proteins by transferring an acetyl group from acetyl CoA to
form e-N-acetyl lysine. Histone acetylation is generally linked to transcriptional activation.
These are generally associated with euchromatin. Histone acetyltransferases (HATs) act
as transcriptional coactivators. Histone acetylation plays an important role in regulating
the chromatin structure and is tightly regulated by two classes of enzyme, histone

acetyltransferases (HAT) and histone deacetylases (HDAC).

[00225] Non-limiting examples of HAT inhibitors include anacardic acid, CPTH2,
MB-3, and Curcumin (Sigma-Aldrich).
[00226] DNA methyltransferases are a family of enzymes that catalyze the transfer

of methyl group to DNA. There are five related DNA cytosine- 5-methyltransferases
(DNMTs) that transfer a methyl group from S-adenosylmethionine (AdoMet, SAM) to the
C-5 position of cytosine. Inhibitors have been shown to have anti-proliferative activity.
[00227] Non-limiting examples of DNA Methyltransferase Inhibitors include 5-
Azacytidine, Zebularine, Caffeic acid purum, Chlorogenic acid, (-)-Epigallocatechin
gallate, Hydralazine, Procainamide hydrochloride, Procaine hydrochloride, Psammaplin
A, and RG108 (Sigma-Aldrich).

[00228] DNA demethylation can be achieved either passively or actively, by a
replication-independent process.

[00229] While methylations are performed by Histone Methyl Transferases (HMTs)
using the ubiquitous methyl donor S-adenosyl-methionine, two different oxidation
mechanisms for Histone  DeMethylases (HDMs) have been shown to lead to
demethylation. Lysine Specific Demethylase 1 (LSD1/KDM1) was the first HDM to be
discovered. LSD1 oxidises the lysine methyl ammonium group by catalysing the overall
transfer of hydrogen from the methyl amino group to FAD generating a methyliminium
ion. Other known HDMs are from the Jumoniji protein family, characterized by containing

the JmjC domain
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[00230] Non-limiting examples of histone demethylase inhibitors include
Daminozide, GSK J1, GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, IOX 1, JIB
04, RN 1 dihydrochloride, TC-E 5002, Tranylcypromine hydrochloride (Tocris - A Bio-
Techne Brand).

[00231] In some examples herein, a subject with a subject with cancer or
suspected of having cancer is treated with an NMT inhibitor, such as PCLX-001, as well
as a histone acetyl transferase inhibitor, a DNA demethylase Inhibitor, and/or a histone
demethylase inhibitor.

[00232] In some examples herein, a subject with a subject with a methylation
status, which is hypermethylated, is treated with an NMT inhibitor, such as PCLX-001, as
well as a histone acetyl transferase inhibitor, a DNA demethylase Inhibitor, and/or a
histone demethylase inhibitor.

[00233] While not wishing to be bound by theory, it is believed that the histone
acetyl transferase inhibitor, DNA demethylase Inhibitor, and/or histone demethylase
inhibitor maintain the chromatin in a condensed form.

[00234] Methods of the invention are conveniently practiced by providing the
reagents, compounds and/or compositions used in such method in the form of a kit. Such
a kit preferably contains the composition. Such a kit preferably contains instructions for
the use thereof.

[00235] To gain a better understanding of the invention described herein, the
following examples are set forth. It should be understood that these example are for

illustrative purposes only. Therefore, they should not limit the scope of this invention in

any way.
[00236] EXAMPLES
[00237] In the following examples, standard methodologies were employed, as

would be appreciated by the skilled worker.

[00238] Example 1

[00239] NMT expression levels in the 967 cancer cell lines encyclopedia (CCLE)
database and 8178 primary tumours from The Cancer Genome Atlas (TCGA).

[00240] In Figure 1, NMT2 shows a very large range of mRNA expression (log2
normalized microarray fluorescence~ 3-11) compared to NMT71 (log2 microarray
fluorescence ~6-9) (Figure 1A). NMT1 (black) and NMT2 (grey) expression values are log
transformed RSEM normalized counts relative to TBP (TATA Binding Protein) (Figure
1B). NMT2 mRNA expression of cancer cell lines from several cancer subtypes are

plotted and compared to the plot of all 967 cancer cell lines (Figures 1C-E). Student T-
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tests were performed comparing each group to all tumours. *** denotes P values < 0.001.
Absolute quantification NMT2 (Panel F) mRNA copies was measured by digital droplet
PCR in Burkitt's lymphoma cell lines Ramos, and BL-2 and Diffuse Large B Cell
lymphomas DOHH-2, WSU-DLCL2 compared to immortalized “normal” B lymphocytic cell
line IM-9 (n=3). Myristoylation activity in various Burkitt's lymphoma cell lines Ramos,
and BL-2 and Diffuse Large B Cell lymphomas DOHH-2, WSU-DLCL2 compared to
immortalized “normal” B lymphocytic cell line IM-9 (n=3) (Figure 1G). NMT2 expression in
relation to progression-free survival in adult DLBCL patients (Figure 1H). Kaplan-Meier
plots show the PFS of DLBC patients (GSE31312, n=470) with high (upper curve) versus
low (lower curve) NMT2 expression (Figure 11). P values were determined by log-rank
test,

[00241] A prominent mechanism underlying gene silencing involves histone
acetylation together with DNA methylation, most prominently at CpG islands. /n silico
analyses revealed a CpG island in the NMT2 5’ regulatory region, shown in Figure 2A.
Bisulphite sequencing of DNA from lymphoma cell lines and immortalized IM9 B cells
confirmed that the NMT2 locus was methylated in DOHH2 and WSU-DLCL2 lymphoma
cells, but not in BL2 and benign IM9 cells (Figure 2B). To validate the methylation status
of the cell lines, we used DAPK1 as a control and found it to be highly methylated only in
malignant B lymphocytes (Figure 2C)

[00242] Thus, it is shown herein that NMT2 expression is commonly lost in
lymphomas, and that this phenomenon is associated with more aggressive disease.
[00243] The loss of NMT2 expression in lymphomas was almost complete,
suggesting epigenetically silencing of NMT2 in this cancer.

[00244] In order to establish a direct link between epigenetic modifications and the
regulation of NMT2 expression in human lymphoma cell lines and tumours, we next
treated cells with inhibitors of DNA methylation and histone deacetylation,
deoxyazacytidine (DAC) and suberoylanilide hydroxamic acid (SAHA), respectively. Each
produced time- and concentration-dependent recovery of NMT2 mRNA levels in
lymphoma cells, and combined treatment with DAC and SAHA restored transcript levels
in Ramos, BL2, DOHH2 and WSU-DLCL2 cells to those in untransformed IM9 cells
(Figure 3A-D). These inhibitors acted synergistically when added together. Treating BL2
cells with combination of DAC and SAHA increased NMT2 expression 6 fold resulting in
NMT2 levels approximating those seen in IM-9 cells.

[00245] Absolute quantification of NMT2 mRNA copies were measured in BL2
(Figure 3, panel A) and IM9 (Figure 3, panel B) after 24h treatment with increasing
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concentration of demethylation agent (DAC) in the presence of histone deacetylase
inhibitor (SAHA) (n=3). WSU-DLCL2 is shown Figure 3C and 3D.

[00246] NMT2 protein level quantification in BL2 (Figure 3E) and IM9 (Figure 3F)
(normalized to GAPDH level) after 24h treatment with increasing concentration of
demethylation agent (DAC) in the presence of histone deacetylase inhibitor (SAHA).
Graphic representation of 3 independent experiments with 1 representative western blot.
[00247] Using data extracted from patient samples, we found an inverse correlation
between NMT2 expression (RSEM normalized counts) and NMT2 methylation (beta
value) status (spearman coefficient -0.4; p=0.0082) (Figure 3G).

[00248] In BL2 cells, the increase in NMT2 mRNA after combined treatment was
associated with increased protein levels (Figure 3E-F). However, in DOHH2, and WSU-
DLCL2 cells, NMT2 was not detected by western blotting despite significant increases in
NMT2 mRNA levels upon treatment with DAC and/or SAHA. In patient samples, NMT2
expression correlated inversely with NMT2 methylation status (Figure 3G).

[00249] Together, these results suggested that lymphoma cells aberrantly increase
methylation and decrease acetylation to silence NMT2, and that this loss of expression is

associated with a more aggressive disease.

[00250] Example 2

[00251] We next investigated the therapeutic potential of DDD86481 in vivo to
determine if it could mitigate tumour progression.

[00252] We tested the potential tumoricidal effects of DDD86481 monotherapy in

two lymphoma cell line-derived mouse xenograft (CDX) models developed by injecting 1
x 10" BL-2 (BL) or DOHH-2 (DLBCL) cells subcutaneously in the flank of immuno-
compromised NODscid mice. DOHH-2 tumour (125-200mm?®) bearing mice (n=10 per
group) were injected subcutaneously with PCLX-001 into the opposite flank at doses of
10, 20, 50 daily (QD) or 50 (every other day, QOD)) mg per kg (mpk) or daily saline

control.

[00253] We observed a dose-dependent tumoricidal effect, which gained statistical
significance (p<0.05) when PCLX-001 was given at 20mpk or 50 mpk QOD.
[00254] In mice bearing DOHH2 tumours (125-200 mm?®) (n = 10 mice per group),

PCLX-001 injected subcutaneously into the opposite flank had a significant, tumoricidal
effect at 20 mg/kg daily or 50 mg/kg every other day (p < 0.001) (Figure 4B). When
injected daily at 50 mg/kg, PCLX-001 shrank tumours by 70% (average tumour size,
44 .0+8.1 mm3 at day 7). However, this was accompanied by some weight loss,

necessitating a 5-day interruption in treatment (not shown). However, upon treatment
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resumption, a mean tumour growth inhibition (TGI) of 95% was observed by day 16.
Importantly, tumour volume shrank in 6 of 10 mice between days 14 and 16, indicating
that a longer treatment period might have proven beneficial.

[00255] Similarly, in mice bearing BL2 CDXs, PCLX-001 at 20 mg/kg led to 40%
TGl by day 9 (p < 0.05) (Figure 5A). PCLX-001 given at 50 or 60 mg/kg for 13
consecutive days caused tumours to disappear in 9 of 9 and 7 of 7 mice, respectively. It
is not know whether the four mice that did not survive the higher daily doses died from
drug toxicity or tumour lysis syndrome. Nonetheless, some of the mice died, and dosing
at 60 mg/kg daily had no apparent benefit. Therefore, the maximal tolerated dose seems
to be 50 mg/kg.

[00256] These results suggest that DDD86481 can reduce or eliminate NMT2-
deficient B cell lymphoma tumours in vivo.
[00257] PCLX-001 also reduced total NMT specific activity in BL2 tumours (p <

0.05) in a concentration-dependent manner (Figure 5C). These results in two
independent lymphoma CDX models confirm that PCLX-001 can eradicate NMT2-
deficient B-cell lymphomas in vivo.

[00258] Since CDXs lack the complexity of human tumours, a strategy was
developed to identify patients with NMT2-deficient DLBCLs by immunohistochemistry or
RNA in situ hybridization (Figures 5D and 5E). We then dissected and propagated one
such tumour from patient “DLCL3” to establish a DLBCL patient-derived xenograft (PDX)
model in NODscid mice. The mean initial tumour volume was 240 mm? (Figure 5F).
[00259] Treatment regimens were assessed in groups of 8 mice each. At 20 mg/kg
daily for 21 days, PCLX-001 caused a TGl of 60% (p < 0.001). At 50 mg/kg daily for two
9-day periods separated by a 3-day treatment suspension (to allow the mice to recover
from the nearly 15% body weight loss), PCLX-001 caused the tumours to disappear in 6
of 7 surviving mice at day 13; one mouse with no detectable tumour died at day 7 (Figure
5F). In surgically removed control and PCLX-001-treated PDX tumours, we confirmed the
concentration-dependent reduction of tumour size (Figure 5G). In the only remaining
tumour from the 50-mg/kg treatment, PCLX-001 effectively induced apoptosis (Figure 5H)
and reduced cell proliferation (Figure 51). Thus, NMT2-deficient lymphomas can be identified
and treated in a mouse PDX model. Moreover, the eradication of DLBCL PDX tumours in 7 of 8
mice suggests that the loss of NM7T2 expression is an essential driver event in some DLBCL cases.
[00260] Example 3 - DLBCL xenograft Results

[00261] Seven groups of female SCID mice (n = 10/group) were dosed s.c. to

completion in accordance with the DOHH-2-e225 protocol in Table 2.
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[00262] Table 2 Mouse protocol — DLBCL

Group | Treatment

1 Control

2 CCI-002 at 10mpk SC daily

3 CCI-002 at 10mpk SC daily with doxorubicin 3mpk once a week IV
starting on day 0

CCI-002 at 20mpk SC daily

CCI-002 at 50mpk SC every other day (QOD)

6 CCI-002 at 50mpk SC daily (QD) x 4, rest 5 days, then resume
50mpk SC daily (QD)

7 Doxorubicin 4mpk once a week |V starting on day 0

[00263] Figure 4A shows a box and whiskers plot showing the distribution of
individual mice tumor volumes in each group.

[00264] Figure 4B shows median tumor growth in monotherapy.

[00265] Figure 4C shows median tumor growth in combination thereapy.

[00266] Efficacy

[00267] Tumor Growth in Control Mice (Group 1)

[00268] Group 1 mice received vehicle on a gqd x 16 schedule starting on Day 1

and served as the control group for calculation of percent TGl and statistical
comparisons. On Day 16, the median tumor volume (MTV) for Group 1 was 2213 mm?,
with a range of 1764 to 2944 mm? (Figure 4A). Tumors engrafted in all ten control mice..
Median tumor growth for Group 1 controls was progressive from the original tumor size
123.4 +/-6.1 mm®.

[00269] Response to Treatment with CCI-002 as a daily monotherapy (Groups
2 and 4)
[00270] Groups 2 and 4 were treated with CCI-002 at active dosages of 10 mg/kg

and 20 mg/kg, respectively, s.c. qd x 16 resulting in Day 16 MTVs of 1895 and 922 mm°.
These median tumor volumes (MTVs) corresponded to a non-significant TGl of 14% for
Group 2 (P > 0.05) and a significant TGI of 58% for Group 4 (P < 0.001), which left both
groups below the potential therapeutic activity threshold. Tumors engrafted in all treated
mice.

[00271] Response to Treatment with CCI-002 & doxorubicin combination
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[00272] Group 3 was treated with a combination of CCI-002 at an active dosages
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of 10 mg/kg s.c. gqd x 16 and doxorubicin i.v. qwk x 3, resulting in a Day 16 MTVs of 864
mm?®. Group 3 had one animal that was euthanized on Day 11 due to excessive weight
loss. That animal was sampled according to the protocol and classified as a NTR death
and removed from all analyses. Group 3 had a MTV of 864 mm?® corresponding to a
significant TGl of 61% (P < 0.001) which exceeded the potential therapeutic activity
threshold (Figure 4A). The Group 3 combination was significantly more effective than the
corresponding CCI-002 monotherapy (Group 3 vs. 2, P < 0.001) but not the
corresponding doxorubicin treated group (Group 3 vs. 7, P > 0.05). Tumors engrafted in

all treated mice.

[00273] Response to Treatment with HIGH dose CCI-002 Monotherapy
(Groups 5 and 6)
[00274] Groups 5 and 6 were treated with CCI-002 at and active dosage of 50

mg/kg s.c. every other day qod x 8 or qd x 4/5 days off/qd x 14, respectively, resulting in
Day 16 MTVs of 1018 and 226 mm®. These MTVs corresponded to significant TGls of
54% for Group 5 (P < 0.01) and 90% for Group 6 (P < 0.001) with Group 6 above the
potential therapeutic activity threshold (Figure 4A). Tumors engrafted in all treated mice.
[00275] Response to Treatment with doxorubicin monotherapy (Group 7)
[00276] Group 7 was treated with doxorubicin at 3 mg/kg i.v. gwk x 3 resulting in a
Day 16 MTV of 1268 mm?® corresponding to a significant TGI of 43% (P < 0.05). Tumors
engrafted in all treated mice.

[00277] Summary

[00278] This study evaluated CCI-002 activity when dosed as a monotherapy and
in combination with doxorubicin. Tumors were measured three times per week through
the final day of the study (Day 23). The TGl analysis was performed on Day 16.

[00279] All therapy except Group 2 were significantly superior to the vehicle-
treated control group (P < 0.05). The CCI-002 at 50 mg/kg s.c. qd x 4/5 days off/qd x 14
treated group (Group 6) was the most effective regimen in this study with a MTV of 226
mm? which corresponded to a 90% TGI. The next most effective therapies included the
CCI-002 /doxorubicin combination group (Group 3), the CCI-002 monotherapy groups at
20 mg/kg and 50 mg/kg treated groups (Groups 4 and 5) which had respective TGl
values of 61, 58 and 54% compared to control treated animals. There were no
regressions recorded during the study.

[00280] All of the therapies tested in this DOHH-2 study were acceptably tolerated.
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[00281] Example 4 - Burkitt lymphoma
[00282] Seven groups of female NOD SCID mice (n = 10/group) were dosed s.c. to
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completion in accordance with the DOHH-2-e225 protocol in Table 3 (below). The original
treatment plan for this study can be found in Table 3. Figure 5 shows average (n=10 per
group) tumor volume, from Day 0 (A. monotherapy and B combination therapy with
doxorubicin).

[00283] Table 3—Mouse protocol —-BL-2

Group | Treatment

1 Control

CCI-002 at 20mpk SC daily

Doxorubicin 3mpk once a week IV starting on day 0

CCI-002 at 10mpk SC daily and Doxorubicin once a week at 4mpk IV

CCI-002 at 20mpk SC daily and Doxorubicin once a week at 4mpk IV

CCI-002 at 50mpk SC daily

~N| O O Bl WD

CCI-002 at 60mpk SC daily

[00284] Also, to reduce dehydration, on the first day of injection water bottles were
removed and mice were provided with a rehydration solution made of NaCl: 4.5g/L
(0.45%final), Glucose (Dextrose): 25g/L (2.5% final) and KCI: 0.75 g/L (0.075% final).
[00285] Results:

[00286] Tumor Growth in Control Mice (Group 1)

[00287] Group 1 mice received vehicle on a gd x 9 schedule starting on Day 1 and
served as the control group for calculation of percent TGl and statistical comparisons. On
Day 9, the average tumor volume (ATV) for Group 1 was 1492 mm?, with a range of 685
to 2742 mm?®. Tumors engrafted in all ten control mice. Median tumor growth for Group 1

controls was progressive from initial tumor volume of 255 mm?.

[00288] Response to treatment with CCI-002 as a daily monotherapy (Groups
2,6and 7)
[00289] Groups 2, 6 and 7 were treated with CCI|-002 at active dosages of 20

mg/kg, 50 mg/kg and 60 mg/kg, respectively, s.c. qd x 16 resulting in Day 9 MTVs of 918,
74 and 72 mm>. These average tumor volumes (ATVs) corresponded to a significant
relative tumor growth inhibition of 38% for Group 2 (P <###) and highly a significant
relative tumor growth inhibition of 95% for Group 6 and 7 (P < 0.001), which left both

groups 6 and 7 in the potential therapeutic activity threshold (TGl > 60%) (Figure 4A).
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Tumors engrafted in all treated mice. Average tumor growth in these groups is illustrated
in Figure 4A. Median tumor volume reached 0 mm® by day 13 of the study therefore
groups 6 and 7 treatments shows that CCI-002 causes 100% tumor regression.

[00290] Response to treatment with doxorubicin monotherapy (Group 3)
[00291] Group 3 was treated with doxorubicin at 4 mg/kg i.v. gwk x 3 resulting in a
Day 9 MTV of 1061 mm?® corresponding to a significant TGl of 29% (P < 0.05). Tumors
engrafted in all treated mice. Median tumor growth in these groups is illustrated in Figure
4A.

[00292] Response to treatment with CCI-002 & doxorubicin combination
therapy (Groups 4 and 5)

[00293] Group 4 was treated with a combination of CCI-002 at an active dosage of
10 mg/kg s.c. qd x 16 and doxorubicin i.v. gwk x 3, resulting in a Day 9 average tumor
volume (ATV) of 952 mm? corresponding to a significant TGI of 36% (P < 0.001) {Figure
5}. The Group 4 combination was not significantly more effective than the corresponding
doxorubicin monotherapy (Group 4 vs. 3, P <>0.05##). Group 5 was treated with a
combination of CCI-002 at an active dosage of 20 mg/kg s.c. qd x 16 and doxorubicin i.v.
qwk x 3, resulting in a Day 9 average tumor volume (ATV) of 471 mm?® corresponding to a
significant TGl of 68% (P < 0.001) gure—3-4H. The Group 5 combination was
significantly more effective than the corresponding doxorubicin monotherapy (Group 5 vs.
3, P <0.05##).

[00294] Tumors engrafted in all treated mice. Average tumor growth in these
groups (n=10 mice/group) is illustrated in Figure 5.

[00295] Figure 5A. Average group (n=10/group) tumor volume for the duration of
the treatment of NOD SCID mice injected with BL-2 cells (Initial average tumor size 125
mm?). A. CCI-002 monotherapy and B combination therapy of CCI-002 with doxorubicin.
[00296] Summary of results (BL)

[00297] Overall, the test article CCI-002 at 20 mg/kg, 50 mg/kg and 60 mg/kg
treatment groups produced significant antitumor activities in treatment of the
subcutaneous BL-2 Burkitt lymphoma subcutaneous xenograft model.

[00298] The test article CCI-002 showed an obvious dose response effect as
monotherapy. When in combination with doxorubicin, the synergetic effect of antitumor
activities was observed at 10 and 20 mg/kg CCI-002.

[00299] At the high doses of CCI-002 (50 and 60 mpk), treatment was suspended
for various period of times to allow for recovery from body weight loss and “normal” body

weight was recovered.
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[00300] Regarding the safety profile, the test article CCI-002 at 20 mg/kg showed
good safety profile. However, a severe body weight loss (10-30%) was observed in the
animals treated with CCI-002 at 50 and 60 mg/kg, doxorubicin 4 mg/kg or in combination
treatment. Diarrhea in some mice of groups in Groups 4, 5, 6, and 7 was observed.
Importantly, after suspended for dosing and rehydration treatment (final concentration:
NaCl: 2.5 g/L, Glucose: 30 g/L) for two days under the animal conditions, including

diarrhea and body weight loss exceeding 15%, were improved above the 15% threshold.

[00301] Materials and Methods
[00302] Cell culture
[00303] LO, IM9, Ramos, BL2, Daudi, KMH2, Jurkat and CEM cells were

purchased from the American Type Culture Collection (ATCC; Manassas, VA, U.S.A)
and were maintained in RPMI medium supplemented with 10% FBS, 100 U/ml penicillin,
0.1 mg/ ml streptomycin, 1 mM sodium pyruvate and 2mM L-Glutamine. All cells used
were maintained at 37°C and 5% CO2 in a humidified incubator.

[00304] Cell Lysis

[00305] Cells were washed in cold PBS, harvested, lysed in 0.1% SDS-RIPA buffer
[50 mM Tris pH 8.0, 150 mM NaCl, 1% Igepal CA-630, 0.5% NaDC, 2 mM MgCI2, 2 mM
EDTA with 1x complete protease inhibitor (Roche Diagnostics)] by rocking for 15 min at
40C. Cell lysates were then centrifuged at 16,000 g for 10 min at 40C and the post-
nuclear supernatant was collected.

[00306] Viability of cells treated with NMT inhibitors

[00307] 2 x 10° cells CEM (T cell leukemia), LO (“normal” B cell), BL2 and Ramos]
were grown in 6 well plates and incubated with increasing amounts (0, 1, 2 and 5 ug/ml)
of Tris-DBA (25) for 24 hours. Tris-DBA was a kind gift from Dr. Jack Arbiser (Emory
University, GA, USA). 1 x 10° cells [KMH2 (Hodgkins lymphoma), IM9 (“normal’ B cell),
BL2, Ramos] were plated in 96-well plates and treated with increasing amounts of
DDD85646, DDD73228 and DDD86481 for 24, 48 and 72 hours. DDD85646, DDD73228
and DDD86481 were kind gifts from Drs. David Gray and Paul Wyatt at the University of
Dundee, Scotland, UK.

[00308] Measurement of cell viability

[00309] The viability of cells treated with Tris-DBA, DDD73228, and DDD85646
was measured by incubating cells treated with Tris-DBA using TC10TM Trypan Blue Dye
(Biorad, Hercules, CA, USA) according to manufacturer’s instructions. Cell viability was
then quantified using the TC10TM automated cell counter (Biorad). The viability of cells
treated with DDD86481 was measured using the CellTiter 96 AQueous Non-Radioactive
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cell proliferation assay (MTS) from Promega (Madison, WI, USA) according to
manufacturer’s instructions.

[00310] gRT-PCR of B cell ymphoma cell lines

[00311] RNA was isolated from IM9, KMH2, Ramos and BL2 cells using TRIzol®
reagent according to manufacturer's protocols. Next, the High Capacity cONA Reverse
Transcription kit with a random primer scheme from Applied Biosciences was used to
synthesize cDNA from the isolated RNA according to manufacturer’'s instructions.
Quantitative real time PCR (qRT PCR) reactions were set-up using the TagMan®
Universal Master Mix Il and NMT1, NMT2 and 18 Tagman® probes purchased from Life
Technologies (Carlsbad, CA) and three replicates of each reaction were set up according
to supplier's guidelines. gRT PCR was performed using a Mastercycler® ep realplex

thermocycler (Eppendorf) and results were analyzed using the Realplex software

(Eppendorf).
[00312] Treatment of cells with SAHA
[00313] IM9, BL2 and Ramos cells were plated at 3x106 cells per well in a 6-well

dish and treated with 1 _ M suberoylanilide hydroxamic acid (SAHA) for 24 hours. Equal
amount of DMSO was added to the control samples. Cells were lysed and subjected to
SDS-PAGE. Western blotting was performed with antibodies against NMT1, NMT2,
p21/WAF-1 and GAPDH.

[00314] Bisulphite sequencing

[00315] Chromatin DNA was isolated from the cells using the QlAamp DNA and
Blood Mini kit from Qiagen. DNA (20 ul; concentration, 1 ng to 2 ug/ul) was converted
with the EpiTech Bisulfite kit (Qiagen) and amplified with bisulphite-specific primers
(Table 4).

[00316] Table 4. Primers used for bisulphite sequencing.
Primers Primer Sequence SEQ ID | Tm Product size
NO: ‘o) (bp)
IF GTTTTGTTTTTTGTTTTGTTGAGAT 1
522 344
IR TCCTTTTATATTTTAACCCCATTTAC 2
2F TTTAATAAGGATGGTAGGGAGTAGAG |3
53 519
2R ACCAACCAACAAAACCTAAAACTAA 4
3F GATTTAATAAGGATGGTAGGGAGTAG |5 51 360
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3R ACTCCCAAAACTAAAAATTCTTC 6
4F GGTTTTGTTTTGAAGAGTTTTAGG 7
53 232
4R ACTCCCTACCATCCTTATTAAATCC 8
[00317] The amplified PCR products were cleaned with QlAquick PCR Purification

10

15

kit (Qiagen) and cloned with the TA Cloning Kit (Life Technologies) and pC 2.1 Vector.
The sequences were analyzed with QUMA.

[00318] All publications, patents and patent applications mentioned in this
Specification are indicative of the level of skill those skilled in the art to which this
invention pertains and are herein incorporated by reference to the same extent as if each
individual publication patent, or patent application was specifically and individually
indicated to be incorporated by reference.

[00319] The above-described embodiments are intended to be examples only.
Alterations, modifications and variations can be effected to the particular embodiments by
those of skill in the art. The scope of the claims should not be limited by the particular
embodiments set forth herein, but should be construed in a manner consistent with the

specification as a whole.
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WHAT IS CLAIMED IS:

1. A method of predicting the response in a cancer patient to treatment with an NMT
inhibitor comprising, providing a biological sample of said cancer patient, and determining
in said biological sample the methylation status of the NMT2 gene, and predicting a
positive clinical response to said treatment with said NMT inhibitor, if hypermethylation is
determined in the NMT2 gene.

2. A method for identifying and/or selecting a patient with a cancer, or treated for a
cancer, suitable for treatment with an NMT inhibitor, comprising providing a biological
sample of said cancer patient, and determining the methylation status of the NMT2 gene,
and identifying and/or selecting the cancer patient for treatment with said NMT inhibitor if

hypermethylation is determined in the NMT2 gene.

3. A method for selecting a suitable treatment regimen for a cancer in a cancer
patient comprising providing a biological sample of said cancer patient, and determining
in said biological sample the methylation status of the NMT2 gene, and selecting an NMT
inhibitor for treatment if hypermethylation of NMT2 gene is determined and/or under

expression is determined in the NMT2 gene.

4. A method of treating a patient with cancer with an NMT inhibitor comprising
providing a biological sample of said cancer patient, and determining in said biological
sample the methylation status of NMT2 gene, and selecting said NMT inhibitor for

treatment if hypermethylation is determined in NMT2 gene.

5. A method comprising: a) obtaining a sample from a subject having cancer, or
suspected as having cancer; b) contacting the sample with a reagent to form a product (in
some cases a complex) indicative of methylation status of NMT2 gene present in the
sample; ¢) measuring the product formed to determine a methylation status of NMT2
gene in the sample; and d) determining the benefit of NMT inhibitor treatment of said
cancer in in said subject, wherein the determination of benefit of NMT inhibitor treatment

is determined by hypermethylation of NMT2 gene in said sample.
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6. The method of claim 5, wherein in step b) said regent comprises primers to detect

hypermethylation in the NMT2 gene.

7. The method of claim6, wherein said primers comprise SEQ ID NO:1 and/or SEQ
ID NO: 2.

8. A method of treating a subject with cancer or suspect of having cancer,
comprising administering an NMT inhibitor to said subject when the NMT2 gene is

hypermethylated in said sample, optionally as compared to a control.

9. A method for treating cancer in a subject, comprising:

a) obtaining nucleic acid from a sample from the subject;

b) performing bisulfite modification to the nucleic acid in step a);

c) performing a method selected from PCR, methylation-specific PCR, quantitative
methylation specific PCR (QMSP), realtime methylation-specific PCR, PCR assay using a
methylation DNA-specific binding protein, quantitative PCR, DNA chip-based assay,
pyrosequencing, or bisulfite sequencing, on the bisulfite modified nucleic acid from step
b) using PCR primers and/or probes specific for the promoter region of the NMT2 gene,
e) determining a promoter methylation level of the promoter region of NMT2 in the
sample, optionally compared to a control,

g) treating said patient with an inhibitor to NMT when promoter methylation level of the

promoter region of NMT2 gene in the sample is determined to be hypermethylated.

10. The method of claim 9, wherein said PCR primers comprise SEQ ID NO:1 and/or
SEQ ID NO: 2.

11. The method of any one of claims 1-9, wherein determining the methylation status
comprises, a) performing bisulfite modification to the nucleic acid in said sample, b)
determining methylation of the promoter of the NMT2 gene using PCR primers and/or

probes specific for the promoter region of the NMT2 gene from step a).

12. The method of claim 11, wherein step b) is performed by a method selected from
PCR, methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
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quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

13. The method of claim 11 or 12, wherein detection of hypermethylation of the NMT2
gene is performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.

14. The method of any one of claim 1 — 13, wherein said NMT inhibitor comprises a

small molecule, an antibody, a peptide fragment, a nucleic acid, or combinations thereof.

15. The method of claim 14, wherein said small molecule comprises DDD85646,
DDD86481, or a derivative thereof.

16. The method of claim 14, wherein said antibody is a monoclonal antibody or a

polyclonal antibody.

17. The method of claim 14, wherein said nucleic acid comprises a dsRNA molecule,
a RNAi molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA

molecule.

18. The method of any one of claim 1 to 17, wherein said cancer is lymphoma, B cell
lymphoma, follicular lymphoma, diffuse large B-cell lymphoma, mantle cell ymphoma, B-
CLL/SLL, immunocytoma/Waldenstrom's, MALT-type/monocytoid B 20 cell lymphoma,
Burkitt's lymphoma, a pediatric lymphoma, anaplastic large cell lymphoma, acute myeloid
leukemia, Blast Phase Chronic Myeloid Leukaemia, Burkitt's Lymphoma, Plasma Cell
Myeloma, Intestinal Adenocarcinoma, Lung mixed Adenosquamous Carcinoma, Lung
Small Cell Carcinoma, Lung, Oesophagus Squamous Cell Carcinoma, Bone, Breast
Ductal Carcinoma, Stomach Diffuse Adenocarcinoma, Thyroid Medullary Carcinoma,
urinary Tract Transitional Cell Carcinoma, myeloma, ovarian clear cell carcinoma,
transition cell carcinoma (ureter and bladder cancer), chronic myelogenous leukemia
(CML), lymphoma-CLL, breast carcinoma, colorectal adenocarcinoma, pancreas
adenocarcinoma, ovarian carcinoma, non-small cell lung carcinoma, osteosarcoma,
melanoma, gastric adenocarcinoma, endometrial adenocarcinoma, esophageal

squamous carcinoma.
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19. The method of any one of claims 1-18, wherein said NMT inhibitor comprises
DDD85646 or DDD86481.

20. The method of any one of claims 1 to 19, wherein said treatment further
comprises treatment with a histone acetyl transferase inhibitor, a DNA demethylase

Inhibitor, and/or histone demethylase inhibitor.

21. The method of claim 20, wherein said histone acetyl transferase inhibitor is
anacardic acid, CPTH2, MB-3, and/or Curcumin.

22. The method of claim 20, wherein said histone demethylase inhibitor is
Daminozide, GSK J1, GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, 10X 1, JIB
04, RN 1 dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

23. The method of any one of claims 1 — 22, wherein when said canceris a
lymphoma, the method further comprising administering a treatment selected from CHOP
(i.e., cyclophosphamide, doxorubicin, vincristine, and prednisone), GAP-BOP (i.e.,
cyclophosphamide, doxorubicin, procarbazine, bleomycin, vincristine, and prednisone),
m-BACOD (i.e., methotrexate, bleomycin, doxorubicin, cyclophosphamide, vincristine,
dexamethasone, and leucovorin), ProMACE-MOPP (i.e., prednisone, methotrexate,
doxorubicin, cyclophosphamide, etoposide, leucovorin with standard MOPP), ProMACE-
CytaBOM (prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine,
bleomycin, vincristine, methotrexate, and leucovorin), and MACOP-B (methotrexate,
doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin, and leucovorin). For
relapsed aggressive non-Hodgkin's lymphoma the following chemotherapy drug
combinations may be used with the compounds and compositions described herein:
IMVP-16 (i.e., ifosfamide, methotrexate, and etoposide), MIME (i.e., methyl-gag,
ifosfamide, methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16 high dose
cytarabine, and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high dosage
cytarabine, and cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide, procarbazine,
prednisone, and bleomycin), or CAMP (i.e., lomustine, mitoxantrone, cytarabine, and

prednisone).
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24. The method of any one of claims 1-22, wherein when said cancer is Hodgkin’'s
disease, the method further comprising administering a treatment selected from VABCD
(i.e., vinblastine, doxorubicin, dacarbazine, lomustine and bleomycin), ABDIC (i.e.,
doxorubicin, bleomycin, dacarbazine, lomustine, and prednisone), CBVD (i.e., lomustine,
bleomycin, vinblastine, dexamethasone), PCVP (i.e., vinblastine, procarbazine,
cyclophosphamide, and prednisone), CEP (i.e., lomustine, etoposide, and
prednimustine), EVA (i.e., etoposide, vinblastine, and doxorubicin), MOPLACE (i.e.,
cyclophosphamide, etoposide, prednisone, methotrexate, cytaravine, and vincristine),
MIME (i.e., methyl-gag, ifosfamide, methotrexate, and etoposide), MINE (i.e.,
mitoquazone, ifosfamide, vinorelbine, and etoposide), MTX-CHOP (i.e., methotrexate and
CHOP), CEM (i.e., lomustine, etoposide, and methotrexate), CEVD (i.e., lomustine,
etoposide, vindesine, and dexamethasone), CAVP (i.e., lomustine, melphalan, etoposide,
and prednisone), EVAP (i.e., etoposide, vinblastine, cytarabine, and cisplatin), and

EPOCH (i.e., etoposide, vincristine, ; doxorubicin, cyclophosphamide, and prednisone).

25. The method of any one of claims 1-22, wherein when said cancer is breast
cancer, the method further comprising administering a treatment selected from paclitaxel,
docetaxel, nanoparticle albumin bound paclitaxel, capecitabine, doxorubicin, eribulin,
vinorelbine, trastuzumab, carboplatin, cisplatin; endocrine therapies including tamoxifen,
anastrozole, letrozole, exemestane, fulvestrant, and cell cycle inhibitors including
palbocilib, ribociclib, LEEOO1, and everolimus; immune checkpoint inhibiting drugs

including nivolumab and pembrolizumab, either individually or in combination.

26. The method of any one of claims 1-22, wherein when said cancer is small cell lung
cancer, the method further comprising administering a treatment selected from

carboplatin, cisplatin, etoposide, irinotecan, either individually or in combination.

27. The method of any one of claims 1-22, wherein when said cancer is hon-small cell
lung cancer, the method further comprising administering a treatment selected from

carboplatin, paclitaxel, docetaxel, gefitinib, erlotinib, afatinib, bevacizumab, ramucirumab,
osimertinib, necitumumab, crizotinib, ceritinib, alectinib, and immune checkpoint inhibiting

drugs including nivolumab, pembrolizumab, either individually or in combination.
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28. The method of any one of claims 1-22, wherein when said cancer is bladder
carcinoma, the method further comprising administering a treatment selected from
methotrexate, vincblastine, doxorubicin, cisplatin; carboplatin and paclitaxel, docetaxel,

gemcitabine and cisplatin, either individually or in combination.

29. The method of any one of claims 1-22, wherein the determination of
hypermethylation in the NMT2 gene is performed by a method selected from the group
consisting of PCR, methylation-specific PCR, realtime methylation-specific PCR, PCR
assay using a methylation DNA-specific binding protein, quantitative PCR, DNA chip-

based assay, pyrosequencing, and bisulfite sequencing.

30. The method of any one of claims 1-29, wherein said biological sample comprises,
a tissue, a cell specimen or fluids includes detached tumor cells and/or free nucleic acids,
a blood sample, a fractionated blood sample, a bone marrow sample, a biopsy sample, a
frozen tissue sample, a fresh tissue specimen, a cell sample, and/or a paraffin embedded

section.

31. The method of anyone of claims 1-30, wherein said subject is a human.

32. An in vitro assay for selecting a treatment for a patient with cancer, comprising:
a) obtaining nucleic acid from a sample from the subject;
b) performing bisulfite modification to the nucleic acid in step a);
c) performing a method selected from PCR, methylation-specific PCR, quantitative
methylation specific PCR (QMSP), realtime methylation-specific PCR, PCR assay
using a methylation DNA-specific binding protein, quantitative PCR, DNA chip-
based assay, pyrosequencing, or bisulfite sequencing, on the bisulfite modified
nucleic acid from step b) using PCR primers and/or probes specific for the
promoter region of the NMT2 gene,
e) determining a promoter methylation level of the promoter region of NMT2 in the
sample, optionally compared to a control,
wherein the selected treatment is an NMT inhibitor when promoter region of NMT2

gene in the sample is determined to be hypermethylated.
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33. The method of claim 23, wherein said PCR primers comprise SEQ ID NO:1 and/or
SEQ ID NO: 2.

34. An in vitro assay of a sample from a patient for selecting a treatment for a patient
with cancer, comprising:

a) performing bisulfite modification to the nucleic acid in said sample,

b) determining methylation of the promoter of the NMT2 gene using PCR primers

and/or probes specific for the promoter region of the NMT2 gene from step a).

35. The assay of claim 34, wherein step b) is performed by a method selected from

PCR, methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

36. The assay of claim 34 or 35, wherein detection of hypermethylation of the NMT2
gene is performed with primers comprising SEQ ID NO: 1 and/or SEQ ID NO: 2.

37. The assay of any one of claims 34 to 36, wherein the selected treatment is an
NMT inhibitor when promoter region of NMT2 gene in the sample is determined to be

hypermethylated.

38. The assay of any one of claim 34 to 37, wherein said NMT inhibitor comprises a

small molecule, an antibody, a peptide fragment, a nucleic acid, or combinations thereof.

39. The assay of claim 38, wherein said small molecule comprises DDD85646,
DDD86481, or a derivative thereof.

40. The assay of claim 38, wherein said antibody is a monoclonal antibody or a

polyclonal antibody.

41. The assay of claim 38, wherein said nucleic acid comprises a dsRNA molecule, a

RNAI molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.
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42. A kit for selecting a suitable treatment for a cancer in a cancer patient, comprising:
a) one or more reagents for determining the methylation status of the NMT2 gene
from a sample of said cancer patient, wherein the selected treatment is an NMT
inhibitor when promoter region of NMT2 gene in the sample is determined to be
hypermethylated,

b) instructions for the use thereof.

43. The kit of claim 42, wherein said reagents comprise PCR primers and/or probes

specific for the promoter region of the NMT2 gene.

44, The kit of claim 43, wherein said PCR primers comprise SEQ ID NO:1 and/or SEQ
ID NO: 2.

45, The kit of any one of claims 42-44, further comprising and NMT inhibitor.

46. The kit of claim 45, said NMT inhibitor comprises a small molecule, an antibody, a

peptide fragment, a nucleic acid, or combinations thereof.

47. The kit of claim 46, wherein said small molecule comprises DDD85646,
DDD86481, or a derivative thereof.

48. The kit of claim 46, wherein said antibody is a monoclonal antibody or a polyclonal

antibody.

49, The kit of claim 46, wherein said nucleic acid comprises a dsRNA molecule, a

RNAI molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.

50. The kit of any one of claims 42 to 49, further comprising a histone acetyl

transferase inhibitor, a DNA demethylase Inhibitor, and/or histone demethylase inhibitor.

51. The kit of claim 50, wherein said histone acetyl transferase inhibitor is anacardic
acid, CPTH2, MB-3, and/or Curcumin.
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52. The kit of claim 50, wherein said histone demethylase inhibitor is Daminozide,
GSK J1, GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, I0X 1, JIB 04, RN 1
dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

53. The kit of any one of claims 42 to 52, further comprising reagents for a treatment
selected from CHOP (i.e., cyclophosphamide, doxorubicin, vincristine, and prednisone),
GAP-BORP (i.e., cyclophosphamide, doxorubicin, procarbazine, bleomycin, vincristine, and
prednisone), m-BACOD (i.e., methotrexate, bleomycin, doxorubicin, cyclophosphamide,
vincristine, dexamethasone, and leucovorin), ProMACE-MOPP (i.e., prednisone,
methotrexate, doxorubicin, cyclophosphamide, etoposide, leucovorin with standard
MOPP), ProMACE-CytaBOM (prednisone, doxorubicin, cyclophosphamide, etoposide,
cytarabine, bleomycin, vincristine, methotrexate, and leucovorin), and MACOP-B
(methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin, and
leucovorin). For relapsed aggressive non-Hodgkin's lymphoma the following
chemotherapy drug combinations may be used with the compounds and compositions
described herein: IMVP-16 (i.e., ifosfamide, methotrexate, and etoposide), MIME (i.e.,
methyl-gag, ifosfamide, methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16
high dose cytarabine, and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high
dosage cytarabine, and cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide,
procarbazine, prednisone, and bleomycin), or CAMP (i.e., lomustine, mitoxantrone,

cytarabine, and prednisone).

54. The kit of any one of claims 42-52, further comprising reagents for a treatment for
Hodgkin’s disease selected from VABCD (i.e., vinblastine, doxorubicin, dacarbazine,
lomustine and bleomycin), ABDIC (i.e., doxorubicin, bleomycin, dacarbazine, lomustine,
and prednisone), CBVD (i.e., lomustine, bleomycin, vinblastine, dexamethasone), PCVP
(i.e., vinblastine, procarbazine, cyclophosphamide, and prednisone), CEP (i.e., lomustine,
etoposide, and prednimustine), EVA (i.e., etoposide, vinblastine, and doxorubicin),
MOPLACE (i.e., cyclophosphamide, etoposide, prednisone, methotrexate, cytaravine,
and vincristine), MIME (i.e., methyl-gag, ifosfamide, methotrexate, and etoposide), MINE
(i.e., mitoquazone, ifosfamide, vinorelbine, and etoposide), MTX-CHOP (i.e.,
methotrexate and CHOP), CEM (i.e., lomustine, etoposide, and methotrexate), CEVD
(i.e., lomustine, etoposide, vindesine, and dexamethasone), CAVP (i.e., lomustine,

melphalan, etoposide, and prednisone), EVAP (i.e., etoposide, vinblastine, cytarabine,
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and cisplatin), and EPOCH (i.e., etoposide, vincristine, ; doxorubicin, cyclophosphamide,

and prednisone).

55. The kit of any one of claims 42-52, further comprising reagents for a treatment for
breast cancer selected from paclitaxel, docetaxel, nanoparticle albumin bound paclitaxel,
capecitabine, doxorubicin, eribulin, vinorelbine, trastuzumab, carboplatin, cisplatin;

endocrine therapies including tamoxifen, anastrozole, letrozole, exemestane, fulvestrant,
and cell cycle inhibitors including palbocilib, ribociclib, LEE0OO1, and everolimus; immune
checkpoint inhibiting drugs including nivolumab and pembrolizumab, either individually or

in combination.

56. The kit of any one of claims 42-52, further comprising reagents for a treatment for
small cell lung cancer selected from carboplatin, cisplatin, etoposide, irinotecan, either

individually or in combination.

57. The kit of any one of claims 42-52, further comprising reagents for a treatment for
non-small cell lung cancer selected from carboplatin, paclitaxel, docetaxel, gefitinib,
erlotinib, afatinib, bevacizumab, ramucirumab, osimertinib, necitumumab, crizotinib,
ceritinib, alectinib, and immune checkpoint inhibiting drugs including nivolumab,

pembrolizumab, either individually or in combination.

58. The kit of any one of claims 42-52, further comprising reagents for a treatment for
bladder carcinoma, the method further comprising administering a treatment selected
from methotrexate, vincblastine, doxorubicin, cisplatin; carboplatin and paclitaxel;

docetaxel, gemcitabine and cisplatin, either individually or in combination.

59. Use of an NMT inhibitor for treating a subject with a cancer wherein the NMT2

gene in a sample from said subject is determined to be hypermethylated.
60. Use of an NMT inhibitor for the manufacture of a medicament for treating a

subject with a cancer wherein the NMT2 gene in a sample from said subject is

determined to be hypermethylated.
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61. The use of claim 59 or 60, wherein determining the methylation status comprises,
a) performing bisulfite modification to the nucleic acid in said sample, b) determining
methylation of the promoter of the NMT2 gene using PCR primers and/or probes specific

for the promoter region of the NMT2 gene from step a).

62. The use of claim 61, wherein step b) is performed by a method selected from

PCR, methylation-specific PCR, quantitative methylation specific PCR (QMSP), realtime
methylation-specific PCR, PCR assay using a methylation DNA-specific binding protein,
quantitative PCR, DNA chip-based assay, pyrosequencing, or bisulfite sequencing, the

bisulfite modified nucleic acid from step a).

63. The use of any one of claims claim 59 to 62, wherein detection of
hypermethylation of the NMT2 gene is performed with primers comprising SEQ ID NO: 1
and/or SEQ ID NO: 2.

64. The use of any one of claim 59 — 63, wherein said NMT inhibitor comprises a

small molecule, an antibody, a peptide fragment, a nucleic acid, or combinations thereof.

65. The use of claim 64, wherein said small molecule comprises DDD85646,
DDD86481, or a derivative thereof.

66. The use of claim 64, wherein said antibody is a monoclonal antibody or a

polyclonal antibody.

67. The use of claim 64, wherein said nucleic acid comprises a dsRNA molecule, a

RNAI molecule, a miRNA molecule, a ribozyme, a shRNA molecule, or a siRNA molecule.

68. The use of any one of claim 59 to 67, wherein said cancer is lymphoma, B cell
lymphoma, follicular lymphoma, diffuse large B-cell lymphoma, mantle cell ymphoma, B-
CLL/SLL, immunocytoma/Waldenstrom's, MALT-type/monocytoid B 20 cell lymphoma,
Burkitt's lymphoma, a pediatric lymphoma, anaplastic large cell lymphoma, acute myeloid
leukemia, Blast Phase Chronic Myeloid Leukaemia, Burkitt's Lymphoma, Plasma Cell
Myeloma, Intestinal Adenocarcinoma, Lung mixed Adenosquamous Carcinoma, Lung

Small Cell Carcinoma, Lung, Oesophagus Squamous Cell Carcinoma, Bone, Breast
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Ductal Carcinoma, Stomach Diffuse Adenocarcinoma, Thyroid Medullary Carcinoma,
urinary Tract Transitional Cell Carcinoma, myeloma, ovarian clear cell carcinoma,
transition cell carcinoma (ureter and bladder cancer), chronic myelogenous leukemia
(CML), lymphoma-CLL, breast carcinoma, colorectal adenocarcinoma, pancreas
adenocarcinoma, ovarian carcinoma, non-small cell lung carcinoma, osteosarcoma,
melanoma, gastric adenocarcinoma, endometrial adenocarcinoma, esophageal

squamous carcinoma.

69. The use of any one of claims 59-68, wherein said NMT inhibitor comprises
DDD85646 or DDD86481.

70. The use of any one of claims 59 to 69, further comprising use of a histone acetyl

transferase inhibitor, a DNA demethylase Inhibitor, and/or histone demethylase inhibitor.

71. The use of claim 70, wherein said histone acetyl transferase inhibitor is anacardic
acid, CPTH2, MB-3, and/or Curcumin.

72. The use of claim 70, wherein said histone demethylase inhibitor is Daminozide,
GSK J1, GSK J2, GSK J4, GSK J5, GSK LSD 1 dihydrochloride, 10X 1, JIB 04, RN 1
dihydrochloride, TC-E 5002, and/or Tranylcypromine hydrochloride.

73. The use of any one of claims 59 — 72, wherein when said cancer is a lymphoma,
the use further comprising use of a treatment selected from CHOP (i.e.,
cyclophosphamide, doxorubicin, vincristine, and prednisone), GAP-BOP (i.e.,
cyclophosphamide, doxorubicin, procarbazine, bleomycin, vincristine, and prednisone),
m-BACOD (i.e., methotrexate, bleomycin, doxorubicin, cyclophosphamide, vincristine,
dexamethasone, and leucovorin), ProMACE-MOPP (i.e., prednisone, methotrexate,
doxorubicin, cyclophosphamide, etoposide, leucovorin with standard MOPP), ProMACE-
CytaBOM (prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine,
bleomycin, vincristine, methotrexate, and leucovorin), and MACOP-B (methotrexate,
doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin, and leucovorin). For
relapsed aggressive non-Hodgkin's lymphoma the following chemotherapy drug
combinations may be used with the compounds and compositions described herein:

IMVP-16 (i.e., ifosfamide, methotrexate, and etoposide), MIME (i.e., methyl-gag,
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ifosfamide, methotrexate, and etoposide), DHAP (i.e., dexamethasone, - 16 high dose
cytarabine, and cisplatin), ESHAP (i. e., etoposide, methylprednisone, high dosage
cytarabine, and cisplatin), CEFF(B) (i.e., cyclophosphamide, etoposide, procarbazine,
prednisone, and bleomycin), or CAMP (i.e., lomustine, mitoxantrone, cytarabine, and

prednisone).

74. The use of any one of claims 59-72, wherein when said cancer is Hodgkin’s
disease, the use further comprising use of a treatment selected from VABCD (i.e.,
vinblastine, doxorubicin, dacarbazine, lomustine and bleomycin), ABDIC (i.e.,
doxorubicin, bleomycin, dacarbazine, lomustine, and prednisone), CBVD (i.e., lomustine,
bleomycin, vinblastine, dexamethasone), PCVP (i.e., vinblastine, procarbazine,
cyclophosphamide, and prednisone), CEP (i.e., lomustine, etoposide, and
prednimustine), EVA (i.e., etoposide, vinblastine, and doxorubicin), MOPLACE (i.e.,
cyclophosphamide, etoposide, prednisone, methotrexate, cytaravine, and vincristine),
MIME (i.e., methyl-gag, ifosfamide, methotrexate, and etoposide), MINE (i.e.,
mitoquazone, ifosfamide, vinorelbine, and etoposide), MTX-CHOP (i.e., methotrexate and
CHOP), CEM (i.e., lomustine, etoposide, and methotrexate), CEVD (i.e., lomustine,
etoposide, vindesine, and dexamethasone), CAVP (i.e., lomustine, melphalan, etoposide,
and prednisone), EVAP (i.e., etoposide, vinblastine, cytarabine, and cisplatin), and

EPOCH (i.e., etoposide, vincristine, ; doxorubicin, cyclophosphamide, and prednisone).

75. The use of any one of claims 59-72, wherein when said cancer is breast cancer,
the use further comprising use of a treatment selected from paclitaxel, docetaxel,
nanoparticle albumin bound paclitaxel, capecitabine, doxorubicin, eribulin, vinorelbine,
trastuzumab, carboplatin, cisplatin; endocrine therapies including tamoxifen, anastrozole,
letrozole, exemestane, fulvestrant, and cell cycle inhibitors including palbocilib, ribociclib,
LEEQOO1, and everolimus; immune checkpoint inhibiting drugs including nivolumab and

pembrolizumab, either individually or in combination.
76. The use of any one of claims 59-72, wherein when said cancer is small cell lung

cancer, the use further comprising a use of a treatment selected from carboplatin,

cisplatin, etoposide, irinotecan, either individually or in combination.

-56-



WO 2017/011907 PCT/CA2016/050846

77. The use of any one of claims 59-72, wherein when said cancer is non-small cell
lung cancer, the use further comprising use of a treatment selected from carboplatin,
paclitaxel, docetaxel, gefitinib, erlotinib, afatinib, bevacizumab, ramucirumab, osimertinib,
necitumumab, crizotinib, ceritinib, alectinib, and immune checkpoint inhibiting drugs

including nivolumab, pembrolizumab, either individually or in combination.

78. The use of any one of claims 59-72, wherein when said cancer is bladder
carcinoma, the use further comprising a use of a treatment selected from methotrexate,
vincblastine, doxorubicin, cisplatin; carboplatin and paclitaxel, docetaxel, gemcitabine and

cisplatin, either individually or in combination.

79. The use of any one of claims 59-72, wherein the determination of
hypermethylation in the NMT2 gene is performed by a method selected from the group
consisting of PCR, methylation-specific PCR, realtime methylation-specific PCR, PCR
assay using a methylation DNA-specific binding protein, quantitative PCR, DNA chip-

based assay, pyrosequencing, and bisulfite sequencing.

80. The use of any one of claims 59-79, wherein said biological sample comprises, a
tissue, a cell specimen or fluids includes detached tumor cells and/or free nucleic acids, a
blood sample, a fractionated blood sample, a bone marrow sample, a biopsy sample, a
frozen tissue sample, a fresh tissue specimen, a cell sample, and/or a paraffin embedded

section.

81. The use of anyone of claims 59-80, wherein said subject is a human.
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Figure 1 E

mRNA expression

{arbilrary units)

ﬁ,d
&
=
=
64— T 1 T T T T T T 7 T
RS g g a ff;"' N S G e
s} N s R S e A N
& S S - MU o © R
,a(,_‘-\. }\C‘ {JQ'» Qf— \‘{l
"‘:“\ b
’x?-.
Figure1F
15000~
s
& 10000
=
@
Q2 g
Q50004
9]
&)
0

SUBSTITUTE SHEET (RULE 26)



WO 2017/011907 PCT/CA2016/050846

4/20

Figure1 G

=
[o-d
3
3

p.008 |

.004-

002

=
=1
=
t
T

HMT activity (fmolimin/ng proteln}

Figure 1 H
¥ om%%

Al % e | o NMT2 Expressors
o %i momen - High NMT2 Expressors
2w
Z o
a
0 2 “ilhgsuma—it | «— High NMT2 Expressors
T
=
Q% < Low NMT2 Expressors
@
g
[e3R el
2o
o

= p=0.014

fun

¥ I Tk 1 [}
o 20 60 80 100

40
Time (months)

“Low NMT2 Expressiors” curve is botiom curve; “High NMT2 Expressiors” is top curve,



WO 2017/011907 PCT/CA2016/050846

5i20
Figure 2 A

A CpG island is present at the NMT2 promoter
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Figure 2 B -- Epigenetic regulation of NMT2 in lymphoma cell lines and tumours.
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Figure 2 C

Bisulfite sequencing of DAPKI promoter region reveals a highly methylated CpG containing

promoter region only in malignant B lymphocytes
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Figure 3 A

Fedrdr

10000~

S000-

capiesipg RNA

copiesiug RNA




PCT/CA2016/050846

WO 2017/011907

8/20

Figure 3C
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Figure 3D
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Figure 4 A
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Figure 4B
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Figure 5§ A
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Figure 5E
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