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ANTISENSE OLIGONUCLEOTIDES FOR TREATMENT OF CANCER STEM
CELLS

SN

(G001

FIELD OF THE INVENTION

[0002] This invention relates to oligonucleotides complementary to a non-coding chimeric

=—\

mitochondrial RNA and their use in methods of treating and preventing metastasis or relapse

of a cancer in an individual previously treated for cancer. The wnvention also relates to

=

I

oligonucleotides complementary to a non-coding chimeric mitochondrial RNA and their use

in treating a refractory cancer (e.g., a refractory HPV-associated cancer) in an individual.

BACKGROUND OF THE INVENTION
[D003]  Cancer is a cellular malignancy whose unique trait, loss of normal conirol of cell
cyele, results in unregulated growth, lack of differentiation, and ability to invade other tissues
and metastasize. Carcinogenesis is a multi-step process by which a norroal cell is
transformed in a malignant cell (McKinnefl et al., “The Biology Basis of Cancer”, Ch. 3,
1998). The etiology of cancer is cornplex and includes alteration of the cell cycle regulation,
chromosomal abnormalities and chromosomes breakage. Infectious agents (e.g., oncogenic
viruses), chemicals, radiation (e.g., ultraviolet or ionizing radiation) and i1mmmolr_)gica1
disorders are thought to be the major causes of carcinogenssis' (MeKinnell et al, “The
Biological Basis of Cancer, Ch.3, 1998).

[0004] Recent evidence supports the view that twmors are or ranized in a hierarchy of
PP E b

hctcmmﬂcouo cell populations with different Ltoioomai properties. Two models have been

p; oposed to account for this heterogeneity within turmors and for twnor growth, (‘me such
model is based on cancer stem cells \(‘S(,\\ which are J‘OUO}‘{ to ba, msponslbk for a&pects OI
cancer such as initiation, pi mzwc.wm e i‘a asis, and recurrence, See Chen et al, Acig
Pharmacol Sin. 34(6):732-740, 2013; Por *! et al., Cancer Res, 65( .1:3_):55-’(}6-1 1. 2()"()5; Singh

tal., Cancer Res, 63:5821-5828, 2003; and Feng et al, Oncology Repores, 2
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2009. Although CSCs generally represent a very small population of the overall tumor
population, they are generally regarded as a self-renewing initiation subpopulation of tumor
cells or a small population of cancer cells that are capable of giving rise to new tumors.

CSCs have been identified i a number of cancers including, but not limited to, breast, brain,
blood, liver, kidney, cervical, ovarian, colon, and lung cancers among others. See Ponti et al,,
Cancer Res, 65(13):5506-11, 2005; Feng et al., Oncology Reports, 22:1129-1134, 2009,
Zhang et al,, Cancer Res, 68(11):4311:4320, 2008; Singh et al., Cancer Res, 63:5821-53828,
2003; Clarke et al., Cancer Res, 66:9339, 2006; Sendurai et al., Celi, 133:704, 2008; Ohata et
al., Cancer Res, 72:5101, 2012; and Mukhopapadhyay et al., Plos One, 8(11):e78725, 2013).
[0005]  Surgical resection of tumor(s) or metastases arising from a primary tumor(s)
tollowed by systemic administration of anti-cancer therapy is the established clinical protocol
for reatment of several cancers. Although successtul for treatment of some cancer types, a
well-known complication of cancer treatroent is the survival of residual tumor cells or CSCs
that are not effectively removed which can result in relapse after remission, with the cancer
returning at the primary site of turmor formation or at distant sites due to metastasis,
Recently, it was found that CS5Cs may also contribute to relapse after remission due to
resistance to chemotherapy. See Domingo-Domenech et al., Cancer Cell, 22(3):373, 2012.
Therefore, there is a need for development of therapeutic agents that can target cells which
contribute to relapse and metastasis (e.g., CSCs). Discovery of such therapeutic agents may
allow for the development of treatiment usefol for preventing recurrence of cancer after
remission (i.e., relapse) or preventing the spread of the primary tumour to secondary sites
(i.e., metastasis), See Clarke et al., Cancer Res, 66:9339, 2006,

[6006]

SUMMARY OF THE INVENTION
[6007] The invention provided herein discloses, inter alia, methods for suppressing

metastasis of a cancer in an individual comprising administering to the individual an effective

amount of one or more oligonucleotide complementary to an antisense non-coding chimeric =~

mitechondrial RNA {ASncmiRNA) molecule or a sense non-coding chimeric mitochondrial

RNA {SoemtRNA) molecule, wherein the oligonucieotide is able o bybridize with the

chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the individual
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has been previously treated for cancer with a therapy. In some embodiments, the
oligonucleotide is sufficiently complementary to a human non-coding chimeric mitochondrial
RNA molecule comprising: an antisense 16S mitochondrial ribosomal RNA covalently linked
atits 5 end to the 3” end of a polynucleotide with an inverted repeat sequence or a sense 16S
mitochondrial ribosomal RNA covalently linked at its 5° end to the 3” end of a polynucleotide
with an inverted repeat sequence. In any of the embodiments herein, the oligonucleotide can
be complementary to the ASncmtRNA molecule encoded by a nucleotide sequence selected
from the group consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the
embodiments herein, the oligonucleotide can be at least 85% complementary to the
ASncmtRNA molecule encoded by a nucleotide sequence selected from the group consisting
of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the embodiments herein, the
one or more oligonucleotide can comprise a nucleotide sequence selected from the group
consisting of SEQ ID NOs:7-198. In some embodiments, the one or more oligonucleotide
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:36,
197 and 198. In any of the embodiments herein, the oligonucleotide can be administered in
combination with at least one anti-cancer agent. In a [urther embodiment, the at least one
anti-cancer agent is selected from the group consisting of remicade, docetaxel, celecoxib,
melphalan, dexamethasone, steroids, gemcitabine, cisplatinum, temozolomide, etoposide,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, gefitinib, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,
interferon alpha, pegylated interferon alpha, capecitabine, cisplatin, thiotepa, fludarabine,
carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL-2,
GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan,
prednisone, bortezomib, bisphosphonate, arsenic trioxide, vincristine, doxorubicin, paclitaxel,
ganciclovir, adriamycin, estrainustine sodium phosphate, sulindac, and etoposide. In some
embodiments, the oligonucleotide and the at least one anti-cancer agent is administered
sequentially. In some embodiments, the oligonucleotide and the at least one anti-cancer
agent is administered simultaneously. In any of the embodiments herein, the oligonucleotide
can be administered in combination with a radiation therapy. In any of the embodiments
herein, the oligonucleotide can be administered in combination with surgery. In any of the
embodiments herein, the oligonucleotide can be administered in combination with an
allogenic stem cell transplant therapy. In any of the embodiments herein, the oligonucleotide
can be administered in combination with an autologous stem cell transplant therapy. In any

of the embodiments herein, the individual may have been previously treated for cancer with a

3
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therapy comprising chemotherapy, radiation therapy, surgery, or combinations therecof. In
any of the embodiments herein, the cancer in the individual may have relapsed after treatment
with one or more of bortezomib, cyclophosphamide, dexamethasone, doxorubicin, interferon-
alpha, lenalidomide, melphalan, pegylated interferon-alpha, prednisone, thalidomide, and
vincristine. In any of the embodiments herein, wherein the cancer can be a solid cancer. In a
further embodiment, the solid cancer is bladder cancer, brain cancer, breast cancer, cervical
cancer, colon cancer, endometrial cancer, esophageal cancer, gastric cancer, liver and bile
duct cancer, lung cancer, melanoma, oral cancer, ovarian cancer, pancreatic cancer, pharynx
cancer, prostate cancer, renal cancer, testicular cancer, or thyroid cancer. In any of the
embodiments herein, wherein the cancer can be a non-solid cancer. In a further embodiment,
the non-solid cancer is multiple myeloma, leukemia, or lymphoma. In any of the
embodiments herein, the oligonucleotide can reduce the number of cancer stem cells in the
individual as compared to an individual not administered the oligonucleotide. In any of the
embodiments herein, the oligonucleotide can inhibit tumor growth and/or metastasis in the
individual as compared to an individual not administered the oligonucleotide.

[0008] In one aspect, the invention provided herein discloses, methods for preventing
relapse of cancer in an individual comprising administering to the individual an effective
amount of one or more oligonucleotide complementary to an antisense non-coding chimeric
mitochondrial RNA (ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial
RNA (SncmtRNA) molecule, wherein the oligonucleotide is able to hybridize with the
chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the individual
has been previously treated for cancer with a therapy. In a further embodiment, the
oligonucleotide is sufficiently complementary to a human non-coding chimeric mitochondrial
RNA molecule comprising: an antisense 16S mitochondrial ribosomal RNA covalently linked
atits 5° end to the 3’ end of a polynucleotide with an inverted repeat sequence or a sense 16S
mitochondrial ribosomal RNA covalently linked at its 5° end to the 3” end of a polynucleotide
with an inverted repeat sequence. In any of the embodiments herein, the oligonucleotide can
be complementary to the ASncmtRNA molecule encoded by a nucleotide sequence selected
from the group consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the
embodiments herein, the oligonucleotide can be at least 85% complementary to the
ASncmtRNA molecule encoded by a nucleotide sequence selected from the group consisting
of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the embodiments herein, the
one or more oligonucleotide can comprise a nucleotide sequence selected from the group

consisting of SEQ ID NOs:7-198. In some embodiments, the one or more oligonucleotide

4
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comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:36,
197 and 198. In any of the embodiments herein, the oligonucleotide can be administered in
combination with at least one anti-cancer agent. In a further embodiment, the at least one
anti-cancer agent is selected from the group consisting of remicade, docetaxel, celecoxib,
melphalan, dexamethasone, steroids, gemcitabine, cisplatinum, temozolomide, etoposide,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, gefitinib, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,
interferon alpha, pegylated interferon alpha, capecitabine, cisplatin, thiotepa, fludarabine,
carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, [L-2,
GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan,
prednisone, bortezomib, bisphosphonate, arsenic trioxide, vincristine, doxorubicin, paclitaxel,
ganciclovir, adriamycin, estrainustine sodium phosphate, sulindac, and etoposide. In some
embodiments, the oligonucleotide and the at least one anti-cancer agent is administered
sequentially. In some embodiments, the oligonucleotide and the at least one anti-cancer
agent is administered simultancously. In any of the embodiments herein, the oligonucleotide
can be administered in combination with a radiation therapy. In any of the embodiments
herein, the oligonucleotide can be administered in combination with surgery. In any of the
embodiments herein, the oligonucleotide can be administered in combination with an
allogenic stem cell transplant therapy. In any of the embodiments herein, the oligonucleotide
can be administered in combination with an autologous stem cell transplant therapy. In any
of the embodiments herein, the individual may have been previously treated for cancer with a
therapy comprising chemotherapy, radiation therapy, surgery, or combinations thereof. In
any of the embodiments herein, the cancer in the individual may have relapsed after treatment
with one or more of bortezomib, cyclophosphamide, dexamethasone, doxorubicin, interferon-
alpha, lenalidomide, melphalan, pegylated interferon-alpha, prednisone, thalidomide, and
vincristine. In any of the embodiments herein, wherein the cancer can be a solid cancer. In a
further embodiment, the solid cancer is bladder cancer, brain cancer, breast cancer, cervical
cancer, colon cancer, endometrial cancer, esophageal cancer, gastric cancer, liver and bile
duct cancer, lung cancer, melanoma, oral cancer, ovarian cancer, pancreatic cancer, pharynx
cancer, prostate cancer, renal cancer, testicular cancer, or thyroid cancer. In any of the
embodiments herein, wherein the cancer can be a non-solid cancer. In a further embodiment,
the non-solid cancer is multiple myeloma, leukemia, or lymphoma. In any of the
embodiments herein, the oligonucleotide can reduce the number of cancer stem cells in the

individual as compared to an individual not administered the oligonucleotide. In any of the
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embodiments herein, the oligonucleotide can inhibit tumor growth and/or metastasis in the
individual as compared to an individual not administered the oligonucleotide.

[0009] In yet another aspect, the invention provided herein discloses, methods for the
treatment of metastatic cancer in an individual comprising administering to the individual an
effective amount of one or more oligonucleotide complementary to an antisense non-coding
chimeric mitochondrial RNA (ASncmtRNA) molecule or a sense non-coding chimeric
mitochondrial RNA (SncmtRNA) molecule, wherein the oligonucleotide is able to hybridize
with the chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the
individual has been previously treated for cancer with a therapy. In a further embodiment,
the oligonucleotide is sufficiently complementary to a human non-coding chimeric
mitochondrial RNA molecule comprising: an antisense 16S mitochondrial ribosomal RNA
covalently linked atits 5° end to the 3’ end of a polynucleotide with an inverted repeat
sequence or a sense 16S mitochondrial ribosomal RNA covalently linked at its 5” end to the
3’ end of a polynucleotide with an inverted repeat sequence. In any of the embodiments
herein, the oligonucleotide can be complementary to the ASncmtRNA molecule encoded by a
nucleotide sequence selected [rom the group consisting of SEQ ID NO:4, SEQ ID NO:5, and
SEQ ID NO:6. In any of the embodiments herein, the oligonucleotide can be at least 85%
complementary to the ASncmtRNA molecule encoded by a nucleotide sequence selected
from the group consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the
embodiments herein, the one or more oligonucleotide can comprise a nucleotide sequence
selected from the group consisting of SEQ ID NOs:7-198. In some embodiments, the one or
more oligonucleotide comprises a nucleic acid sequence selected from the group consisting of
SEQ ID NOs:36, 197 and 198. In any of the embodiments herein, the oligonucleotide can be
administered in combination with at least one anti-cancer agent. In a further embodiment, the
at least one anti-cancer agent is selected from the group consisting of remicade, docetaxel,
celecoxib, melphalan, dexamethasone, steroids, gemcitabine, cisplatinum, temozolomide,
ctoposide, cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen,
topotecan, methotrexate, gefitinib, taxol, taxotere, fluorouracil, leucovorin, irinotecan,
xeloda, CPT-11, interferon alpha, pegylated interferon alpha, capecitabine, cisplatin, thiotepa,
fludarabine, carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel,
vinblastine, 1L.-2, GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin,
busulphan, prednisone, bortezomib, bisphosphonate, arsenic trioxide, vincristine,
doxorubicin, paclitaxel, ganciclovir, adriamycin, estrainustine sodium phosphate, sulindac,

and ctoposide. In some embodiments, the oligonucleotide and the at least one anti-cancer
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agent is administered sequentially. In some embodiments, the oligonucleotide and the at least
one anti-cancer agent is administered simultancously. In any of the embodiments herein, the
oligonucleotide can be administered in combination with a radiation therapy. In any of the
embodiments herein, the oligonucleotide can be administered in combination with surgery.
In any of the embodiments herein, the oligonucleotide can be administered in combination
with an allogenic stem cell transplant therapy. In any of the embodiments herein, the
oligonucleotide can be administered in combination with an autologous stem cell transplant
therapy. In any of the embodiments herein, the individual may have been previously treated
for cancer with a therapy comprising chemotherapy, radiation therapy, surgery, or
combinations thereof. In any of the embodiments herein, the metastatic cancer in the
individual may have relapsed after treatment with one or more of bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, melphalan,
pegylated interferon-alpha, prednisone, thalidomide, and vincristine. In any of the
embodiments herein, wherein the cancer can be a solid cancer. In a further embodiment, the
solid cancer is bladder cancer, brain cancer, breast cancer, cervical cancer, colon cancer,
endometrial cancer, esophageal cancer, gastric cancer, liver and bile duct cancer, lung cancer,
melanoma, oral cancer, ovarian cancer, pancreatic cancer, pharynx cancer, prostate cancer,
renal cancer, testicular cancer, or thyroid cancer. In any of the embodiments herein, wherein
the cancer can be a non-solid cancer. In a further embodiment, the non-solid cancer is
multiple myeloma, leukemia, or lymphoma. In any of the embodiments herein, the
oligonucleotide can reduce the number of cancer stem cells in the individual as compared to
an individual not administered the oligonucleotide. In any of the embodiments herein, the
oligonucleotide can inhibit tumor growth and/or metastasis in the individual as compared to
an individual not administered the oligonucleotide.

[0010] In yet another aspect, the invention provided herein discloses, methods for the
treatment of a refractory cancer (e.g., a refractory HPV-associated cancer) in an individual
comprising administering to the individual an effective amount of one or more
oligonucleotide complementary to an antisense non-coding chimeric mitochondrial RNA
(ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial RNA (SncmtRNA)
molecule, wherein the oligonucleotide is able to hybridize with the chimeric mitochondrial
RNA molecules to form a stable duplex. In a further embodiment, the oligonucleotide is
sufficiently complementary to a human non-coding chimeric mitochondrial RNA molecule
comprising: an antisense 16S mitochondrial ribosomal RNA covalently linked at its 5° end to

the 3° end of a polynucleotide with an inverted repeat sequence or a sense 16S mitochondrial
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ribosomal RNA covalently linked at its 5 end to the 3’ end of a polynucleotide with an
inverted repeat sequence. In any of the embodiments herein, the oligonucleotide can be
complementary to the ASncmtRNA molecule encoded by a nucleotide sequence selected
from the group consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the
embodiments herein, the oligonucleotide can be at least 85% complementary to the
ASncmtRNA molecule encoded by a nucleotide sequence selected from the group consisting
of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In any of the embodiments herein, the
one or more oligonucleotide can comprise a nucleotide sequence selected from the group
consisting of SEQ ID NOs:7-198. In some embodiments, the one or more oligonucleotide
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:36,
197 and 198. In any of the embodiments herein, the oligonucleotide can be administered in
combination with at least one anti-cancer agent. In some embodiments, the oligonucleotide
and the at least one anti-cancer agent 1s administered sequentially. In some embodiments, the
oligonucleotide and the at least one anti-cancer agent is administered simultaneously. In any
of the embodiments herein, the oligonucleotide can be administered in combination with a
radiation therapy. In any of the embodiments herein, the oligonucleotide can be administered
in combination with surgery. In any of the embodiments herein, the oligonucleotide can
reduce the number of cancer stem cells in the individual as compared to an individual not
administered the oligonucleotide. In any of the embodiments herein, the oligonucleotide can
inhibit tumor growth and/or metastasis in the individual as compared to an individual not
administered the oligonucleotide.

[0011] In another aspect, the invention herein provides kits comprising one or more
oligonucleotide complementary to an antisense non-coding chimeric mitochondrial RNA
(ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial RNA (SncmtRNA)

molecule and instructions for practicing any method disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 depicts a general scheme of the experimental procedure and the assay
utilized herein to measure the effect of antisense oligonucleotides targeted to ASncmtRNA on
the number of spheres formed in colon cancer cells, based on the specific ability of cancer
stem cells to form these spheroid bodies.
[0013] Figure 2 depicts representative examples of spheres formed in primary colon tumor

cancer cells following no treatment, treatment with only Lipofectamine, treatment with a
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control oligonucleotide (Control Oligo 154), or treatment with an antisense oligonucleotide
(ASO) targeted to ASncmtRNA (ASO 1537S). Treatment with the ASO 15378 abolished the
formation of spheres.

[0014] Figure 3 depicts a quantification of the capacity of primary colon tumor cells to
form spheres. Approximately 0.6% of the total number of cells seeded were able to form
spheres. Cells transfected with ASO 1537S were unable to form spheres.

[0015] Figure 4 depicts representative examples of spheres formed in cells from the HCT-
116 colon cancer cell line following no treatment, treatment with only Lipofectamine,
treatment with a control oligonucleotide (Control Oligo 154), or treatment with an antisense
oligonucleotide targeted to ASncmtRNA (ASO 11078). Treatment with ASO 11078
abolished the formation of spheres.

[0016] Figure 5 depicts a quantification of the capacity of HCT-116 colon cancer cells to
form spheres. Approximately 0.3% of the total number of cells seeded were able to form
spheres. Cells transfected with ASO 1107S were unable to form spheres.

[0017] Figure 6 depicts a general scheme of the experimental procedure and the assay
utilized herein to measure the effect of antisense oligonucleotides targeted to ASncmiRNA on
the number of spheres formed by the cervical cancer SiHa cell line and primary culture cells
of cervical tumors. The assay is based on the ability of cancer stem cells to form spheres,
also referred to herein as spheroid bodies.

[0018] Figure 7 depicts representative examples of spheres formed by the cervical cancer
SiHa cell line and primary culture cells of cervical tumors following no treatment (NT),
treatment with a control oligonucleotide (Control Oligo 154 : ASO-C), or treatment with an
antisense oligonucleotide targeted to ASncmtRNA (ASO 1537S) or treatment with 45uM
cisplatin (CISP). Treatment with the ASO 15378 abolished the formation of spheres. The
CerCa 3 cells obtained from primary culture, which is infected with HPV 45, is resistant to
treatment with cisplatin as compared to two other cells obtained from primary culture, which
are infected with HPV 16.

[0019] Figure 8 depicts quantification of sphere formation by the SiHa cell cell line and
primary cervical tumor cells (CerCa 1, CerCa 2 and CerCa 3) with or without treatment.
Cells transfected with ASO 1537S wer unable to form spheres. The CerCa 3 primary culture
infected with HPV 45 was resistant to treatment with cisplatin but not to treatment with ASO
1537S.
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[0020] Figure 9 depicts the absence of tumor relapse and the absence of metastatic nodules
in the lungs and liver of mice treated with ASO 15608 (squares) but not Control Oligo 154
(circles) following the surgical removal of intradermal melanoma tumors.

[0021] Figure 10 depicts the presence of tumor relapse metastatic black nodules in the lung
and livers of the mice treated with Control Oligo 154 but not in the lungs and livers mice
treated with ASO 1560S.

[0022] Figure 11 depicts the absence of tumor relapse and complete survival of mice
treated with ASO 15608 (triangles) but not Control ASO 154 (squares) following surgical
removal of intradermal kidney carcinoma tumors.

[0023] Figure 12 depicts the absence of relapse in and survival of mice treated with ASO
15608 (squares) but not Control ASO 154 (circles) following surgical removal of intradermal
kidney carcinoma tumors.

[0024] Figure 13 depicts the absence of tumor relapse and complete survival of mice
treated with ASO 1560S but not Control ASO 154 following surgical removal of intradermal
melanoma carcinoma tumors.

[0025] Figure 14 depicts the absence of tumors and complete survival of mice treated with
ASO 15608 but not Control ASO 154 following surgical removal of subcutancous bladder
carcinoma tumors. ip indicates intraperitoneal administration and iv indicates intravenous
administration.

[0026] Figure 15 depicts the reduction in tumors and increase in survival of Rag -/- mice
treated with ASO 15378 but not Control ASO 154 following the removal of a human A375

melanoma tumor.

DETAILED DESCRIPTION
[0027] The invention provided herein discloses, inter alia, compositions comprising one or
more oligonucleotide complementary to an antisense non-coding chimeric mitochondrial
RNA (ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial RNA
(SncmtRNA) molecule and uses thereof for suppressing metastasis of a cancer in an
individual. In certain embodiments, the invention provides compositions comprising one or
more oligonucleotide complementary to an ASncmtRNA molecule or a SncmtRNA molecule
and uses thereof for treating or preventing relapse of a cancer in an individual. In certain
embodiments, the invention provides compositions comprising one or more oligonucleotide
complementary to an ASncmtRNA molecule or a SncmtRNA molecule and uses thereof for

treating metastatic cancer in an individual. In certain embodiments, the invention provides
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compositions comprising one or more oligonucleotide complementary to an ASncmtRNA
molecule or a SncmtRNA molecule and uses thereof for treating a refractory cancer (e.g., a
refractory HPV-associated cancer) in an individual. In some of the embodiments herein, the
individual has been previously treated for cancer with a therapy (e.g., chemotherapy,

radiation therapy, surgery or combinations thercof).

L General Techniques

[0028] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, cell biology, biochemistry,
nucleic acid chemistry, and immunology, which are well known to those skilled in the art.
Such techniques are explained fully in the literature, such as, Molecular Cloning: A
Laboratory Manual, second edition (Sambrook et al., 1989) and Molecular Cloning: A
Laboratory Manual, third edition (Sambrook and Russel, 2001), (jointly referred to herein as
“Sambrook™); Current Protocols in Molecular Biology (F. M. Ausubel et al., eds., 1987,
including supplements through 2001); PCR: The Polymerase Chain Reaction, (Mullis et al.,
eds., 1994); Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor
Publications, New York; Harlow and Lane (1999) Using Antibodies: A Laboratory Manua,l
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (jointly referred to herein as
“Harlow and Lane”), Beaucage et al. eds., Current Protocols in Nucleic Acid Chemistry John
Wiley & Sons, Inc., New York, 2000), Handbook of Experimental Immunology, 4th edition
(D. M. Weir & C. C. Blackwell, eds., Blackwell Science Inc., 1987); and Gene Transfer
Vectors for Mammalian Cells (J. M. Miller & M. P. Calos, eds., 1987). Other useful
references include Harrison’s Principles of Internal Medicine (McGraw Hill; J. Isseleacher et

al., eds.), Dubois’ Lupus Erythematosus (5th ed.; D.J. Wallace and B.H. Hahn, eds.

1L Definitions

[0029] Before describing the present invention in detail, it is to be understood that this
invention is not limited to particular compositions or biological systems, which can, of
course, vary. Itis also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting.

[0030] As used herein, the singular form “a”, “an”, and “the” includes plural references
unless indicated otherwise. Thus, for example, reference to "an oligonucleotide" optionally
includes a combination of two or more such oligonucleotides, and the like.

[0031] It is understood that aspects and embodiments of the invention described herein

% C¢

include “comprising,” “consisting,” and “consisting essentially of”” aspects and embodiments.
11
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[0032] An “isolated” nucleic acid molecule (e.g., “isolated oligonucleotide™) is a nucleic
acid molecule that is identified and separated from at least one contaminant nucleic acid
molecule with which it is ordinarily associated in the natural source of the nucleic acid. An
isolated nucleic acid molecule is other than in the form or setting in which it is found in
nature. Isolated nucleic acid molecules therefore are distinguished from the nucleic acid
molecule as it exists in natural cells.

[0033] As used herein, the term “oligonucleotide complementary to an antisense non-
coding chimeric mitochondrial RNA” or “oligonucleotide complementary to a sense non-
coding chimeric mitochondrial RNA” refers to a nucleic acid having sufficient sequence
complementarity to a target antisense non-coding chimeric mitochondrial RNA or a target
sense non-coding chimeric mitochondrial RNA, respectively. An oligonucleotide
“sufficiently complementary” to a target antisense non-coding chimeric mitochondrial RNA
or a target sense non-coding chimeric mitochondrial RNA means that the oligonucleotide has
a sequence sufficient to hybridize with the chimeric mitochondrial RNA molecules to form a
stable duplex.

[0034] The term “oligonucleotide” refers to a short polymer of nucleotides and/or
nucleotide analogs. An “oligonucleotide composition” of the invention includes any agent,
compound or composition that contains one or more oligonucleotides, and includes, e.g.,
compositions comprising both single stranded and/or double stranded (ds) oligonucleotides,
including, e.g., single stranded RNA, single stranded DNA, DNA/DNA and RNA/DNA
hybrid oligonucleotides, as well as derivatized/modified oligonucleotides thereof. Such
“oligonucleotide compositions” may also include amplified oligonucleotide products, e.g.,
polymerase chain reaction (PCR) products. An “oligonucleotide compositions” of the
invention may also include art-recognized compositions designed to mimic the activity of
oligonucleotides, such as peptide nucleic acid (PNA) molecules.

[0035] The phrase “corresponds to” or “sequence corresponding to” as it relates to RNA
described herein (e.g., ASncmtRNA), indicates that the RNA has a sequence that is identical
to or substantially the same as an RNA, or an RNA encoded by an analogous DNA, described
herein. For example, an ASncmtRNA that corresponds to SEQ ID NO:4 indicates that the
ASncmtRNA has a sequence that is identical to or substantially the same as the RNA of SEQ
ID NO:203 or the RNA encoded by the analogous DNA of SEQ ID NO:4.

[0036] “Percent (%) nucleic acid sequence identity” or “percent (%) complementary” with
respect to a reference nucleotide sequence (e.g., SncmtRNA sequence or ASncmtRNA

sequence) is defined as the percentage of nucleic acid residues in a candidate sequence (e.g.,
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oligonucleotide sequence) that are identical with the nucleic acid residues in the reference
nucleotide sequence, after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity, and not considering any conservative
substitutions as part of the sequence identity. Alignment for purposes of determining percent
nucleic acid sequence identity can be achieved in various ways that are within the skill in the
art, for instance, using publicly available computer software such as BLAST, BLAST-2,
ALIGN or Megalign (DNASTAR) software. Those skilled in the art can determine
appropriate parameters for aligning sequences, including any algorithms needed to achieve
maximal alignment over the full length of the sequences being compared. For example, the %
nucleic acid sequence identity of a given nucleic acid sequence A to, with, or against a given
nucleic acid sequence B (which can alternatively be phrased as a given nucleic acid sequence
A that has or comprises a certain % nucleic acid sequence identity to, with, or against a given
nucleic acid sequence B) is calculated as follows:

100 times the fraction X/Y
where X is the number of nucleic acid residues scored as identical matches by the sequence in
that program's alignment of A and B, and where Y is the total number of nucleic acid
residues in B. It will be appreciated that where the length of nucleic acid sequence A is not
equal to the length of nucleic acid sequence B, the % nucleic acid sequence identity of A to B
will not equal the % nucleic acid sequence identity of B to A.
[0037] A “disorder” or “disease” is any condition that would benefit from treatment with a
substance/molecule or method of the invention. This includes chronic and acute disorders or
diseases including those pathological conditions which predispose the mammal to the
disorder in question. In one embodiment, the disorder or disease is cancer. In another
embodiment, the disorder or disease is metastatic cancer.
[0038] The term “cancer” refers to or describes the physiological condition in mammals
that is typically characterized by unregulated cell growth/proliferation. Examples of cancer
include but are not limited to, lymphoma, blastoma, sarcoma, and leukemia.
[0039] The terms “metastatic cancer” or “cancer metastasis” refer to a primary cancer
capable of metastasis or cancer which has spread (i.e., metastasized) from a primary cancer,
primary cancerous tissue or primary cancerous cells (e.g., cancer stem cells) from one part of
of the body to one or more other parts of the body to form a secondary cancer or secondary
cancers. Metastatic cancer or cancer metastasis also refer to locally advanced cancer that has
spread from a primary cancer to nearby tissue(s) or lymph node(s). Metastatic cancer

includes tumors that are defined as being high grade and/or high stage, for example tumors
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with a Gleason score of 6 or higher in prostate cancer are more likely to metastasize.
Metastatic cancer also refers to tumors defined by one or more molecular markers that
correlate with the metastasis.

3% €

[0040] The terms “relapsed cancer”, “relapse of a cancer

I3 <

, “cancer relapse”, or “tumor
relapse” refer to the return or reappearance of cancer after a period of improvement.
Typically the period of improvement is after administration of a therapy that resulted in the
decrease of or disappearance of signs and symptoms of cancer. The period of improvement
can be the decrease or disappearance of all signs and symptoms of cancer. The period of
improvement can also be the decrease or disappearance of some, but not all, signs and
symptoms of cancer. In some embodiments, the relapsed cancer is a cancer that has become
unresponsive or partially unresponsive to a drug or a therapy. For example and without
limitation, relapsed cancer includes cancer in patients whose first progression occurs in the
absence of any treatment following successful treatment with a drug or a therapy; cancer in
patients who progress on a treatment, or within 60 days of the treatment; and cancer in
patients who progress while receiving treatment.

[0041] The terms “cancer stem cell”, “cancer stem cells” or “CSCs” as used herein refer 1o
a subpopulation of tumor cells or cancer cells. Cancer stem cells possess characteristics
associated with normal stem cells, such as the ability to give rise to different cell types found
in a particular cancer or tumor. Cancer stem cells have the capacity to drive the production or
formation of a tumor or tumors through self-renewal and/or differentiation. Cancer stem cells
have been identified in a number of cancers including, but not limited to, breast, brain, blood,
liver, kidney, cervical, ovarian, colon, and lung cancers among others.

[0042] As used herein, “treatment” refers to clinical intervention in an attempt to alter the
natural course of the individual or cell being treated, and can be performed either for
prophylaxis or during the course of clinical pathology. Desirable effects of treatment include
preventing occurrence or recurrence of disease, alleviation of symptoms, diminishment of
any direct or indirect pathological consequences of the disease, preventing or suppressing
metastasis, decreasing the rate of disease progression, amelioration or palliation of the disecase
state, and remission or improved prognosis. In some embodiments, oligonucleotides
described herein are used to prevent or suppress metastasis. An individual is successfully
“treated”, for example, using an oligonucleotide of the invention if the individual shows
observable and/or measurable reduction in or absence of one or more of the following:
reduction in the number of cancer cells or absence of the cancer cells; reduction in the tumor

size; inhibition (i.e., slow to some extent and preferably stop) of cancer cell infiltration into
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peripheral organs including the spread of cancer into soft tissue and bone; inhibition (i.e.,
slow to some extent and preferably stop) of tumor metastasis; inhibition, to some extent, of
tumor growth or tumor relapse; and/or relief to some extent, one or more of the symptoms
associated with the specific cancer; reduced morbidity and mortality, and improvement in
quality of life issues.

[0043] As used herein, the term “prevention” includes providing prophylaxis with respect
to occurrence or recurrence of a disease in an individual. An individual may be predisposed
to, susceptible to a disorder, or at risk of developing a disorder, but has not yet been
diagnosed with the disorder. In some embodiments, oligonucleotides described herein are
used to prevent or suppress metastasis.

[0044] As used herein, an individual “at risk” of developing a disorder may or may not
have detectable disease or symptoms of discase, and may or may not have displayed
detectable disease or symptoms of disease prior to the treatment methods described herein.
“At risk” denotes that an individual has one or more risk factors, which are measurable
parameters that correlate with development of cancer (e.g., metastatic cancer), as known in
the art. An individual having one or more of these risk [actors has a higher probability of
developing the disorder than an individual without one or more of these risk factors.

[0045] An “individual” or “subject” can be a vertebrate, a mammal, or a human. Mammals
include, but are not limited to, farm animals (such as cows), sport animals, pets (such as
horses), primates, mice and rats. Individuals also include companion animals including, but
not limited to, dogs and cats. In one aspect, an individual is a human.

[0046] A ‘“healthcare professional,” as used herein, can include, without limitation, doctors,
nurses, physician assistants, lab technicians, research scientists, clerical workers employed by
the same, or any person involved in determining, diagnosing, aiding in the diagnosis or
influencing the course of treatment for the individual.

[0047] An "effective amount" refers to an amount of therapeutic compound, such as an
oligonucleotide or other anticancer therapy, administered to an individual, either as a single
dose or as part of a series of doses, which is effective to produce a desired therapeutic or
prophylactic result.

[0048] A “therapeutically effective amount” is at least the minimum concentration required
to effect a measurable improvement of a particular disorder. A therapeutically effective
amount herein may vary according to factors such as the disease state, age, sex, and weight of
the patient, and the ability of the oligonucleotide to clicit a desired response in the individual.

A therapeutically effective amount may also be one in which any toxic or detrimental effects
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of the oligonucleotide are outweighed by the therapeutically beneficial effects. In the case of
cancer, the therapeutically effective amount of the oligonucleotide may reduce the number of
cancer cells; reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop)
cancer cell infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably
stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent
one or more of the symptoms associated with the cancer. To the extent the oligonucleotide
may prevent growth and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic.
[0049] A “prophylactically effective amount” refers to an amount effective, at the dosages
and for periods of time necessary, to achieve the desired prophylactic result. For example, a
prophylactically effective amount of the oligonucleotides of the present invention is at least
the minimum concentration that prevents or attenuates the development of at least one
symptom of metastatic cancer.

[0050] Administration “in combination with” one or more further therapeutic agents
includes simultaneous (concurrent) and consecutive administration in any order.

[0051] The term “pharmaceutical formulation” refers to a preparation that is in such form
as Lo permit the biological activity of the active ingredient to be effective, and that contains
no additional components that are unacceptably toxic to a subject to which the formulation
would be administered. Such formulations are sterile.

[0052] A “sterile” formulation is aseptic or free from all living microorganisms and their
spores.

[0053] The term “package insert” is used to refer to instructions customarily included in
commercial packages of therapeutic products, that contain information about the indications,
usage, dosage, administration, contraindications and/or warnings concerning the use of such
therapeutic products.

[0054] The term “about” as used herein refers to the usual error range for the respective
value readily known to the skilled person in this technical field.

[0055] TItis intended that every maximum numerical limitation given throughout this
specification includes every lower numerical limitation, as if such lower numerical
limitations were expressly written herein. Every minimum numerical limitation given
throughout this specification will include every higher numerical limitation, as if such higher
numerical limitations were expressly written herein. Every numerical range given throughout
this specification will include every narrower numerical range that falls within such broader

numerical range, as if such narrower numerical ranges were all expressly written herein.
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III. Oligonucleotides and Other Anti-Cancer Therapies

[0056] Human cells express a number of unique chimeric mitochondrial RNA molecules.
These molecules are non-coding (i.e., they are not known to serve as a template for the
translation of a protein) and comprise the 16S mitochondrial ribosomal RNA covalently
linked at the 5° end to an inverted repeat sequence. Chimeric mitochondrial RNA molecules
are found in two forms: sense and antisense.

[0057] The sense chimeric non-coding mitochondrial RNA (SncmtRNA) molecule
corresponds to the 16S mitochondrial ribosomal RNA transcribed from the “H-strand” of the
circular mitochondrial genome. Covalently linked to the 5° end of this RNA molecule is a
nucleotide sequence or inverted repeat sequence corresponding to an RNA transcribed from
the “L-strand” of the mitochondrial 16S gene. The size of the inverted repeat sequence in the
SncmtRNA can vary from about 25 , 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300,
325,350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725, 750,
775, or 800 nucleotides or more to between about 100-200, 150-250, 200-300, 250-350, 400-
500, 450-550, 500-600, 550-650, 600-700, 650-750, or 700-800 nucleotides or more,
including any number in between these values. In one embodiment, the inverted repeal
sequence in the SncmtRNA corresponds to a fragment of 815 nucleotides of the RNA
transcribed from the L-strand of the 16S gene of the mitochondrial genome. In another
embodiment, the inverted repeat sequence in the SncmtRNA corresponds to a fragment of
754 nucleotides of the RNA transcribed from the L-strand of the 16S gene of the
mitochondrial genome. In still another embodiment, the inverted repeat sequence in the
SncmtRNA corresponds to a fragment of 694 nucleotides of the RNA transcribed from the L-
strand of the 168 gene of the mitochondrial genome. In another embodiment, the SncmtRNA
corresponds to SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3. In another embodiment, the
SncmtRNA comprises a sequence selected from the group consisting of SEQ ID NO:200,
SEQ ID NO:201, and SEQ ID NO:202.

[0058] The antisense chimeric non-coding mitochondrial RNA (ASncmtRNA) molecule
corresponds to the 168 mitochondrial ribosomal RNA transcribed from the “L-strand” of the
circular mitochondrial genome. Covalently linked to the 5° end of this RNA molecule is a
nucleotide sequence or the inverted repeat sequence corresponding to an RNA transcribed
from the “H-strand” of the mitochondrial 16S gene. The size of the inverted repeat sequence
in the ASncmtRNA can vary from about 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275,
300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725,
750, 775, 800 nucleotides or more to between about 100-200, 150-250, 200-300, 250-350,
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400-500, 450-350, 500-600, 556-650, 600-700, 650-750, or 700-800 or more, including any
number in between these values. [n another embodiment, the ASncmtRNA corresponds 1o
SEQ ID NG, SEQ ID NO:S, or SEQ ID NG:6. In another embodiment, the ASncmtRNA
compriscs a scquence selected from the group consisting of SEQ 1D NO:203, SEQ 1D
NO:204, and SEQ D NO:203.

[3059]  Further information related to chiumeric witochondrial RNA molecules can be found

in U8, Patent No. 8,218,686,

[6068]  In one aspect, the invention provides one or move oligonucleotide complementary to
an ASncmtRNA molecule or a SmemtRNA molecule, wherein the oligonucleotide is able to
hybridize with the chimeric mitochondrial RNA molecules to form a stable duplex for use in
a methed disclosed herein. In some aspects, provided herein are methods for suppressing
metastasis of a cancer i au individual using one or rore oligonucleotides described herein.
In some aspects, provided herein are methods for treating or preventing relapse of a cancer in
an individual. In sorne aspects, provided herein are methods for treating metastatic cancer in
an individual. In some embodiments herein, the individual has been previously treated for
cancer with a therapy {e.g., chemotherapy, radiation therapy, surgery or combinations
thereof). In some embodiments, the one or more oligonucleotide complementary to an
ASncmtRNA molecule or a SnemtRNA molecule described herein has or more of the
following characteristics when used in a wethod disclosed herein: (1) hybridizes with the
chimeric mitochondrial RNA molecules (i.e., an ASnemtRNA molecule or a SnemiRNA
molecule) to form a stable duplex; (2) hybndizes with the chimeric mitochondrial RNA
molecules expressed by tumor cells and inhibits, arrests, kills or abolishes tumor cells; (3)
hybridizes with the chimeric mitochondrial RNA molecules expressed by cancer stem cells

(CSCs) and inhibits, arrests, kills or abolishes CSCs: {(4) suppresses metastasis of a cancer in

an individoal (e.z., an individual previously treated for cancer with a therapy): (f‘)i treats ot

prevents relapse of a cancer in an individual (e.¢.. an ‘Ad,wduai pwwouxly tre 'ned for cancer
with a therapy); (6} treats metastatic cancer in an mmv;duai (e.g., an individual prewousiy

treated for cancer with a therapyy; and (7)5 prolongs overall survival in an individual

previcusly treated for cancer with a thuary {e.e.. chemotherapy. radiation therapy, surgery o

combinations thereof).
[GO61]  In one aspect, the f»lwonuclﬂuu\ie» for use in any of the methods dﬂ%umcd herein
can he complementary to a SncntRNA molecuic and/or to an ASnentRNA molecule

¢isclosed herein. Without being bound to theoiy, it {s believed that the compl enfars v
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oligonucleotides bind to the ncmtRNAs and interfere with their cellular functions. As used
herein, an oligonucleotide sequence is "complementary"” to a portion of an ncmtRNA, as
referred to herein, if the oligonucleotide possesses a sequence having sufficient
complementarity to be able to hybridize with the ncmtRNA to form a stable duplex. The
ability to hybridize will depend on both the degree of complementarity and the length of the
oligonucleotide. Generally, the longer the hybridizing oligonucleotide, the more base
mismatches with an ncmtRNA it may contain and still form a stable duplex. In some aspects,
the one or more oligonucleotide used according to the methods disclosed herein is at least 8
(such as at least 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,47, 48, 49, or 50 or more)
base pairs in length. Those skilled in the art can ascertain a tolerable degree of mismatch by
use of standard procedures to determine the melting point of the hybridized complex. In
some embodiments, the one or more oligonucleotide is at least 85% (such as at least 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)
complementary to a SncmtRNA molecule and/or to a ASncmtRNA molecule disclosed
herein. In some embodiments, the complementary oligonucleotide is an antisense
oligonucleotide. In one embodiment, the one or more oligonucleotide is complementary to
one or more ncmtRNA encoded by a nucleic acid sequence selected from the group
consisting of SEQ ID NOs:1-6. In some embodiments, the one or more oligonucleotide
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:7-198.
In some embodiments, the one or more oligonucleotide comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs:36, 197 and 198. In some embodiments,
the one or more oligonucleotide comprises a nucleic acid sequence selected from the group

consisting of SEQ ID NOs:36, 197 and 198.

a. Oligonucleotide modifications
[0062] The naturally occurring internucleoside linkage of RNA and DNA isa 3'to 5
phosphodiester linkage. The oligonucleotides (e.g., an antisense oligonucleotide) used for
suppressing metastasis of a cancer, treating or preventing relapse of a cancer, or treating
metastatic cancer according to any of the methods disclosed herein can have one or more
modified, i.e. non-naturally occurring, internucleoside linkages. With respect to therapeutics,
modified internucleoside linkages are often selected over oligonucleotides having naturally

occurring internucleoside linkages because of desirable properties such as, for example,
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enhanced cellular uptake, enhanced affinity for target nucleic acids, and increased stability in
the presence of nucleases present in bodily fluids.

[0063] Oligonucleotides (e.g., an antisense oligonucleotide) having modified
internucleoside linkages include internucleoside linkages that retain a phosphorus atom as
well as internucleoside linkages that do not have a phosphorus atom. Representative
phosphorus containing internucleoside linkages include, but are not limited to,
phosphodiesters, phosphotriesters, methylphosphonates, phosphoramidate, and
phosphorothioates. Methods of preparation of phosphorous-containing and non-phosphorous-
containing linkages are well known in the art.

[0064] In one embodiment, oligonucleotides (e.g., an antisense oligonucleotide) targeted to
a SncmtRNA molecule and/or to an ASncmtRNA molecule disclosed herein comprise one or
more modified internucleoside linkages. In some embodiments, the modified internucleoside
linkages are phosphorothioate linkages.

[0065] Asis known in the art, a nucleoside is a base-sugar combination. The base portion
of the nucleoside is normally a heterocyclic base. The two most common classes of such
heterocyclic bases are the purines and the pyrimidines. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the sugar portion of the nucleoside.
For those nucleosides that include a pentofuranosyl sugar, the phosphate group can be linked
to either the 2', 3' or 5" hydroxyl moiety of the sugar. In forming oligonucleotides, the
phosphate groups covalently link adjacent nucleosides to one another to form a linear
polymeric compound. In turn the respective ends of this linear polymeric structure can be
further joined to form a circular structure, however, open linear structures are generally
preferred. Within the oligonucleotide structure, the phosphate groups are commonly referred
to as forming the internucleoside backbone of the oligonucleotide. The normal linkage or
backbone of RNA and DNA is a 3' to 5’ phosphodiester linkage.

[0066] Specific, though nonlimiting, examples of oligonucleotides (e.g., an antisense
oligonucleotide) useful in the methods of the present invention include oligonucleotides
containing modified backbones or non-natural internucleoside linkages. As defined in this
specification, oligonucleotides having modified backbones include those that retain a
phosphorus atom in the backbone and those that do not have a phosphorus atom in the
backbone. For the purposes of this specification, and as sometimes referenced in the art,
modified oligonucleotides that do not have a phosphorus atom in their internucleoside

backbone can also be considered to be oligonucleosides.
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[0067] In some embodiments, modified oligonucleotide backbones include, for example,
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkylphosphotri-esters, methyl and other alkyl phosphonates including 3'-alkylene
phosphonates, 5'-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and aminoalkylphosphoramidates,
thiono-phosphoramidates, thionoalkylphosphonates, thionoalkylphospho-triesters,
selenophosphates and boranophosphates having normal 3'-5" linkages, 2'-5' linked analogs of
these, and those having inverted polarity wherein one or more internucleotide linkages is a 3'
to 3', 5" to 5 or 2' to 2’ linkage. Oligonucleotides having inverted polarity comprise a single 3'
to 3' linkage at the 3'-most internucleotide linkage i.e. a single inverted nucleoside residue
which may be abasic (the nucleobase is missing or has a hydroxyl group in place thereof) can
also be employed. Various salts, mixed salts and free acid forms are also included.
Oligonucleotide backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatom
and alkyl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucleoside linkages. These include those having morpholino linkages
(formed in part from the sugar portion of a nucleoside); siloxane backbones; sulfide,
sulfoxide and sulfone backbones; formacetyl and thioformacetyl backbones; methylene
formacetyl and thioformacetyl backbones; riboacetyl backbones; alkene containing
backbones; sulfamate backbones; methyleneimino and methylenchydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S
and CH, component parts.

[0068] In other embodiments, both the sugar and the internucleoside linkage, i.e., the
backbone, of the nucleotide units are replaced with novel groups. The base units are
maintained for hybridization with an appropriate nucleic acid target compound. One such
oligomeric compound, an oligonucleotide mimetic is referred to as a peptide nucleic acid
(PNA). In PNA compounds, the sugar-backbone of an oligonucleotide is replaced with an
amide containing backbone, in particular an aminocthylglycine backbone. The nucleobases
are retained and are bound directly or indirectly to aza nitrogen atoms of the amide portion of
the backbone. Representative United States patents that teach the preparation of PNA
compounds include, but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and
5,719,262, each of which is herein incorporated by reference. Further teaching of PNA
compounds can be found in Nielsen et al., Science, 254:1497-1500, 1991.
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[6069] Representative United States patents that teach the preparation of the above
phosphorus-containing and non~phos;p'hf,\ms~comaining finkages include, but are not limited
to, U.S. Pat. Nos. 5,541,306; 5,550.111; 5,563,253; 5,571,799 5,587,361 5,194,509;
3,565,555, 5,527,899, 5,721,218; 5,672,697 and 5,625,050, 5.5396,086; 5,602,240; 5,610,289;
5,602,240; 5.608.046: 5.610.289; 5,618,704, 5,623,070: 5.663.312; 5,633,360; 5,677,437,

5,792,608: 5,646,269 and 5,677,439

[6070] Moditied oligonuclectides {e. g., antisense oligonucleotides) complementary (o

SnemtRNA and/or ASncmtRNA used as anticancer therapies in combination with any of the
methods disclosed herein (e.g.. method of suppressing metastasis of a cancer) may also ﬂ
contain one or more substifuted sugar meieties. For example, the furanosyl sugar ring can be |

[

modified in a number of ways including substitution with a substituent group, bridging to

form a bicyclic nucleic acid “BNA” and substitution of the 4'-0 with a heteroatom such as S
or N(R) as described 10 ULS. Pat. No. 7,399,845, hereby incorporated by reference herein in

its entirety. Other examples of BNAs are described in published International Patent

Application No. WO 20077146511, hereby incorporated by reference herein in its entirety.
[BO71] The oligonucleotides {e.g., antisense oligonucleotides) for use in the methods

disclosed herein (e.g., method of suppressing metastasis of a cancer) can optionally contain

one or more nucleotides having modified sugar moieties. Sugar modifications may impart

nuclease stability, binding affinity or some other beneficial biological property to the
antisense compounds. The furanosyl sugar ving of a nucleoside can be modified in a nurnber
of ways including, but not limited to: addition of a substituent group, particularly at the 2
position; bridging of two non-gerninal ring atoros to form a bicyelic nucleic acid (BNA); and
substitution of an atom or group such as 8-, N}~ or —C(R1)(R2) for the ring
oxygen at the 4-position. Modified sugars include, but are not limited to: substituted sugars,

especially 2%-substituted sugars having a 2-F, 2-0OCH2 (2'-OMe) or a 2-0 (CH)2-OCH; (2

O-methoxyethyl or 2-MOE) substituent group; and bicyelic modified sugars (BNAs), having

a 4~ (Cton-0O-2" bridge, where n=1 or n=2. Methods for the preparations of modified sugars.

are well known to those skilled. in the art.

fBO72] o certain embodiments, a 2-modified nueleoside has a b_ic*,fcl,ic sugar 1‘1),()ie?3.'. In

certain such embodiments, thebicyclic sugar moiety 15 a D sugar m the alpha Lon uration. ;

In certain such embodiments, the bicychic sugar mojety is a P sugar in the beta cuﬁhgumuc‘f‘

¥

in certain such embodiments, Acyclic sugar molety is an L sugar in the alpha

configuration. [n certain such cmbomzm nts. the bicyelic sugar moiety is an L sugar in the

beta configuration.
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[0073] In other embodiments, the bicyclic sugar moiety comprises a bridge group between
the 2' and the 4'-carbon atoms. In certain such embodiments, the bridge group comprises
from 1 to linked biradical groups. In certain embodiments, the bicyclic sugar moicty
comprises from 1 to 4 linked biradical groups. In certain embodiments, the bicyclic sugar
moiety comprises 2 or 3 linked biradical groups. In certain embodiments, the bicyclic sugar
moiety comprises 2 linked biradical groups. In certain embodiments, a linked biradical group
is selected from —O—, —S—, —N(R1)-, —C(R1)(R2)-, —C(R1)=C(R1)-, —C(R1)=N—,
—C(=NR1)-, —Si(R1)(R2)-, —S(=0)2—, —S(=0)—, —C(=0)— and —C(=S)—; where
cach R1 and R2 is, independently, H, hydroxyl, C1-C12 alkyl, substituted C1-C12 alkyl, C2-
C12 alkenyl, substituted C2-C12 alkenyl, C2-C12 alkynyl, substituted C2-C12 alkynyl, C5-
C20 aryl, substituted C5-C20 aryl, a heterocycle radical, a substituted hetero-cycle radical,
heteroaryl, substituted heteroaryl, C5-C7 alicyclic radical, substituted C5-C7 alicyclic radical,
halogen, substituted oxy (—O—), amino, substituted amino, azido, carboxyl, substituted
carboxyl, acyl, substituted acyl, CN, thiol, substituted thiol, sulfonyl (S(=0)2-H), substituted
sulfonyl, sulfoxyl (S(=0)—H) or substituted sulfoxyl; and each substituent group is,
independently, halogen, C1-C12 alkyl, substituted C1-C12 alkyl, C2-C12 alkenyl, substituted
C2-C12 alkenyl, C2-C12 alkynyl, substituted C2-C12 alkynyl, amino, substituted amino,
acyl, substituted acyl, C1-C12 aminoalkyl, C1-C12 aminoalkoxy, substituted C1-C12
aminoalkyl, substituted C1-C12 aminoalkoxy or a protecting group.

[0074] Oligonucleotides (e.g., antisense oligonucleotides) for use in any of the methods
disclosed herein (e.g., method of suppressing metastasis of a cancer) may also include
nucleobase (often referred to in the art simply as “base”) modifications or substitutions.
Nucleobase modifications or substitutions are structurally distinguishable from, yet
functionally interchangeable with, naturally occurring or synthetic unmodified nucleobases.
Both natural and modified nucleobases are capable of participating in hydrogen bonding.
Such nucleobase modifications may impart nuclease stability, binding affinity or some other
beneficial biological property to oligonucleotide compounds. Modified nucleobases include
synthetic and natural nucleobases such as, for example, 5-methylcytosine (5-me-C). Certain
nucleobase substitutions, including 5-methylcytosine substitutions, are particularly useful for
increasing the binding affinity of an oligonucleotide compound (such as an antisense
oligonucleotide compound) for a target nucleic acid (such as an ncmtRNA).

[0075] Additional unmodified nucleobases include 5-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine,

2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and
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2-thiocytosine, 5-halouracil and cytosine, 5-propynyl (—C=C—CH3;) uracil and cytosine and
other alkynyl derivatives of pyrimidine bases, 6-azo uracil, cytosine and thymine, 5-uracil
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-
substituted adenines and guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other
S-substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 2-F-adenine, 2-
amino-adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-
deazaguanine and 3-deazaadenine.

[0076] Heterocyclic base moieties may also include those in which the purine or
pyrimidine base is replaced with other heterocycles, for example 7-deaza-adenine, 7-
deazaguanosine, 2-aminopyridine and 2-pyridone. Nucleobases that are particularly useful for
increasing the binding affinity of antisense compounds include 5-substituted pyrimidines, 6-
azapyrimidines and N-2, N-6 and O-6 substituted purines, including 2 aminopropyladenine,
5-propynyluracil and 5-propynylcytosine.

[0077] As used herein, "unmodified” or "natural” nucleobases include the purine bases
adenine (A) and guanine (G), and the pyrimidine bases thymine (T), cytosine (C) and uracil
).

[0078] Modified nucleobases include other synthetic and natural nucleobases such as 5-
methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and
other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-
thiocytosine, 5-halouracil and cytosine, 5-propynyl (—C=C—CHj3) uracil and cytosine and
other alkynyl derivatives of pyrimidine bases, 6-azo uracil, cytosine and thymine, 5-uracil
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-
substituted adenines and guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other
S-substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 2-F-adenine, 2-
amino-adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-
deazaguanine and 3-deazaadenine. Further modified nucleobases include tricyclic
pyrimidines such as phenoxazine cytidine(1 H-pyrimido[5.,4-b][1,4]|benzoxazin-2(3H)-one),
phenothiazine cytidine (1H-pyrimido[5,4-b][1,4]benzothiazin-2(3H)-one), O-clamps such as
a substituted phenoxazine cytidine (e.g. 9-(2-aminoethoxy)-H-pyrimido[5,4-
b][1,4]benzoxazin-2(3H)-one), carbazole cytidine (2H-pyrimido[4,5-b]indol-2-one),
pyridoindole cytidine (H-pyrido[3',2":4,5]pyrrolo[2,3-d]pyrimidin-2-one). Modified
nucleobases may also include those in which the purine or pyrimidine base is replaced with

other heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine and 2-
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pyridone. Further nucleobases include those discleosed i U.S5. Pat. Ne. 3,687,808, thosc
disclosed in The Concise Encyclopedia Of Polvmer Science And Engineering, pages 858-859,
. v . & [ pael

Kroschwitz, . 1., ed. John Wiley & Sons, 1990, those disclosed by Englisch et al.,

Angewandte Chemie International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y.
S., Chapter 15, Anisense Research and Applications, pages 289-302, Crooke, 5. 1. and

Leblen, B, ed,, CRC Press, [993.

S

[6079] Representative United States patents that teach the preparation of certain of the
above noted modified nucleobases as well as other modified nucleobases include, but are not
fimited to, UK. Pat. Nos. 5,456,255 5,484,908 5,302,177: 5,525,711 5,552,540 5,587,469,
5,594,121, 5,596,091, 5,614,617; 5,645,985; 5,830,653; 5,763,588; 6,005,096; and 5,681,941,

NN

b. Ribozymes
[GO88]  In another embodiment of the invention, ribozymes can be used to interfere with the
nemtRNA molecules described herein to induce cell death in proliferative cells associated

with mestastasis {e.g., CSCs). The sequence of the ribozyme can be designed according to the

sequence of the ASnemtRNA (for example, a sequence corresponding to SEQ D NO:4, SEQ

HD NO:S, or SEQ ID NOG:6, or a sequence comprising SEQ 1D NO:2¢3, SEQ 1D NO:204, or

SEQ D NO20S) or the SnomtRNA (for example, a sequence corresponding to SEQID

NO:L SEQ ID NO:2, or SEQ ID NG:3, or a sequence comprising SEQ 1D NO:20¢, SEQ ID ’
NO:202, or SEQ ID NG:203) to cleave specific regions of the transcript. Ribozymes are
egnzymatic RNA molecules capable of catalyzing the specific cleavage of RNA (Rossy, Curr.
Biology 4:469-471, 19945, The mechanism of ribozyme action involves sequence specific
hybridization of the ribozyme molecule to complementary target RNA_ followed by an
endonucleolytic cleavage. The composition of ribozyme molecules must include one or more

sequences cotnplementary o the RNA, and wmust include the well-known catalytic sequence

responsible for KNA cleavage, and described in U.S. Pat. No. 5,093.24¢, the disclosure of
which is incorporated by veference berein in its entirety. As such, within the scope of the
invention, hammerhead ribozyme molecules can be engineered that specificaily and
etficiently catalyze endonucleolytic cleavage of the ASncmtRNA or SncmtRNA molecules

disclosed herein. The construction and production of hammerhead ribozymes is well known

in the art and 1t was described (Haseloft et all, Grene, 82:43-52, 1989), Ribozyimes of the
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described herein. In some embodiments, a method of suppressing metastasis of a cancer in
an individual comprises administering to the individual an effective amount of one or more
ribozyme described herein. In some embodiments, a method for treating or preventing
relapse of cancer in an individual comprises administering to the individual an effective
amount of one or more ribozyme described herein. In some embodiments, a method for
treating metastatic cancer in an individual comprises administering to the individual an
effective amount of one or more ribozyme described herein. In some embodiments, a method
for treating a refractory cancer (e.g., a refractory HPV-associated cancer) in an individual
comprises administering to the individual an effective amount of one or more ribozyme
described herein. In some embodiments, the individual has been previously treated for
cancer with a therapy (e.g., chemotherapy, radiation therapy, surgery or combinations

thereof).

C. RNA interference
[0081] In another aspect, interference with the function of the ASncmtRNA and/or
SncmtRNA molecules disclosed herein for use in any of the methods disclosed herein (e.g.,
method of suppressing metastasis of a cancer) can be achieved by RNA interference or RNA
silencing. RNA interference (RNAi) has emerged as a novel and promising approach for gene
silencing in mammalian cells (Elbashir et al., Narure 411:494-498, 2001; McManus et al.,
Nature Rev. Genet. 3:737-T47, 2002). Synthetically synthesized double stranded RNA
molecules of about 8 to 40 (such as about 10 to 36, 14 to 32, 18-28, or 22-24) base pairs (bp)
or at least about 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 bp in length hybridize specifically to their
complementary target RNA, leading to degradation of the RNA. Several different genes have
been silenced successfully by small interfering RNA or siRNA (Lu et al., Curr. Opin. Mol.
Ther. 5:225-234, 2003; Wacheck et al., Oligonucleotides 13:393-400, 2003). Therefore,
synthetic double stranded RNA targeted to the ASncmtRNA and/or SncmtRNA molecules
disclosed herein can be used to degrade these transcripts and induce cancer cell death (e.g.,
CSC death). Those familiar in the art will understand that the sequence of the siRNA has to
be complementary to any region of the ASncmtRNA and/or SncmtRNA molecules (such as
complementary to any one of a sequence corresponding to SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, and/or SEQ ID NO:6, or complementary to any
one of a sequence comprising SEQ ID NO:200, SEQ ID NO:201, SEQ ID NO:202, SEQ ID
NO:203, SEQ ID NO:204, and/or SEQ ID NO:205). In some embodiments, an RNA
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described herein can be used in any method described herein. In some embodiments, a
method of suppressing metastasis of a cancer in an individual comprises administering to the
individual an effective amount of one or more RNA described herein. In some embodiments,
a method for treating or preventing relapse of cancer in an individual comprises
administering to the individual an effective amount of one or more RNA described herein. In
some embodiments, a method for treating metastatic cancer in an individual comprises
administering to the individual an effective amount of one or more RNA described herein. In
some embodiments, a method for treating a refractory cancer (e.g., a refractory HPV-
associated cancer) in an individual comprises administering to the individual an effective
amount of one or more RNA described herein. In some embodiments, the individual has
been previously treated for cancer with a therapy (e.g., chemotherapy, radiation therapy,

surgery or combinations thereof).

d. Oligonucleotide delivery
[0082] In one embodiment, a recombinant vector can be used for delivering one or more
oligonucleotides (such as any of the oligonucleotides disclosed herein) complementary to a
sense and/or antisense chimeric non-coding mitochondrial RNA molecule to the individual.
This can include both systemic delivery and delivery localized to a particular region of the
body (such as, the bone marrow). Any vector capable of enabling recombinant production of
one or more oligonucleotides complementary to a sense or antisense chimeric ncmtRNA
molecule and/or which can deliver one or more oligonucleotides complementary to a sense or
antisense chimeric ncmtRNA molecule into a host cell is contemplated herein. The vector can
be either RNA or DNA, either prokaryotic or eukaryotic, and typically is a virus or a plasmid.
The vector can be part of a DNA vaccine or used as part of any other method for delivering a
heterologous gene for expression in a host cell that is known to one having skill in the art.
Recombinant vectors are capable of replicating when transformed into a suitable host cell.
Viral vectors infect a wide range of non-dividing human cells and have been used extensively
in live vaccines without adverse side effects. A viral vector (such as, but not limited to, an
adenoviral vector or an adeno-associated viral (AAV) vector (e.g. AAV-1, AAV-2, AAV-3,
AAV-4, AAV-5, AAV-6, etc. or hybrid AAV vectors comprising the same) is an example of
a vector for use in the present methods for delivering one or more oligonucleotides
complementary to a sense or antisense chimeric ncmtRNA molecule to cancer cells (such as a
plasmocyte; see, e.g. U.S. Patent Application Publication No. 2004/0224389, the disclosure

of which is incorporated by reference herein, or a CSC). In some embodiments, a

27

Date Regue/Date Received 2020-05-28



recombinant vector (e.g., a viral vector) described herein can be used in any method
described herein. In some embodiments, a method of suppressing metastasis of a cancer in
an individual comprises administering to the individual an effective amount of a recombinant
vector (e.g., a viral vector) comprising one or more oligonucleotide described herein. In
some embodiments, a method for treating or preventing relapse of cancer in an individual
comprises administering to the individual an effective amount of a recombinant vector (e.g., a
viral vector) comprising one or more oligonucleotide described herein. In some
embodiments, a method for treating metastatic cancer in an individual comprises
administering to the individual an effective amount of a recombinant vector (e.g., a viral
vector) comprising one or more oligonucleotide described herein. In some embodiments, a
method for treating a refractory cancer (e.g., a refractory HPV-associated cancer) in an
individual comprises administering to the individual an effective amount of a recombinant
vector (e.g., a viral vector) comprising one or more oligonucleotide described herein. In
some embodiments, the individual has been previously treated for cancer with a therapy (e.g.,
chemotherapy, radiation therapy, surgery or combinations thereof).

[0083] In another aspect, one or more oligonucleotides (such as any of the oligonucleotides
disclosed herein) complementary to a sense and/or antisense chimeric non-coding
mitochondrial RNA molecule is encapsulated within a microcarrier for deliver to an
individual. In certain embodiments, a mixture of different oligonucleotides (such as any of
the oligonucleotides disclosed herein) complementary to a sense and/or antisense chimeric
non-coding mitochondrial RNA molecule may be encapsulated with a microcarrier, such that
the microcarrier encapsulates more than one oligonucleotide species. In some embodiments,
the one or more oligonucleotides (such as any of the oligonucleotides disclosed herein)
complementary to a sense and/or antisense chimeric non-coding mitochondrial RNA
molecule encapsulated within the microcarrier comprises a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:7-198. In some embodiments, the one or more
oligonucleotides (such as any of the oligonucleotides disclosed herein) complementary to a
sense and/or antisense chimeric non-coding mitochondrial RNA molecule encapsulated
within the microcarrier comprises a nucleic acid sequence selected from the group consisting
of SEQ ID NOs:36, 197 and 198.

[0084] Methods of encapsulating oligonucleotides in microcarriers are well known in the
art, and described, for example, International application W098/55495. Colloidal dispersion
systems, such as microspheres, beads, macromolecular complexes, nanocapsules and lipid-

based system, such as oil-in-water emulsions, micelles, mixed micelles and liposomes can
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provide effective encapsulation of oligonocelotides within microcarrier compositions. The
encapsulation composition may further comprise any of a wide variety of components. These
include, but are not limited to, alum, lipids, phospholipids, lipid membrane structures (LMS),
polyethylene glycol (PEG) and other polymers, such as polypeptides, glycopeptides, and

polysaccharides.

Other Anti-Cancer Therapies
[0085] In some aspects, any of the methods of treatment described herein can comprise
administering one or more additional anti-cancer therapies to the individual. In some
embodiments, the one or more anti-cancer therapy is selected from the group consisting of
chemotherapy, radiation therapy, and surgery. Chemotherapy and anti-cancer agents are used
interchangeably herein. Various classes of anti-cancer agents can be used. Non-limiting
examples include: alkylating agents, antimetabolites, anthracyclines, plant alkaloids,
topoisomerase inhibitors, podophyllotoxin, antibodies (e.g., monoclonal or polyclonal),
tyrosine kinase inhibitors (e.g., imatinib mesylate (Gleevec® or Glivec®)), hormone
treatments, soluble receptors and other antineoplastics.
[0086] Topoisomerase inhibitors are also another class of anti-cancer agents that can be
used herein. Topoisomerases are essential enzymes that maintain the topology of DNA.
Inhibition of type I or type II topoisomerases interferes with both transcription and replication
of DNA by upsetting proper DNA supercoiling. Some type I topoisomerase inhibitors include
camptothecins: irinotecan and topotecan. Examples of type II inhibitors include amsacrine,
etoposide, etoposide phosphate, and teniposide. These are semisynthetic derivatives of
epipodophyllotoxins, alkaloids naturally occurring in the root of American Mayapple
(Podophyllum peltatum).
[0087] Antineoplastics include the immunosuppressant dactinomycin, doxorubicin,
epirubicin, bleomycin, mechlorethamine, cyclophosphamide, chlorambucil, ifosfamide. The
antineoplastic compounds generally work by chemically modifying a cell's DNA.
[0088] Alkylating agents can alkylate many nucleophilic functional groups under
conditions present in cells. Cisplatin and carboplatin, and oxaliplatin are alkylating agents.
They impair cell function by forming covalent bonds with the amino, carboxyl, sulfhydryl,
and phosphate groups in biologically important molecules.
[0089] Vinca alkaloids bind to specific sites on tubulin, inhibiting the assembly of tubulin
into microtubules (M phase of the cell cycle). The vinca alkaloids include: vincristine,

vinblastine, vinorelbine, and vindesine.
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[0090] Anti-metabolites resemble purines (azathioprine, mercaptopurine) or pyrimidine and
prevent these substances from becoming incorporated in to DNA during the "S” phase of the
cell cycle, stopping normal development and division. Anti-metabolites also affect RNA
synthesis.

[0091] Plant alkaloids and terpenoids are derived from plants and block cell division by
preventing microtubule function. Since microtubules are vital for cell division, without them,
cell division cannot occur. The main examples are vinca alkaloids and taxanes.

[0092] Podophyllotoxin is a plant-derived compound which has been reported to help with
digestion as well as used to produce two other cytostatic drugs, etoposide and teniposide.
They prevent the cell from entering the G1 phase (the start of DNA replication) and the
replication of DNA (the S phase).

[0093] Taxanes as a group includes paclitaxel and docetaxel. Paclitaxel is a natural
product, originally known as Taxol and first derived from the bark of the Pacific Yew tree.
Docetaxel is a semi-synthetic analogue of paclitaxel. Taxanes enhance stability of
microtubules, preventing the separation of chromosomes during anaphase.

[0094] Insome aspects, the anti-cancer agent can be selected from remicade, docetaxel,
celecoxib, melphalan, dexamethasone (Decadron®), steroids, gemcitabine, cisplatinum,
temozolomide, etoposide, cyclophosphamide, temodar, carboplatin, procarbazine, gliadel,
tamoxifen, topotecan, methotrexate, gefitinib (Iressa®), taxol, taxotere, fluorouracil,
leucovorin, irinotecan, xeloda, CPT-11, interferon alpha, pegylated interferon alpha (e.g.,
PEG INTRON-A), capecitabine, cisplatin, thiotepa, fludarabine, carboplatin, liposomal
daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine,
vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan, prednisone, bortezomib
(Velcade®), bisphosphonate, arsenic trioxide, vincristine, doxorubicin (Doxil®), paclitaxel,
ganciclovir, adriamycin, estrainustine sodium phosphate (Emcyt®), sulindac, or etoposide.
[0095] In other embodiments, the anti-cancer agent can be selected from bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, melphalan,
pegylated interferon-alpha, prednisone, thalidomide, or vincristine.

[0096] In some aspects, the one or more anti-cancer therapy is radiation therapy. As used
herein, the term "radiation therapy” refers to the administration of radiation to kill cancerous
cells. Radiation interacts with molecules in the cell such as DNA to induce cell death.
Radjiation can also damage the cellular and nuclear membranes and other organelles.
Depending on the radiation type, the mechanism of DNA damage may vary as does the

relative biologic effectiveness. For example, heavy particles (i.e. protons, neutrons) damage
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DNA directly and have a greater relative biologic effectiveness. Electromagnetic radiation
results in indirect ionization acting through short-lived, hydroxyl free radicals produced
primarily by the ionization of cellular water. Clinical applications of radiation consist of
external beam radiation (from an outside source) and brachytherapy (using a source of
radiation implanted or inserted into the patient). External beam radiation consists of X-rays
and/or gamma rays, while brachytherapy employs radioactive nuclei that decay and emit
alpha particles, or beta particles along with a gamma ray. Radiation also contemplated herein
includes, for example, the directed delivery of radioisotopes to cancer cells. Other forms of
DNA damaging factors are also contemplated herein such as microwaves and UV irradiation.
[0097] Radiation may be given in a single dose or in a series of small doses in a dose-
fractionated schedule. The amount of radiation contemplated herein ranges from about 1 to
about 100 Gy, including, for example, about 5 to about 80, about 10 to about 50 Gy, or about
10 Gy. The total dose may be applied in a fractioned regime. For example, the regime may
comprise fractionated individual doses of 2 Gy. Dosage ranges for radioisotopes vary widely,
and depends on the half-life of the isotope and the strength and type of radiation emitted.
When the radiation comprises use of radioactive isotopes, the isotope may be conjugated to a
targeting agent, such as a therapeutic antibody, which carries the radionucleotide to the target
tissue (e.g., tumor tissue). Suitable radioactive isotopes include, but are not limited to,

astatine”!!, carbon, *!chromium, *chlorine, *'iron, **cobalt, copper®’, "*?Eu, gallium®’,

~hydrogen, iodine'*, iodine, indium"", **ion, **phosphorus, rhenium'®®, selenium,

%9m “and/or yttrium °.

%sulphur, technicium
[0098] Surgery described herein includes resection in which all or part of a cancerous
tissue is physically removed, exercised, and/or destroyed. Tumor resection refers to physical
removal of at least part of a tumor. In addition to tumor resection, treatment by surgery
includes laser surgery, cryosurgery, electrosurgery, and micropically controlled surgery

(Mohs surgery). Removal of precancers or normal tissues is also contemplated herein.

Stem cell transplantation and ex vivo treatment of autologous hematopoietic stem
cells
[0099] In other aspects, any of the methods of treatment described herein can include either
autologous or allogenic stem cell transplantation therapy. In recent years, high-dose
chemotherapy with autologous hematopoietic stem-cell transplantation has become the
preferred treatment for certain cancers such as multiple myeloma, non-Hodgkin lymphoma,

Hodgkin lymphoma, and leukemia. While not curative, this procedure does prolong overall
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survival and complete remission. Prior to stem-cell transplantation, patients receive an initial
course of induction chemotherapy. The most common induction regimens used today are
thalidomide—-dexamethasone, bortezomib based regimens, and lenalidomide-dexamethasone
(Kyle & Rajkumar, Blood, 111 (6): 2962-72, 2008). For example, autologous peripheral
stem cell transplantation is useful for up to 50% of multiple myeloma patients. Despite a low
mortality rate, problems with such transplant therapy include the inability to eradicate the
tumor and the difficulty in the removal of myeloma cells and their precursors from the stem
cell collection used for transplantation.

[0100] Allogenic transplant (the transplantation of a healthy person’s stem cells into the
affected individual), is another therapy option for treating certain cancers such as multiple
myeloma, non-Hodgkin lymphoma, Hodgkin lymphoma, and leukemia but is less frequently
used as it may not provide a cure. For example, most studies evaluating its use in multiple
myeloma patients demonstrate long-term disease-free survival of 10-20%, with a significant
fraction of patients developing relapse.

[0101] When included as a treatment for suppressing or preventing metastasis according to
any of the methods disclosed herein, autologous stem cell transplantation can also include the
step of treating the hematopoietic stem-cells and/or bone marrow to be transplanted into the
affected individual with any of the anti-cancer agents disclosed herein, prior to
transplantation into the affected individual. In one embodiment, hematopoietic stem-cells
and/or bone marrow for use in autologous stem cell transplantation can be treated with an
effective amount of one or more oligonucleotides (e.g., antisense oligonucleotides)
sufficiently complementary to an ASncmtRNA or SncmtRNA molecule (e.g., any of the
ASncmtRNA and/or SncmtRNA molecules disclosed herein) to form a stable duplex prior to
transplantation into the affected individual. In another embodiment, the one or more
oligonucleotide is sufficiently complementary to one or more ncmtRNA encoded by a nucleic
acid sequence selected from the group consisting of SEQ ID NOs:1-6, to form a stable
duplex. In other embodiments, the one or more oligonucleotide comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NOs:7-198. In some embodiments,
the one or more oligonucleotide comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NOs:36, 197 and 198.

[0102] It has been shown that autologous transplantation of bone marrow or hematological
stem cells can also be used to treat several forms of hematological cancers (such as, but not
limited to, multiple myeloma, leukemia and lymphoma). Accordingly, in some aspects, when

included as a treatment for a hematological cancer, provided herein is a method of
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performing autologous stem cell transplantation which includes the step of treating the
hematopoietic stem-cells and/or bone marrow to be transplanted into the affected individual
with any of the anti-cancer agent disclosed herein, prior to transplantation into the affected
individual. In one embodiment, hematopoietic stem-cells and/or bone marrow for use in
autologous stem cell transplantation in an individual with a hematological cancer can be
treated with an effective amount of one or more oligonucleotides (e.g., antisense
oligonucleotides) sufficiently complementary to an ASncmtRNA molecule or SncmtRNA
molecule (e.g., any of the ASncmtRNA and/or SncmtRNA molecules disclosed herein) to
form a stable duplex prior to transplantation into the affected individual. In another
embodiment, the one or more oligonucleotide is sufficiently complementary to one or more
ncmtRNA encoded by a nucleic acid sequence selected from the group consisting of SEQ ID
NOs:1-6, to form a stable duplex. In other embodiments, the one or more oligonucleotide
comprises a nucleic acid sequence selected from the group consisting of SEQ 1D NOs:7-198.
In some embodiments, the one or more oligonucleotide comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs:36, 197 and 198.

Iv. Compositions

[0103] Any of the anti-cancer agents (such as oligonucleotide-based agents) disclosed herein
can be administered in the form of compositions (e.g., pharmaceutical compositions). These
compounds can be administered by systemic administration or local administration through
various routes. The route(s) of administration useful in a particular application are apparent
to one of skill in the art. Routes of administration include but are not limited to oral, rectal,
cerebrospinal, transdermal, subcutaneous, topical, transmucosal, nasopharangeal, pulmonary,
intravenous, intramuscular, and intranasal. In some embodiments, the administration is a
local administration. In some embodiments, the local administration is selected from the
group consisting of administration into an organ, into a cavity, into a tissue, and subcutaneous
administration. In some embodiments, the administration is systemic administration. In
some embodiments, the systemic administration is intravenous or intraperitoneal
administration. These compounds are effective as both injectable and oral compositions. Such
compositions are prepared in a manner well known in the pharmaceutical art and comprise at
least one active compound. The compositions herein may also contain more than once active
compound as necessary for the particular indication being treated, preferably those with
complementary activities that do not adversely affect each other. When employed as oral
compositions, the oligonucleotides, and other anti-cancer agents disclosed herein, are

protected from acid digestion in the stomach by a pharmaceutically acceptable protectant.
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[0104] This invention also includes pharmaceutical compositions which contain, as the active
ingredient, one or more of the anti-cancer agents disclosed herein associated with one or
more pharmaceutically acceptable excipients or carriers. In making the compositions of this
invention, the active ingredient is usually mixed with an excipient or carrier, diluted by an
excipient or carrier or enclosed within such an excipient or carrier which can be in the form
of a capsule, sachet, paper or other container. When the excipient or carrier serves as a
diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or
medium for the active ingredient. Thus, the compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups,
aerosols (as a solid or in a liquid medium), ointments containing, for example, up to 10% by
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable
solutions, and sterile packaged powders.

[0105] In some embodiments, in preparing a formulation, it may be necessary to mill the
active lyophilized compound to provide the appropriate particle size prior to combining with
the other ingredients. If the active compound is substantially insoluble, it ordinarily is milled
to a particle size of less than 200 mesh. If the active compound is substantially water soluble,
the particle size is normally adjusted by milling to provide a substantially uniform
distribution in the formulation, e.g. about 40 mesh.

[0106] Some examples of suitable excipients or carriers include lactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin,
calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, sterile water,
syrup, and methyl cellulose. The formulations can additionally include: lubricating agents
such as talc, magnesium stearate, and mineral oil; wetting agents; emulsifying and
suspending agents; preserving agents such as methyl- and propylhydroxy-benzoates;
sweetening agents; and flavoring agents. The compositions of the invention can be
formulated so as to provide quick, sustained or delayed release of the active ingredient after
administration to the patient by employing procedures known in the art.

[0107] The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 mg to about 100 mg or more, such as any one of about 1 mg to about 5 mg, 1
mg to about 10 mg, about 1 mg to about 20 mg, about 1 mg to about 30 mg, about 1 mg to
about 40 mg, about 1 mg to about 50 mg, about 1 mg to about 60 mg, about 1 mg to about 70
mg, about 1 mg to about 80 mg, or about 1 mg to about 90 mg, inclusive, including any range
in between these values, of the active ingredient. The term "unit dosage forms" refers to

physically discrete units suitable as unitary dosages for individuals, each unit containing a
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predetermined quantity of active material calculated to produce the desired therapeutic effect,
in association with a suitable pharmaceutical excipient or carrier.

[0108] The anti-cancer agents (such as oligonucleotide-based agents) disclosed herein are
effective over a wide dosage range and are generally administered in a therapeutically
effective amount. It will be understood, however, that the amount of the anti-cancer agents
actually administered will be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the chosen route of administration, the
actual compound administered, the age, weight, and response of the individual patient, the
severity of the patient's symptoms, and the like.

[0109] For preparing solid compositions such as tablets, the principal active ingredient
anticancer therapy is mixed with a pharmaceutical excipient or carrier to form a solid
preformulation composition containing a homogeneous mixture of a compound of the present
invention. When referring to these preformulation compositions as homogeneous, it is meant
that the active ingredient is dispersed evenly throughout the composition so that the
composition can be readily subdivided into equally effective unit dosage forms such as
tablets, pills and capsules.

[0110] The tablets or pills of the present invention can be coated or otherwise compounded to
provide a dosage form affording the advantage of prolonged action and to protect the
anticancer therapies (such as an oligonucleotide) from acid hydrolysis in the stomach. For
example, the tablet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. The two components can be separated
by an enteric layer which serves to resist disintegration in the stomach and permit the inner
component to pass intact into the duodenum or to be delayed in release. A variety of
materials can be used for such enteric layers or coatings, such materials including a number
of polymeric acids and mixtures of polymeric acids with such materials as shellac, cetyl
alcohol, and cellulose acetate.

[0111] The liquid forms in which the compositions of the present invention can be
incorporated for administration orally or by injection include aqueous solutions, suitably
flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such as
corn oil, cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar
pharmaceutical vehicles.

[0112] Parenteral routes of administration include but are not limited to direct injection into a
central venous line, intravenous, intramuscular, intraperitoneal, intradermal, or subcutaneous

injection. Oligonucleotide (e.g., an oliconucleotide and microcarrier formulation)
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formulations suitable for parenteral administration are generally formulated in USP water or
water for injection and may further comprise pH buffers, salts bulking agents, preservatives,
and other pharmaceutically acceptable excipients. Oligonucleotide(s), for example as
oligonucleotide microcarrier complexes or encapsulates, for parenteral injection may be
formulated in pharmaceutically acceptable sterile isotonic solutions such as saline and
phosphate buffered saline for injection.

[0113] Compositions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions can contain suitable pharmaceutically acceptable excipients
as described herein. The compositions can be administered by the oral or nasal respiratory
route for local or systemic effect. Compositions in pharmaceutically acceptable solvents can
be nebulized by use of inert gases. Nebulized solutions can be inhaled directly from the
nebulizing device or the nebulizing device can be attached to a face mask tent, or intermittent
positive pressure breathing machine. Solution, suspension, or powder compositions can also
be administered, orally or nasally, from devices which deliver the formulation in an

appropriate manner.

V. Methods of Treatment

A. Methods for suppressing or preventing metastasis of a cancer

[0114] In one aspect, provided herein is one or more oligonucleotide (or composition thereof)
for use in suppressing or preventing metastasis of a cancer in an individual. In another aspect,
provided herein is one or more oligonucleotide (or compositions thereof) for use in
combination with at least one therapy for suppressing or preventing metastasis of a cancer in
an individual. In any of the aspects, herein, the individual may have been previously treated
for cancer with a therapy.

[0115] In some aspects, the invention provides a method for suppressing metastasis of a
cancer in an individual comprising administering to the individual an effective amount of one
or more oligonucleotide described herein, wherein the oligonucleotide is able to hybridize
with the chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the
individual has been previously treated for cancer with a therapy. In a further embodiment,
the method for suppressing metastasis of a cancer in an individual comprises administering
the one or more oligonucleotide in combination with at least one therapy disclosed herein. In
some embodiments, the at least one therapy is selected from the group consisting of an anti-

cancer agent, a radiation therapy, surgery, an allogenic stem cell transplant therapy, and an
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autologous stem cell transplant therapy. In some of the embodiments herein, the individual
has been previously treated for cancer with a therapy comprising chemotherapy, radiation
therapy, surgery, or combinations thereof. In some embodiments, the individual has been
previously treated with one or more of bortezomib, cyclophosphamide, dexamethasone,
doxorubicin, interferon-alpha, lenalidomide, melphalan, pegylated interferon-alpha,
prednisone, thalidomide, and vincristine. In any of the embodiments herein, the
oligonucleotide and the at least one therapy is administered sequentially. For example, one or
more oligonucleotide described herein can be administered to an individual before or after a
tumor(s) has been surgically resected from the individual. In some embodiments, the
oligonucleotide and the at least one therapy is administered simulatenously. For example, one
or more oligonucleotide described herein can be administered to an individual during surgical
resection of a tumor(s) from the individual.

[0116] In some aspects, the invention provides a method for preventing metastasis of a
cancer in an individual comprising administering to the individual an effective amount of one
or more oligonucleotide described herein, wherein the oligonucleotide is able to hybridize
with the chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the
individual has been previously treated for cancer with a therapy. In a further embodiment,
the method for suppressing or preventing metastasis of a cancer in an individual comprises
administering the one or more oligonucleotide in combination with at least one therapy
disclosed herein. In some embodiments, the at least one therapy is selected from the group
consisting of an anti-cancer agent, a radiation therapy, surgery, an allogenic stem cell
transplant therapy, and an autologous stem cell transplant therapy. In some of the
embodiments herein, the individual has been previously treated for cancer with a therapy
comprising chemotherapy, radiation therapy, surgery, or combinations thereof. In some
embodiments, the individual has been previously treated with one or more of bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, melphalan,
pegylated interferon-alpha, prednisone, thalidomide, and vincristine. In any of the
embodiments herein, the oligonucleotide and the at least one therapy is administered
sequentially. For example, one or more oligonucleotide described herein can be administered
to an individual before or after a tumor(s) has been surgically resected from the individual.

In some embodiments, the oligonucleotide and the at least one therapy is administered
simulatenously. For example, one or more oligonucleotide described herein can be

administered to an individual during surgical resection of a tumor(s) from the individual.
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[0117] As non-limiting examples, a method for suppressing or preventing metastasis of
cancer according to the present invention may be by administration of one or more
oligonucleotide (or a composition thereof) described herein provided as a daily dosage in an
amount of about 0.1 to about 100 mg/kg, such as about 0.5, about 0.9, about 1.0, about 1.1,
about 1.5, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10,
about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19,
about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28,
about 29, about 30, about 40, about 45, about 50, about 60, about 70, about 80, about 90 or
about 100 mg/kg, per day, on at least one of day 1, 2, 3,4, 5,6,7,8,9, 10,11, 12,13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, or 40, or alternatively, at least one of week 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 20 after initiation of treatment, or any combination thereof, using single or
divided doses at every 24, 12, 8, 6, 4, or 2 hours, or any combination thereof.

[0118] In some embodiments, the one or more oligonucleotide (or a composition thereof)
may be administered in combination with at least one therapy (e.g., an anti-cancer agent, a
radiation therapy, surgery, an allogenic stem cell transplant therapy, or an autologous stem
cell transplant therapy). In some embodiments, the combination is administered sequentially.
For example, a one or more oligonucleotide described herein may be administered about 1,
2,3,4,5,6,7,8,9,10,11,12,13, 14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 days, or alternatively, about 1, 2, 3, 4, 5, 6, 7,
8,9,10,11,12,13, 14, 15, 16, 17, 18, 19 or 20 weeks apart from the asministration of the at
least one therapy during combination treatment. In some embodiments, the combination is
administered simultaneously. For example, a one or more oligonucleotide described herein
may be administered about 0.5,1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, or 59 minutes, or alternatively, about
1,2,3,4,56,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 hours apart

from the administration of the at least one therapy during combination treatment.

B. Methods for treating or preventing relapse of a cancer

[0119] In other aspects, provided herein is one or more oligonucleotide (or compositions
thereof) for use in treating or preventing relapse of a cancer in an individual. In some

embodiments, the individual has responded to initial treatment and is in remission.
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[0120] In some aspects, the invention provides a method for treating or preventing relapse of
cancer in an individual comprising administering to the individual an effective amount of one
or more oligonucleotide described herein, wherein the oligonucleotide is able to hybridize
with the chimeric mitochondrial RNA molecules to form a stable duplex, and wherein the
individual has been previously treated for cancer with a therapy. In a further embodiment,
the method for treating or preventing relapse of cancer in an individual comprises
administering the one or more oligonucleotide in combination with at least one therapy
disclosed herein. In some embodiments, the at least one therapy is selected from the group
consisting of an anti-cancer agent, a radiation therapy, surgery, an allogenic stem cell
transplant therapy, and an autologous stem cell transplant therapy. In some of the
embodiments herein, the individual has been previously treated for cancer with a therapy
comprising chemotherapy, radiation therapy, surgery, or combinations thereof. In some
embodiments, the individual has been previously treated with one or more of bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, melphalan,
pegylated interferon-alpha, prednisone, thalidomide, and vincristine. In any of the
embodiments herein, the oligonucleotide and the at least one therapy is administered
sequentially. For example, one or more oligonucleotide described herein can be administered
to an individual before or after a tumor(s) has been surgically resected from the individual.
In some embodiments, the oligonucleotide and the at least one therapy is administered
simulatenously. For example, one or more oligonucleotide described herein can be
administered to an individual during surgical resection of a tumor(s) from the individual.
[0121] As non-limiting examples, a method for treating or preventing relapse of a cancer
according to the present invention may be by administration of one or more oligonucleotide
(or a composition thereof) described herein provided as a daily dosage in an amount of about
0.1 to about 100 mg/kg, such as about 0.5, about 0.9, about 1.0, about 1.1, about 1.5, about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12,
about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21,
about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30,
about 40, about 45, about 50, about 60, about 70, about 80, about 90 or about 100 mg/kg, per
day, on at least one of day 1, 2, 3, 4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40, or
alternatively, at least one of week 1, 2, 3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18,
19 or 20 after initiation of treatment, or any combination thereof, using single or divided

doses at every 24, 12, 8, 6, 4, or 2 hours, or any combination thereof.
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[0122] In some embodiments, the one or more oligonucleotide (or a composition thereof)
may be administered in combination with at least one therapy (e.g., an anti-cancer agent, a
radiation therapy, surgery, an allogenic stem cell transplant therapy, or an autologous stem
cell transplant therapy). In some embodiments, the combination is administered sequentially.
For example, a one or more oligonucleotide described herein may be administered about 1,
2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 days, or alternatively, about 1, 2, 3, 4, 5, 6, 7,
8,9,10,11,12,13, 14, 15, 16, 17, 18, 19 or 20 weeks apart from the asministration of the at
least one therapy during combination treatment. In some embodiments, the combination is
administered simultaneously. For example, a one or more oligonucleotide described herein
may be administered about 0.5,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, or 59 minutes, or alternatively, about
1,2,3,4,56,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 hours apart
from the administration of the at least one therapy during combination treatment.

[0123] In other embodiments, a "maintenance schedule” may be used in which one or more
maintenance oligonucleotide-based (such as antisense-based) therapies are administered less
frequency than in the original treatment administered prior to remission, such as once per
week or once every two weeks. The maintenance schedule can be continued either for a fixed
period of time, generally about 1 or about 2 years, or indefinitely as long as the patient is
continuing to show no signs of progressive disease and is tolerating the treatment without

significant toxicity.

C.  Methods for treating metastatic cancer

[0124] In yet other aspects, provided herein is one or more oligonucleotide (or compositions
thereof) for use in treating metastatic cancer (such as relapsed metastatic cancer) in an
individual.

[0125] In some aspects, the invention provides a method for the treatment of metastatic
cancer (such as relapsed metastatic cancer) in an individual comprising administering to the
individual an effective amount of one or more oligonucleotide described herein, wherein the
oligonucleotide is able to hybridize with the chimeric mitochondrial RNA molecules to form
a stable duplex, and wherein the individual has been previously treated for cancer with a
therapy. In a further embodiment, the method for treating metastatic cancer (such as relapsed

metastatic cancer) in an individual comprises administering the one or more oligonucleotide
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in combination with at least one therapy disclosed herein. In some embodiments, the at least
one therapy is selected from the group consisting of an anti-cancer agent, a radiation therapy,
surgery, an allogenic stem cell transplant therapy, and an autologous stem cell transplant
therapy. In some of the embodiments herein, the individual has been previously treated for
cancer with a therapy comprising chemotherapy, radiation therapy, surgery, or combinations
thereof. In any of the embodiments herein, the oligonucleotide and the at least one therapy is
administered sequentially. For example, one or more oligonucleotide described herein can be
administered to an individual before or after a tumor(s) has been surgically resected from the
individual. In some embodiments, the oligonucleotide and the at least one therapy is
administered simulatenously. For example, one or more oligonucleotide described herein can
be administered to an individual during surgical resection of a tumor(s) from the individual.
[0126] As non-limiting examples, a method for the treatment of metastatic cancer (such as
relapsed metastatic cancer) according to the present invention may be by administration of
one or more oligonucleotide (or a composition thereof) described herein provided as a daily
dosage in an amount of about 0.1 to about 100 mg/kg, such as about 0.5, about 0.9, about 1.0,
about 1.1, about 1.5, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9,
about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18,
about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27,
about 28, about 29, about 30, about 40, about 45, about 50, about 60, about 70, about 80,
about 90 or about 100 mg/kg, per day, on at least one of day 1, 2, 3, 4,5,6,7,8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21 , 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, or 40, or alternatively, at least one of week 1, 2, 3,4,5,6,7,8,9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 after initiation of treatment, or any combination thereof, using
single or divided doses at every 24, 12, 8, 6, 4, or 2 hours, or any combination thereof.

[0127] In some embodiments, the one or more oligonucleotide (or a composition thereof)
may be administered in combination with at least one therapy (e.g., an anti-cancer agent, a
radiation therapy, surgery, an allogenic stem cell transplant therapy, or an autologous stem
cell transplant therapy). In some embodiments, the combination is administered sequentially.
For example, a one or more oligonucleotide described herein may be administered about 1,
2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 days, or alternatively, about 1, 2, 3, 4,5, 6, 7,
8,9,10,11,12,13, 14, 15, 16, 17, 18, 19 or 20 weeks apart from the asministration of the at
least one therapy during combination treatment. In some embodiments, the combination is

administered simultaneously. For example, a one or more oligonucleotide described herein
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may be administered about 0.5,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, or 59 minutes, or alternatively, about
1,2,3,4,56,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 hours apart
from the administration of the at least one therapy during combination treatment.

[0128] In another embodiment, the therapeutically effective amount of said one or more
oligonucleotide (or compositions thereof) is administered as part of a salvage therapy in
treating an individual wherein the cancer has become refractory to other treatment for cancer.
In some embodiments, the individual relapsed after treatment with one or more of
bortezomib, cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide,
melphalan, pegylated interferon-alpha, prednisone, thalidomide, and vincristine.

[0129] Without being bound by theory, it is believed that CSCs give rise to the relapse and/or
metastasis of a cancer following treatment of the primary tumor. In some aspects, methods of
treatment as described herein (e.g., a method for suppressing or preventing metastasis of a
cancer, etc.) eliminates or supresses cancer stem cells. In some embodiments, the
oligonucleotides disclosed herein can kill or inhibit cancer stem cells (CSCs) to suppress
metastasis, prevent metastasis or prevent relapse of a cancer in an individual. In some
embodiments, the individual has been previously treated for cancer with a therapy. In one
embodiment, the oligonucleotides disclosed herein can kill or inhibit cancer stem cells
(CSCs) that are resistant to treament (e.g., chemotherapy). In one embodiment, treatment of
an individual with any one or more oligonucleotide disclosed herein (e.g., an oligonucleotide
complementary to an ASncmtRNA molecule) non-selectively inhibits, arrests, kills, or
abolishes the CSCs in the individual. In one embodiment, any one or more oligonucleotide
disclosed herein (e.g., an oligonucleotide complementary to an ASncmtRNA molecule)
reduces the number of CSCs in the individual as compared to an individual not administered
the oligonucleotide. In a further embodiment, the individual has been previously treated for
cancer with a therapy.

[0130] In any embodiments of the methods herein, any one or more oligonucleotide disclosed
herein (e.g., an oligonucleotide complementary to an ASncmtRNA molecule) inhibits tumor
growth and/or metastasis in the individual as compared to an individual not administered the
oligonucleotide.

[0131] In any of the embodiments of the methods herein (e.g., a method for suppressing or
preventing metastasis of a cancer, a method for treating or preventing relapse of a cancer, a

method for treating metaststic cancer, etc.), the cancer may be a solid cancer or a non-solid
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cancer. In any of the embodiments herein, the cancer is a solid cancer. Examples of solid
cancers contemplated herein include, without limitation, squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, adenocarcinoma of the lung, squamous carcinoma of
the lung, cancer of the peritoneum, hepatocellular cancer, gastrointestinal cancer, pancreatic
cancer, glioblastoma, brain cancer, cervical cancer, ovarian cancer, liver cancer, sarcoma,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial or
uterine carcinoma, oralpharyngeal cancer, salivary gland carcinoma, renal cancer, liver
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, gastric cancer,
melanoma, and various types of head and neck cancer.

[0132] In some embodiments, the cancer is associated with a human papilloma virus (HPV)
infection, also referred to herein as "HPV-associated cancer”, such as in cervical cancer,
oralpharyngeal cancer, and head and neck cancer. For example, one of the most important
risk factors for development of cervical cancer is an HPV infection. Over 100 strains of HPV
have been identified, however, only a subset are classified as high-risk (16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 68, 73, and 82) or probable high-risk (26, 53, and 66) types for the
development of cancer (Munoz et al., NEJM, 348:518-527, 2003). Of these HPV types,
HPV16 and HPV18 are reported to cause nearly 70% of all cervical cancer cases while HPV
31 and 35 cause another 10% of cervical cancer cases. See Walboomers et al., J Pathol.,
189(1):12-9, 1999. HPV-associated cancer can involve one or more of the following steps:
(1) initial HPV infection, (2) persistent HPV infection, (3) transforming HPV infection, in the
presence or absence of integration of HPV DNA into the host cell genome, (4) development
of precancerous lesions, (5) development of at least one primary tumor, and (6) development
of invasive cancer (e.g., metastatic cancer).

[0133] In some instances, the HPV-associated cancer is resistant to chemotherapeutic agents
regularly used for the treatment of cancer. For example, HPV 16-immortalized cervical cells
can develop resistance to cisplatin, paclitaxel, actinomycin D, doxrubucin, etoposide, and 5-
fluorouracil which presents a major obstacle in cancer treatment. See Ding et al., Int ]
Cancer, 15:87(6)818-23, 2000. In some embodiments herein, provided herein is one or more
oligonucleotide (or compositions thereof) for use in suppressing metastasis of a cancer in an
individual, wherein the cancer is resistant to a chemotherapeutic agent, and wherein the
cancer is an HPV-associated cancer. In some embodiments herein, provided herein is one or
more oligonucleotide (or compositions thereof) for use in treating or preventing relapse of a
cancer in an individual, wherein the cancer is resistant to a chemotherapeutic agent, and

wherein the cancer is an HPV-associated cancer. In some embodiments herein, provided
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herein is one or more oligonucleotide (or compositions thereof) for use in treating metastatic
cancer (such as relapsed metastatic cancer) in an individual, wherein the metastatic cancer is
resistant to a chemotherapeutic agent, and wherein the metastatic cancer is an HPV-
associated cancer. In some embodiments herein, provided herein is one or more
oligonucleotide (or compositions thereof) for use in treating a refractory cancer in an
individual. In some embodiments, the refractory cancer is a refractory HPV-associated
cancer. In some embodiments, the refractory HPV-associated cancer is resistant to a
chemotherapeutic agent. As used herein, the term "“refractory cancer” refers to a cancer (e.g.,
an HPV-associated cancer) that does not respond to treatment, for example, a cancer that is
resistant at the beginning of treatment (e.g., treatment with a chemotherapeutic agent) or a
cancer that may become resistant during treatment. In some embodiments, the
chemotherapeutic agent is selected from the group consisting of cisplatin, paclitaxel,
actinomycin D, doxrubucin, etoposide, and 5-fluorouracil. In some embodiments, the
chemotherapeutic agent is cisplatin. In some of the embodiments herein, the HPV-associated
cancer (e.g., a refractory HPV-associated cancer) is from an infection with one or more HPV
strains selected from the group consisting of HPV 16, HPV 18, HPV 31 and HPV 45. In
some of the embodiments herein, the HPV-associated cancer (e.g., a refractory HPV-
associated cancer) is from an infection with the HPV strain HPV 45. In some embodiments,
the one or more oligonucleotide is complementary to the SncmtRNA molecule encoded by a
nucleotide sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, and
SEQ ID NO:3. In some embodiments, the one or more oligonucleotide is complementary to
the ASncmtRNA molecule encoded by a nucleotide sequence selected from the group
consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In some embodiments, the
one or more oligonucleotide comprises a nucleotide sequence selected from the group
consisting of SEQ ID NOs:7-198. In some embodiments, the one or more oligonucleotide
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:36,
197 and 198.

[0134] In some embodiments, provided herein is one or more oligonucleotide (or
compositions thereof) for use in treating a refractory cancer in an individual. In some
embodiments, the refractory cancer is resistant to a chemotherapeutic agent. In some
embodiments, the chemotherapeutic agent is cisplatin. In some embodiments, the refractory
cancer is a solid cancer disclosed herein. For example, the refractory solid cancer may be one
or more of bladder cancer, brain cancer, breast cancer, cervical cancer (e.g., a refractory

HPV-associated cervical cancer), colon cancer, endometrial cancer, esophageal cancer,
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gastric cancer, liver and bile duct cancer, lung cancer, melanoma, oral cancer, ovarian cancer,
pancreatic cancer, pharynx cancer, prostate cancer, renal cancer, testicular cancer, or thyroid
cancer. In some embodiments, the refractory cancer is a non-solid cancer disclosed herein.
For example, the refractory cancer may be one or more of multiple myeloma, leukemia, or
lymphoma.

[0135] In any of the embodiments herein, the cancer is a non-solid cancer. “Non-solid
cancer” refers to a hematological malignancy involving abnormal growth and/or metastasis of
a blood cell. Examples of non-solid cancers contemplated herein include, without limitation,
multiple myeloma, acute myeloid leukemia, acute lymphoblastic leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, acute nonlymphocytic leukemia,
acute granulocytic leukemia, chronic granulocytic leukemia, acute promyelocytic leukemia,
adult T-cell leukemia, aleukemic leukemia, a leukocythemic leukemia, basophylic leukemia,
blast cell leukemia, bovine leukemia, chronic myelocytic leukemia, leukemia cutis,
embryonal leukemia, eosinophilic leukemia, Gross' leukemia, hairy-cell leukemia,
hemoblastic leukemia, hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia,
acute monocytic leukemia, leukopenic leukemia, lymphatic leukemia, lymphoblastic
leukemia, lymphocytic leukemia, lymphogenous leukemia, lymphoid leukemia,
lymphosarcoma cell leukemia, mast cell leukemia, megakaryocytic leukemia,
micromyeloblastic leukemia, monocytic leukemia, myeloblastic leukemia, myelocytic
leukemia, myeloid granulocytic leukemia, myelomonocytic leukemia, Naegeli leukemia,
plasma cell leukemia, plasmacytic leukemia, promyelocytic leukemia, Rieder cell leukemia,
Schilling's leukemia, stem cell leukemia, subleukemic leukemia, undifferentiated cell
leukemia, idiopathic myelofibrosis, lymphoma (such as Non-Hodgkin's lymphoma, and
Hodgkin's lymphoma) , and myelodysplastic syndrome.

[0136] The methods disclosed herein can be practiced in an adjuvant setting. "Adjuvant
setting” can refers to a clinical setting in which an individual has had a history of cancer, and
generally (but not necessarily) been responsive to therapy, which includes, but is not limited
to, surgery (such as surgical resection), radiotherapy, and chemotherapy. However, because
of their history of the cancer (such as melanoma or colon cancer), these individuals are
considered at risk of development of cancer. Treatment or administration in the “adjuvant
setting” refers to a subsequent mode of treatment. The degree of risk (i.e., when an
individual in the adjuvant setting is considered as “high risk” or “low risk”) depends upon

several factors, most usually the extent of disease (cancer) when first treated.
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[0137] The present invention is accordingly directed to methods for inhibiting the symptoms
or conditions (disabilities, impairments) associated with cancer (e.g., metastatic cancer or
relapsed cancer) as described in detail below. As such, it is not required that all effects of the
condition be entirely prevented or reversed, although the effects of the presently disclosed
methods likely extend to a significant therapeutic benefit for the individual. As such, a
therapeutic benefit is not necessarily a complete prevention or cure for the condition, but
rather, can encompass a result which includes reducing or preventing the symptoms that
result from cancer (e.g., metastatic cancer or relapsed cancer), reducing or preventing the
occurrence of such symptoms (either quantitatively or qualitatively), reducing the severity of
such symptoms or physiological effects thereof, and/or enhancing the recovery of the
individual after experiencing cancer (e.g., metastatic cancer or relapsed cancer) symptoms.
[0138] Specifically, the therapies (e.g., one or more oligonucleotide) of the present invention,
when administered to an individual, can treat or prevent one or more of the symptoms or
conditions associated with cancer (e.g., metastatic cancer or relapsed cancer) and/or reduce or
alleviate symptoms of or conditions associated with this disorder. As such, protecting an
individual from the effects or symptoms resulting from cancer (e.g., metastatic cancer or
relapsed cancer) includes both preventing or reducing the occurrence and/or severity of the
effects of the disorder and treating a patient in which the effects of the disorder are already
occurring or beginning to occur. A beneficial effect can easily be assessed by one of ordinary
skill in the art and/or by a trained clinician who is treating the patient. Preferably, there is a
positive or beneficial difference in the severity or occurrence of at least one clinical or
biological score, value, or measure used to evaluate such individual in those who have been
treated with the methods of the present invention as compared to those that have not. For
example, the at least one clinical or biological score, value, or measure used to evaluate such
an individual is the capability of cells (e.g., cancer stem cells) taken from a primary tumor, a
secondary tumor, a biopsy, or ascites fluid of an individual to form spheres in a sphere
formation assay. Methods for purifying cells such as cancer stem cells from tumors or other
biological samples are well known in the art such as in U.S. Patent No. 8,614,095, the
disclosure of which is incorporated by reference herein in its entirety. In an exemplary
sphere formation assay, a tumor is surgically removed from a subject and minced with a
scalpel into fragments of approximately 2 to 3 mm3. The fragments are washed with a buffer
(e.g., PBS) and then incubated with buffer containing sodium hypochlorite. The tumor tissue
fragments are washed with buffer and digested with PBS and digested with a medium

containing one or more of collagenase I, collagenase IV, dispase, hyaluronidase and DNAase.
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The cell suspension is centrifuged and the pellet is suspended in buffer containing BFGF and
EGF. The cells are washed to remove serum and suspended in medium supplemented with
human EGF, human BFGF, B27 supplement without vitamin A, hydrocortisone, insulin, and
N2 supplement. The cells are subsequently cultured in non-adherent plates. After 10 days in
culture, spheres of 100 to 200 um in diameter are obtained and counted. The spheres can be
further expanded clonally, or injected into a subject to observe the capability of tumor
formation. In some embodiments, an individual that has received an effective amount of one
or more oligonucleotide (or compositions thereof) disclosed herein, alone or in combination
with at least one therapy disclosed herein, has reduced sphere formation as compared to an

individual not treated with the oligonucleotides of the present invention.

VI.  Atrticles of Manufacture or Kits

[0139] In another aspect, an article of manufacture or kit is provided wchich comprises one
or more oligonucleotide described herein. The article of manufacture or kit may further
comprise instructions for use of the one or more oligonucleotide in the methods of the
invention. Accordingly, in certain embodiments, the article of manufacture or kit comprises
instructions for use of one or more oligonucleotide complementary to an antisense non-
coding chimeric mitochondrial RNA (ASncmtRNA) molecule or a sense non-coding
chimeric mitochondrial RNA (SncmtRNA) molecule in methods for suppressing metastasis
of a cancer, preventing or treating relapse of a cancer, and/or treating metastatic cancer in an
individual comprising administering to the individual an effective amount of the one or more
oligonucleotide. In certain embodiments, the individual has been previously treated for
cancer with a therapy (e.g., chemotherapy, radiation therapy, surgery, or combinations
thereof). In some embodiments, the article of manufacture or kit comprises instructions for
use of one or more oligonucleotide complementary to an antisense non-coding chimeric
mitochondrial RNA (ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial
RNA (SncmtRNA) molecule in methods for treating a refractory cancer (e.g., a refractory
HPV-associated cancer) in an individual comprising administering to the individual an
effective amount of the one or more oligonucleotide.

[0140] The article of manufacture or kit may further comprise a container. Suitable
containers include, for example, bottles, vials (e.g., dual chamber vials), syringes (e.g., single
or dual chamber syringes), IV bags, and test tubes. The container may be formed from a
variety of materials such as glass or plastic. The container holds the composition (e.g.,

pharmaceutical formulation).
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[0141] The article of manufacture or kit may further comprise a label or package insert,
which is on, or associated with the container and may indicate directions for reconstitution
and/or use of the composition (e.g., pharmaceutical formulation). The label may further
indicate that the formulation is useful or intended for intravenous, subcutaneous, or other
modes of administration for suppressing metastasis of a cancer, preventing or treating relapse
of a cancer, and/or treating metastatic cancer in an individual. In other embodiments, the
label may further indicate that the formulation is useful or intended for intravenous,
subcutaneous, or other modes of administration for treating a refactory cancer (e.g., a
refractory HPV-associated cancer) in an individual. The container holding the formulation
may be a single-use vial or a multi-use vial, which allows for repeat administrations (e.g.,
from 2-6 administrations) of the reconstituted composition (e.g., pharmaceutical
formulation). The article of manufacture or kit may further comprise a second container
comprising a suitable diluent. The article of manufacture or kit may further include other
materials desirable from a commercial, therapeutic, and user standpoint, including other
buffers, diluents, filters, needles, syringes, and package inserts with instructions for use.
[0142] The article of manufacture of kit described herein optionally further comprises a
container comprising a second therapeutic composition (e.g., an anti-cancer agent). For
example, the article of manufacture or kit can comprise one or more oligonucleotide as a first
composition (e.g., a first pharmaceutical composition) and an anti-cancer agent as a second
composition (e.g., a second pharmaceutical composition). In some embodiments, the kit
further comprises instructions for use of the one or more oligonucleotide in combination with
the anti-cancer agent in the methods of the invention. An exemplary anti-cancer agents may
be remicade, docetaxel, celecoxib, melphalan, dexamethasone, steroids, gemcitabine,
cisplatinum, temozolomide, etoposide, cyclophosphamide, temodar, carboplatin,
procarbazine, gliadel, tamoxifen, topotecan, methotrexate, gefitinib, taxol, taxotere,
fluorouracil, leucovorin, irinotecan, xeloda, CPT-11, interferon alpha, pegylated interferon
alpha, capecitabine, cisplatin, thiotepa, fludarabine, carboplatin, liposomal daunorubicin,
cytarabine, doxetaxol, pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine, vinorelbine,
zoledronic acid, palmitronate, biaxin, busulphan, prednisone, bortezomib, bisphosphonate,
arsenic trioxide, vincristine, doxorubicin, paclitaxel, ganciclovir, adriamycin, estrainustine

sodium phosphate, sulindac, and/or etoposide.
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VIL Additional Exemplary Embodiments

[0143] The present application in some embodiments provides a method of treatment for a
refractory cancer in an individual comprising administering to the individual an effective
amount of one or more oligonucleotide complementary to an antisense non-coding chimeric
mitochondrial RNA (ASncmtRNA) molecule or a sense non-coding chimeric mitochondrial
RNA (SncmtRNA) molecule, wherein the oligonucleotide is able to hybridize with the
chimeric mitochondrial RNA molecules to form a stable duplex.

[0144] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is sufficiently complementary to a human non-coding chimeric
mitochondrial RNA molecule comprising: a) an antisense 16S mitochondrial ribosomal RNA
covalently linked at its 5" end to the 3" end of a polynucleotide with an inverted repeat
sequence or b) a sense 16S mitochondrial ribosomal RNA covalently linked at its 5’ end to
the 3" end of a polynucleotide with an inverted repeat sequence.

[0145] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is complementary to the ASncmtRNA molecule encoded by a nucleotide
sequence selected from the group consisting of SEQ ID NO:4, SEQ ID NO:5, and SEQ ID
NO:6.

[0146] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is at least 85% complementary to the ASncmtRNA molecule encoded by
a nucleotide sequence selected from the group consisting of SEQ ID NO:4, SEQ ID NO:5,
and SEQ ID NO:6.

[0147] In some embodiments according to (or as applied to) any of the embodiments above,
the one or more oligonucleotide comprises a nucleotide sequence selected from the group
consisting of SEQ ID NOs:7-198.

[0148] In some embodiments according to (or as applied to) any of the embodiments above,
the one or more oligonucleotide comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NOs:36, 197 and 198.

[0149] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is administered in combination with at least one anti-cancer agent.
[0150] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide and the at least one anti-cancer agent is administered sequentially.
[0151] In some embodiments according to (or as applied to) any of the embodiments above,

the oligonucleotide and the at least one anti-cancer agent is administered simultaneously.
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[0152] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is administered in combination with a radiation therapy.

[0153] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide is administered in combination with surgery.

[0154] In some embodiments according to (or as applied to) any of the embodiments above,
the individual has been previously treated for cancer with a therapy comprising
chemotherapy, radiation therapy, surgery, or combinations thereof.

[0155] In some embodiments according to (or as applied to) any of the embodiments above,
the refractory cancer is a refractory HPV-associated cancer.

[0156] In some embodiments according to (or as applied to) any of the embodiments above,
the refractory HPV-associated cancer is one or more selected from the group consisting of:
cervical cancer, oralpharyngeal cancer, and head and neck cancer.

[0157] In some embodiments according to (or as applied to) any of the embodiments above,
the refractory HPV-associated cancer is resistant to a chemotherapeutic agent.

[0158] In some embodiments according to (or as applied to) any of the embodiments above,
the chemotherapeutic agent is one or more selected from the group consisting of: cisplatin,
paclitaxel, actinomycin D, doxrubucin, etoposide, and 5-fluorouracil.

[0159] In some embodiments according to (or as applied to) any of the embodiments above,
the refractory HPV-associated cancer is from an infection with one or more HPV strains
selected from the group consisting of: HPV 16, HPV 18, HPV 31 and HPV 45.

[0160] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide reduces the number of cancer stem cells in the individual as compared to
an individual not administered the oligonucleotide.

[0161] In some embodiments according to (or as applied to) any of the embodiments above,
the oligonucleotide inhibits tumor growth and/or metastasis in the individual as compared to
an individual not administered the oligonucleotide.

[0162] The invention will be more fully understood by reference to the following examples.
The examples, which are intended to be purely exemplary of the invention, should not be
construed as limiting the scope of the invention in any way. It is understood that the
examples and embodiments described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be suggested to persons skilled in the
art and are to be included within the spirit and purview of this application and scope of the

appended claims.
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EXAMPLES

Example 1: Treatment of HCT-116 Colon Cancer Cells and Primary Cultures of

Human Colon Cancer Cells with Antisense Oliconucleotides Complementary to
Antisense Non-Coding Chimeric Mitochondrial RNA Abolished Sphere Formation
[0163] In this study, the ability of cells, from both the HCT-116 colon cancer cell line and

primary cultures of human colon cancer cells derived from patients, to form spheroid bodies
following treatment with antisense oligonucleotides directed to antisense non-coding
chimeric mitochondrial RNA (ASncmtRNA) was determined. The assay utilized measured
the numbers of spheroid bodies, also referred to herein as spheres, based on the specific
ability of cancer stem cells to form these spheroid bodies.

Materials and Methods

Experimental Scheme:

[0164] FIG. 1 demonstrates a general scheme of the experimental procedure and the assay
utilized herein to measure the effect of antisense oligonucleotides targeted to ASncmtRNA on
the number of spheres formed in colon cancer cells, based on the specific ability of cancer
stem cells to form these spheroid bodies. Sphere formation was measured in HCT-116 colon
cancer cells and primary cultures of human colon cancer cells derived from patients.

Primary Cultures of Human Cancer Cells:

[0165] Biopsies of colon cancer were received post-surgery and with corresponding informed
consent of each patient. Pieces of tumors of about 500 mm3 were transferred to sterile tubes
of 50 ml containing DMEM medium. High-Glucose, GlataMax™ (GIBCO), 10% FCS
(Biological Industries), Fungizone® 1x, 2x antibiotic-antimycotic mix and gentamicin 25
ug/ml (Invitrogen). The biopsies were processed within 2 to 3 h post-surgery.

[0166] In order to disaggregate the tumor, a piece of colon tumor was minced with a scalpel
into fragments of approximately 2 to 3 mm3. The fragments were washed twice with PBS
and then incubated for 20 minutes with PBS containing 0.5% sodium hypochlorite. The
fragments were washed three times with PBS and digested with RPMI medium (Invitrogen)
containing 1mg/ml collagenase 1, 2mg/ml collagenase IV, 1mg/ml dispase, 20 pug/ml
hyaluronidase and 2000U/ml DNAase. The mix was incubated at 37°C for 60 min and with
constant stirring. Next, the cell suspension was centrifuged at 200 x g for 5 minutes and the
pellet was suspended in PBS and centrifuged again a 200 x g for 5 minutes. The pellet was
resuspended in DMEM/F12 containing 1x N2 supplement, 10 ng/ml BFGF and 20 ng/ml
EGF, for the formation of spheres.
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Culture of HCT-116 Cells:
[0167] HCT-116 cells were cultured according to standard protocols. HCT-116 cells

obtained from ATCC were grown in DMEM medium containing penicillin, gentamicin and
fungizone, with 10% FCS, at 37°C and with 5% CO2.

Selection of Tumor Cells by Sphere Formation and Adherence to Coated Plates:

[0168] Cells derived from colon cancer tumors or HCT-116 cultures were collected and
washed to remove serum and suspended in serum-free DMEM/F12 supplemented with 100
IU/mlI penicillin, 100 pug/ml streptomycin, 20 ng/ml human EGF, 20 ng/ml human BFGF, 2%
B27 supplement without vitamin A, hydrocortisone, insulin (Lonza) and N2 supplement
(Invitrogen, Carlsbad, CA, USA). The cells were subsequently cultured in non-adherent
plates (Corning Inc., Corning, NY, USA) at a density of about 5,000 cells/well or 1x105
cells in T25 flasks (Corning Inc. T25 3815). After 10 days in culture, spheres of 100 to 200
um in diameter were obtained. The medium containing the spheres were filtered using a 70
um nylon filter to eliminate single cells. The spheres were collected and dissociated with
trypsin-EDTA and mechanically disrupted with a pipette. The cells were then centrifuged to
remove the enzyme, washed once with DMEM medium containing 105 CFS and plated in
adherent plates coated with collagen I (Gibco) and cultured at 37°C and 5% CO2 as described
before.

Cell Transfection and Antisense Oligonucleotides:

[0169] Antisense oligonucleotides (ASOs) used in this study were synthesized by IDT
(Integrated DNA Technologies, USA), Invitrogen or Biosearch Inc. with 100%
phosphorothioate (PS) internucleosidic linkages. For transfection, cells were seeded into 12-
well plates (Nunc) at 50,000 cells/well. The next day, cells selected from colon cancer tumors
or from HCT-116 cultures (see Selection of tumor cells by sphere formation and adherence to
coated plates) were transfected with the antisense oligonucleotides (ASO 1107S: 5'-
GTCCTAAACTACCAAACC-3' (SEQ ID NO:197) or ASO 1537S: 5'-
CACCCACCCAAGAACAGG-3’ (SEQ ID NO:36), depending on the cell type) or a control
oligonucleotide (Control Oligo 154: 5"-AGGTGGAGTGGATTGGGG-3" (SEQ ID NO:199))
at a final concentration of 100 to 200 nM (depending on the cell type) using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s directions. In addition, a subset of cells
were left untreated or in the presence of only Lipofectamine 2000. Transfection was for 48

hours under normal culture conditions.
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Sphere Formation Assay:
[0170] At 48 hours post transfection, the cells were harvested, counted and 5,000 to 6,000
cells were cultured in non-adherent 6-well plates (Corning Inc., Corning, NY, USA) as
described before (described supra). After 10 days in culture, spheres of 100 to 200 pm in
diameter were obtained and counted.

Results
[0171] Sphere formation was unchanged in primary cultures of colon tumor cells following
no treatment, treatment with only Lipofectamine, or treatment with Control Oligo 154. But
sphere formation was abolished in these primary cells following treatment with ASO 1537S
(FIG. 2).
[0172] A primary culture of a colon tumor (patient TPT; 50,000 cells) was used to quantify
sphere formation and evaluate the effect of transfection with ASO 1537S on the capacity of
these cells to form spheres. The three groups of control cells (untreated, treated with
Lipofectamine only, or treated with Control Oligo 154) formed spheres (30 to 37 spheres)
equivalent to approximately 0.6% of the total number of cells seeded. Cells transfected with
ASO 1537S were unable to form spheres (FIG. 3).
[0173] Sphere formation was unchanged in cells from the HCT-116 colon tumor cell line
following no treatment, treatment with only Lipofectamine, or treatment with Control Oligo
154. However, sphere formation was abolished in these cells following treatment with ASO
1107S (FIG. 4).
[0174] The colon tumor cell line HCT-116 was used to quantify sphere formation and
evaluate the effect of transfection with ASO 1107S on sphere formation. The three groups of
control cells (untreated, treated with Lipofectamine only, or treated with Control Oligo 154)
formed spheres (100 to 160 spheres), equivalent to 0.3% of the total amount of cells seeded
(in this representative example 50,000 cells in T25 flasks). However, cells transfected with
ASO 1107S were not able to form spheres (FIG. 5).
[0175] Taken together, these results show that groups left untreated, treated with only
Lipofectamine, or transfected with a control oligonucleotide retained the ability to form
spheres. In contrast, primary colon tumor cells or HCT-116 colon cancer cells transfected
with antisense oligonucleotides lost their ability to form spheres. These results indicate that
the antisense oligonucleotides were able to kill cancer stem cells as indicated by the lack of
spehere formation upon treatment. Furthermore, these results also indicate that only a

fraction of all cells seeded were able to form spheres.
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Example 2: Treatment of a Cervical Cancer Cell Line and Primary Cultures of Human

Uterine Cervical Cancer Cells with Antisense Olisonucleotides Complementary to

Antisense Non-Coding Chimeric Mitochondrial RNA Abolished Sphere Formation

[0176] The ability of cervical cells from the SiHa cervical cancer cell line (transformed with
Human Papillomavirus 16 or HPV 16) and from primary cultures of human uterine cervical
cancer cells derived from patients to form spheroid bodies following treatment with antisense
oligonucleotides directed to antisense non-coding chimeric mitochondrial RNA
(ASncmtRNA) was determined. The assay utilized measured the numbers of spheroid
bodies, also referred to herein as spheres, which ared formed by cancer stem cells.

Materials and Methods

Experimental Scheme:

[0177] The experimental procedure and assay utilized herein measured the effect of antisense
oligonucleotides that were targeted to ASncmtRNA on the number of spheres formed by
cervical cancer cells (FIG. 6). Sphere formation was measured in the SiHa cervical cancer
cell line and primary cultures of human cervical cancer cells derived from patients (CerCa).
CerCa 1, CerCa 2 and CerCa 3 (transformed with Human Papillomavirus 45) were obtained
from patient biopsies.

Culture of SiHa cells:

[0178] SiHa cells were grown in DMEM, "High Glucose”, GlutaMAX™, containing
penicillin, gentamicin and fungizone, with 10% FCS at 37°C and with 5% COZ2.

Primary Cultures of Human Cancer Cells:

[0179] Biopsies of uterine cervical cancer were received post-surgery and with the
corresponding informed consent of each patient. Pieces of tumors of about 500 mm3 were
transferred to 50 mL sterile tubes containing DMEM medium, High-Glucose, GlataMax™
(GIBCO), 10% FCS (Biological Industries), Fungizone® 1x, 2x antibiotic-antimycotic mix
and gentamicin 25 pg/ml (Invitrogen). The biopsies were processed within 2 to 3 hhours
post-surgery.

[0180] In order to disaggregate the tumor, the tissue sample was placed on a 10 cm Petri dish
with 10 ml of sterile PBS (Gibco) and sliced with a scalpel into small pieces (1-3 mm3). The
pieces were transfered to 6 cm dishes together with 2 ml of medium containing 0.5%
Colagenase I, 0.5% Colagenase 11, 0.5% Colagenase IV (GIBCO), 0.5 % hialorunidase
(AppliChem), 0.1% Dispase (GIBCO), 0.05% DNase (AppliChem), 0.1% BSA (Rockland),
antibiotic-antimycotic 2x mix (GIBCO) and Fungizone® 2x (GIBCO). The fragments were

incubated at 37°C for 30 min and the cell suspension was centrifuged at 300 x g for 5
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minutes. The pellet was suspended in 5 ml MEGM™ medium containing 20 ng/ml of hEGF
20, hydrocortisone, insulin, GA-1000 (Lonza), 0.5x B-27 without vitamin A (Invitrogen), 20
ng/ml of FGFb (Invitrogen) and 5% CFB. The cells were cultured in a T25 flask coated with
collagen (BD Bioscience) at 37°C and with 5% CO2. The medium was changed every 48
hours.

Selection of Tumor Cells by Sphere Formation and Adherence to Coated Plates:

[0181] About 1x105 cells resuspended in MEGM™ medium supplemented with 20 ng/ml of
hEGF, hydrocortisone, insulin, GA-1000 (Lonza), 0.5x B-27 without vitamin A (Invitrogen),
20 ng/ml of FGFb (Invitrogen) without CFS were seeded on ultra-low adherence plates
(Corning). Ten days later, the spheres were counted under phase microscopy, collected and
filtered using a nylon mesh of 70 pm to discard single cells. The spheres were recovered from
the filter and seeded on 6-well plates (Corning) previously coated with collagen type 1
(Gibco) and cultured as described above. Three human primary cultures of cervical tumors,
CerCa 1, CerCa 2 and CerCa 3, were isolated.

Human papillomavirus (HPV) genotyping:

[0182] The different primary cultures were analyzed with the PGMY09/11 Linear Array
(Roche). The presence of HPV 16 was detected in CerCa 1 and CerCa 2 primary cell cultures
while HPV 45 was detected in the CerCa 3 primary cell culture.

Cell Transfection and Antisense Oligonucleotides:

[0183] Antisense oligonucleotides (ASOs) used in this study were synthesized by IDT
(Integrated DNA Technologies, USA), Invitrogen or Biosearch Inc. with 100%
phosphorothioate (PS) internucleosidic linkages. For transfection, cells were seeded into 12-
well plates (Nunc) at 5000 cells/well. The next day, cells selected from cervical cancer
tumors or from SiHa cells (See Selection of Tumor Cells by Sphere Formation and
Adherence to Coated Plates) were transfected with an antisense oligonucleotide (ASO 1537S:
5’-CACCCACCCAAGAACAGG-3’ (SEQ ID NO:36), depending of the cell type) or a
control oligonucleotide 154 (ASO-C: 5'-AGGTGGAGTGGATTGGGG-3'(SEQ ID
NO:199)) at a final concentration of 100 nM (SiHa cells) or 200 nM (CerCa cells) using
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s directions. In addition, a
subset of cells were left untreated (NT), transfected in the presence of Lipofectamine 2000
(LIPO) only, or incubated with 45 uM cisplatin (CISP). Transfection was conducted for 72

hours under normal culture conditions.
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Sphere Formation Assay:
[0184] At 72 hours post transfection, the cells were harvested, counted and 5,000 to 6,000
cells were cultured in non-adherent 6-well plates (Corning Inc., Corning, NY, USA) as
described above. After 10 days in culture, spheres of 100 to 200 um in diameter were
obtained and counted.

Results
[0185] Sphere formation was unchanged in primary cultures of cervical tumor cells following
no treatment (NT), treatment with only Lipofectamine (LIPO), or treatment with control
oligonucleotide 154 (ASO-C). In contrast, sphere formation was abolished in SiHa, CerCa 1,
CerCa 2 and CerCa 3 primary cultures following treatment with ASO 1537S (FIG. 7 and
FIG. 8). Sphere formation of SiHa, CerCa 1 and CerCa 2 cells (all infected with HPV 16) was
also abolished when cells were treated with the drug cisplatin (CISP) (45 uM) (FIG. 7 and
FIG. 8) while no effect was observed in CerCa 3 cells (infected with HPV 45) treated with
cisplatin.
Taken together, these results show that cervical cancer primary cultures (CerCa 1, CerCa 2
and CerCa 3 cells) and the cell line SiHa left untreated, treated with only Lipofectamine, or
transfected with a control oligonucleotide retained the ability to form spheres. In contrast,
primary cervical tumor cells or SiHa cells transfected with antisense oligonucleotides
targeted to the antisense non-coding chimeric mitochondrial RNA (ASncmtRNA) molecules
or sense non-coding chimeric mitochondrial RNA (SncmtRNA) molecule, lost their ability to
form spheres whether HPV 16 or HPV 45 positive. These results indicate that the antisense
oligonucleotides were able to kill cervical cancer stem cells as indicated by the lack of sphere
formation upon treatment. Moreover, treatment with the anti-cancer drug cisplatin abolished
sphere formation of SiHa, CerCa 1 and CerCa 2 cells (all HPV 16 positive) but not CerCa 3
that is infected with HPV 45 (FIG. 7 and FIG. 8). Therefore, these results indicate that the
antisense oligonuleotides are able to kill cervical cancer stem (CerCa 3 cells) resistant to
cisplatin treatment. See Tjalme et al., Am. J. Clin. Pathol., 137:161, 2012; de Sanjosé et al.,
Eur J Cancer., 49(16): 3450, 2013; Tjalma et al., IntJ Cancer., 132(4):854, 2013.

Example 3: Treatment of Mice with Antisense Oligconucleoitides Complementary to the

Antisense Non-Coding Chimeric Mitochondrial RNA Following Surgery to Remove

Intradermal Melanoma Tumors Prevented Relapse of Tumor Growth and Metastasis in

the Lungs and Liver
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[0186] One common clinical protocol for melanoma includes surgical resection follow by
systemic administration of drugs. Similar protocols are used in the practice of other tumors.
In the melanoma model presented in this representative example, B16F10 melanoma cells
(100,000 cells in 200 pl of saline) were injected subcutaneously on the back of C57BL/6
mice. About 11 to 12 days post-cell injection, tumors between 700 to 1,000 mm3 developed
(a 1,000 mm3 tumor in mice is considered equivalent to a 3,000 cc3 tumor in humans). At
this time, mice were randomly divided in two groups (Control Oligo ASO 154 and ASO
1560S (SEQ ID NO:198)) with similar tumor volume. Tumors were surgically resected under
anesthesia and the wound washed once with 250 pl containing 100 ug of ASO 1560S or ASO
154. After surgical suture, a bolus of 200 pl saline containing 100 pug of ASO 154 or ASO
1560S was applied into the cavity left by the tumor. Three days post-surgery, mice received
on alternative days, 3 intravenous (FIG. 9; 1st, 3rd, 5th arrows on timeline) or 3
intraperitoneal (FIG. 9; 2nd, 4th, 6th arrows on timeline) injections of 250 ul saline
containing 100 pg of either ASO 1560S or ASO 154. Tumor growth was measured twice a
week with a caliper.

[0187] Relapse of tumor growth in mice treated with ASO 154 was observed about 3 days
post-surgery and tumor volume of about 1,500 mm3 was reached on about the 25th day post-
cell injection (FIG. 9). These mice were euthanized under anesthesia, and the tumor and
other organs were fixed and saved for further studies. No relapse was observed in mice
treated with ASO 1560S targeted to the mouse ASncmtRNAs. At 130 days post-cell
injection, mice appeared healthy without the presence of detectable tumors and were
euthanized to collect organs. Livers and lungs were analyzed for the presence of metastatic
nodules.

[0188] Control mice (treated with Control Oligo ASO 154) showed the presence of cancer
relapse and metastatic black nodules in the lung and liver. In contrast, the lungs and livers of
the mice treated with ASO 15608 lacked the presence of metastatic nodules demonstrating

that ASO 1560S prevented or suppressed cancer relapse (FIG. 10).

Example 4: Intravenous Treatment of Mice with Antisense Olisonucleoitides

Complementary to the Antisense Non-Coding Chimeric Mitochondrial RNA Following

Surgery to Remove Intradermal Kidney Tumors Resulted in Absence of Tumor Relapse

and Complete Survival
[0189] 100,000 RENCA cells (ATCC ® CRL-2947™ mus musculus kidney renal

adenocarcina) were injected subcutaneously at day 0. At day 12, tumors of an average size of
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800 mm3 were removed and the site of the tumor was washed with 100 pg of Control Oligo
ASO 154 (4 animals) or ASO1560S (5 animals) in 200 pl, both formulated in liposomes. The
animals were sutured and intravenously injected at the site of the removed tumor with 100 pg
of ASO 154 (FIG. 11, squares) or ASO 1560S (FIG. 11, triangles), both formulated in
liposomes, in 250 pl. No further treatment was given. At day 40, (30 days post-surgery), all
the control animals had died with tumors of an average size of 1,200 mm3 and extensive
metastasis, while all animals treated with ASO 1560S had no tumors and were still alive at
day 61 (FIG. 11).

Example 5: Intraperitoneal Treatment of Mice with Antisense Olisonucleoitides

Complementary to the Antisense Non-Coding Chimeric Mitochondrial RNA Following
Surgery to Remove Intradermal Kidney Tumors Resulted in Absence of Tumor Relapse

and Complete Survival
[0190] 100,000 RENCA cells (ATCC ® CRL-2947™ mus musculus kidney renal

adenocarcina) were injected subcutaneously on day 0 in 8 mice. On day 11, tumors had an

average size of 800 mm3. Tumors of all animals were removed by surgery and divided in 2
groups. The wound of the control group was washed once with Control Oligo ASO 154
before suturing and the wound of the treated group was washed with ASO 1560S before
suturing. Post-suture, a bolus of 250 ul was intraperiotoneally injected in the place of where
tumor had grown: the control group was injected with ASO 154 and the treated group with
ASO 1560S. On days 13, 15, 17 and 19, intraperitoneal injections of 25 ug ASO 154 (FIG.
12, circles) or 25 ug ASO 1560S (FIG. 12, squares) formulated in liposomes were injected in
a volume of 250 pl. On days 14, 16 and 18, the mice were injected intravenously with the
same protocol. On day 22, all control animals had tumors larger than 1,200 mm3 and were

sacrificed. On day 60, all animals treated with ASO 1560S had no tumors and were still alive
(FIG. 12).

Example 6: Treatment of Mice with Antisense Oligonucleoitides Complementary to the

Antisense Non-Coding Chimeric Mitochondrial RNA Following Surgery to Remove

Intradermal Melanoma Tumors Resulted in Absence of Tumor Relapse and Complete

Survival
[0191] B16F10 melanoma cells (100,000 cells in 200 pl of RPMI medium) were injected into
mice subcutaneously on day 0. On day 11, surgery was carried out to remove tumors. The

tumor volumes varied from approximately 800 to 1200 mm3. The wound was washed once.
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Post-suture one bolus of 250 ul of oligo in liposomes was injected in the tumor site. On days
13, 15, 17, 19 and 21, a dose of 25 pg control ASO 154 naked (FIG. 13, squares), 25 pg of
control ASO 154 in liposomes (FIG. 13, circles), or 50 pug of ASO 154 in liposomes (FIG. 13,
triangles), each in a volume of 250 pl, was intraperitoneally injected in the mice. Other
groups of mice (6 mice per group) were injected in a similar manner as described above with
50 pg of ASO 1560 naked, 25 pg of ASO 1560S in liposomes or 50 ug of ASO 1560S in
liposomes (FIG. 13, diamonds).

[0192] Compared to mice treated with a control oligonucleotide, post-surgery treatment with
25 and 50ug intraperitoneal injections of ASO 1560S resulted in the absence of the

intradermal melanoma tumor relapse and complete survival (FIG. 13).

Example 7: Intraperitoneal or Intravenous Treatment of Mice with Antisense

Oligonucleotides Complementary to the Antisense Non-Coding Chimeric Mitochondrial

RNA Following Surgery to Remove Subcutaneous Bladder Carcinoma Tumors

Resulted in Absence of Tumor and Complete Survival

[0193] Twelve mice were injected subcutaneously with a 100, 000 MB49 cells (mouse
bladder cancer cells). After 15 days mice had tumors of an average diameter of 800 mma3.
Tumors were surgically removed (day 0) and a bolus of 200 ul containing 100 pg of ASO
154 (control) or ASO 15608 (active drug) was injected at the site of the surgery. Three days
post-surgery mice were divided in 2 groups and treated intraperitoneally or intravenously
with 100 pl injections containing ASO 154 (control group) or ASO 1560S (treated group) as
indicated in FIG. 14. Only one mouse treated intraperitoneally with ASO 1560S developed a
tumor. All the mice treated intravenously with ASO 1560S remained without tumors and
experienced full survival. Control animals treated with Control Oligo ASO 154 were
sacrificed at day 41 (FIG. 14).

Example 8: Treatment of Rag -/- Mice with Antisense Oliconucleotides Complementary

to the Antisense Non-Coding Chimeric Mitochondrial RNA Following Tumor Removal

of a Human Melanoma Resulted in Significant Elimination of Tumor Relapse and a

Large Increase in Survival

[0194] Rag -/- mice were injected with 5 million human A375 melanoma cells.
Approximately at 34 days post cell-injection, all mice developed tumors of about 700 mm3.

Mice were subjected to tumor removal surgery and divided randomly in two groups.
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[0195] Group 1 (control): the wound was washed with 50 ug of Control Oligo 154 (6 mice in
group) in a volume of 200 ul. Group 2 (therapy): the wound was washed with 50 pg of ASO
1537S (8 mice in group) (Sequence of the oligonucleotide provided in Example 1) in 200 ul.
After suturing, a bolus of 250 pl containing 50 pg of Control Oligo 154 (6 control mice) or
250 pl containing 50 pg of ASO Oligo 1537S was applied (8 therapy mice). Two days later
mice received 6 injections with Control Oligo 154 or ASO Oligo 1537S every other day. The
first injection was intraperitoneal and the second injection was in the tail vein.

[0196] On day 30 after surgery, the 6 mice treated with Control Oligo 154 had tumors on the
order of 2000 mm3 and were sacrificed (FIG. 15, circles). On day 57 after surgery, 4 out of
the 8 mice receiving ASO Oligo 1537S were without tumors (FIG. 15, triangles). On day 17
post surgery, 4 out of the 8 mice receiving ASO Oligo 1537S began to show small tumors
that grew slowly which at day 36 reached a size of about 500 mm3 (FIG. 15, squares). These
mice were again subjected to surgery to remove the tumors, and subsequently 2 mice died.
The other 2 mice were subjected to the same therapeutic protocol (alternating 3 injections
intraperitoneal and 3 injections intravenous) with 50 ug of ASO Oligo 1537S in 250 pl (FIG.
15).
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRILIVEGE IS CLAIMED IS DEFINED AS FOLLOWS:

1. Use of an effective amount of one or more oligonucleotide at least
85% complementary to a human non-coding chimeric mitochondrial RNA molecule
comprising:

a. an antisense 16S mitochondrial ribosomal RNA covalently linked at
its 5' end to the 3' end of a polynucleotide with an inverted repeat sequence or

b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5'

end to the 3' end of a polynucleotide with an inverted repeat sequence

to suppress metastasis of a cancer in an individual, wherein the one or more oligonucleotide
is able to hybridize with the chimeric mitochondrial RNA molecules to form a stable

duplex, and wherein the individual has been previously treated for cancer with a therapy.

2. Use of one or more oligonucleotide at least 85% complementary to a
human non-coding chimeric mitochondrial RNA molecule comprising:

a. an antisense 16S mitochondrial ribosomal RNA covalently linked at
its 5' end to the 3' end of a polynucleotide with an inverted repeat sequence or

b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5'
end to the 3' end of a polynucleotide with an inverted repeat sequence
in the manufacture of a medicament to suppress metastasis of a cancer in an individual,
wherein the one or more oligonucleotide is able to hybridize with the chimeric
mitochondrial RNA molecules to form a stable duplex, and wherein the individual has

been previously treated for cancer with a therapy.

3. The use according to any one of claims 1 to 2, wherein the one or
more oligonucleotide is at least 85% complementary to the antisense 16S mitochondrial
ribosomal RNA molecule encoded by a nucleotide sequence selected from the group

consisting of SEQ ID NO:203, SEQ ID NO:204. and SEQ ID NO:205.
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4. The use according to any one of claims 1 to 3, wherein the
oligonucleotide is at least 90%

complementary to the ASncmtRNA molecule encoded by a nucleotide
sequence selected from the group consisting of SEQ ID NO: 203, SEQ ID NO: 204, and SEQ
ID NO: 205.

5. The use according to any one of claims 1 to 3, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs:7-198.

6. The use according to any one of claims 1 to 5, wherein the one or
more oligonucleotide or the medicament is for administration in combination with at least

one anti-cancer agent.

7. The use according to claim 6, wherein the at least one anti-cancer
agent is selected from the group consisting of remicade, docetaxel, celecoxib, melphalan,
dexamethasone, steroids, gemcitabine, cisplatinum, temozolomide, etoposide,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, gefitinib, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,
interferon alpha, pegylated interferon alpha, capecitabine, cisplatin, thiotepa, fludarabine,
carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL.-2,
GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan,
prednisone, bortezomib, bisphosphonate, arsenic trioxide, vincristine, doxorubicin,

paclitaxel, ganciclovir, adriamycin, estrainustine sodium phosphate, sulindac, and etoposide.

8. The use according to claim 6, wherein the one or more oligonucleotide

or the medicament and the at least one anti-cancer agent is for administration sequentially.

9. The use according to claim 6, wherein the one or more oligonucleotide

or the medicament and the at least one anti-cancer agent is for administration simultaneously.
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10.  The use according to any one of claims 1 to 9, wherein the
oligonucleotide or the medicament is for administration in combination with a radiation

therapy.

11.  The use according to any one of claims 1 to 10, wherein the

oligonucleotide or the medicament is for administration in combination with surgery.

12.  The use according to any one of claims 1 to 11, wherein the
oligonucleotide or the medicament is for administration in combination with an allogenic

stem cell transplant therapy.

13. The use according to any one of claims 1 to 12, wherein the
oligonucleotide or the medicament is for administration in combination with an autologous

stem cell transplant therapy.

14.  The use according to any one of claims 1 to 13, wherein the individual
has been previously treated for cancer with a therapy comprising chemotherapy, radiation

therapy, surgery, or combinations thereof.

15.  The use according to any one of claims 1 to 14, wherein the cancer in
the individual relapsed after treatment with one or more of bortezomib, cyclophosphamide,
dexamethasone, doxorubicin, interferon-alpha, lenalidomide, meiphalan, pegylated

interferon-alpha, prednisone, thalidomide, and vincristine.

16.  The use according to any one of claims 1 to 15, wherein the cancer is

a solid cancer.

17.  The use according to claim 16, wherein the solid cancer is
glioblastoma, bladder cancer, brain cancer, breast cancer, cervical cancer, colon cancer,
endometrial cancer, esophageal cancer, gastric cancer, liver and bile duct cancer, lung
cancer, melanoma, oral cancer, ovarian cancer, pancreatic cancer, pharynx cancer, prostate

cancer, renal cancer, testicular cancer, or thyroid cancer.
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18.  The use according to any one of claims 1 to 15, wherein the cancer is

a non-solid cancer.

19.  The use according to claim 18, wherein the non-solid cancer is

multiple myeloma, leukemia, or lymphoma.

20.  The use according to any one of claims 1 to 19, wherein the one or
more oligonucleotide or the medicament reduces the number of cancer stem cells in the

individual.

21.  The use according to any one of claims 1 to 20, wherein the one or

more oligonucleotide is 10-50 nucleobases in length.

22.  The use according to any one of claims 1 to 20, wherein the one or

more oligonucleotide is 10-30 nucleobases in length.

23.  Use of an effective amount of one or more oligonucleotide at least
85% complementary to a human non-coding chimeric mitochondrial RNA molecule
comprising:

a. an antisense 16S mitochondrial ribosomal RNA covalently linked at
its 5' end to the 3' end of a poly nucleotide with an inverted repeat sequence or

b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5'

end to the 3' end of a polynucleotide with an inverted repeat sequence

to treat metastatic cancer in an individual, wherein the one or more oligonucleotide is able to
hybridize with the chimeric mitochondrial RNA molecules to form a stable duplex, and

wherein the individual has been previously treated for cancer with a therapy.

24.  Use of one or more oligonucleotide at least 85% complementary to a
human non-coding chimeric mitochondrial RNA molecule comprising:
C. an antisense 16S mitochondrial ribosomal RNA covalently linked at

its 5' end to the 3' end of a poly nucleotide with an inverted repeat sequence or
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a sense 16S mitochondrial ribosomal RNA covalently linked at its 5' end to

the 3' end of a polynucleotide with an inverted repeat sequence

in the manufacture of a medicament to treat metastatic cancer in an individual, wherein the
one or more oligonucleotide is able to hybridize with the chimeric mitochondrial RNA
molecules to form a stable duplex, and wherein the individual has been previously treated for

cancer with a therapy.

25. The use according to any one of claims 23 to 24, wherein the one or
more oligonucleotide is at least 85% complementary to the antisense 16S mitochondrial

ribosomal RNA molecule encoded by a nucleotide sequence selected from the group

consisting of SEQ ID NO:203, SEQ ID NO:204, and SEQ ID NO:205.

26.  The use according to claim 23 to 24 wherein the oligonucleotide is at
least 90% complementary to the ASncmtRNA molecule encoded by a nucleotide sequence
selected from the group consisting of SEQ ID NO: 203, SEQ ID NO: 204, and SEQ ID NO:
205.

27.  The use according to any one of claims 23 to 25, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs:7-198.

28.  The use according to any one of claims 23 to 27, wherein the one or
more oligonucleotide or the medicament is for administration in combination with at least

one anti-cancer agent.

29.  The use according to claim 28, wherein the at least one anti-cancer
agent is selected from the group consisting of remicade, docetaxel, celecoxib, melphalan,
dexamethasone, steroids, gemcitabine, cisplatinum, temozolomide, etoposide,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, gefitinib, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,

interferon alpha, pegylated interferon alpha, capecitabine, cisplatin, thiotepa, fludarabine,
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carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL.-2,
GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan,
prednisone, bortezomib, bisphosphonate, arsenic trioxide, vincristine, doxorubicin, paclitaxel,

ganciclovir, adriamycin, estrainustine sodium phosphate. sulindac, and etoposide.

30. The use according to claim 28, wherein the one or more
oligonucleotide or the medicament and the at least one anti-cancer agent is for administration

sequentially.

31. The use according to claim 28, wherein the one or more
oligonucleotide or the medicament and the at least one anti-cancer agent is for administration

simultaneously.

32. The use according to any one of claims 23 to 31, wherein the
oligonucleotide or the medicament is for administration in combination with a radiation

therapy.

33.  The use according to any one of claims 23 to 32, wherein the

oligonucleotide or the medicament is for administration in combination with surgery.

34. The use according to any one of claims 23 to 33, wherein the
oligonucleotide or the medicament is for administration in combination with an allogenic

stem cell transplant therapy.

35.  The use according to any one of claims 23 to 33, wherein the
oligonucleotide or the medicament is for administration in combination with an autologous

stem cell transplant therapy.

36.  The use according to any one of claims 23 to 35, wherein the
individual has been previously treated for cancer with a therapy comprising chemotherapy,

radiation therapy, surgery, or combinations thereof.
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37.  The use according to any one of claims 23 to 36, wherein the
metastatic cancer in the individual relapsed after treatment with one or more of bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, meiphalan,

pegylated interferon-alpha, prednisone, thalidomide, and vincristine.

38.  The use according to any one of claims 23 to 37, wherein the cancer

is a solid cancer.

39.  The use according to claim 38, wherein the solid cancer is
glioblastoma, bladder cancer, brain cancer, breast cancer, cervical cancer, colon cancer,
endometrial cancer, esophageal cancer, gastric cancer, liver and bile duct cancer, lung
cancer, melanoma, oral cancer, ovarian cancer, pancreatic cancer, pharynx cancer, prostate

cancer, renal cancer, testicular cancer, or thyroid cancer.

40.  The use according to any one of claims 23 to 37, wherein the cancer is

a non-solid cancer.

41.  The use according to claim 40, wherein the non-solid cancer is

multiple myeloma, leukemia, or lymphoma.

42.  The use according to any one of claims 23 to 41, wherein the one or

more oligonucleotide reduces the number of cancer stem cells in the individual.

43.  The use according to any one of claims 23 to 42, wherein the one or

more oligonucleotide is 10-50 nucleobases in length.

44.  The use according to any one of claims 23 to 42, wherein the one or

more oligonucleotide is 10-30 nucleobases in length.

45.  Use of an effective amount of one or more oligonucleotide at least
85% complementary to a human non-coding chimeric mitochondrial RNA molecule

comprising:

67

Date Regue/Date Received 2021-08-12



a. an antisense 16S mitochondrial ribosomal RNA covalently linked at its
5'end to the 3' end of a polynucleotide with an inverted repeat sequence or
b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5'

end to the 3' end of a polynucleotide with an inverted repeat sequence,

to suppress or treat metastatic cancer in an individual, wherein the one or more
oligonucleotide is able to hybridize with the chimeric mitochondrial RNA molecules to form

a stable duplex,

wherein the metastatic cancer is selected from the group consisting of glioblastoma,
bladder cancer, brain cancer, breast cancer, cervical cancer, colon cancer, endometrial
cancer, esophageal cancer, gastric cancer, liver and bile duct cancer, lung cancer, melanoma,
oral cancer, ovarian cancer, pancreatic cancer, pharynx cancer, prostate cancer, renal cancer,
testicular cancer, and thyroid cancer, and wherein the individual has been previously treated

for cancer with a therapy.

46.  The use according to claim 45, wherein the individual has been
previously treated for cancer with a therapy comprising chemotherapy, radiation therapy,

surgery, or combinations thereof.

47.  The use according to claim 45 or 46, wherein the individual has been

previously treated for cancer with a therapy and said therapy is surgery.

48.  The use according to any one of claims 45 to 47, wherein the one or
more oligonucleotide is at least 85% complementary to the antisense 16S mitochondrial
ribosomal RNA molecule encoded by a nucleotide sequence selected from the group

consisting of SEQ ID NO: 203, SEQ ID NO: 204, SEQ ID NO: 205.

49.  The use according to any one of claims 45 to 48, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs: 7-198.

68

Date Regue/Date Received 2021-08-12



50.  The use according to any one of claims 45 to 48, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs: 36, 54, 61, 65,70, 74, 76, 79, 81, 88, 197, and 198.

51.  The use according to claim 50, wherein the metastatic cancer is
selected from the group consisting of bladder cancer, cervical cancer, colon cancer, ovarian

cancer, melanoma, and renal cancer.

52.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO:36.

53.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 54.

54.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 61.

55.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 65.

56.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 70.

57.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 74.

58.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 76.

59.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 79.

60.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 81.
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61.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 88.

62.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 197.

63.  The use according to any one of claims 45 to 51, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 198.

64.  Use of an effective amount of one or more oligonucleotide at least
85% complementary to a human non-coding chimeric mitochondrial RNA molecule
comprising:

a. an antisense 16S mitochondrial ribosomal RNA covalently linked at its
5’ end to the 3’ end of a polynucleotide with an inverted repeat sequence or

b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5’

end to the 3’ end of a polynucleotide with an inverted repeat sequence,

to suppress or treat metastatic cancer in an individual, wherein the one or more
oligonucleotide is able to hybridize with the chimeric mitochondrial RNA molecules to form
a stable duplex,

wherein the metastatic cancer is a non-solid cancer selected from the group consisting
of multiple myeloma, acute myeloid leukemia, acute lymphoblastic leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, acute nonlymphocytic leukemia,
acute granulocytic leukemia, chronic granulocytic leukemia, acute promyelocytic leukemia,
adult T-cell leukemia, aleukemic leukemia, leukocythemic leukemia, leukemia bovine
leukemia, chronic myelocytic leukemia, leukemia complexion, embryonal leukemia,
eosinophilic leukemia, Gross' leukemia, hairy-cell leukemia, hemoblastic leukemia,
hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia, acute monocytic
leukemia, leukopenia leukemia, leukopenia lymphocymia , lymphocytic leukemia,
lymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast cell
leukemia, megakaryocytic leukemia, micromyeloblastic leukemia, monocytic leukemia,
myeloblastic leukemia, myelocytic leukemia, myeloid granulocytic leukemia,

myelomonocytic leukemia, Naegeli leukemia, plasma cell leukemia, plasmacytic leukemia,
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promyelocytic leukemia, Rieder cell leukemia, Schilling's leukemia, stem cell leukemia, stem
cell leukemia idiopathic myelofibrosis, Non-Hodgkin's lymphoma, Hodgkin's lymphoma,
and myelodysplastic syndrome, and

wherein the individual has been previously treated for cancer with a therapy.

65.  The use according to claim 64, wherein the individual has been
previously treated for cancer with a therapy selected from the group consisting of

chemotherapy, radiation therapy, surgery, and combinations thereof.

66.  The use according to any one of claims 64 to 65, wherein the one or
more oligonucleotide is at least 85% complementary to the antisense 16S mitochondrial
ribosomal RNA molecule encoded by a nucleotide sequence selected from the group

consisting of SEQ ID NO: 203, SEQ ID NO: 204, SEQ ID NO: 205.

67.  The use according to any one of claims 64 to 66, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs: 7-198.

68.  The use according to any one of claims 64 to 66, wherein the one or
more oligonucleotide comprises a nucleotide sequence selected from the group consisting of

SEQ ID NOs: 36, 54, 61, 65,70, 74, 76, 79, 81, 88, 197, and 198.

69.  The use according to any one of claims 64 to 68, wherein the non-solid
cancer is selected from the group consisting of multiple myeloma, acute myeloid leukemia,
acute lymphoblastic leukemia, chronic myelogenous leukemia, chronic lymphocytic
leukemia, hairy-cell leukemia, hemoblastic leukemia, stem cell leukemia, acute monocytic
leukemia, leukopenia leukemia, lymphocytic leukemia, lymphogenous leukemia, lymphoid

leukemia, Non-Hodgkin's lymphoma, and Hodgkin's lymphoma.

70.  Use of an effective amount of one or more oligonucleotide at least
85% complementary to a human non-coding chimeric mitochondrial RNA molecule

comprising:
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a. an antisense 16S mitochondrial ribosomal RNA covalently linked at its

5’ end to the 3’ end of a polynucleotide with an inverted repeat sequence or
b. a sense 16S mitochondrial ribosomal RNA covalently linked at its 5’

end to the 3’ end of a polynucleotide with an inverted repeat sequence,

to suppress or treat metastatic cancer in an individual, wherein the one or more
oligonucleotide is able to hybridize with the chimeric mitochondrial RNA molecules to form
a stable duplex,

wherein the metastatic cancer is selected from the group consisting of multiple myeloma,
leukemia, and lymphoma, and

wherein the individual has been previously treated for cancer with a therapy.

71.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO:36.

72.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 54.

73.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 61.

74.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 65.

75.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 70.

76.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 74.

77.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 76.

78.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 79.
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79.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 81.

80.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 88.

81.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 197.

82.  The use according to any one of claims 64 to 70, wherein the one or

more oligonucleotide comprises a nucleotide sequence of SEQ ID NO: 198.
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PRIMARY CULTURE OF COLON TUMOR
CELLS PLATED ON ADHERENT SURFACES

|

OR

COLON CANCER CELLS FROM HCT-116
LINE PLATED ON ADHERENT SURFACES

|

SELECTION OF TUMOR CELLS BY SPHERE FORMATION BY CULTURES ON NON-ADHERENT
PLATES FOLLOWED BY PLATING ON ADHERENT PLATES

IN VITRO TRANSFECTION OF CELLS WITH ANTISENSE OLIGOS 1107S OR 1537S, OR CONTROLS

AT 48 H POST-TRANSFECTION, 6,000 CELLS WERE COLLECTED AND
SEEDED IN NON-ADHERENT 6-WELL PLATES

10 TO 12 DAYS LATER, SPHERES WERECOUNTED. SPHERES OF
~200 pm FORMED IN THE CONTROL CULTURES BUT NOT IN THE
CULTURES TREATED WITH THE ANTISENSE OLIGOS
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