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METHODS AND COMPOSITIONS FOR THE INHIBITION OF GENE
EXPRESSION

This Application claims priority to copending patent applications serial numbers
10/858,164, filed 6/1/04, 10/858,341, filed 6/1/04, 10/858,145, filed 6/1/04, 10/858,094,
filed 6/1/04, 10/858,013, filed 6/1/04, 10/858,146, filed 6/1/04, 60/611,974 filed 09/22/04,
and 60/637,212 filed 12/17/04.

FIELD OF THE INVENTION

The present invention relates to methods and compositions for the inhibition of gene
expression. In particular, the present invention provides oligonucleotide-based therapeutics

for the inhibition of oncogenes involved 1n cancers.

BACKGROUND OF THE INVENTION

Oncogenes have become the central concept in understanding cancer biology and
may provide valuable targets for therapeutic drugs. All oncogenes and their products
operate inside the cell. This makes protein-based drugs ineffective since their specificity
involves ligand-receptor recognition.

Antisense oligodeoxyribonucleotides (oligonucleotides) are under investigation of
therapeutic compound for specifically targeting oncogenes (Wickstrom, E. (ed). Prospects
for antisense nucleic acid therapy of cancer and Aids. New York: Wiley-Liss, Inc. 1991,
Murray, J. A. H. (ed). Antisense RNA and DNA New York: Wiley-Liss, Inc. 1992).
Antisense drugs are modified synthetic oligonucleotides that work by interfering with

ribosomal translation of the target mRNA. The antisense drugs developed thus far destroy

~ the targeted mRNA by binding to it and triggering ribonuclease H (RNase H) degradation of

mRNA. Oligonucleotides have a half-life of about 20 minutes and they are therefore
rapidly degraded in most cells (Fisher, T. L. ef al., Nucleic Acids Res. 21:3857-3865
(1993)). To increase the stability of oligonucleotides, they are often chemically modified,
e.g., they are protected by a sulfur replacing one of the phosphate oxygens in the backbone
(phosphorothioate) (Milligan, J. F. et al., J. Med. Chem. 36:1923-1937 (1993); Wagner, R.
W. et al., Science 260:1510-1513 (1993)). However, this modification can only slow the
degradation of antisense and therefore large dosages of antisense drug are required to be

effective.



10

15

20

25

30

CA 02569183 2006-11-29
WO 2005/118824 PCT/US2005/018993

Despite the optimism surrounding the use of antisense therapies, there are a number
of serious problems with the use of antisense drugs such as difficulty in getting a sufficient
amount of antisense into the cell, non-sequence-specific effects, toxicity due to the large
amount of sulfur containing phosphothioates oligonucleotides and their 1nabaility to get into
their target cells, and high cost due to continuous delivery of large doses. An additional
problem with antisense drugs has been their nonspecific activities.

What is needed are additional non-protein based cancer therapeutics that target
oncogenes. Therapeutics that are effective in low doses and that are non-toxic to the subject

are particularly needed.

SUMMARY OF THE INVENTION

The present invention relates to methods and compositions for the inhibition of gene
expression. In particular, the present invention provides oligonucleotide-based therapeutics
for the inhibition of oncogenes involved 1n cancers.

In some embodiments, the present invention provides a composition comprising a
first oligonucleotide that hybridizes under physiological conditions to the promoter region
of a bcl-3 gene (e.g., SEQ ID NOs: 1438, 3, 7, 8 or 9). In some embodiments, at least one
of the cytoéine bases in the first oligonucleotide 1s 5-methylcytosine. In some
embodiments, all of the cytosine bases 1n the first oligonucleotide are 5S-methylcytosine. In
some preferred embodiments, the hybridization of the first oligonucleotide to the promoter
region of a bcl-2 gene 1nhibits expression of the bcl-2 gene. In some embodiments, the bcl-
2 gene 1s on a chromosome of a cell, and the hybridization of the first oligonucleotide to the
promoter region of bcl-2 gene reduces proliferation of the cell. In some embodiments, the
composition further comprises a second oligonucleotide. In some embodiments, the at least
one (e.g. all) of the cytosines in the second oligonucleotide are 5-methylcytosine. In some
embodiments, the second oligonucleotide comprises SEQ ID NOs: 3, 7, 8 or 9, and 1s
different than the first oligonucleotide (e.g., 1f the second oligonucleotide has the sequence
of SEQ ID NO:3, the first oligonucleotide has a sequence other than SEQ ID NO:3, etc.). In
some embodiments, the second oligonucleotide hybridizes to a promoter region of a second
gene, wherein the second gene 1s not bcl-2. In some embodiments, the second gene 1s an
oncogene (€.g., c-ki-Ras, c-Ha-Ras, c-myc, Her-2, or TGF-).

In othér embodiments, the present invention provides a composition comprising an

oligonucleotide that hybridizes to a promoter region of a bcl-2 gene at a position comprising

between nucleotides 1-40 of SEQ ID NO:1, between nucleotides 161-350 of SEQ ID NO:1,
2
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between nucleotides 401-590 of SEQ ID NO:1 or between nucleotides 1002-1260 of SEQ
ID NO: 1.

In yet other embodiments, the present invention provides a method, comprising:
providing an oligonucleotide (e.g., SEQ ID NOs: 1438, 3, 7, 8, or 9); and a cell capable of
proliferation, and comprising a bcl-2 gene capable of being expressed; and introducing the
oligonucleotide to the cell. In some embodiments, the introducing results in the reduction
of proliferation of the cell. In certain embodiments, the introducing results in inhibition of
expression of the bcl-2 gene. In some embodiments, the cell 1s a cancer cell. In other
embodiments, the cell 1s in a host animal (e.g., a non-human mammal or a human). In some
embodiments, the oligonucleotide is introduced to the host animal at a dosage of between
0.01 pug to 100 g, and preferably at a dosage of between 1mg to 100 mg per kg of body
weight. In some embodiments, the oligonucleotide 1s introduced to the host animal one or
more times per day. In other embodiments, the oligonucleotide 1s introduced to the host
animal continuously. In still further embodiments, the cell i1s in cell culture. In some
embodiments, the method further comprises the step of introducing a test compound to the
cell. In some embodiments, the test compound 1s a known chemotherapy agent. In some
embodiments, the cancer 1s pancreatic cancer, colon cancer, breast cancer, bladder cancer,
lung cancer, leukemia, prostate, lymphoma, ovarian, or melanoma. In some embodiments,
at least one (e.g., all) of the cytosine bases in the oligonucleotide are 5-methylcytosine.

In some embodiments, the method further provides a drug delivery system. In some
embodiments, the drug delivery system comprises a liposome (e.g., a iposome comprising a
neutral lipid or a lipid like compound). In some embodiments, the drug delivery system
comprises a cell targeting component (e.g., a ligand or ligand like molecule for a cell
surface receptor or a nuclear receptor). In certain embodiments, the drug delivery system is
for use 1n vivo, and the oligonucleotide and the liposome are present in the ratio of from 2:1
to 1:3/1 ug to 100 mg per kg body weight.

" The present invention further provides a method, comprising: providing an
oligonucleotide that hybridizes to the promoter region of a bcl-2 gene; and a cell comprising
a bcl-2 gene; and introducing the oligonucleotide to the cell. In some embodiments, the
oligonucleotide comprises at least one CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair 1s S-methylcytosine. In some embodiments, the
oligonucleotide 1s complefely complementary to the promoter region of the bcl-2 gene. In
other embodiments, the oligonucleotide is partially complementary to the promoter region

of the bcl-2 gene. For example, in certain embodiments, the oligonucleotide contains one
3
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mismatch to the promoter region of the bcl-2 gene. In some preferred embodiments, the
oligonucleotide is complementary only to the promoter region of the bcl-2 gene and is not
completely complementary to other regions of the human genome. In some embodiments,
the oligonucleotide i1s between 10 nucleotides and 60, and preferably between 15 and 35
nucleotides in length.

In some embodiments, the method further provides a drug delivery system. In some
embodiments, the drug delivery system comprises a liposome (e.g., a liposome comprising a
neutral lipid or a lipid like compound). In some embodiments, the drug delivery system
comprises a cell targeting component (e.g., a ligand or ligand like molecule for a cell
surface receptor or a nuclear receptor). In certain embodiments, the drug delivery system 1is
for use 1n vivo, and the oligonucleotide and the liposome are present in the ratio of from 2:1
to 1:3/1 pg to 100 mg per kg body weight.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a bcl-2 gene. In some embodiments, the oligonucleotide comprises at
least one CG dinucleotide pair, wherein at least one of the cytosine bases in the CG
dinucleotide pair 1s 5-methylcytosine. In some embodiments, the oligonucleotide is
completely complementary to the promoter region of the bcl-2 gene. In other embodiments,
the oligonucleotide 1s partially complementary to the promoter region of the bcl-2 gene. For
example, 1n certain embodiments, the oligonucleotide contains one mismatch to the
promoter region of the bcl-2 gene. In some preferred embodiments, the oligonucleotide is
complementary only to the promoter region of the bcl-2 gene and is not completely
complementary to other regions of the human genome. In some embodiments, the
oligonucleotide 1s between 10 nucleotides and 60, and preferably between 15 and 35
nucleotides in length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a bcl-2 gene under
conditions such that expression of the bcl-2 gene 1s inhibited.

The present invention additionally provides a composition comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
bcl-2 gene located on a chromosome of a cell under conditions such that proliferation of the
cell 1s reduced.

The present invention also provides a composition comprising a first oligonucleotide

that hybridizes under physiological conditions to the promoter region of a bcl-2 gene, the
4
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oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises S-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
bcl-2 gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at least
one of the cytosine bases 1n the CG dinucleotide pair 1s S-methylcytosine; and instructions
for using the kit for reducing proliferation of a cell comprising a bel-2 gene on a
chromosome of the cell or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer 1n a subject and the instructions comprise
instructions for using the kit to treat cancer in the subject. In some embodiments, the
instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene 1n the sample; and detecting the presence or absence of
expression of an oncogene 1n the sample; introducing an oligonucleotide that hybridizes
under physiological conditions to the promoter region of an oncogene expressed in the
biological sample, the oligonucleotide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair is S-methylcytosine to the
subject.

The present invention additionally provides a method of inhibiting the expression of
a gene 1n a subject (e.g., for the treatment of cancer or other hyperproliferative disorders)
comprising providing an oligonucleotide that hybridizes under physiological conditions to
the promoter region of a gene involved in cancer or a hyperproliferative disorder expressed
1n the brological sample, the oligonucleotide comprising at least on CG dinucleotide pair,
whereln at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine; and administering the oligonucleotide to the subject under conditions such
that expression of the gene 1s inhibited. In some embodiments, the subject i1s a human.

In yet further embodiments, the present invention provides a method of screening
compounds comprising providing a cell comprising a suspected oncogene; and an

oligonucleotide that hybridizes to the promoter region of the gene; and introducing the
5
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oligonucleotide to the cell; and determining 1f proliferation of the cell is inhibited 1n the
presence of the oligonucleotide relative to the absence of the oligonucleotide. In some
embodiments, the cell is in culture (e.g., a cancer cell line). In other embodiments, the cell
1s in a host animal (e.g., a non-human mammai). In some embodiments, the method 1s a
high-throughput screening method.

Accordingly, in some embodiments, the present invention provides a composition
comprising a first oligonucleotide that hybridizes to the promoter region of a c-ki-Ras gene
under physiological conditions (e.g., SEQ ID NOs: 47, 48, 50 or 53). In certain
embodiments, at least one of the cytosine bases (e.g., all) of the first oligonucleotide are 5-
methylcytosine. In some embodiments, the hybridization of the first oligonucleotide to the
promoter region of c-ki-Ras gene inhibits expression of the c-ki-Ras gene. In certain
embodiments, the c-ki-Ras gene 1s on a chromosome of a cell, and the hybridization of the
first oligonucleotide to the promoter region of c-ki-Ras reduces proliferation of the cell. In
some embodiments, the composition further comprises a second oligonucleotide. In some
embodiments, the at least one of the cytosine bases 1n the second oligonucleotide 1s 5-
methylcytosine. In other embodiments, all of the cytosine bases in the second
oligonucleotide are 5-methylcytosine. In some embodiments, the second oligonucleotide
comprises SEQ ID NOs: 47, 48, 50 or 53, wherein the second oligonucleotide 1s different
than the first oligonucleotide (e.g., i1f the second oligonucleotide has the sequence of SEQ
ID NO:47, the first oligonucleotide has a sequence other than SEQ ID NO:47, etc.). In
certain embodiments, the second oligonucleotide hybridizes to a promoter region of a
second gene, wherein the second gene is not c-ki-Ras. In some embodiments, the second
gene 1S an oncogene (e.g., including, but not limited to, c-Ha-Ras, c-myc, Her-2, TGF-q,
and bcl-2).

In yet other embodiments, the present invention provides a composition comprising
an oligonucleotide that hybridizes to a promoter region of a c-ki-Ras gene at a position
comprising between nucleotides 1 and 289 of SEQ ID NO: 46 or between nucleotides 432
and 658 of SEQ ID NO: 46.

In other embodiments, the present invention provides a method, compnsing
providing an oligonucleotide that hybridizes to the promoter of a c-ki-Ras gene (e.g., an
oligonucleotide comprising SEQ ID NOs: 47, 48, 50 or 53); and a cell comprising a c-ki-
Ras gene that 1s capable of being expressed, and wherein the cell 1s capable of proliferation;
and introducing the oligonucleotide to the cell. In some embodiments, the oligonucleotide

comprising at least one CG dinucleotide pair, wherein at least one of the cytosine bases in
6
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the CG dinucleotide pair comprises 5-methylcytosine. In other embodiments, all of the
cytosine bases in the CG dinucleotide pairs of the oligonucleotide are 5-methylcytosine. In
some embodiments, the oligonucleotide hybridizes to a promoter region of a c-ki-Ras gene
at a position comprising between nucleotides 1 and 289 of SEQ ID NO: 46 or between
nucleotides 432 and 658 of SEQ ID NO: 46. In some embodiments, the oligonucleotide 1s
between 15 and 30 bases 1n length.

In some preferred embodiments, the introducing results in the reduction of
proliferation of the cell. In some embodiments, the introducing results in inhibition of
expression of the c-ki-Ras gene. In some embodiments, the cell is a cancer cell (e.g.,
including, but not limited to, pancreatic cancer, colon cancer, breast cancer, bladder cancer,
lung cancer, leukemia, prostate, lymphoma, ovarian, and melanoma). In some
embodiments, the cell 1s in a host animal. In some embodiments, the host animal 1s a non-
human mammal. In some embodiments, the oligonucleotide 1s introduced to the host
animal at a dosage of between 0.01 pug to 100 g, and preferably between 1mg to 100 mg per
kg of body weight. In some embodiments, the oligonucleotide 1s introduced to the host
animal one or more times per day. In other embodiments, the oligonucleotide 1s introduced
to the host animal continuously (e.g., for a period of between 2 hours and 2 weeks). In
other embodiments, the cell 1s 1n cell culture. In certain embodiments, the method further
comprises the step of introducing a test compound to the cell. In some embodiments, the
test compound 1s a known chemotherapy agent.

In some embodiments, the method further provides a drug delivery system. In some
embodiments, the drug delivery system comprises a liposome (e.g., a liposome comprising a
neutral hipid or a lipid like compound). In some embodiments, the drug delivery system
comprises a cell targeting component (e.g., a ligand or ligand like molecule for a cell
surface receptor or a nuclear receptor). In certain embodiments, the drug delivery system is
for use 1n vivo, and the oligonucleotide and the liposome are present in the ratio of from 2:1
to 1:3/1 ug to 100 mg per kg body weight.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a c-ki-Ras gene, wherein at least one (e.g., all) of the cytosine bases 1n
the oligonucleotide is 5-methylcytosine. In some embodiments, the oligonucleotide i1s
completely complementary to the promoter region of the c-ki-Ras gene. In other
embodiments, the oligonucleotide 1s partially complementary to the promoter region of the

c-ki-Ras gene. Fore example, in certain embodiments, the oligonucleotide contains one
7
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mismatch to the promoter region of the c-ki-Ras gene. In some preferred embodiments, the
oligonucleotide is complementary only to the promoter region of the c-ki-Ras gene and is
not completely complementary to other regions of the human genome. In some
embodiments, the oligonucleotide is between 10 nucleotides and 60, and preferably between
15 and 35 nucleotides 1n length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-ki-Ras gene
under conditions such that expression of the c-ki-Ras gene 1s inhibited.

The present invention additionally provides a composition comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-
ki-Ras gene located on a chromosome of a cell under conditions such that proliferation of
the cell 1s reduced.

The present invention also provides a composition comprising a first oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-ki-Ras gene, the
oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases 1n the CG dinucleotide pair comprises 5-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-
ki-Ras gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at
least one of the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and
instructions for using the kit for reducing proliferation of a cell comprising a c-ki-Ras gene
on a chromosome of the cell or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer 1n a subject and the instructions comprise
instructions for using the kit to treat cancer in the subject. In some embodiments, the
instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene 1n the sample; and detecting the presence or absence of
expression of an oncogene 1n the sample; administering an oligonucleotide that hybridizes

under physiological conditions to the promoter region of an oncogene expressed in the
8
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biological sample, the oligonucleotide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair comprises S-methylcytosine to
the subject.

The present invention additionally provides a method of inhibiting the expression of
a gene in a subject (e.g., for the treatment of cancer or other hyperproliferative disorders)
comprising providing an oligonucleotide that hybridizes under physiological conditions to
the promoter region of a gene involved in cancer or a hyperproliferative disorder expressed
in the biological sample, the oligonucleotide comprising at least on CG dinucleotide parr,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises S-
methylcytosine; and administering the oligonucleotide to the subject under conditions such
that expression of the gene is inhibited. In some embodiments, the subject 1s a human.

In yet further embodiments, the present invention provides a method of screening
compounds comprising providing a cell comprising a suspected oncogene; and an
oligonucleotide that hybridizes to the promoter region of the gene; and administering the
oligonucleotide to the cell; and determining if proliferation of the cell 1s inhibited 1n the
presence of the oligonucleotide relative to the absence of the oligonucleotide. In some
embodiments, the cell is in culture (e.g., a cancer cell line). In other embodiments, the cell
is in a host animal (e.g., a non-human mammal). In some embodiments, the method is a
high-throughput screening method.

In some embodiments, the present invention provides a composition comprising a
first oligonucleotide that hybridizes to the promoter region ot a c-myc gene under
physiological conditions (e.g., SEQ ID NOs: 110, 111, 112, 113, 114 or 115). In some
embodiments, at least one (e.g., all) of the cytosine bases in the first oligonucleotide 1s 5-
methylcytosine. In some preferred embodiments, the hybridization of the first
oligonucleotide to the promoter region of a c-myc gene inhibits expression of the c-myc
gene. In some embodiments, the c-myc gene 1s on a chromosome of a cell, and the
hybridization of the first oligonucleotide to the promoter region of the c-myc gene reduces
proliferation of the cell. In some embodiments, the composition further comprises a second
oligonucleotide. In some embodiments, at least one (e.g., all) of the cytosine bases 1n the
second oligonucleotide are 5-methylcytosine. In some embodiments, the second
oligonucleotide comprises SEQ ID NOs: 110, 111, 112, 113, 114 or 115, wherein the
second oligonucleotide 1s different from the first oligonucleotide (e.g., 1f the second
oligonucleotide has the sequence of SEQ ID NO: 110, the first oligonucleotide has a

sequence other than SEQ ID NO: 110, etc.). In some embodiments, the second
9
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oligonucleotide hybridizes to a promoter region of a second gene, wherein the second gene
is not c-myc. In some embodiments, the second gene is an oncogene (e.g., c-ki-Ras, c-Ha-
Ras, bcl-2, Her-2, or TGF-q).

The present invention further provides a composition comprising an oligonucleotide
that hybridizes to a promoter region of a c-myc gene at a position comprising between
nucleotides 3-124 of SEQ ID NO:108 or between nucleotides 165-629 of SEQ ID NO:108.

The present invention further provides a method, comprising: providing an
oligonucleotide that hybridizes to the promoter region of a c-myc gene under physiological
conditions (e.g., SEQ ID NOs: 110, 111,112,113, 114 or 115); and a cell comprising a c-
myc gene capable of expressing the c-myc gene, and wherein the cell 1s capable of
proliferation; and introducing the oligonucleotide to the cell. In some embodiments, the
introducing results in the reduction of proliferation of the cell. In certain embodiments, the
introducing results in inhibition of expression of the c-myc gene. In some embodiments, the
cell is a cancer cell. In other embodiments, the cell is 1n a host animal (e.g., a non-human
mammal or a human). In some embodiments, the oligonucleotide 1s introduced to the host
animal at a dosage of between 0.01 ug to 100 g, and preferably at a dosage of between 1mg
to 100 mg per kg of body weight. In some embodiments, the oligonucleotide 1s introduced
to the host animal one or more times per day. In other embodiments, the oligonucleotide i1s
introduced to the host animal continuously. In still further embodiments, the cell 1s 1n cell
culture. In some embodiments, the method further comprises the step of introducing a test
compound to the cell. In some embodiments, the test compound 1s a known chemotherapy
agent. In some embodiments, the cancer 1s pancreatic cancer, colon cancer, breast cancer,
bladder cancer, lung cancer, leukemia, prostate, lymphoma, ovarian, or melanoma.

In some embodiments, the method further provides a drug delivery system. In some
embodiments, the drug delivery system comprises a liposome (e.g., a liposome comprising a
neutral lipid or a lipid like compound). In some embodiments, the drug delivery system
comprises a cell targeting component (e.g., a ligand or ligand like molecule for a cell
surface receptor or a nuclear receptor). In certain embodiments, the drug delivery system 1s
for use in vivo, and the oligonucleotide and the liposome are present in the ratio of from 2:1
to 1:3/1 ug to 100 mg per kg body weight.

In some embodiments, at least one, and preferably all, of the cytosine bases 1n the
oligonucleotide are 5-methylcytosine. In some embodiments, the oligonucleotide 1s
between 10 nucleotides and 60, and preferably between 15 and 35 nucleotides in length. In

some embodiments, the oligonucleotide hybridizes to a promoter region of a c-myc gene at
10



10

15

20

25

30

CA 02569183 2006-11-29
WO 2005/118824 PCT/US2005/018993

a position comprising between nucleotides 3-124 of SEQ ID NO:108 or between
nucleotides 165-629 of SEQ ID NO:108.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a c-myc gene, the oligonucleotide comprising at least on CG
dinucleotide pair, wherein at least one of the cytosine bases in the CG dinucleotide pair
comprises 5S-methylcytosine. In some embodiments, the oligonucleotide 1s completely
complementary to the promoter region of the c-myc gene. In other embodiments, the
oligonucleotide is partially complementary to the promoter region of the c-myc gene. For
example, 1n certain embodiments, the oligonucleotide contains one mismatch to the
promoter region of the c-myc gene. In some preferred embodiments, the oligonucleotide 1s
complementary only to the promoter region of the c-myc gene and 1s not completely
complementary to other regions of the human genome. In some embodiments, the
oligonucleotide 1s between 10 nucleotides and 60, and preferably between 15 and 35
nucleotides in length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-myc gene under
conditions such that expression of the c-myc gene 1s inhibited.

The present invention additionally provides a composition comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-
myc gene located on a chromosome of a cell under conditions such that proliferation of the
cell 1s reduced.

The present invention also provides a composition comprising a first oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-myc gene, the
oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises S-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases 1in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-
myc gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at least
one of the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and

instructions for using the kit for reducing proliferation of a cell comprising a c-myc gene on
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a chromosome of the cell or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer in a subject and the instructions comprise
instructions for using the kit to treat cancer in the subject. In some embodiments, the
instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene 1n the sample; and detecting the presence or absence of
expression of an oncogene in the sample; administering an oligonucleotide that hybridizes
under physiological conditions to the promoter region of an oncogene expressed in the
biological sample, the oligonucleotide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair comprises S-methylcytosine to
the subject.

The present invention additionally provides a method of inhibiting the expression of
a gene in a subject (e.g., for the treatment of cancer or other hyperproliferative disorders)
comprising providing an oligonucleotide that hybridizes under physiological conditions to
the promoter region of a gene involved 1n cancer or a hyperproliferative disorder expressed
in the biological sample, the oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases 1in the CG dinucleotide pair comprises 5-
methylcytosine; and administering the oligonucleotide to the subject under conditions such
that expression of the gene is inhibited. In some embodiments, the subject 1s a human.

In yet further embodiments, the present invention provides a method of screening
compounds comprising providing a cell comprising a suspected oncogene; and an
oligonucleotide that hybridizes to the promoter region of the gene; and administering the
oligonucleotide to the cell; and determining if proliferation of the cell is inhibited in the
presence of the oligonucleotide relative to the absence of the oligonucleotide. In some
embodiments, the cell 1s 1n culture (e.g., a cancer cell line). In other embodiments, the cell
1s 1n a host animal (e.g., a non-human mammal). In some embodiments, the method is a
high-throughput screening method.

In some embodiments, the present invention provides a composition comprising a
first oligonucleotide that hybridizes to the promoter region of a c-Ha-ras gene under
physiological conditions (e.g., SEQ ID NOs: 67, 68, 69, 71, 73, 74, 76, 78, 84, 160, 161, or
162). In some embodiments, at least one of the cytosine bases in the first oligonucleotide is

5-methylcytosine. In some embodiments, all of the cytosine bases in the first
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oligonucleotide are 5-methylcytosine. In certain embodiments, the first oligonucleotide
hybridizes under physiological conditions to the promoter region of a c-Ha-ras gene. In
some preferred embodiments, the hybridization of the first oligonucleotide to the promoter
region of a c-Ha-ras gene inhibits expression of the c-Ha-ras gene. In some embodiments,
the c-Ha-ras gene 1s on a chromosome of a cell, and wherein the hybridization of the first
oligonucleotide to the promoter region of c-Ha-ras gene reduces proliferation of the cell. In
some embodiments, the composition further comprises a second oligonucleotide. In some
embodiments, the at least one (e.g. all) of the cytosines 1n the second oligonucleotide are 5-
methylcytosine. In some embodiments, the second oligonucleotide comprises SEQ ID
NOs: 67, 68, 69, 71, 73, 74, 76, 78, 84, 160, 161, or 162, wherein the first oligonucleotide 1s
different from the second oligonucleotide (e.g., if the second oligonucleotide has the
sequence of SEQ ID NO:67, the first oligbnucleotide has a sequence different than SEQ ID
NO:67, etc.). In some embodiments, the second oligonucleotide hybridizes to a promoter
region of a second gene, wherein the second gene 1s not c-Ha-ras. In some embodiments,
the second gene 1s an oncogene (e.g., c-ki-Ras, c-myc, bcl-2, Her-2, or TGF-o).

In other embodiments, the present invention provides a composition comprising an
oligonucleotide that hybridizes to a promoter region of a c-Ha-ras gene at a position
comprising between nucleotides 21-220 of SEQ ID NO:66, 233-860 of SEQ ID NO:66,
1411-1530 of SEQ ID NO:66 or between nucleotides 1631-1722 of SEQ ID NO:66.

In yet other embodiments, the present invention provides a method, comprising:
providing an oligonucleotide that hybridizes to the promoter region of a c-Ha-Ras gene
under physiological conditions (e.g., SEQ ID NOs: 67, 68, 69, 71, 73, 74, 76, 78, 84, 160,
161, or 162); and a cell comprising a c-Ha-ras gene capable of expression, and wherein the
cell 1s capable of proliferation; and introducing the oligonucleotide to the cell. In some
embodiments, the oligonucleotide 1s between 15 and 30 bases in length. In some
embodiments, the oligonucleotide hybridizes to the promoter region of the c-Ha-ras gene at
a position comprising between nucleotides 21-220 of SEQ ID NO:66, 233-860 of SEQ ID
NO:66, 1411-1530 of SEQ ID NO:66 or between nucleotides 1631-1722 of SEQ ID NO:66.

In some embodiments, the introducing results in the reduction of proliferation of the
cell. In certain embodiments, the introducing results in inhibition of expression of the c-Ha-
ras gene. In some embodiments, the cell is a cancer cell. In some embodiments, the cancer
1S pancreatic cancer, colon cancer, breast cancer, bladder cancer, lung cancer, leukemia,
prostate, lymphoma, ovarian, or melanoma. In other embodiments, the cell is in a host

animal (e.g., a non-human mammal or a human). In some embodiments, the
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oligonucleotide 1s introduced to the host animal at a dosage of between 0.01 pg to 100 g,
and preferably between 1mg to 100 mg per kg of body weight. In some embodiments, the
oligonucleotide 1s introduced to the host animal one or more times per day. In other
embodiments, the oligonucleotide 1s introduced to the host animal continuously (e.g., for a
period of between 2 hours and 2 weeks). In other embodiments, the cell 1s 1n cell culture.
In certain embodiments, the method further comprises the step of introducing a test
compound to the cell. In some embodiments, the test compound 1s a known chemotherapy
agent.

In some embodiments, the method further provides a drug delivery system. In some
embodiments, the drug delivery system comprises a liposome (e.g., a liposome comprising a
neutral lipid or a lipid like compound). In some embodiments, the drug delivery system
comprises a cell targeting component (e.g., a ligand or ligand like molecule for a cell
surface receptér or a nuclear receptor). In certain embodiments, the drug delivery system 1s
for use 1n vivo, and the oligonucleotide and the liposome are present in the ratio of from 2:1
to 1:3/1 ug to 100 mg per kg body weight.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a c-Ha-ras gene. In some embodiments, at least one (e.g., all) of the
cytosine bases 1n the oligonucleotide are 5-methylcytosine. In some embodiments, the
oligonucleotide 1s completely complementary to the promoter region of the c-Ha-ras gene.
In other embodiments, the oligonucleotide is partially complementary to the promoter
region of the c-Ha-ras gene. For example, in certain embodiments, the oligonucleotide
contains one mismatch to the promoter region of the c-Ha-ras gene. In some preferred
embodiments, the oligonucleotide 1s complementary only to the promoter region of the c-
Ha-ras gene and 1s not completely complementary to other regions of the human genome.
In some embodiments, the oligonucleotide is between 10 nucleotides and 60, and preferably
between 15 and 35 nucleotides 1n length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-Ha-ras gene
under conditions such that expression of the c-Ha-ras gene is inhibited.

The present invention additionally provides a composition comprising an

oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-

 Ha-ras gene located on a chromosome of a cell under conditions such that proliferation of

the cell 1s reduced.
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The present mvention also provides a composition comprising a first oligonucleotide
that hybridizes under physiological conditions to the promoter region of a c-Ha-ras gene,
the oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a c-
Ha-ras gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at
least one of the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and
instructions for using the kit for reducing proliferation of a cell comprising a c-Ha-ras gene
on a chromosome of the cell or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer in a subject and the instructions comprise
instructions for using the kit to treat cancer in the subject. In some embodiments, the
Instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene in the sample; and detecting the presence or absence of
expression of an oncogene in the sample; administering an oligonucleotide that hybridizes
under physiological conditions to the promoter region of an oncogene expressed in the
biological sample, the oligonucleotide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair comprises S-methylcytosine to
the subject.

The present invention additionally provides a method of inhibiting the expression of
a gene 1n a subject (e.g., for the treatment of cancer or other hyperproliferative disorders)
comprising providing an oligonucleotide that hybridizes under physiological conditions to
the promoter region of a gene involved in cancer or a hyperproliferative disorder expressed
in the biological sample, the oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises S-
methylcytosine; and administering the oligonucleotide to the subject under conditions such

that expression of the gene is inhibited. In some embodiments, the subject is a human.
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In yet further embodiments, the present invention provides a method of screening
compounds comprising providing a cell comprising a suspected oncogene; and an
oligonucleotide that hybridizes to the promoter region of the gene; and administering the
oligonucleotide to the cell; and determining if proliferation of the cell 1s inhibited in the
presence of the oligonucleotide relative to the absence of the oligonucieotide. In some
embodiments, the cell 1s i1n culture (e.g., a cancer celi line). In other embodiments, the cell
is in a host animal (e.g., a non-human mammal). In some embodiments, the method 1s a
high-throughput screening method.

In some embodiments, the present invention provides a composition comprising an
oligonucleotide comprising SEQ ID NOs: 31, 32, 35, 36, 37, or 38. In some embodiments,
the oligonucleotide comprises at least one CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine. In some
embodiments, all of the cytosine bases in all of the CG dinucleotide pairs of the
oligonucleotide are S-methylcytosine. In certain embodiments, the oligonucleotide
hybridizes under physiological conditions to the promoter region of a Her-2 gene. In some
preferred embodiments, the hybridization of the oligonucleotide to the promoter region of a
Her-2 gene inhibits expression of the Her-2 gene. In some embodiments, the Her-2 gene 1s
on a chromosome of a cell, and wherein the hybridization of the oligonucleotide to the
promoter region of a Her-2 gene reduces proliferation of the cell. In some embodiments,
the composition further comprises a second oligonucleotide. In some embodiments, the
second oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of
the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine. In some
embodiments, the second oligonucleotide comprises SEQ ID NOs: 31, 32, 35, 36, 37, or 38.
In some embodiments, the second oligonucleotide hybridizes to a promoter region of a
second gene, wherein the second gene is not Her-2. In some embodiments, the second gene
is an oncogene (e.g., c-ki-Ras, c-myc, bcl-2, c-Ha-ras, or TGF-a).

In other embodiments, the present invention provides a composition comprising an
oligonucleotide that hybridizes to a promoter region of a c-myc gene at a position
comprising between nucleotides 205-344 of SEQ ID NO:29 or between nucleotides 382-435
of SEQ ID NO:29.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the

promoter region of a Her-2 gene.
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In yet other embodiments, the present invention provides a method, comprising:
providing an oligonucleotide (e.g., SEQ ID NOs: 31, 32, 35, 36, 37, or 38) and a cell
comprising a Her-2 gene; and administering the oligonucleotide to the cell. In some
embodiments, the administering results in the reduction of proliferation of the cell. In
certain embodiments, the administration results in inhibition of expression of the Her-2
gene. In some embodiments, the cell is a cancer cell. In other embodiments, the cell is 1n a
host animal (e.g., a non-human mammal or a human). In some embodiments, the
oligonucleotide i1s administered to the host animal at a dosage of between 0.01 pg to 100 g,
and preferably at a dosage of between 1mg to 100 mg per kg of body weight. In some
embodiments, the oligonucleotide is administered to the host animal one or more times per
day. In other embodiments, the oligonucleotide i1s administered to the host animal
continuously. In still further embodiments, the cell 1s in cell culture. In some embodiments,
the method further comprises the step of administering a test compound to the cell. In some
embodiments, the test compound 1s a known chemotherapy agent. In some embodiments,
the cancer 1s pancreatic cancer, colon cancer, breast cancer, bladder cancer, lung cancer,
leukemia, prostate, lymphoma, ovarian, or melanoma. In some embodiments, the
oligonucleotide comprises at least one CG dinucleotide pair, wherein at least one, and
preferably all, of the cytosine bases 1n the CG dinucleotide pair comprises 5-
methylcytosine.

The present invention further provides a method, comprnsing providing an
oligonucleotide that hybridizes to the promoter region of a Her-2 gene; and a cell
comprising a Her-2 gene; and administering the oligonucleotide to the cell.

In still further embodiments, the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a Her-2 gene, the oligonucleotide comprising at least on CG
dinucleotide pair, wherein at least one of the cytosine bases in the CG dinucleotide pair
comprises 5-methylcytosine. In some embodiments, the oligonucleotide 1s completely
complementary to the promoter region of the Her-2 gene. In other embodiments, the
oligonucleotide 1s partially complementary to the promoter region of the Her-2 gene. For
example, 1n certain embodiments, the oligonucleotide contains one mismatch to the
promoter region of the Her-2 gene. In some preferred embodiments, the oligonucleotide 1s
complementary only to the promoter region of the Her-2 gene and 1s not completely

complementary to other regions of the human genome. In some embodiments, the
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oligonucleotide is between 10 nucleotides and 60, and preferably between 15 and 35
nucleotides 1n length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a Her-2 gene under
conditions such that expression of the Her-2 gene is inhibited.

The present invention additionally provides a composition comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
Her-2 gene located on a chromosome of a cell under conditions such that proliferaﬁon of the
cell 1s reduced.

The present invention also provides a composition comprising a first oligonucleotide
that hybridizes under physiological conditions to the promoter region of a Her-2 gene, the
oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases 1in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
Her-2 gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at
least one of the cytosine bases in the CG dinucleotide pair comprises S-methylcytosine; and
instructions for using the kit for reducing proliferation of a cell comprising a Her-2 gene on
a chromosome of the cell or inhibiting gene expression. In some embodiments, the
composition in the kit are used for treating cancer 1n a subject and the instructions comprise
instructions for using the kit to treat cancer in the subject. In some embodiments, the
instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene 1n the sample; and detecting the presence or absence of
expression of an oncogene in the sample; administering an oligonucleotide that hybridizes
under physiological conditions to the promoter region of an oncogene expressed in the
biological sample, the oligonucleotide comprising at least on CG dinucleotide pair, wherein
at least one of the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine to

the subject.
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The present invention additionally provides a method of inhibiting the expression of
a gene in a subject (e.g., for the treatment of cancer or other hyperproliferative disorders)
comprising providing an oligonucleotide that hybridizes under physiological conditions to
the promoter region of a gene involved in cancer or a hyperproliferative disorder expressed
in the biological sample, the oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine; and administering the oligonucleotide to the subject under conditions such
that expression of the gene 1s inhibited. In some embodiments, the subject 1s a human.

In yet further embodiments, the present invention provides a method of screening
compounds comprising providing a cell comprising a suspected oncogene; and an
oligonucleotide that hybridizes to the promoter region of the gene; and administering the
oligonucleotide to the cell; and determining 1f proliferation of the cell is inhibited 1n the
presence of the oligonucleotide relative to the absence of the oligonucleotide. In some
embodiments, the cell 1s 1n culture (€.g., a cancer cell line). In other embodiments, the cell
1s in a host animal (e.g., a non-human mammal). In some embodiments, the method is a
high-throughput screening method.

In some embodiments, the present invention provides a composition comprising an
oligonucleotide comprising SEQ ID NOs: 134, 136, 139, 140, 141, 142, 143, or 144. In
some embodiments, the oligonucleotide comprises at least one CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine. In some embodiments, all of the cytosine bases in all of the CG
dinucleotide pairs of the oligonucleotide are 5-methylcytosine. In certain embodiments, the
olhigonucleotide hybridizes under physiological conditions to the promoter region of a TGF-
o gene. In some embodiments, the hybridization of the oligonucleotide to the promoter
region of a TGF-«o gene inhibits expression of the TGF-o gene. In some embodiments, the
TGF-a gene 1s on a chromosome of a cell, and wherein the hybridization of the
oligonucleotide to the promoter region of a TGF-o gene reduces proliferation of the cell. In
some embodiments, the composition further comprises a second oligonucleotide. In some
embodiments, the second oligonucleotide comprising at least on CG dinucleotide pair,
wherein at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine. In some embodiments, the second oligonucleotide is selected from the
group consisting of SEQ ID NOs: 134, 136, 139, 140, 141, 142, 143, and 144. In other

embodiments, the second oligonucleotide hybridizes to a promoter region of a second gene,
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wherein the second gene is not TGF-c. In still further embodiments, the second gene is an
oncogene (¢€.g., ¢c-ki-Ras, c-Ha-Ras, bcl-2, Her-2, or c-myc).

In other embodiments, the present invention provides a composition comprising an
oligonucleotide that hybridizes to a promoter region of a c-myc gene at a position
comprising between nucleotides 1-90 of SEQ ID NO:131, between oligonucleotides 175-
219 of SEQ ID NO:131, between nucleotides 261-367 of SEQ ID NO:131, between
nucleotides 431-930 of SEQ ID NO:131, or between nucleotides 964-1237 of SEQ ID
NO:131.

In yet other embodiments, the present invention provides a composition comprising
an oligonucleotide that hybridizes under physiological conditions to the promoter region of
a TGF-a gene.

In still further embodiments, the present invention provides a method, comprising
providing an oligonucleotide (e.g., SEQ ID NOs: 134, 136, 139, 140, 141, 142, 143, or
144); and a cell comprising a TGF-a gene; and administering the oligonucleotide to the cell.
In some embodiments, the administering results in the reduction of proliferation of the cell.
In certain embodiments, the administration results 1n inhibition of expression of the TGF-«
gene. In some embodiments, the cell 1s a cancer cell. In other embodiments, the cell 1s 1n a
host animal (e.g., a non-human mammal or a human). In some embodiments, the
oligonucleotide 1s administered to the host animal at a dosage of between 0.01 pug to 100 g,
and preferably at a dosage of between 1mg to 100 mg per kg of body weight. In some
embodiments, the oligonucleotide 1s administered to the host animal one or more times per
day. In other embodiments, the oligonucleotide 1s administered to the host animal
continuously. In still further embodiments, the cell is in cell culture. In some embodiments,
the method further compnises the step of administering a test compound to the cell. In some
embodiments, the test compound 1s a known chemotherapy agent. In some embodiments,
the cancer 1s pancreatic cancer, colon cancer, breast cancer, bladder cancer, lung cancer,
leukemia, prostate, lymphoma, ovarian, or melanoma. In some embodiments, the
oligonucleotide comprises at least one CG dinucleotide pair, wherein at least one, and
preferably all, of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine.

The present invention further provides a method, comprising providing an
oligonucleotide that hybridizes to the promoter region of a TGF-« gene; and a cell

comprising a TGF-a gene; and administering the oligonucleotide to the cell.
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In still further erﬁbodiménts; the present invention provides a composition
comprising an oligonucleotide that hybridizes under physiological conditions to the
promoter region of a TGF-a gene, the oligonucleotide comprising at least on CG
dinucleotide pair, wherein at least one of the cytosine bases in the CG dinucleotide pair
comprises S-methylcytosine. In some embodiments, the oligonucleotide i1s completely
complementary to the promoter region of the TGF-a gene. In other embodiments, the
oligonucleotide 1s partially complementary to the promoter region of the TGF-o gene. For
example, 1n certain embodiments, the oligonucleotide contains one mismatch to the
promoter region of the TGF-« gene. In some preferred embodiments, the oligonucleotide is
complementary only to the promoter region of the TGF-a gene and 1s not completely
complementary to other regions of the human genome. In some embodiments, the
oligonucleotide 1s between 10 nucleotides and 60, and preferably between 15 and 35
nucleotides in length.

The present invention further provides a composition comprising an oligonucleotide
that hybridizes under physiological conditions to the promoter region of a TGF-« gene
under conditions such that expression of the TGF-a gene 1s inhibited.

The present invention additionally provides a composition coniprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
TGF-a gene located on a chromosome of a cell under conditions such that proliferation of
the cell 1s reduced.

The present invention also provides a composition comprising a first oligonucleotide
that hybridizes under physiological conditions to the promoter region of a TGF-« gene, the
oligonucleotide comprising at least on CG dinucleotide pair, wherein at least one of the
cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and a second
oligonucleotide, the second oligonucleotide comprising at least on CG dinucleotide pair,
whereiln at least one of the cytosine bases in the CG dinucleotide pair comprises 5-
methylcytosine.

In certain embodiments, the present invention provides a kit comprising an
oligonucleotide that hybridizes under physiological conditions to the promoter region of a
TGF-«a gene, the oligonucleotide comprising at least on CG dinucleotide pair, wherein at
least one of the cytosine bases in the CG dinucleotide pair comprises 5-methylcytosine; and
instructions for using the kit for reducing proliferation of a cell comprising a TGF-« gene on
a chromosome of the cell or inhibiting gene expression. In some embodiments, the

composition 1n the kit are used for treating cancer in a subject and the instructions comprise
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instructions for using the kit to treat cancer in the subject. In some embodiments, the
instructions are instructions required by the U.S. Food and Drug Agency for labeling of
pharmaceuticals.

The present invention also provides a method, comprising: providing a biological
sample from a subject diagnosed with a cancer; and reagents for detecting the present or
absence of expression of a oncogene in the sample; and detecting the presence or absence of
expression of an oncogene in the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>