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REGULATION OF ONCOGENES BY MICRORNAS
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Serial No. 60/606,855 filed

September 4, 2004 entitled “Regulation of Oncogenes by MicroRNAs” by
5 Frank J. Slack, Steven M. Johnson, Kristy L. Reinert, and Helge Grosshans.
STATEMENT REGARDING FEDERALLY FUNDED RESEARCH

The Federal Government has certain rights in this invention by virtue
of Grant No. IR01GM062594-01A1 and Grant No. 1IR01GM064701-01
from the National Institute of Health to Frank J. Slack.

10 BACKGROUND OF THE INVENTION

Cancer is a group of diseases characterized by uncontrolled growth
and spfead of abnormal cells. Cancer is caused by both external factors
(tobacco, chemicals, radiation, and infections organisms) and internal factors
(inherited mutations, hormones, immune conditions, and DNA damage).

15 These factors may act together or sequentially to initiate and/or promote
carcinogenesis. Cancer causes 1 of every 4 deaths and is the leading cause of
death in people under age 85 in the United States. Nearly half of all men and
a little over one third of all women in the U.S. will develop cancer during
their lifetimes. Today, millions of people are living with cancer or have had

20 cancer. The sooner a cancer is found and treatment begins, the better are the
chances for living for many years.

Lung cancer is the leading cause of cancer deaths for both men and
women in the United States. According to the American Cancer Society,
about 160,000 people die annually of this disease, with about 170,000 newly

25  diagnosed cases each year. Despite the use of surgery, chemotherapy, and
radiation, the survival rate for patients remains extremely poor (>15% over 5
years). As estimated by the American Cancer Society, the 5-year survival
rate for all cancers is about 64% for cancers diagnosed between 1995~2000.
However, the survival rate varies depending on cancer type and the stage of

30 cancer at time of detection. For example, the survival rate for brain, breast,
and colon cancer is 33, 88, and 63%, respectively for cancers diagnosed

between 1995-2000. Therefore, treatments in addition to the standard
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methods of treatment that include surgery, radiation, chemotherapy,
immunotherapy, and hormone therapy are needed.

Misregulation of genes that control cell fate determination often
contributes to cancer. Such altered genes are known as oncogenes.
Oncogenes are called proto-oncogenes when they are normal (i.e., not
mutated). Proto-oncogenes encode components of the cell's normal growth-
control pathway. Some of these components are growth factors, receptors,
signaling enzymes, and transcription factors.

Ras is one such oncogene. Mammalian ras genes code for closely
related, small proteins (H-ras, K-ras and N-ras). Ras is found in normal
cells, where it helps to relay signals by acting as a switch. When receptors
on the cell surface are stimulated (by a hormone, for example), Ras is
switched on and transduces signals that tell the cell to grow. If the cell-
surface receptor is not stimulated, Ras is not activated and so the pathway
that results in cell growth is not initiated. In about 30% of human cancers,
Ras is mutated so that it is permanently switched on, telling the cell to grow
regardless of whether receptors on the cell surface are activated or not. A
high incidence of ras gene mutations is found in all lung cancers and
adenocarcinomas (10% and 25%, respectively, K-ras), in malignant tumors
of the pancreas (80-90%, K-ras), in colorectal carcinomas (30-60%, K-ras),
in non-melanoma skin cancer (30-50%, H-ras), in hematopoietic neoplasia of
myeloid origin (18-30%, K-and N-ras), and in seminoma (25-40%, K-ras).
In other tumors, a mutant ras gene is found at a lower frequency: for
example, in breast carcinoma (0-12%, K-ras), glioblastoma and
neuroblastoma (0-10%, K- and N-ras).

Other oncogenes include members of the MYC family (c—MYC, N-
MYC, and L-MYC), which have been widely studied, and amplification of
myc genes has been found in a variety of tumor types including lung (c-
MYC, N-MYC, L-MYC), colon (c-MYC), breast (c-MYC), and
neuroblastoma (N-MYC). Genes that inhibit apoptosis have also been
identified as oncogenes. The prototype of these genes is BCL-2. Originally
identified at the chromosomal breakpoint in follicular lymphoma, this protein

was found to inhibit cell death rather than promote cell growth. BCL-2
2
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belongs to a family of intracellular proteins whose role is to regulate caspase
activation that leads to DNA fragmentation and cell death. In melanoma,
BCL-2 has been reported to be overexpressed in primary and metastatic
lesions and this phenotype is associated with tumor progression.

Micro RNAs (referred to as “miRNAs”) are small non-coding RNAs,
belonging to a class of regulatory molecules found in plants and animals that
control gene expression by binding to complementary sites on target
messenger RNA (mRNA) transcripts. miRNAs are generated from large
RNA precursors (termed pri-miRINAs) that are processed in the nucleus into
approximately 70 nucleotide pre-miRNAs, which fold into imperfect stem-
loop structures (Lee, Y., et al., Nature (2003) 425(6956):415-9) (Figure 1).
The pre-miRNAs undergo an additional processing step within the cytoplasm
where mature miRNAs of 18-25 nucleotides in length are excised from one
side of the pre-miRNA hairpin by an RNase III enzyme, Dicer (Hutvagner,
G., et al,, Science (2001) 12:12 and Grishok, A., et al., Cell (2001)
106(1):23-34). MiRNAs have been shown to regulate gene expression in
two ways. First, miRNAs that bind to protein-coding mRNA sequences that
are exactly complementary to the miRNA induce the RNA-mediated
interference (RNAi) pathway. Messenger RNA targets are cleaved by
ribonucleases in the RISC complex. This mechanism of miRNA-mediated
gene silencing has been observed mainly in plants (Hamilton, A.J. and D.C.
Baulcombe, Science (1999) 286(5441):950-2 and Reinhart, B.J., et al.,
MicroRNAs in plants. Genes and Dev. (2002) 16:1616-1626), but an
example is known from animals (Yekta, S., LH. Shih, and D.P. Bartel,
Science (2004) 304(5670):594-6). In the second mechanism, miRNAs that
bind to imperfect complementary sites on messenger RNA transcripts direct
gene regulation at the posttranscriptional level but do not cleave their mRNA
targets. MiRNAs identified in both plants and animals use this mechanism
to exert translational control of their gene targets (Bartel, D.P., Cell (2004)
116(2):281-97). '

Hundreds of miRNAs have been identified in the fly, worm, plant
and mammalian genomes. The biological role for the majority of the

miRNAs remains unknown because almost all of these were found through
3
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cloning and bioinformatic approaches (Lagos-Quintana, M., et al., Curr Biol
(2002) 12(9):735-9; Lagos-Quintana, M., et al., RNA (2003) 9(2): 175-179;
Lagos-Quintana, M., et al., Science (2001) 294(5543): 853-8; Lee, R.C. and
V. Ambros, Science (2001) 294(5543):862-4; Lau, N.C., et al., Science
(2001) 294(5543):858-62; Lim, L.P., et al., Genes Dev (2003) 17(8):991-
1008; Johnston, R.J. and O. Hobert, Nature (2003) 426(6968):845-9; and
Chang, S., et al. Nature (2004) 430(7001):785-9).

It is likely that these uncharacterized miRNAs act as important gene
regulators during development to coordinate proper organ formation,
embryonic patterning, and body growth, but this remains to be established.
In zebrafish, most miRNAs are expressed from organogenesis onward (Chen,
P.Y., et al., Genes Dev (2005) 19(11):1288-93 and Wienholds, E., et al.,
Science, (2005)).

The biological roles for several miRNAs have been elucidated.
These studies highlight the importance of these regulatory molecules in a
variety of developmental and metabolic processes. For example, the
Drosophila miRNA, bantam, was identified in a gain-of-function genetic
screen for factors that caused abnormal tissue growth (Brennecke, J., et al.,
Cell (2003) 113(1):25-36). Bantam was found to induce tissue growth in the
fly by both stimulating cell proliferation and inhibiting apoptosis
(Brennecke, J., et al., Cell (2003). 113(1):25-36). Although the proliferation
targets for bantam have not been identified, a pro-apoptotic gene, Aid, was
shown to have multiple bantam complementary sites in its 3’UTR. Since Aid
gene expression was repressed by the bantam miRNA, this implicates a role
for bantam in controlling apoptosis by blocking 4id function. Another
Drosophila miRNA, mir-14, was identified in a genetic screen for factors
that modified Reaper-induced apoptosis in the fly eye (Xu, P., et al., Curr
Biol (2003) 13(9):790-5). mir-14 was shown to be a strong suppressor of
apoptosis. In addition, mir-14 also appears to play a role in the Drosophila
stress response as well as in regulating fat metabolism. MiRNAs also
regulate Notch pathway genes in Drosophila (Lai, et al. Genes Dev (2005)
19(9):1067-80). A mammalian miRNA, mir-181, was shown to direct the
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differentiation of human B cells (Chen, C.Z., et al., Science (2004)
303(5654): 83-6), mir-373 regulates insulin secretion (Poy, M.N,, et al.,
Nature (2004) 432(7014):226-30), while other miRNAs regulate viral
infections (Lecellier, C.H., et al., Science (2005) 308(5721):557-60 and
Sullivan, C.S., et al., Nature (2005) 435(7042):682-6).

Studies to understand the mechanism of RNAi in C. elegans,
Drosophila and human cells have shown that the miRNA and RNAi
pathways may intersect (Grishok, A., et al. Cell (2001) 106(1):23-34 and
Hutvagner, G., et al., Science (2001) 293(5531):834-8). MiRNAs copurify
with components of the RNAI effector complex, RISC, suggesting a link
between miRNAs and siRNAs involved in RNAi (Mourelatos, Z., et al.,
Genes Dev (2002) 16(6):720-8; Hutvagner, G. and P.D. Zamore, Science
(2002) 297(5589):2056-60; and Caudy, A.A., et al., Nature (2003)
425(6956): 411-4). There is also an indication that some protein factors may
play a role in both the miRNA ribonucleoprotein (miRNP) and RISC and
others might be unique to the miRNP (Grishok, A., et al., Cell (2001) 106(1):
23-34 and Carmell, M.A., et al., Genes Dev (2002) 16(21): 2733-42). For
example, proteins of the argonaute/PAZ/PIWI family are components of both
RISC and miRNPs. There is also mounting evidence that genes encoding
these proteins are linked to cancer. h4go3, hAgol, and hAgo4 reside in
region 1p34-35, often lost in Wilms’ tumors, and Hiwi, is located on
chromosome 12q24.33, which has been linked to the development of
testicular germ cell tumors (Carmell, M.A., et al., Genes Dev (2002)
16(21):2733-42). In addition, DICER, the enzyme which processes miRNAs
and siRNAs, is poorly expressed in lung cancers (Karube, Y., et al., Cancer
Sci (2005) 96(2):111-5).

It is therefore an object of the present invention to provide naturally
occurring miRNAs for inhibition of expression of one or more oncogenes.

It is further an object of the present invention to provide naturally
occurring nucleic acids for treatment or prophylaxis of one or more

symptoms of cancer.
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BRIEF SUMMARY OF THE INVENTION

Genes that control cell differentiation and development are frequently
mutated in human cancers. These include, but are not limited to, oncogenes
such as RAS, c-myc and bcl-2. Naturally occurring microRNAsS, in particular

5 let-7, have been found that down regulate these oncogenes in humans. Some
of the Jez-7 genes are located in chromosomal regions that are deleted in
certain cancers. Therefore, up-regulating these specific microRNAs or
providing analogous pharmaceutical compounds exogenously, should be
effective cancer therapies for tumors resulting from activation or over-

10 expression of these oncogenes. MiRNAs nucleic acids including pri-
miRNA, pre-miRNA, mature miRNA or fragments of variants thereof that
retain the biological activity of the mature miRNA and DNA encoding a pri-
miRNA, pre-miRNA, mature miRNA, fragments or variants thereof, or
regulatory elements of the miRNA, referred to jointly as “miRNAs” unless

15 otherwise stated, are described. In one embodiment, the size range of the
miRNA can be from 21 nucleotides to 170 nucleotides, although miRNAs of
up to 2000 nucleotides can be utilized. In a preferred embodiment the size
range of the miRNA is from 70 to 170 nucleotides in length. In another
preferred embodiment, mature miRNAs of from 21 to 25 nucleotides in

20  length can be used.

These miRNAs are useful as diagnostics and as therapeutics. The
compositions are administered to a patient in need of treatment or
prophylaxis of at least one symptom or manifestation (since disease can
occur/progress in the absence of symptoms) of cancer. Aberrant expression

25  of oncogenes is a hallmark of cancer, for example, lung cancer. In one
embodiment, the compositions are administered in an effective amount to
inhibit expression of one or more oncogenes. In a more preferred
embodiment, the compositions are administered in an effective amount to
inhibit expression of RAS, MYC, and/or BCL-2. Effective, safe dosages can

30 be experimentally determined in model organisms and in human trials by
methods well known to one of ordinary skill in the art. The compositions
can be administered alone or in combination with adjuvant cancer therapy

such as surgery, chemotherapy, radiotherapy, thermotherapy,
6
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immunotherapy, hormone therapy and laser therapy, to provide a beneficial
effect, e.g. reduce tumor size, reduce cell proliferation of the tumor, inhibit
angiogenesis, inhibit metastasis, or otherwise improve at least one symptom
or manifestation of the disease.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the predicted secondary structure of the lez-7 pre-
miRNA from various organisms. The shaded residues indicate the mature
miRNA transcript excised by Dicer.

Figure 2 is a schematic of potential RNA/RNA duplexes between a
C. elegans miRNA, let-7, and the target mRNA, /in-41. The position of a
loss-of-function mutation for the lez-7 miRNA, let-7(n2853), is shown by an
arrow below the duplexes.

Figure 3 depicts lez-7 homologues from various species, including
humans and mouse. There are 2 human homologues of /in-4, mir-125q and
mir-125b. mir-237 is a C. elegans lin-4 homologue.

Figures 4A-D depict potential LCSs in C. elegans let-60/RAS and in
mammalian RAS genes. Figure 4A C. elegans let-60/RAS mRNA 3°UTR,
black arrows indicate sites with similarity between C. elegans and C.
briggsae and white arrows indicate non-similar sites. Shown below are
predicted duplexes formed by LCSs (top) and miR-84 (bottom). Jet-7 and
miR-84 are so similar that most Jez-7 sites are also potential miR-84 sites.
Figures 4B, 4C, and 4D depict that H.s. NRAS, KRAS and HRAS mRNA
3’UTRs have 9, 8 and 3 potential LCSs, respectively. Black arrows indicate
sites conserved among mammalian species (in most cases human, rat, mouse,
hamster and guinea pig). Shown below are hypothesized duplexes formed
by LCSs (top) and lez-7a miRNA (bottom).

Figure 5A is a graph of the quantitative analysis of the expression
pattern from five independent wild-type transgenic lines grown at 20°C. At
least 25% repression was observed in all lines. A non-regulated lin-41
3’UTR missing its LCSs (pFS1031), tested in duplicate is shown as a
control. Figure 5B is a graph depicting the down-regulation of the reporter

gene expression is lost in let-7(12853) mutant worms grown at the

7
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permissive temperature, 15°C. The parental (N2) line was tested in
triplicate; four isogenic let-7(n2853) mutant lines were tested. Error bars
represent standard deviations.

Figures 6A-C are graphs of the quantification of expression data.
gfp54 is a fusion of gfp to the unc-54 3°UTR, driven by the /in-31 promoter.
Error bars represent standard deviations.

Figures 7A and B are graphs showing that the presence of let-7
influences the expression of R4S in human cells. HEPG2 cells were
transfected with 10 and 30 nM of a let-7 or negative control precursor
miRNA. Immunofluorescence using an antibody specific to NRAS, VRAS,
and KRAS revealed that the Jez-7 transfected cells have much lower levels of
the RAS proteins. Figure 7A is a graph of the quantiﬁcétion of the RAS
antibody fluorescence from replicates of the transfections. Alternatively,
HeLa cells were transfected with 100 nM Jez-7 inhibitor or negative control
inhibitor. RAS immunofluorescence revealed that cells transfected with the
let-7 inhibitor has increased levels of the RAS proteins relative to the
negative control transfected cells. Figure 7B is a graph of the quantification
of the RAS antibody fluorescence from replicates of the transfections.

Figures 8A-C depict that the 3°UTRs of NRAS and KRAS enable fet-
7 regulation. Figure 8A is a schematic showing the NRAS short (NRAS S)
NRAS long (NRAS L) and KRAS 3°’UTRs. Arrows indicate LCSs. The
blackened areas indicate the sequence cloned behind the reporter. Figure 8B
is a graph of the relative repression of firefly luciferase expression
standardized to a transfection control, renilla luciferase. pGL3-Cont is the
empty vector. Figure 8C is a graph of the induction of firefly luciferase
expression when reporter plasmids with 3’UTR domains corresponding to
KRAS and NRAS are co-transfected with an inhibitor of let-7, relative to a
control inhibitor.

Figure 9A is a graph of the expression of let-7 in 21 breast, colon,
and lung tumors relative to associated normal adjacent tissue (NAT).
Fluorescently labeled miRNA was hybridized to microarrays that included

probes specific to let-7a and let-7c. Fluorescence intensities for the tumor
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and NAT were normalized by total fluorescence signal for all elements and
the relative average signal from the let-7 probes in the tumor and normal
adjacent samples are expressed as log ratios.
Figure 9B is a graph of the correlation between RAS protein and lez-
5 7c expression in tumor and normal adjacent tissue samples from three lung
squamous cell carcinomas. GAPDH and RAS proteins were measured from
crude extracts of tumor and normal adjacent tissues using western analysis.
The two proteins were assessed simultaneously by mixing the antibodies
used for detection. The small RNA northern blot was assayed sequentially

10 with radio-labeled probes specific to lez-7c and U6 snRNA. NRAS mRNA in
the tumor and normal adjacent tissues samples was measured by real-time
PCR. The real-time data were normalized based on the real-time PCR
detection of 18S rRNA in the various samples. The relative expression of
NRAS in the normal adjacent tissues was taken to be 100% and the Ct value

15 of NRAS in the tumor samples was used to assign the relative expression of
NRAS in the tumor samples.

Figure 10A is a sequence comparison of the let-7 family of miRNAs
in C. elegans. Figure 10B is a dendrogram of let-7 family members.
Figure 11 depicts potential LCSs in let-60/RAS in C. elegans mRNA.

20 Figure 12 is a sequence alignment of C. elegans (top) and C. briggsae
(bottom) let-60/RAS mRNAs (consensus sequence shown in middle). LCSs
are shown as black boxes.

Figures 13A-C show that Let-60 is the ortholog of human HRAS,
KRAS, and NRAS proteins. Figure 13A is a sequence alignment of C,

25  elegans LET-60 with other RAS and RAS related proteins from humans and
C. elegans. Figure 13B is a dendrogram showing the relationship of LET-60
to other RAS related proteins. Figure 13C is a graph showing quantification
of the partial suppression of let-60(gf) alleles. 084-X are lines
overexpressing mir-84, and TOPO-X are lines with the empty vector control.

30  The average of each of the three experimental and control lines is indicated.
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Figure 14 is a sequence alignment of partial sequences from rodent
and human NRAS 3'UTRs. The LCSs shown in this alignment are boxed in
black.

Figure 15 depicts potential /et-7::LCS duplexes formed with Xenopus

5 laevis and Danio rerio NRAS 3'UTRs.

Figures 16A and B show that the presence of let-7 does not influence
the expression of control proteins in human cells. Figure 16A is a graph of
the quantification of the antibody fluorescence from replicates of HepG2
cells transfected with let-7 or negative control siRNAs using antibodies

10 specific to GAPDH or p21. Figure 16B is a graph of the quantification of
fluorescent signal from a single field of 50-100 cells for both the NRAS- and
Negative Control siRNA transfections.

Figure 17 is a graph of the expression of let-7c and let-7g in lung
tumors relative to associated normal adjacent tissue (NAT).

15 Figure 18A is a graph of the inhibition of let-7 that results in a 100%
increase of A549 cell numbers, compared to a control transfection and a
control anti-miRNA (mir-19a). Figure 18B is a graph of Extra let-7 that
causes a decrease in A549 cell numbers compared to a control miRNA (NC).

Figure 19 depicts potential let-7 complementary sites (boxed) in the

20 3’UTR of human MYC and other vertebrates and potential duplexes between
let-7 and human MYC.

Figure 20A is a graph of the reduced expression of MYC and BCL-2
protein in cells treated with exogenous Jer-7 miRNA compared to a control
miRNA with a scrambled /er-7 sequence. Figure 20B is a graph of the

25  increased expression of MYC and BCL-2 in HeLa cells transfected with an
anti-/et-7 molecule.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

As used herein the term "nucleic acid” refers to multiple nucleotides

30 (i.e. molecules comprising a sugar (e.g. ribose or deoxyribose) linked to a
phosphate group and to an exchangeable organic base, which is either a

substituted pyrimidine (e.g. cytosine (C), thymidine (T) or uracil (U)) or a

10
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substituted purine (e.g. adenine (A) or guanine (G)). The term shall also
include polynucleosides (i.e. a polynucleotide minus the phosphate) and any
other organic base containing polymer. Purines and pyrimidines include but
are not limited to adenine, cytosine, guanine, thymidine, inosine, 5-

5 methylcytosine, 2-aminopurine, 2-amino-6-chloropurine, 2,6-diaminopurine,
hypoxanthine, and other naturally and non-naturally occurring nucleobases,
substituted and unsubstituted aromatic moieties. Other such modifications
are well known to those of skill in the art. Thus, the term nucleic acid also
encompasses nucleic acids with substitutions or modifications, such as in the

10 bases and/or sugars.

As used herein, the term "microRNA" refers to any type of
interfering RNA, including but not limited to, endogenous microRNA and
artificial microRNA. Endogenous microRNA are small RNAs naturally
present in the genome which are capable of modulating the productive

15 utilization of mRNA. The term artificial microRNA includes any type of

' RNA sequence, other than endogenous microRNA, which is capable of
modulating the productive utilization of mRNA.

"MicroRNA flanking sequence" as used herein refers to nucleotide
sequences including microRNA processing elements. MicroRNA processing

20  elements are the minimal nucleic acid sequences which contribute to the
production of mature microRNA from precursor microRNA. Precursor
miRNA termed pri-miRNAs are processed in the nucleus into about 70
nucleotide pre-miRNAs, which fold into imperfect stem-loop structures.

The microRNA flanking sequences may be native microRNA

25  flanking sequences or artificial microRNA flanking sequences. A native
microRNA flanking sequence is a nucleotide sequence that is ordinarily
associated in naturally existing systems with microRNA sequences, i.e.,
these sequences are found within the genomic sequences surrounding the
minimal microRNA hairpin in vivo. Artificial microRNA flanking

30 sequences are nucleotides sequences that are not found to be flanking to
microRNA sequences in naturally existing systems. The artificial

microRNA flanking sequences may be flanking sequences found naturally in

11
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the context of other microRNA sequences. Alternatively they may be
composed of minimal microRNA processing elements which are found
within naturally occurring flanking sequences and inserted into other random
nucleic acid sequences that do not naturally occur as flanking sequences or
only partially occur as natural flanking sequences.

The microRNA flanking sequences within the precursor microRNA
molecule may flank one or both sides of the stem-loop structure
encompassing the microRNA sequence. Preferred structures have flanking
sequences on both ends of the stem-loop structure. The flanking sequences
may be directly adjacent to one or both ends of the stem-loop structure or
may be connected to the stem-loop structure through a linker, additional
nucleotides or other molecules.

As used herein a "stem-loop structure” refers to a nucleic acid having
a secondary structure that includes a region of nucleotides which are known
or predicted to form a double strand (stem portion) that is linked on one side
by a region of predominantly single-stranded nucleotides (loop portion). The
terms "hairpin" and "fold-back" structures are also used herein to refer to
stem-loop structures. Such structures and terms are well known in the art.
The actual primary sequence of nucleotides within the stem-loop structure is
not critical as long as the secondary structure is present. As is known in the
art, the secondary structure does not require exact base-pairing. Thus, the
stem may include one or more base mismatches. Alternatively, the base-
pairing may not include any mismatches.

As used herein, the term “let-7” refers to the nucleic acid encoding
the let-7 miRNA and homologues and variants thereof including
conservative substitutions, additions, and deletions therein not adversely
affecting the structure or function. Preferably, let-7 refers to the nucleic acid
encoding let-7 from C. elegans (NCBI Accession No. AY390762), most
preferably, let-7 refers to the nucleic acid encoding a let-7 family member
from humans, including but not limited to, NCBI Accession Nos. AJ421724,
AJ421725, AJ421726, AJ421727, AJ421728, AT421729, AT421730,
AJ421731, AJ421732, and biologically active sequence variants of let-7,

12
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including alleles, and in vitro generated derivatives of let-7 that demonstrate
let-7 activity.
Sequence variants of let-7 fall into one or more of three classes:
substitutional, insertional or deletional variants. Insertions include 5’ and/or
5 3’ terminal fusions as well as intrasequence insertions of single or multiple
residues. Insertions can also be introduced within the mature sequence of
let-7. These, however, ordinarily will be smaller insertions than those at the
57 or 3’ terminus, on the order of 1 to 4 residues.
Insertional sequence variants of let-7 are those in which one or more
10 residues are introduced into a predetermined site in the target let-7. Most
commonly insertional variants are fusions of nucleic acids at the 5’ or 3’
terminus of let-7.
Deletion variants are characterized by the removal of one or more
residues from the let-7 RNA sequence. These variants ordinarily are
15 prepared by site specific mutagenesis of nucleotides in the DNA encoding
let-7, thereby producing DNA encoding the variant, and thereafter expressing
the DNA in recombinant cell culture. However, variant let-7 fragments may
be conveniently prepared by in vitro synthesis. The variants typically exhibit
the same qualitative biological activity as the naturally-occurring analogue,
20  although variants also are selected in order to modify the characteristics of
let-7.
Substitutional variants are those in which at least one residue
sequence has been removed and a different residue inserted in its place.
While the site for introducing a sequence variation is predetermined, the
25  mutation per se need not be predetermined. For example, in order to
optimize the performance of a mutation at a given site, random mutagenesis
may be conducted at the target region and the expressed let-7 variants
screened for the optimal combination of desired activity. Techniques for
making substitution mutations at predetermined sites in DNA having a
30  known sequence are well known.
Nucleotide substitutions are typically of single residues; insertions

usually will be on the order of about from 1 to 10 residues; and deletions will

13
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range about from 1 to 30 residues. Deletions or insertions preferably are
made in adjacent pairs; i.e. a deletion of 2 residues or insertion of 2 residues.
Substitutions, deletion, insertions or any combination thereof may be
combined to arrive at a final construct. Changes may be made to increase the

5 activity of the miRNA, to increase its biological stability or half-life, and the
like. All such modifications to the nucleotide sequences encoding such
miRNA are encompassed.

A DNA isolate is understood to mean chemically synthesized DNA,
cDNA or genomic DNA with or without the 3 and/or 5° flanking regions.

10 DNA encoding let-7 can be obtained from other sources by a) obtaining a
cDNA library from cells containing mRNA, b) conducting hybridization
analysis with labeled DNA encoding let-7 or fragments thereof (usually,
greater than 100bp) in order to detect clones in the cDNA library containing
homologous sequences, and c) analyzing the clones by restriction enzyme

15 analysis and nucleic acid sequencing to identify full-length clones.

As used herein nucleic acids and/or nucleic acid sequences are
homologous when they are derived, naturally or artificially, from a common
ancestral nucleic acid or nucleic acid sequence. Homology is generally
inferred from sequence similarity between two or more nucleic acids or

20  proteins (or sequences thereof). The precise percentage of similarity
between sequences that is useful in establishing homology varies with the
nucleic acid and protein at issue, but as little as 25% sequence similarity is
routinely used to establish homology. Higher levels of sequence similarity,
e.g., 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% or more can also

25  be used to establish homology. Methods for determining sequence similarity
percentages (e.g., BLASTN using default parameters) are generally
available. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information

(www.ncbi.nlm.nih.gov).

30 L Compositions
Genes that control cell differentiation and development are frequently
mutated in human cancers. These include, but are not limited to, oncogenes

such as RAS, c-myc and bcl-2. Naturally occurring microRNAs, in particular
- 14
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let-7, have been found that down regulate these oncogenes in humans. Some
of the let-7 genes are located in chromosomal regions that are deleted in
certain cancers. Therefore, up-regulating these specific microRNAs or
providing analogous pharmaceutical compounds exogenously, should be
5  effective cancer therapies for tumors resulting from activation or over-
expression of these oncogenes.
In preferred embodiments, the miRNA formulations are administered

to individuals with a cancer that expresses one or more targets of let-7 or lin-
4. More preferably, the formulations are administered to individuals with a

10 cancer that over expresses RAS, MYC and/or BCL-2 or other target having
one or more binding sites for the let-7. Multiple different pathways, along
with the RAS/MAPK pathway, are implicated in cancer. The 3°UTRs of
many known cancer genes have been examined and potential let-7
complementary sites have been identified in the 3’UTR of many of them

15 (Figure 19 and Table 1). These sites possess features of established let-7
complementary sites in known C. elegans let-7 targets (Reinhart, et al.,
Nature (2000) 403:901-906; Johnson, et al., Cell (2005) 120(5):635-47;
Grosshans, et al., Dev Cell (2005) 8(3):321-30; Lin, et al., Dev Cell (2003)
4(5):639-50; Slack, et al., Molec. Cell (2000) 5:659-669; Vella, et al., Genes

20 Dev (2004) 18(2):132-7). let-7 complementary sites (LCS) in the 3°UTRs of
human ¢-MYC and BCL-2 have been identified (see Figure 19 for c-MYC).
Many of the potential target genes shown in Table 1 are also up-regulated in
Iung cancer as well as other cancers, leading to the conclusion that lez-7 is
responsible for repressing their expression in normal tissues. Some genes,

25 like GRB2, have a similar number of LCSs as known Jez-7 target genes like
KRAS (Table 1). VEGF was also identified as having /et-7 complementary
sites. These results indicate that /et-7 can repress expression of multiple
oncogenes. In addition to inhibiting cell proliferation, /ez-7 may also inhibit
angiogenesis. Therefore, administration of lez-7 may inhibit multiple

30  pathways that promote survival of cancer or tumor cells (i.e., angiongenesis,

decreased apoptosis and increased cell proliferation).

15
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Table 1. Genes implicated in cancer that contain /et-7 binding sites.

Homo sapiens Number of LCS sites
Gene
EGF 1
EGFR 1
ERBB3 3
GRB2 10
NRAS 9
KRAS2 8
HRAS 3
RAF1 1
ARAF 3
MAP2K2 2
MAPK1 1
MAPK3 4
MET 3
KIT 3
TP73L(AIX) 5
MYC 2
6
4
5
5
6
3
1
4
2
2
2

MYCLI
MYCN

BCL2
BCL2L1
BCL21L.2
CCND1/eyclinD
CDK4
MDM2/HDM2
FES

FURIN

INSL3
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miRNAs have known roles in human cancer

Recent studies from different laboratories show roles for miRNAs in

human cancer (McManus, Seminars in Cancer Biology (2003) 13:253-258).

5 The human miRNAs, mir-15 and mir-16, are preferentially deleted or down-

regulated in patients with a common form of adult leukemia, B cell chronic
lymphocytic leukemia (Calin, et al., Proc Natl Acad Sci U S A (2002)
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99(24):15524-9). This study suggests that miRNAs may function as tumor
suppressor genes. The bic locus, which encodes the mir-155 miRNA works
cooperatively with c-myc and induces B-cell lymphomas, presumably acting
as a proto-oncogene (Haasch, D., et al., Cell Immunol (2002) 217(1-2):78-

5  86). miR142 acts as a tumor suppressor in chronic lymphocytic leukemia
(Calin, G.A., et al., Proc Natl Acad Sci U S A (2002) 99(24):15524-9;
Lagos-Quintana, M., et al., Curr Biol (2002) 12(9):735-9). His-1 acts as an
oncogene in B cell lymphoma (Haasch, D., et al., (2002); Lagos-Quintana,
M., et al., (2002); Lagos-Quintana, M., et al., Science (2001) 294(5543):853-

10 8; Li, et al. Am J Pathol (1997) 150:1297-305). Translocation of myc to the
mir-142 locus causes B cell lymphoma (Lagos-Quintana, M., et al., (2002);
Gauwerky, C.E., et al., Proc Natl Acad Sci U S A, 1989. 86(22):8867-71).
Mir-143 and mir-145 are poorly expressed in colorectal cancer (Michael,
M.Z.,, et al., Mol Cancer Res (2003) 1(12):882-91). Over-expression of the

15 mir-17, 18, 19, 20 locus is able to cause lymphomas in a mouse model and is
up-regulated by MYC (He, L., et al., Nature (2005) 435(7043):828-33;
O'Donnell, K.A., et al., Nature (2005) 435(7043):839-43).

Misregulation of genes that céntrol cell fate determination often
contributes to cancer. Genes that control cell differentiation and

20 development are frequently mutated in human cancer. The model organism
Caenorhabditis elegans has been used to identify genes required for cell
differentiation in a stem-cell like lineage in the epidermis. C. elegans growth
and development is divided into three major stages called embryo, larva and
adult. Larval growth is subdivided into four larval stages (L1, L2, L3 and

25  L4). Each larval stage ends in a molt and ultimately the animal matures into
an adult. The genes that regulate timing of stage-appropriate cell division
and differentiation are known as heterochronic genes (Slack, F. and G.
Ruvkun, Annu Rev Genet (1997) 31:611-34; Banerjee, D. and F. Slack,
Bioessays (2002) 24(2):119-29). In C. elegans, heterochronic genes control

30  the timing of cell fate determination and differentiation. In heterochronic
mutants, cells frequently fail to terminally differentiate, and instead divide

again, a hallmark of cancer.
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The founding members of the miRNA family, lineage defective-4
(lin-4) and lethal-7 (let-7), were identified through genetic analysis to control
the timing of stage-appropriate cell division and differentiation in C. elegans
(Lee, et al. Cell (1993) 75(5):843-854; Reinhart, B., et al., Nature (2000)
403: 901-906; Slack, F. and G. Ruvkun, Annu Rev Genet (1997) 31: 611-34;
Banerjee, D. and F. Slack, Bioessays (2002) 24(2):119-29). let-7 and lin-4
control the timing of proliferation versus differentiation decisions. Some of
these genes, like /in-4 and let-7, encode microRNAs (miRNAs) that are
conserved in humans. Mutations in the /in-4 and let-7 miRNAs result in
inappropriate reiterations of the first larval stage (L.1) and the fourth larval
stage (L4) fates, respectively, and these defects lead to disruptions in cell
cycle exit (Lee, et al.Cell (1993) 75(5):843-854; Reinhart, B., et al., Nature
(2000) 403:901-906). For example, in wild-type animals, specialized skin
cells, known as seam cells, divide with a stem cell paitern and terminally
differentiate at the beginning of the adult stage. The seam cells fail to
terminally differentiate in /in-4 and let-7 mutant animals, and instead
reiterate the larval fate and divide again. Lack of cell cycle control and
failure to terminally differentiate are hallmarks of cancer.

The expression patterns for /in-4 and let-7 correlate with their role in
directing developmental timing. /in-4 RNA accumulates during the L1 stage
and is responsible for the L1/L2 transition in nematodes by inhibiting the
expression of /in-14 and /in-28, repressors of post-L1 fates (Lee, et al. Cell
(1993) 75(5):843-854; Ambros, V. and H.R. Horvitz, Science (1984)
226:409-416; Wightman, et al. Cell (1993) 75(5):855-862; Moss, et al. Cell
(1997) 88(5): 37-46; and Feinbaum, R. and V. Ambros, Dev Biol (1999)
210(1):87-95). let-7 RNA accumulates during the L4 stage and is
responsible for the L4/Adult transition by down-regulating the expression of
lin-41, hbl-1 and RAS (Johnson, et al., Cell (2005) 120(5):635-47;
Grosshans, et al., Dev Cell (2005) 8(3)321-30; Lin, et al., Dev Cell (2003)
4(5):639-50; Slack, F.J., Molec. Cell (2000) 5:659-669).

These 21-22 nucleotide miRNAs exert their effect by binding to
imperfect complementary sites within the 3’-untranslated regions (3°UTRs)

of their target protein-coding mRNAs and repress the expression of these
19
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genes at the level of translation (Lee, et al. Cell (1993) 75(5):843-854;
Reinhart, B., et al., Nature (2000) 403:901-906; Moss, et al. Cell (1997)
88(5):637-46; Lin, S.Y., et al., Dev Cell (2003) 4(5):639-50; Slack, F.J., et
al., Molec. Cell (2000) 5:659-669; Abrahante, J.E., et al., Dev Cell (2003)
4(5):625-37; and Olsen, P.H. and V. Ambros, Dev Biol (1999) 216(2):671-
80). Deletion of let-7 miRNA complementary sites (LCS) from the lin-41
3’UTR (Figure 2) showed abrogation of the normal down-regulation of /in-
41 during the L4 and adult stages and recent work has shown that these
complementary sites alone are sufficient for regulation on /in-41 (Reinhart,
B., et al., Nature (2000) 403:901-906; Slack, F.J., et al., Molec. Cell (2000)
5:659-669; Vella, M.C., et al., Genes Dev (2004) 18(2):132-7).

The let-7 target gene, lin-41 is similar to known oncogenes. C.
elegans lin-41 loss-of-function (If) mutations cause cells to terminally
differentiate precociously, opposite to of the effect seen with let-7(1f), while
over-expression of /in-41 causes let-7(If)-like seam cell proliferation
(Reinhart, B., et al., Nature (2000) 403: 901-906; Slack, F.J., et al., Molec.
Cell (2000) 5:659-669). Like let-7, lin-41 is an important cell proliferation
and differentiation gene. Jet-7 and lin-41 work together to cause cells to
proliferate or differentiate at the right time.

lin-41 encodes a member of the RBCC (RING finger, B box, Coiled
Coil (Freemont, Ann. New York. Acad. Sci. (1993) 684:174-192) family of
proteins. Members of this family have diverse proposed functions, such as
_transcription and RNA binding, and include the PML (Kakizuka, A., et al.,
Cell (1991) 66:663-674), TIF1 (Le Dourarin, B., et al., EMBO J. (1995)
14(9):2020-2033) and Rfp proto-oncogenes. The most common form of
promyelocytic leukemia involves a translocation that fuses PML to the
RARa gene. The N-terminal part of TIF1, is fused to B-raf in the oncogenic
protein T18 (Le Dourarin, B., et al., EMBO J. (1995) 14(9):2020-2033).
Emu-ret mice, carrying an RFP/RET fusion gene under the transcriptional
control of the immunoglobulin heavy chain enhancer, develop B lineage
leukemias and lymphomas (Wasserman, et al. Blood (1998) 92(1):273-82).
In transformed NIH 3T3 cells, the amino-terminal half of Rfp with a RING

20
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finger motif is fused to a truncated Ret receptor tyrosine kinase, Rfp/Ret
(Hasegawa, N, et al., Biochem Biophys Res Commun (1996) 225(2):627-
31). Members of this family are associated with cancer progression. It is
expected that mammalian /in-41 is also a proto-oncogene.
5 In addition to /in-41, let-7 regulates other target genes in a 3> UTR

dependent manner, including hunchback-likel (hbl-1) (Lin Shin-Yi, J., et al.
Dev. Cell, 2003(4):1-20) and let-60, the C. elegans RAS oncogene
homologue (see Example 1). As shown in Table 2, let-60/RAS contains
multiple /et-7 complimentary sites in its 3°UTR and let-60(1f) suppresses let-

10 7 mutants. le-60/RAS is best understood for its role in C. elegans vulval
development and /et-60/RAS 3°UTR is sufficient to restrict Jet-60/RAS
expression only to the vulval precursor cell (VPC) that absolutely requires
let-60/ras activity (the primary induced cell, 1° or P6.p cell). In a normal
animal, a lez-7 family member, mir-84, is expressed in all the VPCs except

15 the primary induced cell, and represses let-60/ras expression in these cells.

In animals carrying Jet-60 activating mutations, more than one VPC

is induced to differentiate into the 1° cell fate, leading to excess vulvae.
Over-expression of mir-84 suppresses activating mutations in let-60/RAS.
Many activating mutations in the human NRAS, KRAS and HRAS genes alter

20  the same amino acid affected by the C. elegans let-60 activating mutation.
Since RAS is mutated in multiple human cancers (Malumbres, et al. Nat Rev
Cancer (2003) 3(6):459-65), the hypothesis that human RAS is a target of
human Jez-7 was tested and determined to be (see example 1 below).

lin-4 and let-7 miRNAs are evolutionarily conserved in higher

25  animals, including humans (Figure 3) and temporally expressed (see
examples below) which implies a universal role for these miRNAs during
animal development (Lagos-Quintana, M., et al., Mouse. Curr Biol (2002)
12(9):735-9 and Pasquinelli, A.E., et al., Nature (2000) 408(6808):86-9). let-
7 orthologues have been identified in mammals, including humans, and Jet-7

30 isexpressed in human lung tissues as judged by northern blot (Pasquinelli,
AE., etal). There are 3 exact copies of the mature let-7 sequence in the

sequenced human genome (referred to as let-7al, let-7a2, let-7a3 under
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control of separate promoters) and a variety of close homologues that differ
from let-7 at certain nucleotide positions (e.g. let-7c, see Figure 3). The
nematode, fly and human Jet-7 genes are processed from a precursor form
(pre-let-7) that is predicted to form a stem loop structure, which is also
conserved (Figure 1). Similarly, there are 2 human and mouse homologues
of lin-4, named mir-125a and mir-125b (Figure 3).

Recent work has demonstrated that microRNA expression profiles
can accurately diagnose particular cancers better than standard messenger
RNA expression profiles (Lu, et al., Nature 435:834-838 (2005)).

miRNASs useful to regulate Human Oncogenes

Naturally occurring microRNAs that regulate human oncogenes, pri-
miRNA, pre-miRNA, mature miRNA or fragments of variants thereof that
retain the biological activity of the mature miRNA and DNA encoding a pri-
miRNA, pre-miRNA, mature miRNA, fragments or variants thereof, or
regulatory elements of the miRNA, have been identified. The size of the
miRNA is typically from 21 nucleotides to 170 nucleotides, although
nucleotides of up to 2000 nucleotides can be utilized. In a preferred
embodiment the size range of the pre-miRNA is between 70 to 170
nucleotides in length and the mature miRNA is between 21 and 25
nucleotides in length.

Nucleic acids

General Techniques

General texts which describe molecular biological techniques include
Sambrook, Molecular Cloning: a Laboratory Manual (2nd ed.), Vols. 1-3,
Cold Spring Harbor Laboratory, (1989); Current Protocols in Molecular
Biology, Ausubel, ed. John Wiley & Sons, Inc., New York (1997);
Laboratory Techniques in Biochemistry and Molecular Biology:
Hybridization With Nucleic Acid Probes, Part I. Theory and Nucleic Acid
Preparation, P. Tijssen, ed. Elsevier, N.Y. (1993); Berger and Kimmel,
Guide to Molecular Cloning Techniques Methods in Enzymology volume
152 Academic Press, Inc., San Diego, Calif. These texts describe

mutagenesis, the use of vectors, promoters and many other relevant topics
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related to, e.g., the generation and expression of genes that encode let-7 or
any other miRNA activity. Techniques for isolation, purification and
manipulation of nucleic acids, genes, such as generating libraries, subcloning
into expression vectors, labeling probes, and DNA hybridization are also

5 described in the texts above and are well known to one of ordinary skill in
the art.

The nucleic acids, whether miRNA, DNA, cDNA, or genomic DNA,
or a variant thereof, may be isolated from a variety of sources or may be
synthesized in vitro. Nucleic acids as described herein can be administered

10 to or expressed in humans, transgenic animals, transformed cells, in a
transformed cell lysate, or in a partially purified or a substantially pure form.

Nucleic acids are detected and quantified in accordance with any of a
number of general means well known to those of skill in the art. These
include, for example, analytical biochemical methods such as

15 spectrophotometry, radiography, electrophoresis, capillary electrophoresis,
high performance liquid chromatography (HPLC), thin layer
chromatography (TLC), and hyperdiffusion chromatography, various
immunological methods, such as fluid or gel precipitin reactions,
immunodiffusion (single or double), immunoelectrophoresis,

20  radioimmunoassays (RIAs), enzyme-linked immunosorbent assays
(ELIS As), immuno-fluorescent assays, and the like, Southern analysis,
Northern analysis, Dot-blot analysis, gel electrophoresis, RT-PCR,
quantitative PCR, other nucleic acid or target or signal amplification
methods, radiolabeling, scintillation counting, and affinity chromatography.

25 Various types of mutagenesis can be used, e.g., to modify a nucleic
acid encoding a gene with let-7 or other miRNA activity. They include but
are not limited to site-directed, random point mutagenesis, homologous
recombination (DNA shuffling), mutagenesis using uracil containing
templates, oligonucleotide-directed mutagenesis, phosphorothioate-modified

30  DNA mutagenesis, and mutagenesis using gapped duplex DNA or the like.
Additional suitable methods include point mismatch repair, mutagenesis

using repair-deficient host strains, restriction-selection and restriction-
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purification, deletion mutagenesis, mutagenesis by total gene synthesis,
double-strand break repair, and the like. Mutagenesis, e.g., involving
chimeric constructs, are also included in the present invention. In one
embodiment, mutagenesis can be guided by known information of the
naturally occurring molecule or altered or mutated naturally occurring
molecule, e.g., sequence, sequence comparisons, physical properties, crystal
structure or the like. Changes may be made to increase the activity of the
miRNA, to increase its biological stability or half-life, and the like.

Comparative hybridization can be used to identify nucleic acids
encoding genes with let-7 or other miRNA activity, including conservative
variations of nucleic acids.

Nucleic acids "hybridize" when they associate, typically in solution.
Nucleic acids hybridize due to a variety of well characterized physico-
chemical forces, such as hydrogen bonding, solvent exclusion, base stacking
and the like. An extensive guide to the hybridization of nucleic acids is found
in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular
Biology-Hybridization with Nucleic Acid Probes part I chapter 2, "Overview
of principles of hybridization and the strategy of nucleic acid probe assays,"
(Elsevier, N.Y.), as well as in Ausubel, supra. Hames and Higgins (1995)
Gene Probes 1 IRL Press at Oxford University Press, Oxford, England,
(Hames and Higgins 1) and Hames and Higgins (1995) Gene Probes 2 IRL
Press at Oxford University Press, Oxford, England (Hames and Higgins 2)
provide details on the synthesis, labeling, detection and quantification of
DNA and RNA, including oligonucleotides.

Nucleic acids which do not hybridize to each other under stringent
conditions are still substantially identical if the polypeptides which they
encode are substantially identical. This occurs, e.g., when a copy of a
nucleic acid is created using the maximum codon degeneracy permitted by
the genetic code. ‘

Suitable nucleic acids for use in the methods described herein
include, but are not limited to, pri-miRNA, pre-miRNA, mature miRNA or
fragments of variants thereof that retain the biological activity of the miRNA
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and DNA encoding a pri-miRNA, pre-miRNA, mature miRNA, fragments or
variants thereof, or DNA encoding regulatory elements of the miRNA.

Viral Vectors

In one embodiment the nucleic acid encoding a miRNA molecule is
on a vector. These vectors include a sequence encoding a mature microRNA
and in vivo expression elements. In a preferred embodiment, these vectors
include a sequence encoding a pre-miRNA and in vivo expression elements
such that the pre-miRNA is expressed and processed i vivo into a mature
miRNA. In another embodiment, these vectors include a sequence encoding
the pri-miRNA gene and in vivo expression elements. In this embodiment,
the primary transcript is first processed to produce the stem-loop precursor
miRNA molecule. The stem-loop precursor is then processed to produce the
mature microRNA.

Vectors include, but are not limited to, plasmids, cosmids,
phagemids, viruses, other vehicles derived from viral or bacterial sources
that have been manipulated by the insertion or incorporation of the nucleic
acid sequences for producing the microRNA, and free nucleic acid fragments
which can be attached to these nucleic acid sequences. Viral and retroviral
vectors are a preferred type of vector and include, but are not limited to,
nucleic acid sequences from the following viruses: retroviruses, such as:
Moloney murine leukemia virus; Murine stem cell virus, Harvey murine
sarcoma virus; murine mammary tumor virus; Rous sarcoma virus;
adenovirus; adeno-associated virus; SV40-type viruses; polyoma viruses;
Epstein-Barr viruses; papilloma viruses; herpes viruses; vaccinia viruses;
polio viruses; and RNA viruses such as any retrovirus. One of skill in the art
can readily employ other vectors known in the art.

Viral vectors are generally based on non-cytopathic eukaryotic
viruses in which non-essential genes have been replaced with the nucleic
acid sequence of interest. Non-cytopathic viruses include retroviruses, the
life cycle of which involves reverse transcription of genomic viral RNA into
DNA with subsequent proviral integration into host cellular DNA.

Retroviruses have been approved for human gene therapy trials. Genetically
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altered retroviral expression vectors have general utility for the high-
efficiency transduction of nucleic acids in vivo. Standard protocols for
producing replication-deficient retroviruses (including the steps of
incorporation of exogenous genetic material into a plasmid, transfection of a
5  packaging cell lined with plasmid, production of recombinant retroviruses by
the packaging cell line, collection of viral particles from tissue culture media,
and infection of the target cells with viral particles) are provided in Kriegler,
M., "Gene Transfer and Expression, A Laboratory Manual," W.H. Freeman
Co., New York (1990) and Murry, E. J. Ed. "Methods in Molecular
10 Biology," vol. 7, Humana Press, Inc., Cliffton, N.J. (1991).

Promoters

The "in vivo expression elements” are any regulatory nucleotide
sequence, such as a promoter sequence or promoter-enhancer combination,
which facilitates the efficient expression of the nucleic acid to produce the

15 microRNA. The in vivo expression element may, for example, be a
mammalian or viral promoter, such as a constitutive or inducible promoter or
a tissue specific promoter. Examples of which are well known to one of
ordinary skill in the art. Constitutive mammalian promoters include, but are
not limited to, polymerase promoters as well as the promoters for the

20  following genes: hypoxanthine phosphoribosyl transferase (HPTR),
adenosine deaminase, pyruvate kinase, and beta.-actin. Exemplary viral
promoters which function constitutively in eukaryotic cells include, but are
not limited to, promoters from the simian virus, papilloma virus, adenovirus,
human immunodeficiency virus (HIV), Rous sarcoma virus,

25  cytomegalovirus, the long terminal repeats (LTR) of moloney leukemia virus
and other retroviruses, and the thymidine kinase promoter of herpes simplex
virus. Other constitutive promoters are known to those of ordinary skill in
the art. Inducible promoters are expressed in the presence of an inducing
agent and include, but are not limited to, metal-inducible promoters and

30 steroid-regulated promoters. For example, the metallothionein promoter is
induced to promote transcription in the presence of certain metal ions. Other

inducible promoters are known to those of ordinary skill in the art.
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Examples of tissue-specific promoters include, but are not limited to,
the promoter for creatine kinase, which has been used to direct expression in
muscle and cardiac tissue and immunoglobulin heavy or light chain
promoters for expression in B cells. Other tissue specific promoters include

5 the human smooth muscle alpha-actin promoter.

Exemplary tissue-specific expression elements for the liver include
but are not limited to HMG-COA reductase promoter, sterol regulatory
element 1, phosphoenol pyruvate carboxy kinase (PEPCK) promoter, human
C-reactive protein (CRP) promoter, human glucokinase promoter, cholesterol

10 7-alpha hydroylase (CYP-7) promoter, beta-galactosidase alpha-2,6
sialyltransferase promoter, insulin-like growth factor binding protein
(IGFBP-1) promoter, aldolase B promoter, human transferrin promoter, and
collagen type I promoter.

Exemplary tissue-specific expression elements for the prostate

15 include but are not limited to the prostatic acid phosphatase (PAP) promoter,
prostatic secretory protein of 94 (PSP 94) promoter, prostate specific antigen
complex promoter, and human glandular kallikrein gene promoter (hgt-1).

Exemplary tissue-specific expression elements for gastric tissue
include but are not limited to the human H+/K+-ATPase alpha subunit

20  promoter.

Exemplary tissue-specific expression elements for the pancreas
include but are not limited to pancreatitis associated protein promoter (PAP),
elastase 1 transcriptional enhancer, pancreas specific amylase and elastase
enhancer promoter, and pancreatic cholesterol esterase gene promoter.

25 Exemplary tissue-specific expression elements for the endometrium
include, but are not limited to, the uteroglobin promoter.

Exemplary tissue-specific expression elements for adrenal cells
include, but are not limited to, cholesterol side-chain cleavage (SCC)
promoter.

30 Exemplary tissue-specific expression elements for the general
nervous system include, but are not limited to, gamma-gamma enolase

(neuron-specific enolase, NSE) promoter.
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Exemplary tissue-specific expression elements for the brain include,
but are not limited to, the neurofilament heavy chain (NF-H) promoter.

Exemplary tissue-specific expression elements for lymphocytes
include, but are not limited to, the human CGL-1/granzyme B promoter, the

5  terminal deoxy transferase (TdT), lambda 5, VpreB, and Ick (lymphocyte
specific tyrosine protein kinase p56lck) promoter, the humans CD2 promoter
and its 3’ transcriptional enhancer, and the human NK and T cell specific
activation (NKGS) promoter.

Exemplary tissue-specific expression elements for the colon include,

10 but are not limited to, pp60c-src tyrosine kinase promoter, organ-specific
neoantigens (OSNs) promoter, and colon specific antigen-P promoter.

Exemplary tissue-specific expression elements for breast cells
include, but are not limited to, the human alpha-lactalbumin promoter.

Exemplary tissue-specific expression elements for the lung include,

15 but are not limited to, the cystic fibrosis transmembrane conductance
regulator (CFTR) gene promoter.

Other elements aiding specificity of expression in a tissue of interest
can include secretion leader sequences, enhancers, nuclear localization
signals, endosmolytic peptides, etc. Preferably, these elements are derived

20  from the tissue of interest to aid specificity.

In general, the in vivo expression element shall include, as necessary,
5' non-transcribing and 5' non-translating sequences involved with the
initiation of transcription. They optionally include enhancer sequences or
upstream activator sequences.

25 Methods and Materials for Production of miRNA

The miRNA can be isolated from cells or tissues, recombinantly
produced, or synthesized in vitro by a variety of techniques well known to
one of ordinary skill in the art. |

In one embodiment, miRNA is isolated from cells or tissues.

30  Techniques for isolating miRNA from cells or tissues are well known to one
of ordinary skill in the art. For example, miRNA can be isolated from total
RNA using the mirVana miRNA isolation kit from Ambion, Inc. Another
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techniques utilizes the flashPAGE™ Fractionator System (Ambion, Inc.) for
PAGE purification of small nucleic acids.

The miRNA can be obtained by preparing a recombinant version
thereof (i.e., by using the techniques of genetic engineering to produce a
recombinant nucleic acid which can then be isolated or purified by
techniques well known to one of ordinary skill in the art). This embodiment
involves growing a culture of host cells in a suitable culture medium, and
purifying the miRNA from the cells or the culture in which the cells are
grown. For example, the methods include a process for producing a miRNA
in which a host cell containing a suitable expression vector that includes a
nucleic acid encoding an miRNA is cultured under conditions that allow
expression of the encoded miRNA. In a preferred embodiment the nucleic
acid encodes let-7. The miRNA can be recovered from the culture, from the
culture medium or from a lysate prepared from the host cells, and further
purified. The host cell can be a higher eukaryotic host cell such as a
mammalian cell, a lower eukaryotic host cell such as a yeast cell, or the host
cell can be a prokaryotic cell such as a bacterial cell. Introduction of a vector
containing the nucleic acid encoding the miRNA into the host cell can be
effected by calcium phosphate transfection, DEAE, dextran mediated
transfection, or electroporation (Davis, L. et al., Basic Methods in Molecular
Biology (1986)).

Any host/vector system can be used to express one or more of the
miRNAs. These include, but are not limited to, eukaryotic hosts such as
HeLa cells and yeast, as well as prokaryotic host such as E. coli and B.
subtilis. miRNA can be expressed in mammalian cells, yeast, bacteria, or
other cells where the miRNA gene is under the control of an appropriate
promoter. Appropriate cloning and expression vectors for use with
prokaryotic and eukaryotic hosts are described by Sambrook, et al., in
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring
Harbor, N.Y. (1989). In the preferred embodiment, the miRNA is expressed
in mammalian cells. Examples of mammalian expression systems include

C127, monkey COS cells, Chinese Hamster Ovary (CHO) cells, human
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kidney 293 cells, human epidermal A431 cells, human Colo205 cells, 3T3
cells, CV-1 cells, other transformed primate cell lines, normal diploid cells,
cell strains derived from in vitro culture of primary tissue, primary explants,
HeLa cells, mouse L cells, BHK, HL-60, U937, HaK or Jurkat cells.
Mammalian expression vectors will comprise an origin of replication, a
suitable promoter, polyadenylation site, transcriptional termination
sequences, and 5' flanking nontranscribed sequences. DNA sequences
derived from the SV40 viral genome, for example, SV40 origin, early
promoter, enhancer, splice, and polyadenylation sites may be used to provide
the required nontranscribed genetic elements. Potentially suitable yeast
strains include Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Kluyveromyces strains, Candida, or any yeast strain capable of expressing
miRNA. Potentially suitable bacterial strains include Escherichia coli,
Bacillus subtilis, Salmonella typhimurium, or any bacterial strain capable of
expressing miRNA.

In a preferred embodiment, genomic DNA encoding let-7 is isolated,
the genomic DNA is expressed in a mammalian expression system, RNA is
purified and modified as necessary for administration to a patient. In a
preferred embodiment the let-7 is in the form of a pre-miRNA, which can be
modified as desired (i.e. for increased stability or cellular uptake).

Knowledge of DNA sequences of miRNA allows for modification of
cells to permit or increase expression of an endogenous miRNA. Cells can
be modified (e.g., by homologous recombination) to provide increased
miRNA expression by replacing, in whole or in part, the naturally occurring
promoter with all or part of a heterologous promoter so that the cells express
the miRNA at higher levels. The heterologous promoter is inserted in such a
manner that it is operatively linked to the desired miRNA encoding
sequences. See, for example, PCT International Publication No. WO
94/12650 by Transkaryotic Therapies, Inc., PCT International Publication
No. WO 92/20808 by Cell Genesys, Inc., and PCT International Publication
No. WO 91/09955 by Applied Research Systems. Cells also may be

engineered to express an endogenous gene comprising the miRNA under the
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control of inducible regulatory elements, in which case the regulatory
sequences of the endogenous gene may be replaced by homologous
recombination. Gene activation techniques are described in U.S. Patent No.
5,272,071 to Chappel; U.S. Patent No. 5,578,461 to Sherwin et al.;
PCT/US92/09627 (W093/09222) by Selden et al.; and PCT/US90/06436
(W091/06667) by Skoultchi et al.

The miRNA may be prepared by culturing transformed host cells
under culture conditions suitable to express the miRNA. The resulting
expressed miRNA may then be purified from such culture (i.e., from culture
medium or cell extracts) using known purification processes, such as gel
filtration and ion exchange chromatography. The purification of the miRNA
may also include an affinity column containing agents which will bind to the
protein; one or more column steps over such affinity resins as concanavalin
A-agarose, heparin-toyopearI™ or Cibacrom blue 3GA Sepharose™:; one or
more steps involving hydrophobic interaction chromatography using such
resins as phenyl ether, butyl ether, or propyl ether; immunoaffinity
chromatography, or complementary cDNA affinity chromatography.

The miRNA may also be expressed as a product of transgenic
animals, which are characterized by somatic or germ cells containing a
nucleotide sequence encoding the miRNA. A vector containing DNA
encoding miRNA and appropriate regulatory elements can be inserted in the
germ line of animals using homologous recombination (Capecchi, Science
244:1288-1292 (1989)), such that the express the miRNA. Transgenic
animals, preferably non-human mammals, are produced using methods as
described in U.S. Patent No 5,489,743 to Robinson, et al., and PCT
Publication No. WO 94/28122 by Ontario Cancer Institute. miRNA can be
isolated from cells or tissue isolated from transgenic animals as discussed
above.

In a preferred embodiment, the miRNA can be obtained synthetically,
for example, by chemically synthesizing a nucleic acid by any method of
synthesis known to the skilled artisan. The synthesized miRNA can then be
purified by any method known in the art. Methods for chemical synthesis of
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nucleic acids include, but are not limited to, in vitro chemical synthesis using
phosphotriester, phosphate or phosphoramidite cheminstry and solid phase
techniques, or via deosynucleoside H-phosphonate intermediates (see U.S.
Patent No. 5,705,629 to Bhongle).

In some circumstances, for example, where increased nuclease
stability is desired, nucleic acids having nucleic acid analogs and/or modified
internucleoside linkages may be preferred. Nucleic acids containing
modified internucleoside linkages may also be synthesized using reagents
and methods that are well known in the art. For example, methods of
synthesizing nucleic acids containing phosphonate phosphorothioate,
phosphorodithioate, phosphoramidate methoxyethyl phosphoramidate,
formacetal, thioformacetal, diisopropylsilyl, acetamidate, carbamate,
dimethylene-sulfide (-CH,-S-CHy), diinethylene-sulfoxide (-CH,-SO-CH,),
dimethylene-sulfone (-CH,-SO,-CHy), 2'-O-alkyl, and 2'-deoxy-2'-fluoro
phosphorothioate internucleoside linkages are well known in the art (see
Uhlmann et al., 1990, Chem. Rev. 90:543-584; Schneider et al., 1990,
Tetrahedron Lett. 31:335 and references cited therein). U.S. Patent Nos.
5,614,617 and 5,223,618 to Cook, et al., 5,714,606 to Acevedo, et al.,
5,378,825 to Cook, et al., 5,672,697 and 5,466,786 to Buhr, et al., 5,777,092
to Cook, et al., 5,602,240 to De Mesmaeker, et al., 5,610,289 to Cook, et al.
and 5,858,988 to Wang, also describe nucleic acid analogs for enhanced
nuclease stability and cellular uptake.

Formulations

The compositions are administered to a patient in need of treatment
or prophylaxis of at least one symptom or manifestation (since disease can
occur/progress in the absence of symptoms) of cancer. Aberrant expression
of oncogenes is a hallmark of cancer. In a preferred embodiment, the cancer
is lung cancer. In one embodiment, the compositions are administered in an
effective amount to inhibit gene expression of one or more oncogenes. In
preferred embodiments, the compositions are administered in an effective

amount to inhibit gene expression of RAS, MYC, and/or BCL-2.
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Methods for treatment or prevention of at least one symptom or
manifestation of cancer are also described consisting of administration of an
effective amount of a composition containing a nucleic acid molecule to
alleviate at least one symptom or decrease at least one manifestation. In a
preferred embodiment, the cancer is lung cancer. The compositions
described herein can be administered in effective dosages alone or in
combination with adjuvant cancer therapy such as surgery, chemotherapy,
radiotherapy, thermotherapy, immunotherapy, hormone therapy and laser
therapy, to provide a beneficial effect, e.g. reduce tumor size, reduce cell
proliferation of the tumor, inhibit angiogenesis, inhibit metastasis, or
otherwise improve at least one symptom or manifestation of the disease.

The nucleic acids described above are preferably employed for
therapeutic uses in combination with a suitable pharmaceutical carrier. Such
compositions comprise an effective amount of the compound, and a
pharmaceutically acceptable carrier or excipient. The formulation is made to
suit the mode of administration. Pharmaceutically acceptable carriers are
determined in part by the particular composition being administered, as well
as by the particular method used to administer the composition.
Accordingly, there is a wide variety of suitable formulations of
pharmaceutical compositions containing the nucleic acids some of which are
described herein.

It is understood by one of ordinary skill in the art that nucleic acids
administered in vivo are taken up and distributed to cells and tissues (Huang,
et al., FEBS Lett. 558(1-3):69-73 (2004)). For example, Nyce et al. have
shown that antisense oligodeoxynucleotides (ODNs) when inhaled bind to
endogenous surfactant (a lipid produced by lung cells) and are taken up by
lung cells without a need for additional carrier lipids (Nyce and Metzger,
Nature, 385:721-725 (1997). Small nucleic acids are readily taken up into
T24 bladder carcinoma tissue culture cells (Ma, et al., Antisense Nucleic Acid
Drug Dev. 8:415-426 (1998). siRNAs have been used for therapeutic
silencing of an endogenous genes by systemic administration (Soutschek, et
al., Nature 432, 173-178 (2004)).
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The nucleic acids described above may be in a formulation for
administration topically, locally or systemically in a suitable pharmaceutical
carrier. Remington's Pharmaceutical Sciences, 15th Edition by E. W. Martin
(Mark Publishing Company, 1975), discloses typical carriers and methods of

5  preparation. The nucleic acids may also be encapsulated in suitable
biocompatible microcapsules, microparticles or microspheres formed of
biodegradable or non-biodegradable polymers or proteins or liposomes for
targeting to cells. Such systems are well known to those skilled in the art
and may be optimized for use with the appropriate nucleic acid.

10 Various methods for nucleic acid delivery are described, for example
in Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, New York; and Ausubel et al., 1994, Current
Protocols in Molecular Biology, John Wiley & Sons, New York. Such
nucleic acid delivery systems comprise the desired nucleic acid, by way of

15 example and not by limitation, in either "naked" form as a "naked" nucleic
acid, or formulated in a vehicle suitable for delivery, such as in a complex
with a cationic molecule or a liposome forming lipid, or as a component of a
vector, or a component of a pharmaceutical composition. The nucleic acid
delivery system can be provided to the cell either directly, such as by

20 contacting it with the cell, or indirectly, such as through the action of any
biological process. By way of example, and not by limitation, the nucleic
acid delivery system can be provided to the cell by endocytosis, receptor
targeting, coupling with native or synthetic cell membrane fragments,
physical means such as electroporation, combining the nucleic acid delivery

25  system with a polymeric carrier such as a controlled release film or
nanoparticle or microparticle, using a vector, injecting the nucleic acid
delivery system into a tissue or fluid surrounding the cell, simple diffusion of
the nucleic acid delivery system across the cell membrane, or by any active
or passive transport mechanism across the cell membrane. Additionally, the

30 nucleic acid delivery system can be provided to the cell using techniques
such as antibody-related targeting and antibody-mediated immobilization of

a viral vector.
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Formulations for topical administration may include ointments,
lotions, creams, gels, drops, suppositories, sprays, liquids and powders.
Conventional pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like can be used as desired.

Formulations suitable for parenteral administration, such as, for
example, by intraarticular (in the joints), intravenous, intramuscular,
intradermal, intraperitoneal, and subcutaneous routes, include aqueous and
non-aqueous, isotonic sterile injection solutions, which can contain
antioxidants, buffers, bacteriostats, and solutes that render the formulation
isotonic with the blood of the intended recipient, and aqueous and non-
aqueous sterile suspensions, solutions or emulsions that can include
suspending agents, solubilizers, thickening agents, dispersing agents,
stabilizers, and preservatives. Formulations for injection may be presented
in unit dosage form, e.g., in ampules or in multi-dose containers, with an
added preservative. The compositions may take such forms as.

Preparations include sterile aqueous or nonaqueous solutions,
suspensions and emulsions, which can be isotonic with the blood of the
subject in certain embodiments. Examples of nonaqueous solvents are
polypropylene glycol, polyethylene glycol, vegetable oil such as olive oil,
sesame oil, coconut oil, arachis oil, peanut oil, mineral oil, injectable organic
esters such as ethyl oleate, or fixed oils including synthetic mono or di-
glycerides. Aqueous carriers include water, alcoholic/aqueous solutions,
emulsions or suspensions, including saline and buffered media. Parenteral
vehicles include sodium chloride solution, 1,3-butandiol, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's or fixed oils. Intravenous
vehicles include fluid and nutrient replenishers, electrolyte replenishers (such
as those based on Ringer's dextrose), and the like. Preservatives and other
additives may also be present such as, for example, antimicrobials,
antioxidants, chelating agents and inert gases and the like. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including

synthetic mono- or di-glycerides. In addition, fatty acids such as oleic acid
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may be used in the preparation of injectables. Carrier formulation can be
found in Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, Pa. Those of skill in the art can readily determine the various
parameters for preparing and formulating the compositions without resort to
undue experimentation.

The nucleic acids alone or in combination with other suitable
components, can also be made into aerosol formulations (i.e., they can be
"nebulized") to be administered via inhalation. Aerosol formulations can be
placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like. For administration
by inhalation, the nucleic acids are conveniently delivered in the form of an
aerosol spray presentation from pressurized packs or a nebulizer, with the
use of a suitable propellant.

In some embodiments, the nucleic acids described above may include
pharmaceutically acceptable carriers with formulation ingredients such as
salts, carriers, buffering agents, emulsifiers, diluents, excipients, chelating
agents, fillers, drying agents, antioxidants, antimicrobials, preservatives,
binding agents, bulking agents, silicas, solubilizers, or stabilizers. In one
embodiment, the nucleic acids are conjugated to lipophilic groups like
cholesterol and lauric and lithocholic acid derivatives with C32 functionality
to improve cellular uptake. For example, cholesterol has been demonstrated
to enhance uptake and serum stability of siRNA ir vitro (Lorenz, et al.,
Bioorg. Med. Chem. Lett. 14(19):4975-4977 (2004)) and in vivo (Soutschek,
et al., Nature 432(7014):173-178 (2004)). In addition, it has been shown that
binding of steroid conjugated oligonucleotides to different lipoproteins in the
bloodstream, such as LDL, protect integrity and facilitate biodistribution
(Rump, et al., Biochem. Pharmacol. 59(11):1407-1416 (2000)). Other
groups that can be attached or conjugated to the nucleic acids described
above to increase cellular uptake, include, but are not limited to,
acridinederivatives; cross-linkers such as psoralen derivatives,
azidophenacyl, proflavin, and azidoproflavin; artificial endonucleases; metal

complexes such as EDTA-Fe(Il) and porphyrin-Fe(Il); alkylating moieties, ;
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nucleases such as alkaline phosphatase; terminal transferases; abzymes;
cholesteryl moieties; lipophilic carriers; peptide conjugates; long chain
alcohols; phosphate esters; radioactive markers; non-radioactive markers;
carbohydrates; and polylysine or other polyamines. U.S. Patent No.

5 6,919,208 to Levy, et al., also described methods for enhanced delivery of
nucleic acids molecules.

These pharmaceutical formulations may be manufactured in a manner
that is itself known, e.g., by means of conventional mixing, dissolving,
granulating, levigating, emulsifying, encapsulating, entrapping or

10 lyophilizing processes.

The formulations described herein of the nucleic acids embrace
fusions of the nucleic acids or modifications of the nucleic acids, wherein the
nucleic acid is fused to another moiety or moieties, e. 8., targeting moiety or
another therapeutic agent. Such analogs may exhibit improved properties

15 such as activity and/or stability. Examples of moieties which may be linked
or unlinked to the nucleic acid include, for example, targeting moieties which
provide for the delivery of nucleic acid to specific cells, e. g., antibodies to
pancreatic cells, immune cells, lung cells or any other preferred cell type, as
well as receptor and ligands expressed on the preferred cell type. Preferably,

20  the moieties target cancer or tumor cells. For example, since cancer cells
have increased consumption of glucose, the nucleic acids can be linked to
glucose molecules. ‘Monoclonal humanized antibodies that target cancer or
tumor cells are preferred moieties and can be linked or unlinked to the
nucleic acids. In the case of cancer therapeutics, the target antigen is

25  typically a protein that is unique and/or essential to the tumor cells (e.g., the
receptor protein HER-2).

II. Methods of Treatment

Method of Administration

In general, methods of administering nucleic acids are well known in

30  theart. In particular, the routes of administration already in use for nucleic

acid therapeutics, along with formulations in current use, provide preferred

37



WO 2006/028967 PCT/US2005/031327

routes of administration and formulation for the nucleic acids described
above.

Nucleic acid compositions can be administered by a number of routes
including, but not limited to: oral, intravenous, intraperitoneal, intramuscular,

5  transdermal, subcutaneous, topical, sublingual, or rectal means. Nucleic

acids can also be administered via liposomes. Such administration routes
and appropriate formulations are generally known to those of skill in the art.

Administration of the formulations described herein may be
accomplished by any acceptable method which allows the miRNA or nucleic

10 acid encoding the miRNA to reach its target. The particular mode selected
will depend of course, upon factors such as the particular formulation, the
severity of the state of the subject being treated, and the dosage required for
therapeutic efficacy. As generally used herein, an "effective amount" of a
nucleic acids is that amount which is able to treat one or more symptoms of

15 cancer or related disease, reverse the progression of one or more symptoms
of cancer or related disease, halt the progression of one or more symptoms of -
cancer or related disease, or prevent the occurrence of one or more symptoms
of cancer or related disease in a subject to whom the formulation is
administered, as compared to a matched subject not receiving the compound

20  or therapeutic agent. The actual effective amounts of drug can vary
according to the specific drug or combination thereof being utilized, the
particular composition formulated, the mode of administration, and the age,
weight, condition of the patient, and severity of the symptoms or condition
being treated.

25 Any acceptable method known to one of ordinary skill in the art may
be used to administer a formulation to the subject. The administration may
be localized (i.e., to a particular region, physiological system, tissue, organ,
or cell type) or systemic, depending on the condition being treated.

Injections can be e.g., intravenous, intradermal, subcutaneous,

30  intramuscular, or intraperitoneal. The composition can be injected

intradermally for treatment or prevention of cancer, for example. In some

embodiments, the injections can be given at multiple locations. Implantation
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includes inserting implantable drug delivery systems, e.g., microspheres,
hydrogels, polymeric reservoirs, cholesterol matrixes, polymeric systems,
e.g., matrix erosion and/or diffusion systems and non-polymeric systems,
e.g., compressed, fused, or partially-fused pellets. Inhalation includes

5 administering the composition with an aerosol in an inhaler, either alone or
attached to a carrier that can be absorbed. For systemic administration, it
may be preferred that the composition is encapsulated in liposomes.

Preferably, the agent and/or nucleic acid delivery system are provided
in a manner which enables tissue-specific uptake of the agent and/or nucleic

10 acid delivery system. Techniques include using tissue or organ localizing
devices, such as wound dressings or transdermal delivery systems, using
invasive devices such as vascular or urinary catheters, and using
interventional devices such as stents having drug delivery capability and
configured as expansive devices or stent grafis.

15 The formulations may be delivered using a bioerodible implant by
way of diffusion or by degradation of the polymeric matrix. In certain
embodiments, the administration of the formulation may be designed so as to
result in sequential exposures to the miRNA over a certain time period, for
example, hours, days, weeks, months or years. This may be accomplished,

20 for example, by repeated administrations of a formulation or by a sustained
or controlled release delivery system in which the miRNA is delivered over a
prolonged period without repeated administrations. Administration of the
formulations using such a delivery system may be, for example, by oral
dosage forms, bolus injections, transdermal patches or subcutaneous

25  implants, Maintaining a substantially constant concentration of the
composition may be preferred in some cases.

Other delivery systems suitable include, but are not limited to, time-
release, delayed release, sustained release, or controlled release delivery
systems. Such systems may avoid repeated administrations in many cases,

30  increasing convenience to the subject and the physician. Many types of
release delivery systems are available and known to those of ordinary skill in

the art. They include, for example, polymer-based systems such as polylactic

39



WO 2006/028967 PCT/US2005/031327

10

15

20

25

30

and/or polyglycolic acids, polyanhydrides, polycaprolactones,
copolyoxalates, polyesteramides, polyorthoesters, polyhydroxybutyric acid,
and/or combinations of these. Microcapsules of the foregoing polymers
containing nucleic acids are described in, for example, U.S. Patent No.
5,075,109. Other examples include nonpolymer systems that are lipid-based
including sterols such as cholesterol, cholesterol esters, and fatty acids or
neutral fats such as mono-, di- and triglycerides; hydrogel release systems;
liposome-based systems; phospholipid based-systems; silastic systems;
peptide based systems; wax coatings; compressed tablets using conventional
binders and excipients; or partially fused implants. Specific examples
include, but are not limited to, erosional systems in which the miRNA is
contained in a formulation within a matrix (for example, as described in U.S.
Patent Nos. 4,452,775, 4,675,189, 5,736,152, 4,667,013, 4,748,034 and
5,239,660), or diffusional systems in which an active component controls the
release rate (for example, as described in U.S. Patent Nos. 3,832,253,
3,854,480, 5,133,974 and 5,407,686). The formulation may be as, for
example, microspheres, hydrogels, polymeric reservoirs, cholesterol
matrices, or polymeric systems. In some embodiments, the system may allow
sustained or controlled release of the composition to occur, for example,
through control of the diffusion or erosion/degradation rate of the
formulation containing the miRNA. In addition, a pump-based hardware
delivery system may be used to deliver one or more embodiments.

Examples of systems in which release ocours in bursts includes, e.g.,
systems in which the composition is entrapped in liposomes which are
encapsulated in a polymer matrix, the liposomes being sensitive to specific
stimuli, e.g., temperature, pH, light or a degrading enzyme and systems in
which the composition is encapsulated by an ionically-coated microcapsule
with a microcapsule core degrading enzyme. Examples of systems in which
release of the inhibitor is gradual and continuous include, e.g., erosional
systems in which the composition is contained in a form within a matrix and

effusional systems in which the composition permeates at a controlled rate,
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e.g., through a polymer. Such sustained release systems can be e.g., in the
form of pellets, or capsules.
Use of a long-term release implant may be particularly suitable in

some embodiments. "Long-term release," as used herein, means that the

5  implant containing the composition is constructed and arranged to deliver
therapeutically effective levels of the composition for at least 30 or 45 days,
and preferably at least 60 or 90 days, or even longer in some cases. Long-
term release implants are well known to those of ordinary skill in the art, and
include some of the release systems described above.

10 Dosages for a particular patient can be determined by one of ordinary
skill in the art using conventional considerations, (e.g. by means of an
appropriate, conventional pharmacological protocol). A physician may, for
example, prescribe a relatively low dose at first, subsequently increasing the
dose until an appropriate response is obtained. The dose administered to a

15 patient is sufficient to effect a beneficial therapeutic response in the patient
over time, or, e.g., to reduce symptoms, or other appropriate activity,
depending on the application. The dose is determined by the efficacy of the
particular formulation, and the activity, stability or serum half-life of the
miRNA employed and the condition of the patient, as well as the body

20 weight or surface area of the patient to be treated. The size of the dose is also
determined by the existence, nature, and extent of any adverse side-effects
that accompany the administration of a particular vector, formulation, or the
like in a particular patient.

Therapeutic compositions comprising one or more nucleic acids are

25  optionally tested in one or more appropriate in vitro and/or in vivo animal
models of disease, to confirm efficacy, tissue metabolism, and to estimate
dosages, according to methods well known in the art. In particular, dosages
can be initially determined by activity, stability or other suitable measures of
treatment vs. non-treatment (e.g., comparison of treated vs. untreated cells or

30  animal models), in a relevant assay. Formulations are administered at a rate
determined by the LD50 of the relevant formulation, and/or observation of

any side-effects of the nucleic acids at various concentrations, e.g., as applied

41



WO 2006/028967 PCT/US2005/031327

10

15

20

25

30

to the mass and overall health of the patient. Administration can be
accomplished via single or divided doses.

In vitro models can be used to determine the effective doses of the
nucleic acids as a potential cancer treatment. Suitable i vitro models
include, but are not limited to, proliferation asséys of cultured tumor cells,
growth of cultured tumor cells in soft agar (see Freshney, (1987) Culture of
Anima] Cells: A Manual of Basic Technique, Wily-Liss, New York, N.Y. Ch
18 and Ch 21), tumor systems in nude mice as described in Giovanella et al.,
J. Natl. Can. Inst., 52: 921-30 (1974), mobility and invasive potential of
tumor cells in Boyden Chamber assays as described in Pilkington et al.,
Anticancer Res., 17: 4107-9 (1997), and angiogenesis assays such as
induction of vascularization of the chick chorioallantoic membrane or
induction of vascular endothelial cell migration as described in Ribatta et al.,
Intl. J. Dev. Biol., 40: 1189-97 (1999) and Li et al., Clin. Exp. Metastasis,
17:423-9 (1999), respectively. Suitable tumor cells lines are available, e.g.
from American Type Tissue Culture Collection catalogs.

In vivo models are the preferred models to determine the effective
doses of nucleic acids described above as potential cancer treatments.
Suitable in vivo models include, but are not limited to, mice that carry a
mutation in the KRAS oncogene (Lox-Stop-Lox K-Ras®'?® mutants,
Kras2™™) available from the National Cancer Institute (NCI) Frederick
Mouse Repository. Other mouse models known in the art and that are
available include but are not limited to models for gastrointestinal cancer,
hematopoietic cancer, lung cancer, mammary gland cancer, nervous system
cancer, ovarian cancer, prostate cancer, skin cancer, cervical cancer, oral

cancer, and sarcoma cancer (see http://emice.nci.nih.gov/mouse models/).

In determining the effective amount of the miRNA to be administered
in the treatment or prophylaxis of disease the physician evaluates circulating
plasma levels, formulation toxicities, and progression of the disease.

The dose administered to a 70 kilogram patient is typically in the
range equivalent to dosages of currently-used therapeutic antisense

oligonucleotides such as Vitravene® (fomivirsen sodium injection) which is
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approved by the FDA for treatment of cytomegaloviral RNA, adjusted for
the altered activity or serum half-life of the relevant composition.
The formulations described herein can supplement treatment
conditions by any known conventional therapy, including, but not limited to,
5  antibody administration, vaccine administration, administration of cytotoxic
agents, natural amino acid polypeptides, nucleic acids, nucleotide analogues,
and biologic response modifiers. Two or more combined compounds may be
used together or sequentially. For example, the nucleic acids can also be
administered in therapeutically effective amounts as a portion of an anti-

10 cancer cocktail. An anti-cancer cocktail is a mixture of the oligonucleotide
or modulator with one or more anti-cancer drugs in addition to a
pharmaceutically acceptable carrier for delivery. The use of anti-cancer
cocktails as a cancer treatment is routine. Anti-cancer drugs that are well
known in the art and can be used as a treatment in combination with the

15 nucleic acids described herein include, but are not limited to: Actinomycin
D, Aminoglutethimide, Asparaginase, Bleomycin, Busulfan, Carboplatin,
Carmustine, Chlorambucil, Cisplatin (cis-DDP), Cyclophosphamide,
Cytarabine HCI (Cytosine arabinoside), Dacarbazine, Dactinomycin,
Daunorubicin HC1, Doxorubicin HC, Estramustine phosphate sodium,

20  Etoposide (V16-213), Floxuridine, 5-Fluorouracil (5-Fu), Flutamide,
Hydroxyurea (hydroxycarbamide), Ifosfamide, Interferon Alpha-2a,
Interferon Alpha-2b, Leuprolide acetate (LHRH-releasing factor analog),
Lomustine, Mechlorethamine HCI (nitrogen mustard), Melphalan,
Mercaptopurine, Mesna, Methotrexate (MTX), Mitomycin, Mitoxantrone

25 HCI, Octreotide, Plicamycin, Procarbazine HC, Streptozocin, Tamoxifen
citrate, Thioguanine, Thiotepa, Vinblastine sulfate, Vincristine sulfate,
Amsacrine, Azacitidine, Hexamethylmelamine, Interleukin-2, Mitoguazone,
Pentostatin, Semustine, Teniposide, and Vindesine sulfate.

Diseases to be Treated

30 Cancer treatments promote tumor regression by inhibiting tumor cell

proliferation, inhibiting angiogenesis (growth of new blood vessels that is

necessary to support tumor growth) and/or prohibiting metastasis by
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reducing tumor cell motility or invasiveness. Therapeutic formulations
described herein may be effective in adult and pediatric oncology including
in solid phase tumors/malignancies, locally advanced tumors, human soft
tissue sarcomas, metastatic cancer, including lymphatic metastases, blood
5 cell malignancies including multiple myeloma, acute and chronic leukemias,

and lymphomas, head and neck cancers including mouth cancer, larynx
cancer and thyroid cancer, lung cancers including small cell carcinoma and
non-small cell cancers, breast cancers including small cell carcinoma and
ductal carcinoma, gastrointestinal cancers including esophageal cancer,

10 stomach cancer, colon cancer, colorectal cancer and polyps associated with
colorectal neoplasia, pancreatic cancers, liver cancer, urologic cancers
including bladder cancer and prostate cancer, malignancies of the female
genital tract including ovarian carcinoma, uterine (including endometrial)
cancers, and solid tumor in the ovarian follicle, kidney cancers including

15 renal cell carcinoma, brain cancers including intrinsic brain tumors,
neuroblastoma, astrocytic brain tumors, gliomas, metastatic tumor cell
invasion in the central nervous system, bone cancers including osteomas,
skin cancers including malignant melanoma, tumor progression of human
skin keratinocytes, squamous cell carcinoma, basal cell carcinoma,

20 hemangiopericytoma and Karposi's sarcoma. Therapeutic formulations can
be administered in therapeutically effective dosages alone or in combination
with adjuvant cancer therapy such as surgery, chemotherapy, radiotherapy,
thermotherapy, immunotherapy, hormone therapy and laser therapy, to
provide a beneficial effect, e.g. reducing tumor size, slowing rate of tumor

25 growth, reducing cell proliferation of the tumor, promoting cancer cell death,
inhibiting angiongenesis, inhibiting metastasis, or otherwise Improving
overall clinical condition, without necessarily eradicating the cancer.

Cancers include, but are not limited to, biliary tract cancer; bladder
cancer; breast cancer; brain cancer including glioblastomas and

30 medulloblastomas; cervical cancer; choriocarcinoma; colon cancer including
colorectal carcinomas; endometrial cancer; esophageal cancer; gastric

cancer; head and neck cancer; hematological neoplasms including acute
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lymphocytic and myelogenous leukemia, multiple myeloma, AIDS-
associated leukemias and adult T-cell leukemia lymphoma; intraepithelial
neoplasms including Bowen's disease and Paget's disease; liver cancer; lung
cancer including small cell lung cancer and non-small cell lung cancer;
lymphomas including Hodgkin's disease and lymphocytic lymphomas;
neuroblastomas; oral cancer including squamous cell carcinoma;
osteosarcomas; ovarian cancer including those arising from epithelial cells,
stromal cells, germ cells and mesenchymal cells; pancreatic cancer; prostate
cancer; rectal cancer; sarcomas including leiomyosarcoma,
thabdomyosarcoma, liposarcoma, fibrosarcoma, synovial sarcoma and
osteosarcoma; skin cancer including melanomas, Kaposi's sarcoma,
basocellular cancer, and squamous cell cancer; testicular cancer including
germinal tumors such as seminoma, non-seminoma (teratomas,
choriocarcinomas), stromal tumors, and germ cell tumors; thyroid cancer
including thyroid adenocarcinoma and medullar carcinoma; transitional
cancer and renal cancer including adenocarcinoma and Wilms tumor. In a
preferred embodiment, the formulations are administered for treatment or
prevention of lung cancer.

In addition, therapeutic nucleic acids may be used for prophylactic
treatment of cancer. There are hereditary conditions and/or environmental
situations (e.g. exposure to carcinogens) known in the art that predispose an
individual to developing cancers. Under these circumstances, it may be
beneficial to treat these individuals with therapeutically effective doses of the
nucleic acids to reduce the risk of developing cancers. In one embodiment, a
nucleic acid in a suitable formulation may be administered to a subject who
has a family history of cancer, or to a subject who has a genetic
predisposition for cancer. In other embodiments, the nucleic acid in a
suitable formulation is administered to a subject who has reached a particular
age, or to a subject more likely to get cancer. In yet other embodiments, the
nucleic acid in a suitable formulation is administered to subjects who exhibit
symptoms of cancer (e.g., early or advanced). In still other embodiments, the

nucleic acid in a suitable formulation may be administered to a subject as a
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preventive measure. In some embodiments, the nucleic acid in a suitable
formulation may be administered to a subject based on demographics or
epidemiological studies, or to a subject in a particular field or career.
Examples

The present invention will be further understood by reference to the
following non-limiting examples.
Example 1. RAS is regulated by the ler-7 microRNA family

C. elegans let-7, mir-48, mir-84 and mir-241 encode four
developmentally regulated miRNAs that comprise the lez-7 family (Lau et
al., (2001) Science 294, 858-862; Lim et al., (2003) Genes Dev 17, 991-
1008; Reinhart et al., (2000) Nature 403, 901-906). This family displays
high sequence identity, with particular conservation at the 5’end of the
mature miRNAs (Figure 10A, 10B). The C. elegans let-7 family miRNAs,
mir-84, plays a role in vulval development, a model for dissecting
RAS/MAP Kinase signaling (Wang and Sternberg, (2001) Curr Top Dev
Biol 51, 189-220). C. elegans let-60/RAS is regulated by members of the lez-
7 family. let-7 and mir-84 are complementary to multiple sites in the 3’ UTR
of let-60/RAS. let-7 and mir-84 are expressed in a reciprocal manner to Jet-
60/RAS in the hypodermis and the vulva respectively.

let-7 and mir-84 genetically interact with lez-60/RAS, consistent with
negative regulation of RAS expression by let-7 and mir-84. The results
demonstrate for the first time that miRNAs can regulate RAS, a critical
human oncogene. Moreover, all three human R4S genes have let-7
complementary sites in their 3’UTRs that subject the oncogenes to let-7
miRNA-mediated regulation in cell culture. Lung tumor tissues display
significantly reduced levels of let-7 and significantly increased levels of RAS
protein relative to normal lung tissue, suggesting let-7 regulation of RAS as a
mechanism for /ez-7 in lung oncogenesis.

Experimental Procedures

Plasmid Constructs. PSJ840 (mir-84::gfp) was made by

amplifying 2.2 kb of genomic sequence (base pairs 2201 to —9) upstream of
the mature mir-84 sequence from N2 genomic DNA and adding a Smal site

and an Agel site to the 5’ and 3' ends, respectively, using the polymerase
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chain reaction (PCR) with primers MIR84UP and MIR84DN (all primer
sequences available upon request). This product was digested with Smal and
Agel and then cloned into the pPD95.70 vector digested with Smal and
Agel. The mir-84 upstream DNA contained various sequence elements that
are also found in the Jet-7 upstream DNA. PSJo84 (mir-84(+++)) was made
by amplifying 3.0 kb of genomic sequence (base pairs ~2201 to +792)
upstream and downstream of the mature mir-84 sequence including the mir-
84 sequence itself from N2 genomic DNA and adding Smal sites to both the
5"and 3’ ends using PCR with primers MIR84UP and MIR84DN2. This
product was ligated into the pCR4-TOPO vector using the TOPO TA
Cloning Kit as described by the manufacturer (Invitrogen). The empty
TOPO control vector was made by digesting PSJo84 with EcoRlI, extracting
the 4 kb vector band and self ligating it. The miR-84 deletion plasmid,
084A84 ( Amir-84(+++)), was made by overlap extension PCR, starting with
two separate PCR reactions using primers MIR84UP with DEL84DN and
MIR84DN2 with DEL84UP and PSJo84 plasmid as template. The two PCR
products were purified (QITAGEN) and then used together as template for the
final PCR using primers MIR84UP and MIR84DN2. This final product,
identical to PSJo84 except for the deletion of the 75 nt pre-miR84 encoding
sequence, was ligated into the pCR2.1-TOPO vector using the TOPO TA
Cloning Kit (Invitrogen) and called 084A84. GFP60 was made by
amplifying the 819 bp of genomic sequence encoding the ler-60 3 UTR from
N2 genomic DNA and adding EcoRI and Spel sites to the 5’ and 3" ends,
respectively, using PCR with primers 3LET60UP and 3LET60DN. This
product was digested with EcoRI and Spel and then cloned into the
pPD95.70 vector (Fire Lab) digested with EcoRI and Spel, thus replacing the
unc-54 3'UTR found in pPD95.70 with the ler-60 3'UTR. The green
fluorescent protein gene (GFP) followed by the le-60 3'UTR was then
amplified out of this plasmid and BglII and NotI sites were added to the 5'
and 3’ ends respectively using PCR with primers BGLGFP and 3UTRNOT.
This PCR product was digested with BglII and NotI and ligated into PB255
digested with BglII and Notl, resulting in the plasmid GFP60 containing the

lin-31 promoter and enhancer driving GFP with the lez-60 3'UTR. GFP54
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was made by amplifying gfp followed by the unc-54 3'UTR out of pPD95.70
using PCR with primers BGLGFP and 3UTRNOT. This PCR product was
digested and ligated into PB255 digested with BglII and Notl, resulting in
the plasmid GFP54 containing the /in-3/ promoter and enhancer driving GFP
with the unc-54 3'UTR. pGL3-NRAS S and pGL3-NRAS L were made by
amplifying the entire 1140 bp shorter form of the H.s. NRAS 3'UTR out of a
IMAGE cDNA clone (accession # AI625442), or the entire 3616 bp longer
form of the H.s. NRAS 3'UTR (excluding the first 43 bp) from H.s. genomic
DNA, and adding Nhel sites to the ends by PCR using primers SMJ100 and
SMJ101 or SMJ102 and SMJ103 respectively. These products were digested
with Nhel and ligated into pGL3-Control (Promega) digested with Xbal and
treated with CIP, resulting in Rrluc-expressing plasmids containing either the
short or long form of the H.s. NRAS 3'UTR. To generate pFS1047,
containing the col-10-lacZ-let-60 3'UTR reporter gene, the entire let-60
3'UTR was subcloned into the SacIl and Ncol sites of plasmid B29
(Wightman, B., Ha, I, and Ruvkun, G. (1993) Cell 75, 855-862).

let-60; let-7 Double Mutants. let-60(n2021), let-7(mnll2) double
mutant animals were generated by crossing lez-60(12021) heterozygotes with
let-7(mni12) unc-3/0; mnDpl hemiyzgotes. From this cross, 180 individual
homozygous let-7(mni12) F2 animals were female, as determined by their
Unc-phenotype, due to the tight linkage of the let-7(mni12) to unc-3. Of
these, 10 survived into adulthood and produced eggs. The resulting progeny
from these animals died as larvae with the rod-like phenotype that is
characteristic of /et-60 mutant animals, thus showing that these animals all
contained the let-60(n2021) mutation, and that adult survival was likely due
to the let-60(n2021) mutation, confirming our RNAi data. From 180 F2s,
25% (or about 45 animals) would have been predicted to be let-60(12021)
homozygous. Since one saw survival of only 10 of these animals, this
indicates a suppression of about 22%, similar to what was observed with
RNAi. However, because the brood sizes were low (usually about 10
hatched larvae and several unhatched eggs); and because of a combination of
larval lethality as well as limited parental survival, double mutant lines could

not be established for further analysis; all progeny died as larvae.
48



WO 2006/028967 PCT/US2005/031327

10

15

20

25

30

C. elegans and Transgenic reporter analysis. All animal
experiments were performed at room temperature or 20°C unless stated
otherwise. All experimental plasmids were injected in animals at 50-100
ng/pl. Two different markers, 70/-6 (100 ng/pl) and myo-3::gfp (50 ng/pl),
were separately co-injected with PSJo84: myo-3.:gfp (50 ng/ul) was co-
injected with 084A84; and myo-2::gfp (5 ng/ul) was co-injected with GFP60
and GFP54. These animals are mosaic for the transgenes. To compare
expression between individual lines, the percent expression of GFP in each
of the Pn.p cells was normalized relative to the expression of the highest
expressing Pn.p cell and represented as a fraction of the highest expresser for
each individual line of animals. For each construct the average of the lines
was calculated along with the standard deviation for each construct
represented as error bars (mir-84::gfp 1=239, gfp60 n=42 and gfp54 n=40).
For the mir-84(+++) analysis, animals were examined using DIC optics to
score seam cell and vulval anatomy. LacZ reporter analysis was as described
(Vella et al., (2004) Genes Dev 18, 132-137). The lin-41 3’UTR missing its
LCSs (pFS1031) was used as a control (Reinhart et al., (2000)). RNAi
methods were standard feeding procedures using synchronized L1s
(Timmons et al., (2001) Gene 263, 103-112). All RNAi experiments were
done in parallel to an empty vector (L4440) feeding control. See
Supplemental Experimental procedures for details on the let-60; let-7 double
mutant cross.

let-7/RAS association in mammalian cells. HeLa S3 cells grown in
D-MEM (GIBCO) supplemented with 10% fetal bovine serum (GIBCO)
were cotransfected in 12-well plates using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s protocol using 1.0 ug/well of Pp-luc-
expressing plasmid (pGL3-Control from Promega, pGL3-NRAS S pGL3-
NRAS L and pGL3-KRAS) and 0.1 pg/well of Rr-luc-expressing plasmid
(pPRL-TK from Promega). 24 hrs post transfection, the cells were harvested
and assayed using the Dual Luciferase assay as described by the
manufacturer (Promega). Hela cells grown as above were transfected in 24-
well plates with 30 pmoles of Anti-miR Jez-7 or negative control #1

inhibitors (Ambion) using Lipofectamine 2000. Three days post-
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transfection, RAS expression was monitored by immunofluorescence using
an FITC conjugated primary antibody against RAS protein (US Biological).
The resulting fluorescent signal was analyzed using the appropriate filter set
and was quantified using MetaMorph software. The fluorescence intensity
of 150-300 cells was typically measured in one or a few viewing areas. The
experiments with both the precursors and the inhibitors were performed three
times. The photos represent single viewing fields from one of the
experiments and are representative of the triplicate experiment. Identically
grown HelLa cells were cotransfected in 24-well plates using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s protocol using 200 ng
/well of Pp-luc-expressing plasmid (pGL3-Control from Promega, pGL3-
NRAS S pGL3-NRAS L and pGL3-KRAS). 48 hrs post transfection, the
cells were harvested and assayed using the Luciferase assay as described by
the manufacturer (Promega).

HepG2 cells grown in D-MEM (GIBCO) supplemented with 10%
fetal bovine serum (GIBCO) were transfected with 15 or 5 pmole of Pre-miR
Let-7c or negative control #1 Precursor miRNAs (Ambion) in 24-well plates
using siPort Neo-FX (Ambion) according to the manufacturer’s protocol.
Three days post-transfection, RAS expression was monitored by
immunofluorescence as described above.

MiRNA microarray analysis procedures used by Ambion, Inc.
Total RNA from tumor and normal adjacent tissue (NAT) samples from 3
breast cancer, 6 colon cancer, and 12 lung cancer patients was isolated using
the mirVana RNA Isolation Kit (Ambion). Twenty pg of each total RNA
sample was fractionated by polyacrylamide gel electrophoresis (PAGE)
using a 15% denaturing polyacrylamide gel and the miRNA fractions for
each sample were recovered. The miRNAs from all of the samples were
subjected to a poly(A) polymerase reaction wherein amine modified uridines
were incorporated as part of ~40 nt long tails (Ambion). The tailed tumor
samples were fluorescently labeled using an amine-reactive Cy3
(Amersham) and the normal adjacent tissue samples were labeled with Cy5

(Amersham). The fluorescently labeled miRNAs were purified by glass-
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fiber filter binding and elution (Ambion) and the tumor and normal adjacent
tissue samples from the same patient were mixed. Each sample mixture was
hybridized for 14 hours with slides upon which 167 miRNA probes were
arrayed. The microarrays were washed 3 X 2 minutes (min) in 2X SSC and
scanned using a GenePix 4000B (Axon). Fluorescence intensities for the
Cy3- and Cy5-labeled samples for each element were normalized by total
Cy3 and Cys5 signal on the arrays. The normalized signal intensity for each
element was compared between the tumor and NAT samples from each pair
of patient samples and expressed as a log ratio of the tumor to normal
adjacent sample.

Northern Analysis. mir-84 northerns were performed as described
(Johnson et al., (2003) Dev Biol 259, 364-379). For human tissues, 1 ug of
total RNA from the tumor and normal adjacent tissues of patients 1 and 5
were fractionated by PAGE using a 15% denaturing polyacrylamide gel.
The RNA was transferred to a positively charged nylon membrane by
electroblotting at 200 mA in 0.5X TBE for 2 hours. The Northern blot was
dried and then incubated overnight in 10 ml of ULTR Ahyb-Oligo (Ambion)
with 107 cpm of a radio-labeled transcript complementary to /et-7¢. The blot
was washed 3 X 10 min at room temperature in 2X SSC, 0.5% SDS and then
1X15 min at 42°C in 2X SSC, 0.5% SDS. Overnight phosphorimaging using
the Storm system (Amersham), revealed /et-7c. The process was repeated
using a radio-labeled probe for 5S rRNA.

Lung tumor protein/northern/mRNA analysis. Total RNA and
protein were isolated from tumor and normal adjacent tissue samples from
three lung cancer patients using the mirVana PARIS Kit (Ambion). let-7
miRNA and U6 snRNA were measured using the Northern procedure
described above. NRAS and B-actin mRNA as well as 18S rRNA were
quantified by real-time RT-PCR using primers specific to each of the target
RNAs. RAS and GAPDH protein were measured by Western analysis using
the RAS antibody described above and an antibody for GAPDH (Ambion).

Accession numbers. The following sequences were searched for
3’UTR LCSs: Hs KRAS (Genbank M54968), Hs HRAS (NM176795), Hs

NRAS (BC005219). NRAS is known to exist as a 2 Kb and a 4.3 Kb form.
51



WO 2006/028967 PCT/US2005/031327

10

15

20

25

30

BC005219 represents the short form with a 1151 nt polyadenylated 3°UTR.
Two human EST clones (Genbank BU177671 and BG388501) were
sequenced to obtain additional NRAS 3°’UTR sequence. This revealed that
the NRAS 3’UTR exists in a 3642 nt polyadenylated 3°UTR version, utilizing
an alternative polyadenylation and cleavage site, 2491 nt downstream of the
first. This presumably corresponds to the long NRAS form. The sequence
was deposited with accession numbers AY941100 and AY941101.

Results

Additional targets including let-60/RAS of the let-7 miRNA in C.
elegans. The let-7 miRNA is temporally expressed in C. elegans (Johnson et
al., (2003) Nature 426, 845-849; Pasquinelli et al., (2000) Nature 408, 86-89;
Reinhart et al., (2000) Nature 403, 901-906) where it down-regulates at least
two target genes, lin-41 (Slack et al., (2000) Molec Cell 5, 659-669) and %bi-
I (Abrahante et al., (2003) Dev Cell 4, 625-637; Lin et al., (2003) Dev Cell
4, 639-650), mutations which lead to precocious terminal differentiation of
seam cells. To better understand the role of let-7 in C. elegans seam cell
differentiation and its potential role in humans, additional targets of let-7
were identified. A computational screen for C. elegans genes was performed
with Jet-7 family complementary sites (LCS) in their 3°UTR (Grosshans, H.,
et al., Dev Cell (2005) 8(3):321-30). One of the top scoring genes was Jez-
60, encoding the C. elegans orthologue of the human oncogene R4S. 8 LCSs
were identified in the 3’UTR of let-60 with features resembling validated
LCSs (Lin et al., (2003) Dev Cell 4, 639-650; Reinhart et al., (2000) Nature
403, 901-906; Slack et al., (2000) Molec Cell 3, 659-669; Vella et al., (2004)
Genes Dev 18, 132-137) (Figure 4A). Many of the identified sites were
found in the 3’UTR of let-60 from the closely related nematode C. briggsae
(Stein et al., (2003) PLoS Biol 7, E45) (Figure 4A, Figure 11 and Figure 12),
suggesting that they are likely to be biologically significant. An additional
three sites were found in the Jet-60/RAS coding sequence as well as 10 other
non-conforming 3’UTR sites that may also bind to /et-7 family miRNAs
(Figure 11).

let-7(n2853ts) loss of function (If) mutants express reduced lez-7

miRNA and die by bursting at the vulva at the non-permissive temperature
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(Reinhart et al., (2000); Slack et al., (2000) Molec Cell 5, 659-669). Loss of
function mutations in two previously identified targets of let-7, lin-41 and
hbl-1, have the property of partially suppressing the lez-7 lethal phenotype
(Abrahante et al., (2003) Dev Cell 4, 625-637; Lin et al., (2003) Dev Cell 4,
639-650; Reinhart et al., (2000) Nature 403, 901-906; Slack et al., (2000)
Molec Cell 5, 659-669). It was found that post-embryonic reduction of
function of /et-60 by feeding RNA interference (RNAI), also partially
suppressed let-7(n2853) in a reproducible manner. While 5% of let-7
mutants grown on control RNAI1 survived at the non-permissive temperature
of 25°C (n=302), 27% of let-7(n2853); let-60(RNAi) animals survived
(n=345). Thus, similar to other known Jez-7 targets, let-60 If partially
suppresses the let-7(n2853) lethal phenotype, suggesting that Jez-7 lethality
may at least partially be caused by over-expression of /ez-60. However let-
60(RNA3) did not appear to suppress the let-7 seam cell terminal
differentiation defect and did not cause precocious seam cell terminal
differentiation. In addition, wild-type animals subjected to ler-60(RNAi) did
not display typical lethal and vulvaless phenotypes associated with let-60
alleles (Beitel et al., (1990) Nature 348, 503-509; Han et al., (1990) Genetics
126, 899-913; Han and Sternberg, (1990) Cell 63, 921-931). let- 60(RNAi)
resulted in approximately 80% knock down of /er-60 mRNA (Grosshans, H.,
et al,, (2005) Dev Cell 8(3):321-30), suggesting that the remaining let-60 is
still sufficient for seam cell differentiation and vulval development. To
verify the specificity of the /et-60(RNAi), it was shown that while Jet-
7(mnl12) adults all die, let-60(n2021); let-7(mnl12) adults can live (see
Experimental Procedures). Interestingly, let-7(n2853), let-60(RNAi) animals
delivered a brood and could lay some eggs, suggesting that the vulval
bursting phenotype of Jet-7 was not suppressed merely because of the lack of
a vulva.

let-60 and let-7 are both expressed in hypodermal seam cells (Dent
and Han, 1998 Post-embryonic expression pattern of C. elegans let-60 ras
reporter constructs. Mech Dev 72, 179-182; Johnson et al., 2003 A
microRNA controlling left/right neuronal asymmetry in Caenorhabditis

elegans. Nature 426, 845-849). The let-60 3°UTR was fused behind the
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Escherichia coli lacZ gene driven by the hypodermally-expressing col-10
promoter. It was found that reporter gene activity is down-regulated around
the L4 stage (Figure 5A), around the same time that let-7 is expressed in the
seam cells (Johnson et al., (2003) Nature 426, 845-849). In contrast, the
same reporter gene fused to an unregulated control 3°UTR was expressed at
all stages (Figure 5A) (Reinhart et al., (2000) Nature 403, 901-906; Slack et
al., (2000) Molec Cell 5, 659-669; Vella et al., (2004) Genes Dev 18, 132-
137, Wightman et al., (1993) Cell 75, 855-862). It was found that reporter
down-regulation directed by the le-60 3’UTR depended on a wild-type lez-7
gene, since down-regulation failed in lez-7(1n2853) mutants (Figure 5B).
Thus, multiple lines of evidence strongly suggest that lez-60 is negatively
regulated by let-7. First, the ler-60 3°UTR contains multiple elements
complementary to /et-7; second, the let-60 3°UTR directs down-regulation of
areporter gene in a let-7 dependent manner; third, this down-regulation is
reciprocal to Jet-7 up-regulation in the hypodermis; and finally, lez-60 loss of
function partially suppresses the Jes-7 lethal phenotype.

The let-7 family member mir-84 is dynamically expressed in the
vulval precursor cells. let-60/RAS is best understood for its role in vulval
development (Wang and Sternberg, (2001) Curr Top Dev Biol 51, 189-220),
however Jet-7 has not been reported to be expressed in the vulva. In C.
elegans, let-7, mir-48, mir-84 and mir-241 comprise the let-7 family (Lau et
al., (2001) Science 294, 858-862; Lim et al., (2003) Genes Dev 17, 991-
1008; Reinhart et al., (2000) Nature 403, 901-906) (Figures 10A, 10B).
Previous work demonstrated that a /et-7::gfp fusion faithfully recapitulates
the temporal expression of /et-7 and is temporally expressed in seam cell
tissues affected in the lez-7 mutant (Johnson et al., (2003) Dev Biol 259, 364-
379). The expression pattern of mir-84, the closest let-7 relative, was
examined by fusing 2.2 kilobases (Kb) of genomic sequence immediately
upstream of the miR-84 encoding sequence to the green fluorescent protein
(gfp) gene. mir-84.:gfp was first observed in the somatic gonad in larval
stage 1 (L1). In L3 animals, strong expression was observed in uterine cells
including the anchor cell (AC), and weak dynamic expression was observed

in the vulval precursor cells (VPCs) (Figures 6A-C). VPCs are multipotent
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ventral hypodermal cells that generate the vulva during 1.3 and later stages
(Sulston and Horvitz, (1977) Dev Biol 56, 110-156). VPCs adopt one of
three fates depending on EGF signaling from the AC (Wang and Sternberg,
(2001) Curr Top Dev Biol 51, 189-220). The cell closest to the AC, P6.p,
receives the most LIN-3/EGF signal (Katz et al., (1995) Cell 82, 297-307)
and adopts the primary (1°) fate through activation of a RAS/MAPK signal
transduction pathway (Beitel et al., (1990) Nature 348, 503-509; Han et al.,
(1990) Genetics 126, 899-913; Han and Sternberg, (1990) Cell 63, 921-931):
P5.p and P7.p receive less LIN-3 as well as receiving a secondary lateral
signal (Sternberg, (1988) Nature 335, 551-554) from P6.p, and adopt the
secondary (2°) fate: P3 .p> P4.p and P8.p adopt the uninduced tertiary (3%
fate. mir-84.:gfp expression was observed during the early to mid .3 stage
in all the VPCs except for P6.p, in which expression was rarely observed
(Figure 6A). Subsequent VPC expression in the mid to late L3 stage was
restricted to the daughters (Pn.px) of P5.p and P7.p with weaker GFP first
appearing in the P6.p daughters just before their division into P6.pxx.
Thereafter, equivalent expression was observed in the granddaughters
(Pn.pxx) of P5.p, P6.p and P7.p. mir-84..gfp expression was observed in all
the VPCs except for P6.p at the stage when their fate in vulval development
is determined by signaling from the AC (Ambros, (1999) Development /26,
1947-1956) suggesting that mir-84 could play a role in vulval cell fate
determination. In the L4 stage, GFP expression was maintained in the AC
and other uterine cells, appeared weakly in hypodermal seam cells, and was
up-regulated to higher levels in many P5.p-P7.p descendants. A second let-7
family member, mir-48 was also expressed in non-P6.p VPCs, suggesting the
potential for redundancy between mir-48 and mir-84 in the VPCs.

mnir-84 overexpression causes vulval and seam defects. miR-84
was overexpressed by generating transgenic animals harboring a multi-copy
array of a 3.0 Kb genomic DNA fragment that spans from 2.2 Kb upstream
to 0.8 Kb downstream of the miR-84 encoding sequence (called mir-
84(+++)). These animals expressed elevated levels of miR-84 and
displayed abnormal vulval development phenotypes, including protrusion

and bursting of the vulva (40% of animals, n=40). Consistent with mir-
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84::gfp expression in seam cells, it was found that mir-84 (+-++) animals also
exhibited precocious seam cell terminal differentiation and alae formation in
the L4 stage, a characteristic seen in precocious developmental timing
mutants. In fact, Jez-7 over-expressing strains also exhibit precocious seam
cell terminal differentiation in the L4 stage (Reinhart et al., (2000) Nature
403, 901-906). In contrast, animals carrying an array containing a construct
identical to mir-84(+++) except for a 75 nucleotide (nt) deletion of sequences
encoding the predicted pre-mir-84 (Amir-84 (+++)) did not display any
vulval or seam defects, demonstrating that the phenotypes observed in mir-
84(+++) are dependent on the miR-84 sequence.

A search was conducted for lez-7 family miRNA complementary
sequences (LCS) in the 3°UTRs of all genes known to play a role in vulval
development (Table 2). LCSs have the potential to bind all members of the
let-7 family, including mir-84. Approximately 11 vulval genes contained at
least one LCS (Table 2), raising the possibility that the lez-7 family may
regulate multiple genes in the vulva. In this analysis though, let-60/RAS
stood out due to the high number of LCS sites.

Table 2. LCSs in the 3'UTRs of Known Vulval Genes

Gene | Chromosome | L.CS in 3'UTR
eor-1 IV Yes
had-1 |V Yes
let-60 | IV Yes
in-3 |IV Yes
lin-9 |11 Yes
lin-11 |1 Yes
lin-36 | 1II Yes
lin-39 | III Yes
lin-45 | IV Yes
mphk-1 | III Yes
sem-5 | X Yes

mir-84 overexpression partially suppresses let-60/RAS gain of
function phenotypes. let-60/RAS is active in P6.p following a lin-3 EGF
signal from the anchor cell that activates a MAPK signal transduction
cascade transforming P6.p to the 1° vulval fate (Han and Sternberg, (1990)
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Cell 63, 921-931). Since mir-84 is expressed in all VPCs except P6.p, the
possibility that mir-84 negatively regulates expression of let-60/RAS in cells
not destined to adopt the 1° fate was examined. Activating mutations in lez-
60/RAS cause multiple VPCs (including the non-P6.p VPCs) to adopt 1° or
5 2°fates leading to a multivulva (Muv) phenotype (Han et al., 1990). It was
found that over-expression of mir-84 partially suppressed the Muv
phenotype of let-60(gf) mutations. In the study, 41% (n=51) of let-60(ga89)
(Eisenmann and Kim, (1997) Genetics 146, 553-565) animals displayed a
Muv phenotype, while only 13% (n=168) did so when also over-expressing
10 mir-84 from a multi-copy array (p<<0.0001 Chi square test). The same
suppression was observed with a second let-60(gf) allele, let-60(n1046) (Han
et al., (1990) Genetics 126, 899-913): 77% (n=39) of let-60(n1046) animals
displayed a Muv phenotype, while only 50% (n=113) did so when also over-
expressing mir-84 (p<<0.0001 Chi square test). let-60(n1046) animals
15 displayed an average of 1.54 pseudovulvae per animal compared to an
average of 0.66 pseudovulvae per Jet-60(n1046) animal over-expressing mir-
84. For both let-60(gf) alleles, animals exhibiting low mosaicism for the
myo-3.:gfp co-injection marker, were completely suppressed, suggesting that
the partial suppression was likely due to mosaicism of the transgeneic array.
20 Neither an empty vector control (TOPO) (n=111) (p=0.1435 Chi square test),
nor the Amir-84 (+++) array (n=129), suppressed the Muv phenotype of let-
60(n1046). For all let-60(gf) experiments, three independent lines behaved
similarly (Figure 13C).
The let-60/RAS 3’UTR confines expression to P6.p. The ]promoter
25 of let-60/RAS drives reporter expression in all VPCs (Dent and Han, (1998)
Mech Dev 72, 179-182). However, the transgenic reporters used in this
earlier work did not include the let-60 3°UTR. GFP was fused to the let-60
3’UTR and drove GFP expression in all the VPCs using the VPC-s.peciﬁc
lin-31 (Tan et al., (1998) Cell 93, 569-580) promoter (g/p60). In the late L2
30 and early L3 stages, GFP was expressed in all the Pn.p cells, but by mid to
late L3 stages, GFP was largely restricted to the P6.p cell (Figure 6B), with

some expression in the P5.p and P7.p cell descendants. A similar fusion
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construct in which the /ez-60 3°UTR was replaced by the unregulated unc-54
3’UTR showed GFP expression in all Pn.p cells (Figure 6C). Since the lin-
31 promoter is active in all Pn.p cells (Tan et al., (1998) Cell 93, 569-580),
this result demonstrates that the le-60/RAS 3’UTR is sufficient to down-
regulate a reporter gene in the non-P6.p cells.

The let-60 3’UTR was replaced with the unregulated unc-54 3°UTR
in a /et-60 genomic DNA fragment. While one could generate viable lines
using a let-60.:let-60(+)::let-60 3°UTR construct at 10 ng/ul, it was not
possible to generate viable transformants using this let-60::let-60(+): :unc-54
3’UTR construct, even at 0.1 ng/pl. The results suggest that the removal of
the /ez-60 3°'UTR may severely over-express Jet-60 and cause lethality.

let-60/RAS is a likely target of mir-84 in the vulva. Previous work
has demonstrated that VPCs are sensitive to the levels of let-60/RAS (Beitel
et al., (1990) Nature 348, 503-509; Han et al.(1990)). Animals carrying extra
copies of the wild-type let-60/RAS gene display a Muv phenotype, where
non-P6.p VPCs can adopt the 1° fate. The data strongly suggest that mir-84
negatively regulates Jet-60 in non-P6.p VPCs. First, mir-84 is
complementary to multiple sites in the /et-60 3°UTR. Second, mir-84 is
expressed in a reciprocal manner to /et-60 in the VPCs. miR-84 is largely
absent from P6.p, at the same time as the /ez-60 3°UTR confines GFP
expression mainly to the P6.p cell lineage. Finally, mir-84 over-expression
partially suppresses the effects of activating mutations in the let-60 gene.
mir-84 modulates the expression of /et-60/RAS in non-P6.p VPCs to reduce
flux through the RAS/MAPXK signaling pathway and hence decrease the
likelihood that these cells will also adopt the 1° fate. However, mir-84 is
clearly not the only regulator of le-60/RAS in non-P6.p cells: daf-12(rh61)
mutants do not express mir-84 in any VPC (n=60 animals), and yet daf-
12(rh61) animals do not display a Muv phenotype. Other known factors, e.g.
synmuv genes, (Berset et al., (2001) Science 291, 1055-1058; Ceol and
Horvitz, (004) Dev Cell 6, 563-576; Hopper et al., (2000) Mol Cell 6, 65-75 ;
Lee et al., (1994) Genes Dev 8, 60-73; Wang and Sternberg, (2001) Curr Top
Dev Biol 51, 189-220; Yoo et al., (2004) Science 303, 663-666; Yoon et al.,
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(1995) Science 269, 1102-1105) or unknown factors may also regulate let-
60/RAS signaling in these cells.

The combined results provide strong evidence that lez-7 and mir-84
regulate let-60/RAS expression through its 3°UTR in seam and vulval cells,
cells in which they are all naturally expressed. Given that the 3°UTR of let-
60/RAS contains multiple let-7/mir-84 complementary sites, it is expected
that this regulation is direct.

let-7 complementary sites in human R4S 3°UTRs. Numerous
miRNAs are altered in human cancers (Calin et al., (2002) Proc Natl Acad
SciU S A 99, 15524-15529; Calin et al., (2004) Proc Natl Acad Sci U S A
101, 2999-3004; Michael et al., (2003) Mol Cancer Res 7, 882-891; Tam et
al., (2002) J Virol 76, 4275-4286) and three of the best understood miRNAs,
lin-4 (Lee et al., (1993) Cell 75, 843-854), let-7 (Reinhart et al., (2000)
Nature 403, 901-906) and bantam (Brennecke et al., (2003) Cell 113, 25-36),
all regulate cell proliferation and differentiation. The closest human
homologues of let-7 and mir-84 are the H.s. let-7 family miRNAs (Lagos-
Quintana et al., (2002) Curr Biol 2, 735-739; Pasquinelli et al., (2000)
Nature 408, 86-89). let-60/RAS is the C. elegans orthologue of human
HRAS, KRAS, and NRAS (Figures 13A-B), which are commonly mutated in
human cancer (Malumbres and Barbacid, (2003) Nat Rev Cancer 3, 459-
465), including lung cancer. It was found that all three human R4S 3’UTRs
contain multiple putative Jet-7 complementary sites with features of validated
C. elegans LCSs (Figures 4B-D). Many of these are conserved in rodents,
amphibians and fish (Figure 14 and Figure 15), suggesting functional
relevance. The presence of putative LCSs in human RAS 3°UTRs indicates
that mammalian /et-7 family members may regulate human RAS in a manner
similar to the way lez-7 and mir-84 regulate let-60/RAS in C, elegans.

Human RAS expression is regulated by ler-7 in cell culture.

Microarray analysis performed by Ambion, Inc. on six different cell
lines revealed that HepG2 cells express let-7 at levels too low to detect by
microarray analysis. Therefore, by request, Ambion, Inc., transfected HepG2
cells with a double-stranded (ds) RNA that mimics the let-7a precursor.
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Consistent with the prediction that RAS expression is negatively regulated
by let-7, immunofluorescence with a RAS-specific antibody revealed that the
protein is reduced by approximately 70% in HepG2 cells transfected with
exogenous let-7a miRNA relative to the same cells transfected with a
5  negative control miRNA (Figure 7A). The protein expression levels of
GAPDH and p21°™! were largely unaffected by the transfected let-7 and
negative control pre-miRNAs (Figure 16A), indicating that let-7a regulation
is specific to RAS. To confirm that the RAS antibody is specific to RAS
protein in the transfected cells, HepG2 cells were also independently
10 transfected with two exactly complementary siRNAs targeting independent
regions of NRAS. Both siRNAs reduced cell fluorescence by more than 60%
as compared to negative control siRNA-transfected cells (Figure 16B).
It was predicted that cells expressing native /es-7 may express less
RAS protein and that inhibition of /ez-7 may lead to derepression of RAS
15 expression. To test this, by request, Ambion, Inc. transfected HeLa cells,
which express endogenous Jet-7 (Lagos-Quintana et al., (2001) Science 294,
853-858; Lim et al., (2003) Genes Dev 17, 991-1008), with anti-sense
molecules designed to inhibit the activity of lez-7 (Hutvagner et al., (2004)
PLoS Biol 2, E98; Meister et al., (2004) RNA 10, 544-550). Reducing the
20  activity of Jet-7 in HeLa cells resulted in an about 70% increase in RAS
protein levels (Figure 7B). These results, combined with the reciprocal
experiment using pre-/ez-7 miRNAs discussed above, indicates that lez-7
negatively regulates the expression of RAS in human cells.
The 3’UTR of human NRAS and KRAS was fused to a luciferase
25 reporter gene and these constructs transfected along with transfection
controls into HeLa cells. NRAS contains two naturally occurring 3°UTRs
that utilize alternative polyadenylylation and cleavage sites, such that one of
the 3°UTRs is 2.5 kb longer than the other. It was found that while the long
NRAS 3’UTR strongly repressed reporter expression compared to an
30 unregulated control 3°UTR (Figures 8A-B), the short NRAS 3°UTR led to
only slight, but reproducible, repression of the reporter. The short 3°’'UTR
contains 4 LCSs, while the long form contains 9 LCSs. The KRAS 3°UTR
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also repressed the luciferase reporter (Figure 8 A-B), while HRAS was not
tested. The results demonstrate that the 3’UTRs of NRAS and KRAS contain
regulatory information, sufficient to down-regulate the reporter.
As with the endogenous RAS experiments described above, the

5 reciprocal experiment was performed wherein HeLa cells were transfected
with the RAS 3’ UTR reporter constructs and the lez-7a anti-sense inhibitor
molecule (or a control scrambled molecule). Cells transfected with the let-7a
inhibitor relieved repression exerted on the reporter relative to the control
transfections (Figure 8C). Since, a loss in the extent of down-regulation is

10 observed when le-7 is inhibited, these results strongly indicate that lez-7
regulates NRAS and KRAS in human cells through their 3°UTRs.

let-7, RAS and lung cancer. Like let-60/ras, human RAS is dose-
sensitive, since over-expression of R4S results in oncogenic transformation
of human cells (McKay et al., (1986) Embo J 5, 2617-2621; Pulciani et al.,

15 (1985) Mol Cell Biol 5, 2836-2841). It is plausible that loss of miRNA
control of R4S could also lead to over-expression of RAS and contribute to
human cancer. Recent work has mapped lez-7 family members to human
chromosomal sites implicated in a variety of cancers (Calin et al., (2004)
Proc Natl Acad Sci U S A 101, 2999-3004). In particular let-7a-2, let-7¢ and

20 let-7g have been linked to small chromosomal intervals that are deleted in
lung cancers (Calin et al., (2004) Proc Natl Acad Sci U S A 701, 2999-3004),
a cancer type in which R4S mis-regulation is known to be a key oncogenic
event (Ahrendt et al., (2001) Cancer 92, 1525-1530; Johnson et al., (2001)
Nature 470, 1111-1116).

25 miRNA microarray analysis was performed by Ambion, Inc. to
examine expression levels of members of the let-7gene family in tissue from
twenty-one different cancer patients, including twelve lung cancer patients
with squamous cell carcinomas (stage IB or ITA). let-7 is poorly expressed
in lung tumors, as shown by expression of lez-7 in 21 breast, colon, and lung

30 tumors relative to associated normal adjacent tissue (“NAT”). Fluorescently
labeled miRNA was hybridized to microarrays that included probes specific

to let-7a and let-7c. Fluorescence intensities for the tumor and NAT were
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normalized by total fluorescence signal for all elements and the relative
average signal from the Jet-7 probes in the tumor and normal adjacent
samples are expressed as log ratios. let-7a and let-7c had similar profiles
suggesting cross-hybridization between the two closely relateci miRNAs. let-
5 7 miRNAs were reduced in expression in a number of the tumors relative to
the normal adjacent tissue samples from the same patients. let-7 was
expressed at lower levels in all of the lung tumor tissues (Figure 9A), but
only sporadically in other tumor types. A similar finding was independently
discovered (Takamizawa et al., (2004) Cancer Res 64, 3753-3756). On

10 average, let-7 was expressed in lung tumors at less than 50% of expression in
the associated normal lung samples. Northern analysis was used to measure
let-7c in the tumor and NAT samples for the two patients from which RNA
was purified (samples represented by the first and fifth lung cancer bars in
Figure 9B). Consistent with the microarray results by Ambion, Inc.,

15 northern analysis verified that the expression of Jet-7¢ was 65% lower in the
tumor of patient #1 and 25% lower in the tumor of patient #5. Seven of eight
examined samples also had on average 30% less let-7g expression in the
tumor tissue (Figure 17). The miRNA arrays were used to compare the lung
tumors and NAT included probes for 167 total miRNAs. The expression of

20 the vast majority of these were unchanged in the lung tumors indicating that
let-7 might be important in lung cancer. In theory, down regulation of lez-7
could result in up-regulation of RAS and thus induce or accentuate
oncogenesis.

To test this hypothesis, Ambion, Inc. isolated total RNA and total

25  protein from the tumor and normal adjacent tissues of three new lung cancer
patients with squamous cell carcinoma. The RNA samples were split and
half was used for northern analysis to measure let-7c and U6 snRNA. The
other halves of the RNA samples were used for real-time PCR to measure the
NRAS mRNA, 18S rRNA, and B-actin mRNA. The protein samples were

30 used for western analysis to assess RAS and GAPDH protein levels. RAS
protein was present in the tumors at levels at least ten-fold higher than in the

normal adjacent samples from the same patients. Consistent with the
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miRNA array results of Ambion, Inc. for other lung cancer samples, all three
lung tumor samples had 4- to 8-fold lower levels of Jez-7 than did the
corresponding NAT samples. The first and third lung cancer samples had
similar levels of NRAS mRNA in both the tumor and NAT while the second
sample pair had significantly higher levels of NR4S mRNA in the tumor
sample. RAS protein levels correlate poorly with NRAS mRNA levels but
very well with Jet-7 levels, suggesting that the expression of the oncogene is
significantly influenced at the level of translation, consistent with the known
mechanism of /ez-7 in invertebrates.

The reciprocal expression pattern between let-7 and RAS in cancer
cells closely resembles what was seen with Jez-7 and RAS in C. elegans and
in the human tissue culture experiments. The correlation between reduced
let-7 expression and increased RAS protein expression in the lung tumor
samples indicates that one or more members of the let-7 gene family
regulates RAS expression in vivo and that the level of expression of the
miRNA is an important factor in limiting or contributing to oncogenesis.

These results demonstrate that the Jez-7 miRNA family negatively
regulates R4S in two different C. elegans tissues and in two different human
cell lines. Strikingly, Jet-7 is expressed in normal adult lung tissue
(Pasquinelli et al., (2000) Nature 408, 86-89), but is poorly expressed in lung
cancer cell lines and lung cancer tissue (Takamizawa et al., (2004) Cancer
Res 64, 3753-3756). The expression of /et-7 inversely correlates with
expression of RAS protein in lung cancer tissues, suggesting a possible
causal relationship. In addition, over-expression of lez-7 inhibited growth of
a lung cancer cell line in vitro (Takamizawa et al., (2004) Cancer Res 64,
3753-3756), suggesting a causal relationship between lez-7 and cell growth in
these cells.

These results demonstrate that the expression of the R4S oncogene is
regulated by let-7 and that over-expression of let-7 can inhibit tumor cell line
growth. The combined observations that Jez-7 expression is reduced in lung
tumors, that several let-7 genes map to genomic regions that are often deleted

in lung cancer patients, that over-expression of Jet-7 can inhibit lung tumor
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cell line growth, that the expression of the RAS oncogene is regulated by Jet-
7, and that RAS is significantly over-expressed in lung tumor samples

. strongly implicates /ez-7 as a tumor suppressor in lung tissue and provides

evidence of a mechanism forming the basis for treatment.
Example 2. Expression patterns of let-7 and mir-125, the lin-4
homologue.

It was found that both let-7 and mir-125, the lin-4 homologue, are
expressed in a variety of adult tissues, with prominent expression in the lung
and brain. Interestingly, both are expressed at low levels in the pancreas and
testis. Past work has shown that the C. elegans lin-4 and let-7 miRNAs are
temporally expressed (Reinhart, B., et al., (2000) 403:901-906 and
Feinbaum, R. and V. Ambros, (1999) Dev Biol 210(1):87-95). Similarly, it
has been shown that the mammalian homologues for these miRNAs are also
temporally expressed during mouse development. Northern blots reveal that
let-7 and mir-125 have very similar expression profiles. Both become
expressed at around day E9.5. Interestingly, this coincides approximately
with the time of lung organogenesis, and when other major organs begin to
develop.

An in situ protocol using an oligonucleotide based on the mouse
sequence of the /et-7c miRNA, which has been digoxigenin-labeled, has
been developed. Since it has been confirmed by northern analysis that let-7c
is expressed at E12.5, frozen sections taken from similarly aged embryos
have been analyzed. Preliminary results show let-7 is expressed in the lung
epithelium by in situ. In addition to other cancers, these results indicate that
let-7 is useful as a therapeutic for lung cancer therapy because let-7 is a
natural compound in lung cells.

Example 3. Effect of Inhibition and Overexpression of let-7 in Lung
Cancer Cells.

Inhibition of /et-7 function in A549 lung cancer cells via transfection
(with anti-let-7 molecules) causes increased cell division of A549 lung
cancer cells (Figure 18A), while let-7 over-expression (with transfected pre-

let-7) caused a reduction in A549 cell number (Figure 18B). These results
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are consistent with the tumor suppressing activity of let-7. Moreover, the lez-
7 over-expression phenotype resembled that caused by MYC down-
regulation (Figure 18A), suggesting that the effects of let-7 on cell
proliferation may also be through repression of MYC. Preliminary evidence
indicates that MYC is also a direct target of /ez-7 in human cells. Therefore,
these results indicate that /ez-7 may be a potential therapeutic in cancers with
aberrant expression of MYC.
Example 4. let-7 affects expression of MYC and BCL-2.

let-7 regulates RAS, MYC and BCL-2 protein levels, all three of
which are major cancer oncogenes. Addition of lez-7 to HepG2 cells (that do
not make Jet-7 endogenously, reduces the expression of all three of these
important oncoproteins (Figures 20, 7A, and 8). HeLa cells that make
endogenous Jez-7 express increased levels of all three oncoproteins when
transfected with an anti-/ez-7 inhibitor (Figures 20A, B and 7B). These
results demonstrate that Jet-7 represses expression of these genes. Multiple
mir-125 and mir-143 complementary sites have been identified in the human
KRAS and BCL2 3°UTRs and it is expected these oncomirs may also regulate
these oncogenes in a manner similar to that seen with Jez-7. The results
indicate that let-7 is a master regulator of cancer pathways, regulating
proliferation (RAS and MYC) and survival pathways (BCL2). It is possible
that /et-7 also regulates telomerase (TERT) and angiogenesis (VEGF)
pathways (Table 1). Since cancer is the result of multiple genetic mutations,

these results indicate that introduction of /et-7 to cancer patients could

- repress the expression of multiple oncogenes, and provide an effective

therapy (effectively a one drug cocktail).

It is understood that the disclosed invention is not limited to the
particular methodology, protocols, and reagents described as these may vary.
It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to limit the
scope of the present invention which will be limited only by the appended
claims. Those skilled in the art will recognize, or be able to ascertain using

no more than routine experimentation, many equivalents to the specific
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embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims.
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We claim:

1. A method for inhibiting the expression of one or more
oncogenes comprising

providing an miRNA, or increasing expression of the miRNRA, that
binds to and exhibits expression of an oncogene in the cells of an organism.

2. The method of claim 1 wherein the miRNA is selected from
the group consisting of a pri-miRNA, pre-miRNA, mature miRNA, and
fragments or variants thereof.

3. The method of claim 2 wherein the miRNA is encoded by a

nucleic acid.

4, The method of claim 3 wherein the nucleic acid is located on
a vector.
5. The method of claim 4 wherein the vector is selected from the

group consisting of a plasmid, cosmid, phagemid, virus, and other vehicles
derived from viral or bacterial sources.

6. The method of claim 4 wherein the vector further comprises
one or more iz vivo expression elements.

7. The method of claim 6 wherein the in vivo expression element
is selected from the group consisting of a promoter, enhancer, and
combinations thereof.

8. The method of claim 1 wherein the miRNA is from 21
nucleotides to 170 nucleotides in length.

9. The method of claim 8 wherein the miRNA is from 21 to 25
nucleotides in length.

10.  The method of claim 1 wherein the miRNA is administered
to, or expression is increased in the cells of, a patient for treatment or
prevention of cancer.

11.  The method of claim 10 wherein the cancer is selected from
the group consisting of lung cancer, pancreatic cancer, skin cancer,
hematological neoplasms, breast cancer, brain cancer, colon cancer,
follicular lymphoma, bladder cancer, cervical cancer, endometrial cancer,

esophageal cancer, gastric cancer, head and neck cancer, multiple myeloma,
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liver cancer, lymphomas, oral cancer, osteosarcomas, ovarian cancer,
prostate cancer, testicular cancer, and thyroid cancer.

12.  The method of claim 1 wherein the oncogene is selected from
the group consisting of NRAS, KRAS, HRAS, MYC, MYCL1, MYCN,
BCL2, BCL2L1, BCL2L2, TERT, VEGF, EGF, EGFR, ERBB3, GRB2,
RAF1, ARAF, MAP2K2, MAPK1, MAPK3, MET, KIT, TP73L(AIX),
CCND1, CDK4, MDM2, FES, FURIN, INSL3, CSFIR, MYBL2, MYB,
PIK3CD, PIK3C2B, PIK3CG, PIK3RS, AKT1, HLIN-41, VDR, PXR,
FOXA1, FOXA2, ASHIL, ARID1B, GR, GLI2, 14-3-3zeta, MOZS, SMG1,
FRAP1, PER2 and AKT3.

13.  The method of claim 12 wherein the miRNA binds to a site on
an oncogene selected from the group consisting of eor-1, had-1, let-60, lin-3,
lin-9, lin-11, lin-36, lin-39, lin-45, mpk-1, and sem-5.

14.  The method of claim 10 wherein the patient is undergoing one
or more cancer therapies selected from the group consisting of surgery,
chemotherapy, radiotherapy, thermotherapy, immunotherapy, hormone
therapy and laser therapy.

15.  The method of claim 1 wherein the organism is a human.

16. A method for determining the sensitivity of a cancer to an
miRNA comprising providing an miRNA, or increasing expression of the
miRNRA, that binds to an oncogene in cancerous or transformed cells or an
organism with cancerous or transformed cells and determining if the
cancerous or transformed cell growth or viability is inhibited of if expression
of the oncogene is inhibited.

17. A therapeutic composition for inhibiting the expression of one
or more oncogenes comprising an effective amount of miRNA to bind to and
exhibit expression of an oncogene in transformed or cancerous cells in an
organism and a pharmaceutically acceptable carrier .

18.  The composition of claim 17 wherein the miRNA is selected
from the group consisting of a pri-miRNA, pre-miRNA, mature miRNA, and

fragments or variants thereof.
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19.  The composition of claim 17 wherein the miRNA is encoded
by a nucleic acid located on a vector selected from the group consisting of a
plasmid, cosmid, phagemid, virus, and other vehicles derived from viral or
bacterial sources, comprising one or more iz vivo expression eléments
selected from the group consisting of a promoter, enhancer, and
combinations thereof.

20.  The composition of claim 17 wherein the miRNA is from 21
nucleotides to 170 nucleotides in length.

21.  The composition of claim 20 wherein the miRNA is from 21
to 25 nucleotides in length.

22.  The composition of claim 17 wherein the cancer is selected
from the group consisting of lung cancer, pancreatic cancer, skin cancer,
hematological neoplasms, breast cancer, brain cancer, colon cancer,
follicular lymphoma, bladder cancer, cervical cancer, endometrial cancer,
esophageal cancer, gastric cancer, head and neck cancer, multiple myeloma,
liver cancer, lymphomas, oral cancer, osteosarcomas, ovarian cancer,
prostate cancer, testicular cancer, and thyroid cancer.

23.  The composition of claim 17 wherein the oncogene is selected
from the group consisting of NRAS, KRAS, HRASMYC, MYCL1, MYCN,
BCL2,BCL2L1, BCL2L2, TERT, VEGF, EGF, EGFR, ERBB3, GRB2,
RAF1, ARAF, MAP2K2, MAPK1, MAPK3, MET, KIT, TP73L(AIX),
CCND1, CDK4, MDM2, FES, FURIN, INSL3, CSFIR, MYBL2, MYB,
PIK3CD, PIK3C2B, PIK3CG, PIK3R5, AKT1, HLIN-41, VDR, PXR,
FOXA1, FOXA2, ASH1L, ARID1B, GR, GLI2, 14-3-3zeta, MO25, SMG1,
FRAP1, PER2 and AKT3.

24.  The composition of claim 23 wherein the miRNA binds to a
site on an oncogene selected from the group consisting of eor-1, had-1, let-
60, lin-3, lin-9, lin-11, lin-36, lin-39, lin-45, mpk-1, and sem-5.
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X.I. NRAS 3'UTR

CUUU UA Cu G A U AG
AACAU CAA CCACUUACCUC AAUU UGCU UUAUGCCUCA  AAC AAU GUUG CACCUC
UUGUA GUU GGUGGAUGGAGU UUGA AUGU GAUAUGGAGU UUG UUG UGAU GUGGAGU
AU A U Uuec G AA UG A

LCS1 LCS2 LCS3

D.r. NRAS 3'UTR

uc G U U
AAUUAUACAUUUAC CCUCA AAU AAUAAUUAUU CCUCA
UUGAUAUGUGGAUG GGAGU UUG UUGUUGAUGA GGAGU

u  av AA u
LCS1 LCs2
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