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Title: OLIGONUCLEOTIDES FROM THE UNTRANSLATED REGIONS OF
HOUSEKEEPING GENES AND METHODS OF USING SAME TO MODULATE CELL
GROWTH

FIELD OF THE INVENTION

The invention relates to oligonucleotides from the untranslated regions of
housekeeping genes, and methods and compositions for modulating cell growth and
differentiation using same. Specifically it relates to the use of the untranslated regions (UTR)
from housekeeping genes specifically the R1 and R2 components of ribonucleotide reductase
UTR, for inhibiting tumor cell growth and metastasis.

BACKG THE INV N

The first unique step leading to DNA synthesis is the conversion of ribonucleotides to
their corresponding deoxyribonucleotides, a reaction that is catalyzed in a cell cycle specific
manner by the housekeeping gene ribonucleotide reductase [Lewis et al., 1978; Reichard, 1993;
Wright, 1989a; Wright et al., 1990a; Stubbe, 1989]. The mammalian enzyme is composed of two
dissimilar dimeric protein components often called R1 and R2, which are encoded by two
different genes located on different chromosomes [Bjérklund et al.,, 1993; Tonin et al., 1987].
Mammalian protein Rl is a homodimeric structure, with a molecular weight of about 170 kDa,
and has substrate sites and allosteric effector sites that control enzyme activity and substrate
specificity [Wright, 1989; Thelander et al., 1990; Caras et al., 1985; Wright et al., 1990a].
Protein R2 is a homodimer, with a molecular weight of 88 KDa, and forms two equivalent
dinuclear iron centres that stabilizes a tyrosyl free radical required for catalysis [Wright et
al., 1990a; Thelander et al., 1985; McClarty et al., 1990]. R1 and R2 proteins interact at their
C-terminal ends to form an active holoenzyme [Reichard, 1993; Wright et al., 1990a; Davis et
al., 1994].

R1 and R2 are differentially regulated during the cell cycle. There is an S-phase
correlated increase in the R2 protein resulting from its de novo synthesis [Lewis et al., 1978;
Mann et al, 1987). The activity of ribonucleotide reductase, and therefore DNA synthesis and
cell proliferation, is controlled in proliferating cells during the cell cycle by the synthesis and
degradation of the R2 component [Eriksson et al., 1984]. The rate-limiting R2 component is a
phosphoprotein capable of being phosphorylated by the CDC2 and CDK2 protein kinase
mediators of cell cycle progression [Chan et al.,, 1993], and contains non-heme iron that
stabilizes an unique tyrosyl free radical required for enzyme activity [Reichard, 1993;
McClarty et al., 1990].

The levels of the R1 protein do not appear to change substantially during the cell cycle
of proliferating cells and can be detected throughout the cell cycle. Synthesis of R1 mRNA,
like R2 mRNA appears to occur mainly during S phase [Eriksson et al., 1984; Choy et al., 1988;
Mann et al.,, 1987]. The broader distribution of the R1 protein during the cell cycle is attributed
to its longer half life as compared to the R2 protein [Choy et al., 1988; Mann et al., 1987].
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Regulation of ribonucleotide reductase, and particularly the R2 component, is
markedly altered in malignant cells exposed to tumor promoters or to the growth factor TGF-R
[Amara, et al., 1994; Chen et al.,, 1993; Amara et al., 1995b; Hurta and Wright, 1995; Hurta et
al., 1991]. Higher levels of enzyme activity have been observed in cultured malignant cells
when compared to nonmalignant cells [Weber, 1983; Takeda and Weber, 1981; Wright et al.,
1989a], and increased levels of R2 protein and R2 mRNA have been found in pre-malignant and
malignant tissues as compared to normal control tissue samples [Saeki et al., 1995; Jensen et al.,
1994].  Regulation of ribonucleotide reductase, and in particular the R2 component, is
significantly elevated in transformed cells exposed to tumor promoters, or to transforming
growth factor B in growth factor mediated mechanisms of tumor progression [Amara et al.,
1996; Chen et al., 1993; Amara et al, 1995b]. These studies are in tumor cells obtained from
rodent and human tissues [Weber, 1983; Wright et al., 198%a; Saeki, et al., 1995; Jenson et al,
1994}, and in cultured cells selected for resistance to anti-tumor agents such as hydroxyurea
[Lewis et al., 1978; Wright et al., 1989b}.

Chemotherapeutic compounds like hydroxyurea inhibit ribonucleotide reductase
activity by destabilizing the iron centre of the R2 protein causing the destruction of the tyrosyl
free radical [McClarty et al., 1990], and preventing cells from progressing through S-phase of
the cell cycle [Ashihara and Baserga, 1979]. In addition to cell cycle control, ribonucleotide
reductase can be regulated by an S-phase independent mechanism that is important for DNA
repair. Ribonucleotide reductase activity can be induced outside the S phase by DNA cross-
linking agents such as chlorambucil, and by UV irradiation indicating a role for the enzyme in
the DNA repair process [Hurta and Wright, 1992; Filatov, et al., 1996].

Recent studies have shown that ribonucleotide reductase activity is quickly elevated
in the presence of tumor promoters like 12-O-tetradecanoylphorbol-13-acetate [Amara et al.,
1994; Chen et al,, 1993]. This process is mediated at least in part, through increases in the
half-lives of R1 and R2 mRNAs, which parallels the decreased interactions of two proteins,
R1BP and R2BP, with cis-element sequences in the 3' untranslated regions (3' UTRs) of the R1
and R2 messages [Amara et al., 1994; Chen et al., 1993; Chen et al., 1994a; Chen et al., 1994b].
Alterations in this cis-trans reaction can play a role in determining sensitivity to
chemotherapeutic agents that target ribonucleotide reductase [Amara et al., 1995a].

Exposure of transformed fibroblasts to TGF-£, can increase the half-life of the R2

message, a process that is mediated through a cis-trans interaction within the R2 mRNA 3’
UTR [Amara et al., 1995b; Hurta and Wright, 1995]. Other studies have demonstrated that
the non-coding regions of mRNAs can control important biological properties of cells, such as
the expression of bFGF in Xenopus oocytes [Kimelman and Kirschner, 1989], the timing of
developmental events of Caenorhabditis elegans [Lee et al.,, 1993], the expression of al (I)

collagen in chick embryo chondrocytes {Farrell and Lukens, 1995], and the suppression of
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tumorigenicity of rhabdomyosarcomas by RNA from the 3' UTR of the non-housekeeping gene
a-tropomyosin [Rastinejad et al., 1993].

PCT patent application WO 94/21661 discusses the use of UTRs of cell structural
proteins to regulate cell division or cell differentiation and provides a discussion of how
exogenous UTR may affect cell regulation. The application in particular relates to UTRs of a-
tropomyosin.

The regulation of mRNA turnover is an essential step in controlling message abundance
and therefore gene expression in mammalian cells. Message degradation or stability plays a
critical role in cell proliferation or cellular differentiation, and is crucial in mechanisms that
maintain normal biological functions of individual cells and tissues. Aberrant mRNA turnover
usually leads to altered levels of proteins, which can dramatically modify cellular properties.
For example, oncogene or growth factor overexpression is often associated with abnormal cell
proliferation and malignant transformation. Since message turnover is an important component
of gene regulation, it is not surprising to find that message stability characteristics of key
growth regulatory genes are tightly controlled. Several excellent reviews are available
which describe in detail mechanisms of gene expression that are regulated at the mRNA level
[Ross, 1995; Hake and Richer, 1997].

Messenger RNA is composed of distinct domains that either encode proteins or carry
specific regulatory regions that control gene expression posttranscriptionally. Structurally
there are three distinct regions of an mRNA molecule, the 5' end including the cap (5'-GpppG-
-), the coding region, and the 3' end including the polyadenylated tail. The structural
elements of mRNA are known to play integral roles in mechanisms regulating translation and
mRNA stability, which in turn directly affect translation efficiency and the turnover rate of
the message, and therefore the amount of a specific protein that is synthesized.

The 5' end of an mRNA molecule contains a sequence that is not translated into protein
and therefore is known as the 5’ untranslated region (UTR), and contains the mRNA cap which
confers nuclease resistance properties. There is a great deal of evidence showing that the 5'
end of a message is critically involved in regulating translation initiation [Ross, 1995; Hake
and Richer, 1997]. Alterations in translation regulation not only directly affects the amount of
a protein that is eventually synthesized, but it can also significantly modify the stability
characteristics of the message and therefore modify protein levels by this mechanism as well.
For example, some viruses are capable of modifying the binding of regulatory proteins to the 5'
UTR including the cap region, and through this process control host versus virus gene
expression. The 5 UTR of a message can be relatively short or can be several hundred
nucleotides in length.

There is also a region of varying length following the coding sequence that is not
translated into protein, and this 3' UTR which may be many hundreds of nucleotides in length,

appears to play a dominant role in determining message stability characteristics. There are
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now many examples of unique cis-elements in this part of the message that bind to trans-acting
proteins to control mRINA turnover rates [Ross, 1995; Hake and Richer, 1997].

In addition, most mRNAs have a polyadenylated (poly (A)) tail at the 3' end, which
can serve several functions important to translation efficiency and message turnover
characteristics. For example the poly (A) tail protects the message from degradation in some
systems, and it has been demonstrated that deadenylation may be the first step in message
degradation. The mere presence of a poly (A) tail is not necessarily sufficient for protection,
instead the poly (A) tail should be a minimum length, for example 20 to 30 nucleotides long, to
provide protection from nuclease action. When the number of residues is changed
experimentally, the rate of degradation can be increased or decreased by the absence or
presence of a specific number of residues. Several proteins are involved in this regulation
including a poly (A) binding protein, and it has been suggested that the poly (A) tail blocks
the assembly of an exonuclease involved in RNA degradation [Sachs, 1993; Ford et al., 1997].

Besides the interactions between cis-elements with precise nucleotide sequences and
trans-acting proteins, secondary structural conformations such as stem-loops and hairpin
structures also serve regulatory functions in the untranslated regions (UTRs) of mRNAs. For
example, it has been shown in some cases, that it is possible to transfer sequences containing
interesting structural features from the UTR from one mRNA to another and alter the stability
characteristics of the recipient mRNA. Certainly, stem-loop structures play important roles in
message regulation of histone mRNA [Marzluff and Pandey, 1988], or ferritin and transferrin
receptor mRNA regulation [Klausner and Hartford, 1989]. Histone mRNAs are cell cycle
regulated and lack a poly (A) tail, but structural information in the 3' UTR including a 6 base
pair stem and 4 base loop motif found in all histone mRNAs, play crucial roles in controlling
the rates of translation and degradation. In general, secondary structural features are
important because they influence the binding of regulatory proteins that directly or indirectly
affect interactions between the mRNA and nucleases and/or because they may act directly as
favored recognition sites for particular nuclease activities or as inhibitors of nuclease action.

The genetic changes underlying cancer conversion and progression are accompanied by a
decrease in genomic stability of cells [Cifone and Fidler, 1981; Wolman, 1983; Rowley, 1990;
Huang et al.,, 1995a], which leads to heterogeneity of tumor cell populations, alterations in
response to chemotherapy, and increased malignant potential. The multitude of changes that
are observed during malignant transformation and are most pronounced at advanced stages of
the disease, are at least in part due to changes in genome/message stability, as manifested for
example by an increased potential for DNA amplification [Rowley, 1990; Wright et al., 1990b;
Tlsty, 1990]. Normal diploid cells rarcly amplify their DNA, but amplification of oncogenes
and genes determining drug resistance is often observed in tumor cell populations, and this is
one of the most impressive characteristics that distinguishes normal cells from tumor cells
[Wright et al., 1990b; Tlsty, 1990]. The expression of several genes that are known to play

fundamental roles in malignant progression are strictly regulated at the posttranscriptional
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level through mechanisms that control message stability characteristics. Clearly,
mechanisms that lead to genomic/message destabilization are important in cancer
transformation and progression, and methods are needed for reversing or controlling genomic
destabilization which can be utilized in treating cancer.

SUMMARY OF THE INV N

The present inventors have shown by direct evidence that untranslated regions of a
housekeeping gene, in particular ribonucleotide reductase R1 and R2, significantly reduces
tumor growth rates in animals. They have also directly shown that untranslated regions of
housekeeping genes, in particular ribonucleotide reductase R2 reduces the ability of tumor cells
to metastasize.

Accordingly broadly stated the present invention relates to an isolated oligonucleotide
comprising at least seven consecutive nucleotides or nucleotide analogues from an untranslated
region from a housekeeping gene. Preferably the housekeeping gene is ribonucleotide reductase
R1 or R2. In one embodiment the oligonucleotide comprises at least seven nucleotides or
nucleotide analogues from the 3' untranslated region of ribonucleotide reductase R1 as shown in
SEQ ID NO 1, preferably an oligonucleotide having the nucleic acid sequence shown in SEQ.
ID NO 44, SEQ. ID NO 45, SEQ. ID NO 46,SEQ. ID NO 47, SEQ. ID NO 48, or SEQ. ID NO 49,
or an analogue thereof. In another embodiment, the oligonucleotide comprises at least seven
nucleotides or nucleotide analogues from the 3' untranslated region of ribonucleotide reductase
R2 as shown in SEQ ID NO 2, preferably an oligonucleotide having the nucleic acid sequence
shown in SEQ. ID NO 6 through SEQ. ID. NO. 43, or an analogue thereof.

The invention also includes an antisense oligonucleotide having a sequence
complementary to the sequence of a oligonucleotide of the invention, or a ribozyme sequence
which has a homologous or complementary sequence to a oligonucleotide of the invention and
the necessary catalytic center for cleaving the oligonucleotide.

DNA sequences comprising a transcriptional control region and a sequence encoding an
oligonucleotide, antisense oligonucleotide, or ribozyme sequence of the invention, and vectors
comprising the DNA sequences are also contemplated.

The invention also provides a pharmaceutical composition for modulating cell growth,
in particular tumor cell growth comprising at least one oligonucleotide, antisense
oligonucleotide, and ribozyme sequence, of the invention in admixture with a physiologically
acceptable carrier or diluent.

The invention still further provides a pharmaceutical composition for reducing the
ability of a cell to metastasize comprising at least one oligonucleotide, antisense
oligonucleotide, and ribozyme sequence from the untranslated region of ribonucleotide
reductase R2, in admixture with a physiologically acceptable carrier or diluent.

The invention also contemplates the use of an oligonucleotide according to the
invention to prepare a medicament for modulating cell growth and in particular tumor cell

growth, and for reducing the ability of a tumor cell to metastasize.
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A method is also provided for identifying a substance that modulates tumor cell
growth or metastasis comprising: (a) reacting a test substance with an oligonucleotide
comprising at least 7 consecutive nucleotides or nucleotide analogues of an untranslated region
of mRNA of a housekeeping gene, under conditions which permit the formation of complexes
between the test substance and oligonucleotide, and (b) assaying for complexes, for free
substance, and/or for non-complexed oligonucleotide to determine if the substance binds to the
oligonucleotide and thereby modulates tumor cell growth or metastasis .

Further a method is provided for evaluating a compound for the ability to inhibit or
enhance the interaction of an oligonucleotide of the invention with a substance which binds to
the oligonucleotide and thereby modulate tumor cell growth or metastasis comprising: (a)
providing a known concentration of the oligonucleotide and a substance which is capable of
binding to the oligonucleotide, and a candidate compound under conditions which permit the
formation of complexes between the substance and oligonucleotide, and (b) assaying for
complexes, for free substance, and/or for non-complexed oligonucleotide to determine if the
compound inhibits or enhances the interaction of the substance and oligonucleotide, and
thereby modulates tumor cell growth or metastasis.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily appreciated as the same
becomes better understood by reference to the following detailed description when considered
in connection with the accompanying drawings wherein:

Figure 1 is a photograph of a gel showing the expression of recombinant 3’ UTRs in
vector-transfected RMP-6 cells (Example 1); and

Figure 2 is a graph showing the growth of subcutaneous tumors in syngeneic mice
(Example 1).

D RIPTI F THE PREFERRED EMBOD
ntisen: iboz

The present invention relates to oligonucleotides which modulate cell growth and
differentiation which comprises an untranslated region (UTR) from a housekeeping gene. A
reduction or inhibition of tumor cell growth is a preferred form of modulation contemplated by
the invention. The reduction or inhibition of tumor cell growth may be evidenced by the tumor
cells exhibiting a differentiated normal growth pattern (i.e. normal cell division and growth)
and/or killing of the tumor cells. Particular types of oligonucleotides of the invention have
also been found to modulate metastasis i.e. the spread of tumor cells from one part of the body
to another as in the appearance of tumor cells in parts of the body remote from the site of the
primary tumor, resulting from dissemination of tumor cells by the lymphatics or blood vessels
or by direct extension of tumor cells through serous cavities or subarachnoid or other spaces.

The term "oligonucleotides" refers to an oligomer or polymer of nucleotide or nucleoside
monomers consisting of naturally occurring bases, sugars, and intersugar (backbone) linkages.

The term also includes modified or substituted oligomers comprising non-naturally occurring
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monomers or portions thereof, which function similarly. Such modified or substituted
oligonucleotides may be preferred over naturally occurring forms because of properties such as
enhanced cellular uptake, or increased stability in the presence of nucleases. The term also
includes chimeric oligonucleotides which contain two or more chemically distinct regions. For
example, chimeric oligonucleotides may contain at least one region of modified nucleotides
that confer beneficial properties (e.g. increased nuclease resistance, increased uptake into
cells), or two or more oligonucleotides of the invention may be joined to form a chimeric
oligonucleotide.

Oligonucleotides of the present invention may contain naturally occurring bases
including adenine, guanine, cytosine, thymidine and uracil. The oligonucleotides may also
contain modified bases such as xanthine, hypoxanthine, 2-aminoadenine, 6-methyl, 2-propyl
and other alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza uracil, 6-aza cytosine and 6-
aza thymine, pseudo uracil, 4-thiouracil, 8-halo adenine, 8-aminoadenine, 8-thiol adenine, 8-
thiolalkyl adenines, 8-hydroxyl adenine and other 8-substituted adenines, 8-halo guanines, 8-
amino guanine, 8-thiol guanine, 8-thiolalkyl guanines, 8-hydroxyl guanine and other 8-
substituted guanines, other aza and deaza uracils, thymidines, cytosines, adenines, or guanines,
5-trifluoromethyl uracil and 5-trifluoro cytosine.

Other oligonucleotides of the invention may contain modified phosphorous, oxygen
heteroatoms in the phosphate backbone, short chain alkyl or cycloalkyl intersugar linkages or
short chain heteroatomic or heterocyclic intersugar linkages. For example, the
oligonucleotides may contain phosphorothioates, phosphotriesters, methyl phosphonates,
and phosphorodithioates. In an embodiment of the invention there are phosphorothioate
bonds links between the four to six 3'-terminus bases. In another embodiment phosphorothioate
bonds link all the nucleotides.

The oligonucleotides of the invention may also comprise nucleotide analogs that may
be better suited as therapeutic or experimental reagents. An example of an oligonucleotide
analogue is a peptide nucleic acid (PNA) wherein the deoxyribose (or ribose) phosphate
backbone in the DNA (or RNA), is replaced with a polyamide backbone which is similar to
that found in peptides (P.E. Nielsen, et al Science 1991, 254, 1497). PNA analogues have been
shown to be resistant to degradation by enzymes and to have extended lives in vivo and in
vitro. PNAs also bind stronger to a complimentary DNA sequence due to the lack of charge
repulsion between the PNA strand and the DNA strand. Other oligonucleotides may contain
nucleotides containing polymer backbones, cyclic backbones, or acyclic backbones. For example,
the nucleotides may have morpholino backbone structures (U.S. Pat. Nol 5,034, 506).
Oligonucleotides may also contain groups such as reporter groups, a group for improving the
pharmacokinetic properties of an oligonucleotide, or a group for improving the
pharmacodynamic properties of an oligonucleotide. Oligonucleotides may also have sugar

mimetics.
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The oligonucleotides may be selected such that they exhibit the least likelihood of
dimer formation, self-complementary interactions, and binding potential to the UTR sequence.
These properties may be determined using the computer modeling program OLIGO Primer
Analysis software Version 3.4 (National Biosciences). The program allows the determination
of a qualitative estimation of these three parameters and indicates "no potential”; "some
potential”; or "essentially complete potential”. Oligonucleotides are preferably selected that
have estimates of "some potential” or "no potential", most preferably "no potential”, in all
three parameters. The oligonucleotides are also selected so that their function is not
substantially affected by any modifications or substitutions. It is preferred that the native
conformation of the oligonucleotide be retained.

The term “housekeeping gene” as used herein refers to genes/functions/activities that
are required by most cycling cells and critically linked to general cell metabolism as opposed to
"luxury” genes/functions/activities that are used by specialized cells and tissues of a
multicellular organism {see in general "Molecular Biology of the Gene", Alberts et al., Garland
Publishing Inc., New York, 1983; "Explorations in Developmental Biology" (Eds C. Fulton and
A. O. Klein) Vail-Ballou Press, Inc. 1976; "Principles of Genetics" Herskowitz, The
Macmillian Company, New York, 1973]. The housekeeping gene may be associated with DNA
and RNA synthesis and cell metabolism. In particular, it may encode a protein regulating
DNA synthesis and repair and it may be involved in purine and pyrimidine synthesis. The
housekeeping gene may be selected from any housekeeping gene including ribonucleotide
reductase which is involved in the conversion of ribonucleotides to their corresponding
deoxyribonucleotides; ornithine decarboxylase (ODC) which encodes an enzyme involved in
the synthesis of polyamines which are necessary for cell proliferation and survival; CAD
which encodes a multi-functional protein containing carbamyl phosphate synthetase,
aspartate transcarbamylase and dihydroorotase activity; and dihydrofolate reductase which
encodes an enzyme involved in the reduction of the vitamin folic acid to its active form
tetrahydrofolate which is involved in the synthesis of thymidylic acid, a nucleotide building
block of DNA. Examples of housekeeping genes are shown in Table 3. A preferred
housekeeping gene of the present invention is ribonucleotide reductase which is involved in the
conversion of ribonucleotides to their corresponding deoxyribonucleotides.

The oligonucleotides may be from any untranslated region of a housekeeping gene. The
oligonucleotides may comprise the entire 3' or 5' untranslated regions, or parts thereof. The
oligonucleotides may be ribonucleotides or deoxyribonucleotides, and they may be single
stranded or doubled stranded.

The oligonucleotides are typically at least seven consecutive nucleotides from a UTR
of a housekeeping gene, usually at least 15 consecutive nucleotides, and preferably at least 20
consecutive nucleotides, from a UTR of a housekeeping gene. In one embodiment, the
oligonucleotide comprises at least seven consecutive nucleotides from an untranslated region

from ribonucleotide reductase Rl or R2. The untranslated region is preferably the entire 3°
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UTR from mRNA of ribonucleotide reductase R1 or R2 (SEQ. ID. NO. 1 or 2, respectively), or at
least seven consecutive nucleotides thereof. Examples of oligonucleotides of the invention are
found in Tables 4 and 5. The invention also includes the oligonucleotides as shown in Tables 4
and 5 with mutations. The mutations may be substitutions, insertions, and deletions, and there
will usually be fewer than 10% changes. Preferably the oligonucleotide has a sequence
identified in one of SEQ. ID. NOs: 1, 2, 6-48, or 49, most preferably 6-12, or 45.

In the oligonucleotides of the invention, an antisense sequence may be used instead of or
in addition to a native sequence (i.e. either in the 5' to 3’ or 3' to 5' direction) to provide an
antisense oligonucleotide. The antisense sequence may comprise naturally occurring nucleotides
or modified or substituted nucleotides as described herein. The antisense sequence may be used
to inhibit or enhance the effect of an oligonucleotide of the invention. In an embodiment of the
invention, the antisense oligonucleotide comprises a sequence complementary to the entire
UTR.

A ribozyme sequence which cleaves the UTR may also be used to modulate the activity
of an oligonucleotides of the invention. (See Cech for a review of ribozymes). The ribozyme has
homologous or complementary sequences to an oligonucleotide of the invention and the
necessary catalytic centre for cleaving the oligonucleotide. For example, a homologous
ribozyme sequence may be selected which destroys an oligonucleotide of the invention. In an
embodiment of the invention the ribozyme sequence is complementary to or homologous to the
UTR from ribonucleotide reductase R1 or R2 or parts thereof.

The ribozyme type utilized in the present invention may be selected from types known
in the art. Several ribozyme structural families have been identified including Group I
introns, RNase P, the hepatitis delta virus ribozyme, hammerhead ribozymes, and the
hairpin ribozyme originally derived from the negative strand of the tobacco ringspot virus
satellite RNA (sTRSV) (Sullivan, 1994, U.S. Patent No. 5,225,347, columns 4 to 5). The latter
two families are derived from viroids and virusoids, in which the ribozyme is believed to
separate monomers form oligomers created during rolling circle replication (Symons, 1989 and
1992). Hammerhead and hairpin ribozyme motifs are most commonly adapted for trans-
cleavage of mRNAs for gene therapy (Sullivan, 1994). Hairpin ribozymes which are presently
in clinical trials are preferably used in the present invention. In general the ribozyme is from
30 to 100 nucleotides in length.

The oligonucleotides of the invention may be prepared by conventional and well-
known techniques. For example, the oligonucleotides may be prepared using solid-phase
synthesis and in particular using commercially available equipment such as the equipment
available form Applied Biosystems. It is also preferred to substantially purify the
oligonucleotides so that they are free of any other factors which would interfere with their
activity. Oligonucleotides of the invention may also be identified using genetic

complementation techniques, or using the probes described herein. It is also well within the
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skill in the art to prepare modified or substituted oligonucleotides, antisense oligonucleotides,
and ribozymes.
A\ pplicati
Probes

The oligonucleotides of the invention allow those skilled in the art to construct
nucleotide probes for use in the detection (e.g. by hybridization or polymerase chain reaction
(PCR) techniques) of homologous untranslated regions in cells, tissues and biological materials.
Hence, the probes can be used to screen for other UTRs having cell growth modulating,
preferably tumor growth reducing or inhibiting , activity. Suitable probes include nucleic acid
molecules based on nucleic acid sequences from regions of the 3' UTR of ribonucleotide reductase
R1 or R2 as shown in Tables 4 and 5. A nucleotide probe may be labelled with a detectable
substance such as a radioactive label which provides for an adequate signal and has sufficient
half-life such as 32P, 3H, 14C or the like. Other detectable substances which may be used
include antigens that are recognized by a specific labelled antibody, fluorescent compounds,
enzymes, antibodies specific for a labelled antigen, and luminescent compounds. An
appropriate label may be selected having regard to the rate of hybridization and binding of
the probe to the nucleotide to be detected and the amount of nucleotide available for
hybridization. Labelled probes may be hybridized to nucleic acids on solid supports such as
nitrocellulose filters or nylon membranes as generally described in Sambrook et al, 1989,
Molecular Cloning, A Laboratory Manual (2nd ed.). The nucleic acid probes may be used to
detect preferably in human cells nucleic acid molecules from UTRs of housekeeping genes that
modulate cell growth, in particular tumor cell growth.
Antibodies

Oligonucleotides of the invention can be used to prepare antibodies. Conventional
methods can be used to prepare the antibodies. Antibodies to nucleic acids are described in USP
No. 4,723,847. For example, polyclonal antisera or monoclonal antibodies can be made using
standard methods. A mammal, (e.g., a mouse, hamster, or rabbit) can be immunized with an
immunogenic form of the oligonucleotide which elicits an antibody response in the mammal.
Techniques for conferring immunogenicity on an oligonucleotide include conjugation to carriers or
other techniques well known in the art. For example, the oligonucleotide can be administered
in the presence of adjuvant. The progress of immunization can be monitored by detection of
antibody titers in plasma or serum. Standard ELISA or other immunoassay procedures can be
used with the immunogen as antigen to assess the levels of antibodies. Following
immunization, antisera can be obtained and, if desired, polyclonal antibodies isolated from
the sera.

To produce monoclonal antibodies, antibody producing cells (lymphocytes) can be
harvested from an immunized animal and fused with myeloma cells by standard somatic cell
fusion procedures thus immortalizing these cells and yielding hybridoma cells. Such

techniques are well known in the art, (e.g., the hybridoma technique originally developed by
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Kohler and Milstein (Nature 256, 495-497 (1975)) as well as other techniques such as the
human B-cell hybridoma technique (Kozbor et al.,, Immunol. Today 4, 72 (1983)), the EBV-
hybridoma technique to produce human monoclonal antibodies (Cole et al. Monoclonal
Antibodies in Cancer Therapy (1985) Allen R. Bliss, Inc., pages 77-96), and screening of
combinatorial antibody libraries (Huse et al., Science 246, 1275 (1989)]. Hybridoma cells can be
screened immunochemically for production of antibodies specifically reactive with the
oligonucleotide and the monoclonal antibodies can be isolated. Therefore, the invention also
contemplates hybridoma cells secreting monoclonal antibodies with specificity for the
oligonucleotides of the invention.

The term “antibody” as used herein is intended to include fragments thereof which
also specifically react with the oligonucleotides. Antibodies can be fragmented using
conventional techniques and the fragments screened for utility in the same manner as described
above. For example, F(ab')2 fragments can be generated by treating antibody with pepsin. The
resulting F(ab')2 fragment can be treated to reduce disulfide bridges to produce Fab' fragments.

Chimeric antibody derivatives, i.e., antibody molecules that combine a non-human
animal variable region and a human constant region are also contemplated within the scope of
the invention. Chimeric antibody molecules can include, for example, the antigen binding
domain from an antibody of a mouse, rat, or other species, with human constant regions.
Conventional methods may be used to make chimeric antibodies containing the immunoglobulin
variable region which recognizes the oligonucleotides of the invention (See, for example,
Morrison et al., Proc. Natl Acad. Sci. U.S.A. 81,6851 (1985); Takeda et al., Nature 314, 452
(1985), Cabilly et al., U.S. Patent No. 4,816,567; Boss et al., US. Patent No. 4,816,397,
Tanaguchi et al., European Patent Publication EP171496; European Patent Publication 0173494,
United Kingdom patent GB 2177096B). It is expected that chimeric antibodies would be less
immunogenic in a human subject than the corresponding non-chimeric antibody.

Monoclonal or chimeric antibodies specifically reactive with an oligonucleotide of the
invention as described herein can be further humanized by producing human constant region
chimeras, in which parts of the variable regions, particularly the conserved framework
regions of the antigen-binding domain, are of human origin and only the hypervariable regions
are of non-human origin. Such immunoglobulin molecules may be made by techniques known in
the art, (e.g., Teng et al., Proc. Natl. Acad. Sci. U.S.A., 80, 7308-7312 (1983); Kozbor et al,,
Immunology Today, 4, 7279 (1983); Olsson et al., Meth. Enzymol., 92, 3-16 (1982)), and PCT
Publication W(092/06193 or EP 0239400). Humanized antibodies can also be commercially
produced (Scotgen Limited, 2 Holly Road, Twickenham, Middlesex, Great Britain.)

Specific antibodies, or antibody fragments, reactive against oligonucleotides of the
invention may also be generated by screening expression libraries encoding immunoglobulin
genes, or portions thereof, expressed in bacteria with oligonucleotides of the present invention.
For example, complete Fab fragments, VH regions and FV regions can be expressed in bacteria

using phage expression libraries (See for example Ward et al., Nature 341, 544-546: (1989);
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Huse et al., Science 246, 1275-1281 (1989); and McCafferty et al. Nature 348, 552-554 (1990)).
Alternatively, a SCID-hu mouse, for example the model developed by Genpharm, can be used
to produce antibodies, or fragments thereof.

Antibodies specifically reactive with the oligonucleotides , or analogues thereof, such
as enzyme conjugates or labeled derivatives, may be used to detect UTRs in various biological
materials, for example they may be used in any known immunoassays. Examples of such assays
are radioimmunoassays, enzyme immunoassays (e.g.ELISA), immunofluorescence,
immunoprecipitation, latex agglutination, hemagglutination, and histochemical tests. Thus,
the antibodies may be used to detect and quantify UTRs in a sample.

In particular, the antibodies of the invention may be used in immuno-histochemical
analyses, for example, at the cellular and subcellular level, to detect UTRs, to localise it to
particular cells and tissues and to specific subcellular locations, and to quantitate the level of
UTRs.

Cytochemical techniques known in the art for localizing antigens using light and
electron microscopy may be used to detect UTRs. Generally, an antibody of the invention may
be labelled with a detectable substance and UTRs may be localised in tissue based upon the
presence of the detectable substance. Examples of detectable substances include various
enzymes, fluorescent materials, luminescent materials and radioactive materials. Examples of
suitable enzymes include horseradish peroxidase, biotin, alkaline phosphatase,
B-galactosidase, or acetylcholinesterase; examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride or phycoerythrin; an example of a luminescent material includes
luminol; and examples of suitable radioactive material include radioactive iodine 1125, 1131 or
tritium. Antibodies may also be coupled to electron dense substances, such as ferritin or
colloidal gold, which are readily visualised by electron microscopy.

Indirect methods may also be employed in which the primary antigen-antibody
reaction is amplified by the introduction of a second antibody, having specificity for the
antibody reactive against the oligonucleotide s. By way of example, if the antibody having
specificity against the oligonucleotide is a rabbit IgG antibody, the second antibody may be
goat anti-rabbit gamma-globulin labelled with a detectable substance as described herein.

Where a radioactive label is used as a detectable substance, the UTR may be localized
by radioautography. The results of radioautography may be quantitated by determining the
density of particles in the radioautographs by various optical methods, or by counting the
grains.

Monitoring Cell Status/Therapy

The presence of an oligonucleotide (or UTR) of the present invention may be indicative

of the status of the cell. The absence of the UTR may indicate a potential for tumor growth.

Assaying a cell for the presence/absence of the UTRs may be useful in monitoring the
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progression of a cancer therapy. Such assays may be performed using probes or antibodies that
bind the UTRs as described in detail above.
Evaluating Substances and Compounds that Modulate Cell Growth

The present invention also includes the use of the oligonucleotides of the invention to
evaluate a substance for the ability to interact with, and in particular to bind to
oligonucleotides of the invention. Such substances may also modulate cell growth and in
particular tumor cell growth, or metastasis in a positive or negative way. Such substances
include nucleic acid sequences and proteins. In particular, the substances may be a trans-acting
factors (generally proteins) with unique cis-elements in the untranslated regions of the
housekeeping genes described herein.

Accordingly, the present invention provides a method for identifying a substance that
modulates tumor cell growth or metastasis comprising: (a) reacting a test substance with an
oligonucleotide which comprises at least 7 consecutive nucleotides or nucleotide analogues of an
untranslated region of a housekeeping gene, under conditions which permit the formation of
complexes between the test substance and oligonucleotide, and (b) assaying for complexes, for
free substance, for non-complexed oligonucleotide to determine if the substance binds to the
oligonucleotide and thereby modulates tumor cell growth or metastasis.

The substance-oligonucleotide complex, free substance or non-complexed proteins may
be isolated by conventional isolation techniques, for example, using UV or chemical
crosslinking followed by electrophoresis or chromatography of the crosslinked complexes such
as mobility gel shifts. To facilitate the assay of the components, antibody against the
oligonucleotide or the substance, or labelled oligonucleotide, or a labelled substance may be
utilized. The antibodies, oligonucleotide, or substances may be labelled with a detectable
substance as described above.

The oligonucleotide, or the substance used in the method of the invention may be
insolubilized. For example,the oligonucleotide or substance may be bound to a suitable carrier.
Examples of suitable carriers are agarose, cellulose, dextran, Sephadex, Sepharose,
carboxymethyl cellulose polystyrene, filter paper, ion-exchange resin, plastic film, plastic
tube, glass beads, polyamine-methyl vinyl-ether-maleic acid copolymer, amino acid
copolymer, ethylene-maleic acid copolymer, nylon, silk, etc. The carrier may be in the shape
of, for example, a tube, test plate, beads, disc, sphere etc.

The insolubilized oligonucleotide or substance may be prepared by reacting the
material with a suitable insoluble carrier using known chemical or physical methods, for
example, cyanogen bromide coupling.

In an embodiment of the invention, trans-acting proteins are identified by screening
cancer cell extracts with the oligonucleotides of the invention. In general, mobility gel shift
and UV cross-linking procedures are used (Amara et al, 1993) to identify the presence of a
protein and the sequence to which it binds. The binding proteins are purified by methods known

in the art and may use for example affinity purification procedures utilizing an oligonucleotide
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of the present invention which is attached to sepharose beads. Once the proteins are purified
and identified, standard techniques can be used to clone the genes for these proteins.
Alternatively, cloning of a cDNA encoding an mRNA coding protein could be accomplished by
for example screening expression libraries with oligonucleotides of the invention using
Northwestern procedures (Qian et al, 1993).

The present invention also includes the use of the oligonucleotides to evaluate
compounds for the ability to inhibit or enhance the binding of the oligonucleotides to
substances that interact with, or bind to the oligonucleotides.

Accordingly, the present invention provides a method for evaluating a compound for
the ability to inhibit or enhance the interaction of an oligonucleotide of the invention with a
substance which binds to the oligonucleotide and thereby modulate tumor cell growth or
metastasis comprising: (a) providing a known concentration of the oligonucleotide and a
substance which is capable of binding to the oligonucleotide, and a candidate compound under
conditions which permit the formation of complexes between the substance and
oligonucleotide, and (b) assaying for complexes, for free substance, and/or for non-complexed
oligonucleotide to determine if the compound inhibits or enhances the interaction of the
substance and oligonucleotide, and thereby modulates tumor cell growth or metastasis.

It will be understood that the agonists and antagonists (i.e. inhibitors and enhancers)
that can be assayed using the methods of the invention may act on one or more of the binding
sites on the oligonucleotide or substance including agonist binding sites, competitive antagonist
binding sites, non-competitive antagonist binding sites or allosteric sites.

The invention also makes it possible to screen for antagonists that inhibit the effects of
an agonist of the interaction of the oligonucleotide with a substance which is capable of
binding to the oligonucleotide. Thus, the invention may be used to assay for a compound that
competes for the same binding site of the oligonucleotide.

The substances and compounds identified by the methods described herein, may be used
for modulating the growth of tumor cells, or reducing metastasis. The substances and
compounds may be formulated into pharmaceutical compositions as described herein.

The invention also provides methods for examining the function of particular
untranslated regions. Cells, tissues, and non-human animals lacking a particular UTR, or part
thereof may be developed using recombinant expression vectors of the invention having specific
deletion or insertion mutations in the UTR region, or part thereof. A recombinant expression
vector may be used to inactivate or alter the endogenous UTR region or part thereof by
homologous recombination, and thereby create a UTR deficient or mutant cell, tissue or animal.
Methods and Compositions for Modulating Cell Growth/Metastasis

The oligonucleotides, ribozymes, antisense oligonucleotides, antibodies, and substances
and compounds identified using the methods of the invention modulate cell growth and in
particular tumor cell growth. Therefore, methods are provided for interfering with cell

growth, preferably tumor cell growth comprising contacting tissues or cells with one or more of
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oligonucleotides, ribozymes, antisense oligonucleotides, and substances and compounds
identified using the methods of the invention. Preferably, an oligonucleotide comprising the
3' UTR from ribonucleotide reductase R1 or R2 (SEQ. ID. NO.: 1 or 2) is administered in an
amount effective to reduce tumor cell growth. Most preferably, an oligonucleotide as shown in
Tables 4 and 5 is administered.

The term "contact” refers to the addition of an oligonucleotide, ribozyme etc, in a
liquid carrier to a cell suspension or tissue sample, or to administering the oligonucleotides etc.
directly or indirectly to cells or tissues within an animal.

The methods may be used to treat proliferative disorders including various forms of
cancer such as leukemias, lymphomas (Hodgkins and non-Hodgkins), sarcomas, melanomas,
adenomas, carcinomas of solid tissue, hypoxic tumors, squamous cell carcinomas of the mouth,
throat, larynx, and lung, genitourinary cancers such as cervical and bladder cancer,
hematopoietic cancers, colon cancer, breast cancer, pancreatic cancer, head and neck cancers,
and nervous system cancers, benign lesions such as papillomas, arthrosclerosis, angiogenesis,
and viral infections, such as HIV infections, hepatitis or herpes infections.

The oligonucleotides, ribozymes, antisense oligonucleotides, and substances and
compounds identified using the methods of the invention may also be used to treat drug
resistant tumors. Examples of drug resistant tumors are tumors resistant to hydroxyurea; tumors
expressing high levels of P-glycoprotein which is known to confer resistance to multiple
anticancer drugs such as colchicine, vinblastine and doxorubicin; or, tumors expressing the
multi-drug resistance protein as described in R. Deeley et al., Science, 258:1650-1654, 1992.

Particular oligonucleotides of the invention have been found to reduce metastasis. In
an embodiment of the invention, a method is provided for reducing metastasis in a subject
comprising administering an amount of an oligonucleotide comprising a UTR of ribonucleotide
reductase R2, or a part thereof, preferably the 3' UTR of ribonucleotide reductase R2 (SEQ. ID.
NO.: 2), or a part thereof, or an oligonucleotide shown in one of SEQ ID. NOs.: 6 to 43. Most
preferably the oligonucleotide is one shown in SEQ. ID. NOs.: 6 to 12.

Selected oligonucleotides, ribozymes, antisense oligonucleotides, substances, and
compounds may be tested for their ability to modulate cell growth and in particular tumor cell
growth, or to reduce metastasis in vitro and in vivo systems as described herein.

For therapeutic applications, the oligonucleotides, ribozymes, antisense
oligonucleotides, antibodies, and substances and compounds identified using the methods of the
invention may be formulated into pharmaceutical compositions. The pharmaceutical
compositions may comprise one or more oligonucleotides, ribozymes, antisense oligonucleotides,
antibodies, and substances and compounds identified using the methods of the invention for
adminstration to subjects in a biologically compatible form suitable for administration to a
subject. The compositions of the invention can be intended for administration to humans and

various other mammals, such as ovines, bovines, equines, swine, canines, and felines.
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The pharmaceutical compositions of the invention may be administered in different
ways depending upon whether local or systemic treatment is desired, and upon the area to be
treated. The compositions can be administered orally, subcutaneously or parenterally including
intravenous, intraarterial, intramuscular, intraperitoneally, and intranasal administration as
well as intrathecal and infusion techniques as required by the malignant cells being treated.
For delivery within the CNS intrathecal delivery can be used with for example an Ommaya
reservoir or other methods known in the art. The pharmaceutically acceptable carriers,
diluents, adjuvants and vehicles as well as implant carriers generally refer to inert, non-toxic
solid or liquid fillers, diluents or encapsulating material not reacting with the active
ingredients of the invention. Cationic lipids (e.g. Lipofectin, Life Technologies) may also be
included in the composition to facilitate oligonucleotide uptake. Implants of the compounds
are also useful. In general the pharmaceutical compositions are sterile.

The oligonucleotides, antisense oligonucleotides, and ribozymes of the invention may
be delivered using viral or non-viral vectors. Sequences may be incorporated into cassettes or
constructs such that an oligonucleotide, ribozyme, or antisense oligonucleotide of the invention
is expressed in a cell. Generally the construct contains the proper transcriptional control region
to allow the oligonucleotide or antisense oligonucleotide to be transcribed in the cell.

Therefore, the invention provides vectors comprising a transcription control sequence
operatively linked to a sequence which encodes an oligonucleotide ribozyme, or antisense
oligonucleotide of the invention. The present invention further provides host cells, selected
from suitable eucaryotic and procaryotic cells, which are transformed with these vectors. Such
transformed cells allow the study of the function and the regulation of malignancy and the
treatments of the present invention.

Vectors are known or can be constructed by those skilled in the art and should contain
all expression elements necessary to achieve the desired transcription of the sequences. Other
beneficial characteristics can also be contained within the vectors such as mechanisms for
recovery of the nucleic acids in a different form. Phagemids are a specific example of such
beneficial vectors because they can be used either as plasmids or as bacteriophage vectors.
Examples of other vectors include viruses such as bacteriophages, baculoviruses and
retroviruses, DNA viruses, liposomes and other recombination vectors. The vectors can also
contain elements for use in either procaryotic or eucaryotic host systems. One of ordinary skill
in the art will know which host systems are compatible with a particular vector.

The vectors can be introduced into cells or tissues by any one of a variety of known
methods within the art. Such methods can be found generally described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New York (1989,
1992), in Ausubel et al, Current Protocols in Molecular Biology, John Wiley and Sons,
Baltimore, Maryland (1989), Chang et al., Somatic Gene Therapy, CRC Press, Ann Arbor, MI
(1995), Vega et al,, Gene Targeting, CRC Press, Ann Arbor, M1 (1995), Vectors: A Survey of
Molecular Cloning Vectors and Their Uses, Butterworths, Boston MA (1988) and Gilboa et al
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(1986) and include, for example, stable or transient transfection, lipofection, electroporation
and infection with recombinant viral vectors.

Introduction of nucleic acids by infection offers several advantages. Higher efficiency
can be obtained due to their infectious nature. Moreover, viruses are very specialized and
typically infect and propagate in specific cell types. Thus, their natural specificity can be
used to target the vectors to specific cell types in vivo or within a tissue or mixed culture of
cells. Viral vectors can also be modified with specific receptors or ligands to alter target
specificity through receptor mediated events.

A specific example of a DNA viral vector for introducing and expressing the UTR
mRNA R1 and/or R2 sequence is the adenovirus derived vector Adenop53TK. This vector
expresses a herpes virus thymidine kinase (TK) gene for either positive or negative selection
and an expression cassette for desired recombinant sequences such as antisense sequences. This
vector can be used to infect cells that have an adenovirus receptor which includes most cancers
of epithelial origin as well as others. This vector as well as others that exhibit similar
desired functions can be used to treat a mixed population of cells including, for example, an in
vitro or ex vivo culture of cells, a tissue or a human subject.

Additional features can be added to the vector to ensure its safety and/or enhance its
therapeutic efficacy. Such features include, for example, markers that can be used to
negatively select against cells infected with the recombinant virus. An example of such a
negative selection marker is the TK gene described above that confers sensitivity to the anti-
viral gancyclovir. Negative selection is therefore a means by which infection can be controlled
because it provides inducible suicide through the addition of antibiotic. Such protection
ensures that if, for example, mutations arise that produce altered forms of the viral vector or
sequence, cellular transformation will not occur. Features that limit expression to particular
cell types can also be included. Such features include, for example, promoter and regulatory
elements that are specific for the desired cell type.

Recombinant viral vectors are another example of vectors useful for in vivo
introduction of a desired nucleic acid because they offer advantages such as lateral infection
and targeting specificity. Lateral infection is inherent in the life cycle of, for example,
retrovirus and is the process by which a single infected cell produces many progeny virions that
bud off and infect neighboring cells. The result is that a large area becomes rapidly infected,
most of which was not initially infected by the original viral particles. This is in contrast to
vertical-type of infection in which the infectious agent spreads only through daughter
progeny. Viral vectors can also be produced that are unable to spread laterally. This
characteristic can be useful if the desired purpose is to introduce a specified gene into only a
localized number of targeted cells.

A vector to be used in the methods of the invention may be selected depending on the
desired cell type to be targeted. For example, if breast cancer is to be treated, then a vector

specific for such epithelial cells should be used. Similarly, if cells of the hematopoietic
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system are to be treated, then a viral vector that is specific for blood cells and their precursors,
preferably for the specific type of hematopoietic cell, should be used.

Retroviral vectors can be constructed to function either as infectious particles or to
undergo only a single initial round of infection. In the former case, the genome of the virus is
modified so that it maintains all the necessary genes, regulatory sequences and packaging
signals to synthesize new viral proteins and RNA. Once these molecules are synthesized, the
host cell packages the RNA into new viral particles which are capable of undergoing further
rounds of infection. The vector's genome is also engineered to encode and express the desired
recombinant gene. In the case of non-infectious viral vectors, the vector genome is usually
mutated to destroy the viral packaging signal that is required to encapsulate the RNA into
viral particles. Without such a signal, any particles that are formed will not contain a genome
and therefore cannot proceed through subsequent rounds of infection. The specific type of vector
will depend upon the intended application. The actual vectors are also known and readily
available within the art or can be constructed by one skilled in the art using well-known
methodology.

If viral vectors are used, for example, the procedure can take advantage of their target
specificity and consequently, do not have to be administered locally at the diseased site.
However, local administration may provide a quicker and more effective treatment,
administration can also be performed by, for example, intravenous or subcutaneous injection into
the subject. Injection of the viral vectors into a spinal fluid can also be used as a mode of
administration, especially in the case of neuro-degenerative diseases. Following injection, the
viral vectors will circulate until they recognize host cells with the appropriate target
specificity for infection.

Transfection vehicles such as liposomes can also be used to introduce the non-viral
vectors described above into recipient cells within the inoculated area. Such transfection
vehicles are known by one skilled within the art.

The pharmaceutical compositions and vectors of the invention may be administered in
combination with other drugs or singly, consistent with good medical practice such as cytotoxic
agents, immunotoxins, alkylating agents, anti-metabolites, antitumor antibiotics and other
anti-cancer drugs and treatment modalities that are known in the art.

Dosing of the oligonucleotides, ribozymes, antisense oligonucleotides, antibodies,
substances and compounds will depend on the severity and responsiveness of the condition to be
treated with a course of treatment lasting from several days to several months or until
diminution of the disease is achieved. Optimal dosing schedules may be calculated using
measurements of drug accumulation in the body. Persons of ordinary skill in the art can readily
determine optimum dosages, dosing methodologies, and repetition rates. Optimum dosages
may vary depending on the relative potency of individual oligonucleotides, and can generally

be determined based on EDggs in in vitro and in vivo animal studies.
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The following non-limiting examples are illustrative of the present invention.

EXAMPLES

GENERAL METHODS:

GENERAL METHODS IN MOLECULAR BIOLOGY: Standard molecular biology techniques
known in the art and not specifically described were generally followed as in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New York (1989,
1992); in Ausubel et al.,, Current Protocols in Molecular Biology, John Wiley and Sons,
Baltimore, Maryland (1989); and in Perbal, A Practical Guide to Molecular Cloning, John
Wiley & Sons, New York (1988). Polymerase chain reaction (PCR) was carried out generally as
in PCR Protocols: A Guide To Methods And Applications, Academic Press, San Diego, CA
(1990).

Vectors can be constructed for the present invention by those skilled in the art and

should contain all expression elements necessary to achieve the desired transcription of the
sequences. The expression elements can be selected to allow expression only in the cell being
targeted. Other beneficial characteristics can also be contained within the vectors such as
mechanisms for recovery of the nucleic acids in a different form. One of ordinary skill in the
art will know which expression elements are compatible with a particular cell type. The
vectors can be introduced into cells or tissues by any one of a variety of known methods within
the art as described herein above.
GENERAL METHODS IN IMMUNOQLOGY: Standard methods in immunology known in the
art and not specifically described were generally followed as in Stites et al.(eds), Basic and
Clinical Immunology (8th Edition), Appleton & Lange, Norwalk, CT (1994) and Mishell and
Shiigi (eds), Selected Methods in Cellular Immunology, W.H. Freeman and Co., New York
(1980).

SSAYS FOR NICITY AND METASTASIS: Malignancy potential was
determined as reported previously [Wright, 1989a; Egan et al., 1987a, 1987b; Damen et al.,
1989; Taylor et al., 1992; Stokoe et al., 1994]. Six to eight week old C3H/HeN syngeneic mice
(Charles River, Quebec) were used to evaluate tumorigenic and metastatic potential of the
cells. Cells were prepared from subconfluent, logarithmically growing cultures, collected by
gentle treatment with trypsin/EDTA solution and adjusted to appropriate concentration in a
balanced salt solution.

For the tumorigenicity (tumor latency) assay, 1 x 10° cells in a 0.1 ml volume were
injected subcutaneously into the back of mice and the time required to form a tumor (2 X 2 mm)
detectable by palpation was recorded. The growth of tumors was also evaluated by measuring
tumor diameters, and estimating tumor base area each day following tumor appearance
[Damen et al.,, 1989]. Tumor size was determined by multiplying the dimensions of the cross-
section of the tumor. Tumors were removed from the mice and tumor weight was recorded 21
days later. In the case of no tumor formation, mice were kept for 2 months after injection and

then sacrificed.
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For experimental metastasis assays (determination of metastatic potential), 1 x 10°
cells in a 0.2 ml volume were injected into the tail veins of 6-8 week old C3H/HeN syngeneic
mice and an estimate of the number of lung tumors was made 21 days later. The mice were
sacrificed, and the lungs were stained by injecting Bouin’s solution {picric acid, formaldehyde,
acetic acid (15:5:1)} intratracheally [Egan et al., 1987b; Damen et al., 1989]. Pulmonary tumors
were counted with the aid of a dissecting microscope. To confirm that equal numbers of test and
control cells were injected, duplicate culture plates containing growth medium were inoculated
with 100 cells per plate. After 10 days in culture, plates were stained with methylene blue and
colonies were scored.

EXAMPLE 1

Neoplastic transformation is a multi-stage process that usually proceeds through the
accumulation of numerous genetic alterations [Nowell, 1986; Wright et al., 1993]. Activation of
specific oncogenes and inactivation of tumor suppressor genes play important roles in this

mechanism. In previous studies, Applicants have shown that mouse 10T, ,, fibroblasts

transfected with a combination of T24-H-ras, human c-myc and the proline 193 mutant form of
p53 exhibit tumorigenic and metastatic properties in syngeneic mice [Taylor et al., 1992; Huang
et al., 1995b]. RMP-6 is one of these highly malignant cell lines that has been characterized in
these earlier studies. Applicants tested whether expression of these RNA regions in malignant
cells would modify malignancy-related characteristics using the RMP-6 cell line.

In preparation for these experiments, RMP-6 cells were transfected by the calcium
phosphate precipitation procedure with expression plasmids containing the R1 3' UTR (SEQ
ID No:1), the R2 3' UTR (SEQ ID No:2) or with the empty vector as a control, to yield the cell
lines RMPM1U, RMPM2U and RMP-VC, respectively. RMP-6 cells were also transfected by
electroporation with the same plasmid constructs to produce the cell lines eRMPM1U (R1 3'
UTR), eRMPM2U (R2 3' UTR) and eRMP-VC (empty vector) (Figure 1). Cells transfected by
either calcium phosphate precipitation or by electroporation express the transfected 3' UTRs.
In addition, an 831 base fragment encoded by chlamydial DNA was expressed in cells
transfected with pHNCO0.8. The plasmid constructs also contain the coding region for the
luciferase enzyme, and as expected all transfected cell lines contained luciferase activity.
MATERIALS AND METHODS
Construction of expression plasmids for the 3° UTRs of ribonucleotide reductase: A 1854 bp
fragment of a recombinant hygromycin gene which contained a mammalian thymidine kinase
promoter, the coding region of the hygromycin gene, and a thymidine kinase polyadenylation
signal was PCR-amplified from the plasmid pEBVHis (Invitrogen Corp., San Diego, CA), and
inserted into the Bst11071 site of the mammalian expression plasmid pcDNA3 (Invitrogen
Corp.), to give the plasmid pHN. A 1696 base pair (bp) fragment which covered the 1650 bp
coding region and 46 bp 3' UTR of firefly luciferase cDNA was amplified from pMAMneo-luc
(Clontech, Palo Alto, CA), and inserted into the HindIll and Kpnl-restricted pHN. Into the
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Kpnl and Xhol sites of the resulting plasmid were inserted the 446 bp fragment of R1 3' UTR,
and the 876 bp fragment of the R2 3' UTR, amplified from the pCD-R1 and pCD-R2 plasmids
[Amara et al., 1994; Chen et al., 1993; Thelander and Berg, 1986}, to produce the R1 and R2 3'
UTR expression plasmids, pHNM1U and pHNM2U, respectively.

A control expression plasmid, pHNCO0.8 was also constructed by inserting a 831 bp
fragment of Chlamydia trachomatis genomic DNA into the BamH1 and Xhol sites of the same
vector. The 831 bp chlamydial fragment is a 3'-portion of an open reading frame encoding a
thymidylate synthase [Fan et al, 1996C]. In pHNMI1U, pHNM2U and pHNCO0.8, the
synthesis of a recombinant luciferase mRNA, which contains (from 5' — 3') the luciferase
coding region, 46 bases of luciferase 3' UTR plus the full length 3’ UTR of R1, R2 or the
chlamydial sequence is under the control of a cytomagalovirus promoter.

In addition, the cDNA fragments for R1 or R2 3'UTRs were directionally cloned into
Kpnl/Xhol cut pcDNA3 plasmid to yield expression vectors pD3M1U and pD3M2U,
respectively. In these latter two vectors, full length R1 or R2 3'UTR without an upstream
luciferase coding fragment is also under the control of a cytomegalovirus promoter. The
orientation of the inserts in all the recombinant plasmids was confirmed by sequence analysis
using a sequencing kit (Gibco BRL, Burlington, Ontario).

Transfection of plasmid DNA into cells: Expression plasmid DNA was introduced into human
Hela cells by calcium phosphate precipitation, and into RMP-6 celis by calcium phosphate
precipitation or electroporation [Taylor et al., 1992, Huang et al., 1995b]. For calcium
phosphate precipitation, 5 x 10° cells were seeded into 10 cm cell culture dishes containing 10
ml of o-minimal essential medium (Gibco) supplemented with 10% serum (Fetal Clone IIJ,

Hyclone, UT). After about 16 hours of culture at 37°C in the presence of 5% CO,, the medium

was changed and cells were cultured a further 3 hours. Twenty ug of DNA was used for
transfection of each dish of cells; the DNA-phosphate precipitates were prepared as
previously described [Taylor et al., 1992; Huang and Wright, 1994]. After 16 hours of cell
culture, the precipitates were removed and cells were washed twice with phosphate buffered
saline, pH 7.2 and fresh medium was added for overnight culture. RMP-6 cells were then
cultured in medium containing 400 pg/ml hygromycin (Boehringer-Mannheim, Mannheim,
Germany), and Hela cells were cultured in medium containing 800 ug/ml geneticin {Gibco).
Selected stable transfectant colonies (more than 500 in total) were identified, removed with
trypsin solution, pooled and cultured in the selective medium for another 10 days to ensure that
they were drug resistant [Huang and Wright, 1994].

For electroporation, the expression plasmids were linearized with Sspl, extracted
with phenol:chloroform, precipitated with ethanol and redissolved in serum-free medium
containing 10 mM Hepes (pH 7.2). Logarithmically growing cells were removed with trypsin
solution, and washed twice with 10 mM Hepes (pH 7.2). An electroporation mixture was

prepared in an electroporation cuvette and contained, in a total volume of 400 ul, 7 x 106 cells
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and 20 pg of Sspl-digested plasmid DNA. The electroporation was achieved by using a Gene
Pulser (Bio-Rad, Mississauga, ON) with settings at 960 uF and 250 V. After 5 minutes
incubation at room temperature, the cells were transferred into a 10 cm culture dish containing
15 ml of growth medium. After overnight culture, hygromycin was used to select for stable
transfectants [Huang and Wright, 1994].
Reverse transcriptase PCR (RT-PCR): Total cellular RNA was extracted from approximately
70% confluent cultures by using a Micro RNA Isolation Kit as instructed by the manufacturer
(Strategene, La Jolla, CA). An Sp6 primer (5GGATTTAGGTGACACTATAG3', SEQ1 ID No:2)
located 20 bp downstream of the Xhol-cutting site of the vector (where the R1 or R2 3' UTRs
were cloned) was used for reverse transcription from the recombinant mRNAs containing the
UTRs. A second primer (5TGAGAAAAGCGGGGCCTG3', SEQ ID No:3), which is the first 18
bp of the R1 3" UTR, and a third primer (5TAAGTAACTGATCGTGTGCTC3', SEQ ID No:4),
which represents the first 21 bp of the R2 3' UTR was used in combination with the Spé primer
to amplify the recombinant c¢DNAs. A chlamydial DNA primer
(S TTAAGACTTTTTACGCGATTCS', SEQ ID No:5) was used together with the Spé primer to
detect expression of the bacterial fragment in pHNCO0.8 transfected cells.

An EZ rTth RNA PCR Kit (Perkin Elmer, Branchburg, NJ) was used for the RT-PCR.
Briefly, an RT-PCR reaction contained, in a total volume of 50 pl, 1xEZ buffer (Perkin Elmer),
300 uM of each deoxyribonucleoside triphosphate, 2.5 mM Mn(OAc),, 100 ng of RNA template,

0.45 uM each of two primers and 5.0 units of rTth Polymerase. To ensure that the final
amplification product was initially amplified from RNA instead of a possible DNA
contaminant in the RNA samples, a parallel reaction was carried out, in which 1 ug of DNase-
free RNase A was added into, and incubated with, the reaction mixture for 5 minutes before the
addition of the polymerase.

The synthesis of cDNA from template mRNA and later amplification of the cDNA
was achieved by incubation at 60°C for 60 minutes, then 94°C for 2 minutes followed by 40
temperature cycles of 20 seconds of denaturing at 94° C, 90 seconds of annealing and extension at
60°C, and a final 7 minutes incubation at 60°C. At the end of the reaction, 10 ul of sample was
analyzed by electrophoresis on 1% agarose gel.
Tumorigenicity and metastasis analysis: Malignant potential was determined as described
herein above.
RESULTS

To evaluate the possibility that expression of the ribonucleotide reductase 3' UTRs
affect tumorigenicity, syngeneic mice were injected subcutaneously with the transfected cell
lines and tumor weight and growth was determined. Metastatic potential in syngeneic mice
was estimated by a tail vein experimental lung metastasis assay. Cells expressing R1 and R2 3'
UTRs produced subcutaneous tumors that were significantly reduced in weight when compared

to results obtained with control cells that were transfected with the empty vector (Table 1).
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Similar results were obtained with cells that were transfected with the calcium phosphate
precipitation procedure and with cells that were transfected by electroporation (Table 1). In
keeping with these observations, Figure 2 shows that the growth of tumor cells transfected
with the 3' UTRs from R1 or R2 mRNAs was significantly slower than the growth of cells
transfected with the vector alone.

To further examine specificity in the reduced tumorigenicity observed with cells
expressing R1 or R2 3'UTRs, the tumorigenicity of cells transfected with pHNC0.8 which
express 831 bases of chlamydial sequence were compared with cells transfected with the empty
vector. There was no significant difference between the two cell populations as determined by
estimating tumor weight (Table 1) or tumor latency (data not shown). Cancer mortality is
primarily caused by the ability of tumor cells to metastasize [Nowell, 1986]. Interestingly,
cells expressing the R2 3' UTR (SEQ ID No:2) exhibited a significantly reduced ability to
disseminate to the lungs of syngeneic animals as compared to control cells transfected with the
vector alone (Table 1). Expression of the R1 3' UTR (SEQ ID No:1) did not significantly alter
metastatic potential when compared to the control population (Table 1), indicating that
expression of the R1 3' UTR suppresses tumorigenic but not metastatic potential.

The R2 3' UTR (SEQ ID No:2) exhibited both tumorigenic and metastatic suppressive
effects, and as was observed in the tumorigenic studies, the metastatic properties of the
transfectants were essentially independent of the method that was used to perform the
transfections.

To determine whether or not the mouse R1 and R2 3'UTRs can suppress human tumor
cell potential, Hela cells were transfected by calcium phosphate precipitation with the
expression vectors containing either the R1 3'UTR (Hela M1U cells) or the R2 3'UTR (Hela
M2U cells). As was observed with mouse tumor cells, growth of Hela M1U and Hela M2U cells
was significantly reduced when compared to control Hela cells containing the expression vector
without R1 or R2 3'UTR sequences (Table 2).

EXAMPLE 2
FURTHER RESULTS USING THE R1 AND R2 UNTRANSLATED REGIONS

Using the methods herein above, oligonucleotides of R1 and R2 3'-UTR mRNA
segments as set forth in Tables 4 and 5 were screened for tumor cell cytotoxicity in relative
colony forming efficiency experiments [Huang and Wright, 1994]. Hela S3 and Hela 1mM
tumor cells were used as well as a variety of human cancer cell lines as noted in Tables 6 and 7.
The cells were cultured for 24 hours at 37°C in growth medium with 10% fetal bovine serum.
The cells were washed in 5ml phosphate buffered saline, pH 7.2, once prior to lipofectin +/-
oligonucieotide treatment.

The oligonucleotides being tested were added to cell cultures in the presence of 2.5 pg of
DOTMA /DOPE (Lipofectin; Life Technologies, Inc.) for four hours. The oligonucleotide was
tested at 0.2 UM unless otherwise indicated. Controls were the cultures treated with lipofectin

but without the oligonucleotide. After 4 hours the medium containing the oligonucleotide was
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removed and washed with 5 ml of growth medium. The cells were then cultured in growth
medium containing 10% fetal bovine serum for seven to ten days. In some experiments cell
aliquotes were removed from the culture and viability was determined using trypan blue
exclusion test [Phillips, 1973]. Results were analyzed as percent of surviving cells compared to
control cells.

A short oligodeoxyribonucleotide phosphorothioate sequence, Sen-1I-2229B-20 (SEQ
ID No:7; Table 5) was used to inhibit the proliferation of human tumor cells (Hela) in relative
colony forming efficiency experiments. Hela S3 cells (American Type Culture Collection,
Rockville, Maryland, U.5.; ATCC) and a Hela cell line (Hela 1 mM) previously selected for
resistance to the antitumor agent hydroxyurea [Wright et al.,, 1987] were used in these
experiments (Table 6). Clearly, Sen-11-2229B-20 is a very effective inhibitor of human tumor
cell colony forming ability. It is also effective in inhibiting the proliferation of human tumor
cells that exhibit resistance to hydroxyurea, a chemotherapeutic compound of clinical
significance.

Sen-11-2229B-20 (SEQ ID No:7) and Sen-1I-2229A-20 (SEQ ID No:6) are alternative
sequences, with 2229A chosen from the version of R2 in GENBANK (submitted by Pavloff) and
2229B chosen from the version published by Pavloff et al. The two sequences provided similar
results.

Sen-11-2229B-20 (SEQ ID No:7) and six other 20-mer oligodeoxyribonucleotide
sequences (SEQ ID Nos:6,8-12) corresponding to sequence segments (fragments) of the 3'-UTR of
R2 and one corresponding to the 3'-UTR of R1 (SEQ ID No:45; Table 4), were tested in relative
colony forming efficiency experiments to determine inhibitory effects using a variety of human
cancer cells. The results showing estimated percent inhibition of relative colony forming
abilities of these various oligonucleotides are provided in Table 7. Clearly, all the compounds
were effective antitumor agents against human cancer cells derived from the bladder, colon,
lung, breast and pancreas.

Furthermore, analysis of Hela S3 and WI38 (normal strain) cell viability by the
trypan blue exclusion test three days after oligonucleotide exposure indicated that Hela $3
tumor cells were approximately three times more sensitive to the cytotoxic effects of
Sen-11-2229B-20 oligonucleotide than normal non-tumorigenic WI38 cells averaged over 4-8
determinations.

Throughout this application, various publications, including United States patents
and published patent applications are referenced by author and year or number. Full citations
for the publications are listed below. The disclosures of these publications and patents in their
entireties are hereby incorporated by reference into this application in order to more fully
describe the state of the art to which this invention pertains.

The invention has been described in an illustrative manner, and it is to be understood
that the terminology which has been used is intended to be in the nature of words of

description rather than of limitation.
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Obviously, many modifications and variations of the present invention are possible in
light of the above teachings. It is, therefore, to be understood that within the scope of the

appended claims, the invention may be practiced otherwise than as specifically described.

Throughout this application, various publications, including United States patents
and published patent applications are referenced by author and year or number. Full citations
for the publications are listed below. The disclosures of these publications and patents in their
entireties are hereby incorporated by reference into this application in order to more fully
describe the state of the art to which this invention pertains.

Detailed legends for Figures 1 and 2 are also provided in the following pages.

The invention has been described in an illustrative manner, and it is to be understood
that the terminology which has been used is intended to be in the nature of words of
description rather than of limitation.

Obviously, many modifications and variations of the present invention are possible in
light of the above teachings. It is, therefore, to be understood that within the scope of the

appended claims, the invention may be practiced otherwisc than as specifically described.
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TUMORIGENICITY AND I\JII‘EI.'QTTJSETXTIC POTENTIAL OF RMP-6
TRANSFECTED CELL LINES.
Celline | Jnsteted R0 | g cutineous Tumr MEn "8
mRNA 3' UTR Weight (g) (meantSE)! Number (meantSE)2
RMP-VC - 1.0510.22 (n = 10)3 17.3 £ 6.8 (n=10)3
RMPM1U R1 0.58 £ 0.21 (n = 10) 20.0+£9.7 (n=10)
RMPM2U R2 0.13+0.14 (n = 10) 64+54 (n=10)
eRMP-VC - 1.21+0.14 (n=5) 205+ 6.7 (n=5)
eRMPM1U R1 0.3 £0.31 (n=5) 16.1 £ 6.1 (n=5)
eRMPM2U R2 0.18+0.11 (n=5) 92+23(n=5

1 Using Student’s t-test the differences in the tumorigenicity results obtained with RMPM1U and
RMPM2U cells were found to be statistically significant, when compared to the results obtained
with RMP-VC cells, with p values of < 0.02 and < 0.001, respectively. Similarly, the
tumorigenicity results obtained with eRMPM1U and eRMPM2U cells were significantly different
from the results obtained with eRMP-VC cells, with p values of < 0.01 in both cases.

2 Using Student'’s t-test the numbers for experimental metastases obtained with RMPM1U and
eRMPM1U cells were not found to be statistically different from the results obtained with the
RMP-VC or the eRMP-VC control cell populations, respectively. However, the numbers for
experimental metastases observed with RMPM2U and eRMPM2U cells were significantly
different when compared to the observations obtained with RMP-VC or eRMP-VC cells, with p
values of < 0.02 in both cases.

3 The number of animals/experiment is shown in ().

4 As an added control for specificity the tumorigenicity of RMP-VC cells was compared to cells
transfected with pHNCO0.8 to produce the RMPCO0.8 cell line, which expresses a 831 base
chlamydial sequence (see Fig. 1). No significant difference was observed; tumor weights of 1.19 +
0.26 (n = 8) and 1.24 £ 0.33 (n = 7) for RMP-VC and RMPCO0.8 cells, respectively (p vaiue > 0.5).
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TABLE 2.

PCT/CA97/00454

TUMORIGENIC POTENTIAL OF HUMAN HELA TRANSFECTED CELL LINES

Cell Line Transfected R1 or Tumorigenicity
R2 mRNA 3'UTR Subcutaneous Tumor
Weight (g),
mean + SE!
Hela-VC - 0.177 £ 0.026
Hela M1U R1 0.055 £ 0.016
Hela M2U R2 0.072 £ 0.033

1 Using Student’s t-test the differences in the tumorigenicity results obtained with Hela M1U and
Hela M2U cells were found to be statistically significant, when compared to the results obtained
with Hela-VC cells, with p values of < 0.01 and < 0.05, respectively. The number of
animals/experiment was 5.
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TABLE 3

PARTIAL LISTING OF HOUSEXEEPING GENES

Genes indicated by an * have bee

cancer cells.

3) Nucleic acid metabolizsm

n observed to be altered in

Ribonucicotide reductase*

Carbamoyl-phosphate synthetase IT* c)  Protein and amino acid metabolism

Aspartate carbamaoyitransferase®

Dihydroorotase® Ghramate debydrogenase®

Dihyrofolate reductase® Glutamate-oxaloacetate transaminase®

CTP synthetase® Tryptophan pyrrolase®

Thymidylate synthetasc* Glutaminase*

Deoxycytidylate deaminase® S-Hydroxytryptophan decarboxylase

Uridine-cytidine kinase®

Deoxycytidine kinase* d)  Lipid metabolism

Thymidine kinase*

DNA polymerase* Acetyl-CoA carboxylase

DNA nucleotidyltransferases® a-Glycerophosphate dehydrogenase®

RNA polymerases* Hydraxymethylghutaryl-CoA syathase*

tRNA mcthylase*

Dihydrouracil dehydrogenase* €)  Other metabolic activities

Formylglycinamidine ribonucleatide synthetase* .

IMF dchydrogenase* Omithine decarboxylase*

GMP synthetase? Oruithine carbamoyitransferase*

AMP dcaminase® CAMP phosphodiesterase®

Adcenylate kinase* Adeaylats cyclase*
S-Adenosylmethionine synthotase®
Citrate synthage

b)  Carbohydrate metabolism Aconitase
Isocitrate dehyrogenase

Hexokinase* SUOdJIyl-COA mythue

Phosphofructokinase* Succinate Dehydrogenase

Pyruvate kinase* Fumerase

Gincose-6-phosphatase* NADH dehydrogenase

Fructose-1,6-dipbosphataso*

Phosphoenolpyruvate carbaxykinase®

Pyruvate carboxylase*

Fructokinase*

Glucokinage*

Thiokinase*

Aldolase*

glyceraldehyde-phosphate dehydrogenase*
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FOOTNOTES FOR TABLES 4 AND 5

* Name includes the following:

Sen = sense
I =Rl
or

0 =R2

The first number is the first nucleotide position in the R2 mRNA sequence.
The second number is the length of the sequence segment.

1Tm °C = Melting temperature of oligonucleotide duplex formed

2dG = Free energy values for oligonucleotide-complement dimer formation

3D = Estimate of potential dimer former (N = no potential; X = some potential)

4H = Estimate for potential self-complementary interations (V = no potential;
X = some potential)

SA = Estimate for potential to bind to sequences in the R1 or R2 messages

(V = no potential; X = some potential)

The estimates were determined by using the computer modeling program OLIGO Primer
Analysis Software, Version 3.4 (distributed by National Biosciences). The program allows the
determination of a qualitative estimation of these three parameters and indicates “no
potential” or “some potential” or “essentially complete potential”. Segments were generally
selected that had estimates of no potential in all three parameters. However, several
segments as shown in Table 5 had parameters that were in the “some potential” category and
were still effective having a reduced (some) potential. A balance of the parameters is used in

the selection.

SUBSTITUTE SHEET (RULE 26)
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TABLE 6

DOSE DEPENDENT REDUCTION OF COLONY FORMING EFFICIENCY
FOLLOWING TREATMENT WITH R2 UTR Sen-11-2229b-20

CELL LINE: Hela S3

Concentration Yo Inhib.
Exp. 1 0 -
0.05 uM 50%
0.10 pM 55%
0.20 pM 88%
Exp. 2 0 -
0.02 uM -
0.05 pM 20%
0.10 uyM 48%
0.2 uM 80%
CELL LINE: Hela 1 mM
Concentration % Inhib.
0 -
0.05 uM -
0.10 uM 50%

0.20 uM 85%
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Detailed Description of the Figures

FIGURE 1 is a photograph of a gel showing the expression of recombinant 3' UTRs in vector-
transfected RMP-6 cells (Example 1). Total cellular RNA pretreated with or without DNase-
free RNase A was used for the reverse transcriptase-PCR. The 5 and 3’ primers were directed
towards the UTRs and the vector, respectively. RMP-VC (Lanes 2, 7, 12), RMPM1U (Lanes 3,4,
8,9), RMPM2U (Lanes 5,6) and RMPC 0.8 (Lanes 13,14) were derived from RMP-6 cells after
transfection with the vector control, the vector containing the R1 3' UTR, the vector containing
the R2 3' UTR , or a chlamydial sequence by calcium phosphate precipitation, respectively.
eRMP-VC (Lane 12), eRMPM1U (Lanes 5,6) and eRMPM2U (Lanes 10,11) were obtained by
electroporation of the plasmids into RMP-6 cells. The left lane (Lane 1) shows the migration

of 100 bp ladder marker (Pharmacia), and the lowest band is 100 bp.

FIGURE 2 is a graph showing the growth of subcutaneous tumors in syngeneic mice (Example 1).
The data for each point * SE represents the results obtained for five mice. The latency periods
for RMP-VC (@), RMPM1U (W) and RMPM2U (A) tumor cells were 8, 9 and 10 days following
injection. Examination of the slopes of the curves indicated that the tumor growth rate of
RMP-VC cells was significantly greater than the rate for RMPM1U (p < 0.01) or RMPM2U (p <
0.005) cells, respectively.
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SEQUENCE LISTING
(1) GENERAL INFORMATION:

(i) APPLICANTS:

(1) Wright, Jim A, 15 BRYN MAUR ROAD, WINNIPEG, MANITOBA, R3T 3K8, CANADA
(2) Young, Aiping H., 717 PACIFIC AVENUE, WINNIPEG, MANITOBA, R3E 1G1, CANADA

(ii) TITLE OF INVENTION: OLIGONUCLEOTIDES FROM THE UNTRANSLATED REGIONS OF
HOUSEKEEPING GENES AND METHODS OF USING SAME TO MODULATE CELL GROWTH

(iii) NUMBER OF SEQUENCES: 50

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: BERESKIN & PARR

(B) STREET: SUITE 4000, 40 KING STREET WEST
(C) CITY: TORONTO
(D) STATE: ONTARIO
(E) COUNTRY: CANADA
(F) ZIP: M5H 3Y2

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: LINDA M. KURDYDYK
(B) REGISTRATION NUMBER: 39,471
(C) REFERENCE/DOCKET NUMBER: 9424-004

(ix) TELECOMMUNICATION INFORMATION!:
(A) TELEPHONE: 416-364-7311
(B) TELEFAX: 416-361-1398

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISOTICS:

(A) LENGTH: 523 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO
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(viy ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(ix) FEATURE:
(A) NAME/KEY: 3UTR
(B) LOCATION: 1..523
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GGAAAGACTT GGAAGAGACC AGCATGTCTT CAGTAGCCAA ACTACTTCTT GAGCATAGAT 60
AGGTATAGTG GGTTTGCTTG AGGTGGTAAG GCTTTGCTGG ACCCTGTTGC AGGCAAAAGG
120

AGTAATTGAT TTAAAGTACT GTTAATGATG TTAATGATTT TTTTTTAAAC TCATATATTG 180

GGATTTTCAC CAAAATAATG CTTTTGAAAA AAAGAAAAAA AAAACGGATA TATTGAGAAT
240

CAAAGTAGAA GTTTTAGGAA TGCAAAATAA GTCATCTTGC ATACAGGGAG TGGTTAAGTA
300

AGGTTTCATC ACCCATTTAG CATGCTTTTC TGAAGACTTC AGTTTTGTTA AGGAGATTTA 360
GTTTTACTGC TTTGACTGGT GGGTCTCTAG AAGCAAAACT GAGTGATAAC TCATGAGAAG 420
TACTGATAGG ACCTTTATCT GGATATGGTC CTATAGGTTA TTCTGAAATA AAGATAAACA 480
TTTCTAAGTG AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAA 523
(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1136 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(iil) MOLECULE TYPE: cDNA

(iti) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(A} ORGANISM: Homo sapiens

(ix) FEATURE:
(A) NAME/KEY: 3UTR
(B) LOCATION: 1..1136

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

ATGAACTGAA GATGTGCCCT TACTTGGCTG ATTTTTTTTT TCCATCTCAT AAGAAAAATC 60
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AGCTGAAGTG TTACCAACTA GCCACACCAT GAATTGTCCG TAATGTTCAT TAACAGCATC 120
TTTAAAACTG TGTAGCTACC TCACAACCAG TCCTGTCTGT TTATAGTGCT GGTAGTATCA 180
CCTTTTGCCA GAAGGCCTGG CTGGCTGTGA CTTACCATAG CAGTGACAAT GGCAGTCTTG 240
GCTTTAAAGT GAGGGGTGAC CCTTTAGTGA GCTTAGCACA GCGGGATTAA ACAGTCCTTT 300
AACCAGCACA GCCAGTTAAA AGATGCAGCC TCACTGCTTC AACGCAGATT TTAATGTTTA 360
CTTAAATATA AACCTGGCAC TTTACAAACA AATAAACATT GTTTTGTACT CACGGCGGCG 420
ATAATAGCTT GATTTATTTG GTTTCTACAC CAAATACATT CTCCTGACCA CTAATGGGAG 480
CCAATTCACA ATTCACTAAG TGACTAAAGT AAGTTAAACT TGTGTAGACT AAGCATGTAA 540
TTTTTAAGTT TTATTTTAAT GAATTAAAAT ATTTGTTAAC CAACTTTAAA GTCAGTCCTG 600
TGTATACCTA GATATTAGTC AGTTGGTGCC AGATAGAAGA CAGGTTGTGT TTTTATCCTG 660
TGGCTTGTGT AGTGTCCTGG GATTCTCTGC CCCCTCTGAG TAGAGTGTTG TGGGATAAAG 720
GAATCTCTCA GGGCAAGGAG CTTCTTAAGT TAAATCACTA GAAATTTAGG GGTGATCTGG 780
GCCTTCATAT GTGTGAGAAG CCGTTTCATT TTATTTCTCA CTGTATTTTC CTCAACGTCT 840
GGTTGATGAG AAAAAATTCT TGAAGAGTTT TCATATGTGG GAGCTAAGGT AGTATTGTAA
900
AATTTCAAGT CATCCTTAAA CAAAATGATC CACCTAAGAT CTTGCCCCTG TTAAGTGGTG 960
AAATCAACTA GAGGTGGTTC CTACAAGTTG TTCATTCTAG TTTTGTTTGG TGTAAGTAGG 1020
TTGTGTGAGT TAATTCATTT ATATTTACTA TGTCTGTTAA ATCAGAAATT TTTTATTATC 1080
TATGTTCTTC TAGATTTTAC CTGTAGTTCA TAAAAAAAAA AAAAAAAAAA AAAAAA 1136
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GGATTTAGGT GACACTATAG 20

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
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{AY LENGTH: 18 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

TGAGAAAAGC GGGGCCTG
(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
TAAGTAACTG ATCGTGTGCT C
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GAGTTTTCAT ATGTGGGAGC
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GAGTTTTCTC ATATGTGGGA
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
AATGAACTGA AGATGTGCCC
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
AGGAATCTCT CAGGGCAAGG
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

GCTTGATTTA TTTGGTTTCT
(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GCCAGATAGA AGACAGGTTG
(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

ATCCTGTGGC TTGTGTAGTG
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(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TTTTTTTTTT CCATCTCATA
(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CTGGCTGGCT GTGACTTACC
(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
ACTCACGGCG GCGATAATAG
(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xt) SEQUENCE DESCRIPTION: SEQ ID NO:16:
ATACATTCTC CTGACCACTA
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

GGTTGTGTTT TTATCCTGTG
(2) INFORMATION FOR SEQ ID NO:18:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

GTTTTTATCC TGTGGCTTGT
(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:19:

GTGGCTTGTG TAGTGTCCTG
(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

CTGAGTAGAG TGTTGTGGGA
(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
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GTGTTGTGGG ATAAAGGAAT
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
TCTCACTGTA TTTTCCTCAA
(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GGTGTAAGTA GGTTGTGTGA

(2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
ATAAAGGAAT CTCTCAGGGC
(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

TACTCACGGC GGCGATAATA

(2) INFORMATION FOR SEQ ID NO:26:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
ATAGCAGTGA CAATGGCAGT
(2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
CTTACCATAG CAGTGACAAT
(2) INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
GCTACCTCAC AACCAGTCCT
(2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
ACTTGGCTGA TTTTTTTTIT
(2) INFORMATION FOR SEQ ID NO:30:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
CCTGGCTGGC TGTGACTTACC
(2) INFORMATION FOR SEQ 1D NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
ATACATTCTC CTGACCACTA A
(2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
GTAGTATCAC CTTTTGCCAG AA
(2) INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi}) SEQUENCE DESCRIPTION: SEQ ID NO:33:
GGTGCCAGAT AGAAGACAGG TTG
(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
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CTAAATGAAC TGAAGATGTG CCCT
(2) INFORMATION FOR SEQ ID NO:35:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:

GCTTGATTTA TTTGGTTTCT ACAC
(2) INFORMATION FOR SEQ ID NO:36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
ATAAAGGAAT CTCTCAGGGC AAGGA
(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:37:
ATTTTTTATT ATCTATGTTC TTCTA
(2) INFORMATION FOR SEQ ID NO:38:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
CCCTTACTTG GCTGATTTTT TTTTTCC
(2) INFORMATION FOR SEQ ID NO:39:

(1) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

CTGAGTAGAG TGTTGTGGGA TAAAGGAAT

(2) INFORMATION FOR SEQ ID NO:40:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

AAGCCGTTTC ATTTTATTTC TCACTGTATT TTCCTCAA
(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

TAGTTTTGTT TGGTGTAAGT AGGTTGTGTG AGTT

(2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

ACCTGTAGTT CATAAAAAAA AAAAAAAAAA AAAAAAA

(2) INFORMATION FOR SEQ 1D NO:43:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
GGTTGTGTTT TTATCCTGTG GCTTGTGTAG TGTCCTGGG 39
(2) INFORMATION FOR SEQ ID NO:44:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
AGTGGGTTTG CTTGAGGTGG 20
(2) INFORMATION FOR SEQ ID NO:45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

GGCTTTGCTG GACCCTGTTG 20
{2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
AAAAAAAGAA AAAAAAAACG 20
(2) INFORMATION FOR SEQ ID NO:47:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:47:
AGTAGAAGTT TTAGGAATGC 20

(2) INFORMATION FOR SEQ ID NO:48:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
GTTTCATCAC CCATTTAGCA 20
(2) INFORMATION FOR SEQ ID NO:49:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:
TTTACTGCTT TGACTGGTGG 20
(2) INFORMATION FOR SEQ ID NO:50:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:50:

TTAAGACTTT TTACGCGATT C 21
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WE CLAIM:

1. An oligonucleotide comprising at least seven consecutive nucleotides or

nucleotide analogues of an untranslated region of a housekeeping gene.

2. An oligonucleotide according to claim 1 wherein the housekeeping gene is

ribonucleotide reductase.

3. An oligonucleotide according to claim 2 comprising at least seven nucleotides or
nucleotide analogues from the 3' untranslated region of ribonucleotide reductase R1 as shown in
SEQID NO 1.

4. An oligonucleotide according to claim 3 wherein the oligonucleotide has a
nucleic acid sequence shown in SEQ. ID NO 44, SEQ. ID NO 45, SEQ. ID NO 46,SEQ. ID NO 47,
SEQ. ID NO 48, or SEQ. ID NO 49, or an analogue thereof.

5. An oligonucleotide according to claim 2 comprising at least seven nucleotides or
nucleotide analogues from the 3' untranslated region of ribonucleotide reductase R2 as shown in
SEQID NO 2.

6. An oligonucleotide according to claim 5 wherein the oligonucleotide has a
nucleic acid sequence shown in SEQ. ID NO 6, SEQ. ID NO 7, SEQ. ID NO 8 ,SEQ. ID NO 9,
SEQ. ID NO 10, SEQ. ID NO 11 or SEQ. ID NO 12, or an analogue thereof.

7. An oligonucleotide according to claim 5 wherein the oligonucleotide has a
nucleic acid sequence shown in SEQ. ID NO 6 through SEQ ID NO 43 as shown in Table 5, or an

analogue thereof.

8. An antisense oligonucleotide having a sequence which is complementary to a

sequence of an oligonucleotide according to any one of claims 1to 7.

9. A ribozyme sequence which has a nucleic acid sequence complementary or
homologous to a sequence of an oligonucleotide according to any one of claims 1 to 7, and a

catalytic center for cleaving the oligonucleotide.

10. A pharmaceutical composition for modulating tumor cell growth comprising at
least one oligonucleotide according to any one of claims 1-7, an antisense oligonucleotide
according to claim 8, and ribozyme sequence according to claim 9 in admixture with a

physiologically acceptable carrier or diluent.
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11. A pharmaceutical composition for reducing the ability of a tumor cell to
metastasize comprising at least one oligonucleotide according to any one of claims 5 to 7 in

admixture with a physiologically acceptable carrier or diluent.

12, A use of an oligonucleotide according to any one of claims 1-8 to prepare a

medicament for modulating tumor cell growth

13. A use of an oligonucleotide according to any one claims 5 to 7 to prepare a

medicament for reducing the ability of a tumor cell to metastasize.

14. A method for identifying a substance that modulates tumor cell growth or
metastasis comprising: (a) reacting a test substance with an oligonucleotide comprises at least 7
consecutive nucleotides or nucleotide analogues of an untranslated region of a housekeeping
gene, under conditions which permit the formation of complexes between the test substance and
oligonucleotide, and (b) assaying for complexes, for free substance, and/or for non-complexed
oligonucleotide to determine if the substance binds to the oligonucleotide and thereby

modulates tumor cell growth or metastasis.

15. A method according to claim 15 wherein the substance is a trans-acting protein.

16. A method for evaluating a compound for the ability to inhibit or enhance the
interaction of an oligonucleotide with a substance which binds to the oligonucleotide and
thereby modulate tumor cell growth or metastasis, wherein the oligonucleotide has at least 7
consecutive nucleotides or nucleotide analogues of an untranslated region of a housekeeping
gene, comprising: (a) providing a known concentration of the oligonucleotide and a substance
which is capable of binding to the oligonucleotide, and a candidate compound under conditions
which permit the formation of complexes between the substance and oligonucleotide, and (b)
assaying for complexes, for free substance, and/or for non-complexed oligonucleotide to
determine if the compound inhibits or enhances the interaction of the substance and

oligonucleotide, and thereby modulates tumor cell growth or metastasis.

17. A DNA sequence comprising a transcriptional initiation region and a sequence

encoding an oligonucleotide according to any one of claims 1-7.

18. A vector comprising a DNA sequence according to claim 17.
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19. An oligonucleotide according to any one of claims 1-7 wherein the
oligonucleotide exhibits reduced dimer formation, reduced self-complementary interactions

and reduced binding potential to the untranslated region.
20. An antibody that binds to an oligonucleotide according to any one of claims 1-7.

21. A nucleotide probe that hybridizes to an oligonucleotide according to any one

of claims 1-7.

22. A synthetic oligonucleotide comprising at least seven nucleotides or nucleotide
analogues having a sequence corresponding to the entire untranslated 3' region (3'-UTR) of

mRNA of a housekeeping gene or a consecutive sequence segment of said 3-UTR.

23. The synthetic oligonucleotide as set forth in claim 22 wherein the
housekeeping gene encodes ribonucleotide reductase dimeric protein components designated R1

and R2.

24, The synthetic oligonucleotide as set forth in claim 23 wherein the
oligonucleotide has a sequence corresponding to the entire 3'-UTR of the mRNA for the R1
component (SEQ ID No:1) or segment thereof substantially free of the coding sequence of

ribonucleotide reductase protein R1.

25. A pharmaceutical composition for inhibiting the tumorigenicity of neoplastic
cells in a mammal consisting of an effective amount of at least one active ingredient as set forth

in claim 22 and a pharmaceutically physiologically acceptable carrier or diluent.

26. A pharmaceutical composition for modulating tumorigenicity of a neoplastic
cell in a mammal consisting of

an effective amount of at least two active ingredients selected from oligonucleotides
having a sequence corresponding to the entire 3-UTR of the mRNA for the R1 or R2 component
or sequence segments of at least seven consecutive nucleotides thereof substantially free of the
coding sequence of ribonucleotide reductase protein R1 or R2 respectively or the antisense
sequences thereof or ribozymes comprising a sequence complementary to at least a portion of
said UTR; and

a pharmaceutically physiologically acceptable carrier or diluent.

27. A method of modulating the tumorigenicity of neoplastic cells in a mammal by
contacting said neoplastic cell with a growth inhibiting amount of at least one oligonucleotide

having a sequence of at least seven consecutive nucleotides or nucleotide analogues of a 3'
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untranslated region (3'-UTR) of mRNA of a housekeeping gene of the mammal substantially

free of the coding sequence of the housekeeping gene.

28. A method of modulating the tumorigenicity of neoplastic cells in a mammal by
contacting said neoplastic cell with a growth inhibiting amount of at least two active
compositions from oligonucleotides having a sequence corresponding to the entire 3'-UTR of the
mRNA for the R1 or R2 component or sequence segments of at least seven consecutive nucleotides
thereof substantially free of the coding sequence of ribonucleotide reductase protein R1 or R2
respectively or the antisense sequences thereof or ribozymes comprising a sequence

complementary to at least a portion of the UTR.

29. A synthetic oligonucleotide as set forth in claim 22 comprising at least two
sequences of a consecutive segment of an untranslated 3' region (3-UTR) of mRNA of a

housekeeping gene linked together.

30. A method of inhibiting the tumorigenicity of neoplastic cells resistant to
hydroxyurea in a mammal by

identifying patients who have tumors that are resistant to hydroxyurea and

contacting the tumor with a growth inhibiting amount of at least one active
composition from oligonucleotides having a sequence corresponding to the entire 3'-UTR of the
mRNA for the R1 or R2 component or segments thereof substantially free of the coding sequence
of ribonucleotide reductase protein R1 or R2 respectively or the antisense sequences thereof or

ribozymes comprising a sequence complementary to at least a portion of the UTR.
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FIGURE 1
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