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FIGURE 1 

Weight of Human Colon Adenocarcinoma (HT-29) in CD-1 
Nude Mice Treated with Combination Therapy 

4.5 OO OO g 

3 OO 

Saline SEQ ONO:-- Mitomycin C 
Mitomycin C 

  



(fiu) g?ôle NA Joun L 0008000€000 ?.0 

US 2006/0241070 A1 

FIGURE 2 

I:ORICIIÒAS 

GO’O > d sueelu „-|1:ONCTI ÒGIS+!, ?- Lc40 

Patent Application Publication Oct. 26, 2006 Sheet 2 of 34 

  



Patent Application Publication Oct. 26, 2006 Sheet 3 of 34 US 2006/0241070 A1 

FIGURE 3 

Pre-clinical Efficacy in 
Combination Therapy: Kidney Tumors (Caki-1) 
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FIGURE 4 

Weight of Human Prostate Carcinoma (PC-3) 
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FIGURE 5 
Weight of Human Prostate Carcinoma(DU145) 

in SCID Mice 
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FIGURE 6 

Weight of Human Melanoma (A2058) in CD-1 Nude Mice 
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FIGURE 7 

Weight of Human Breast Adenocarcinoma (MDA-MB-231) in CD-1 Nude Mice 
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FIGURE 9 

A Growth of Human Pancreatic Carcinoma (BxPC-3) in CD-1 Nude Mice 
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FIGURE 10 
Growth of Human Cervix Epitheloid Carcinoma 

(Hela S3-HU-Resistance) in SCID Mice 

-e-Saône 
1000 --SEQED NO:1 

-a-hydroxyurea 
--Cisplatin 

--SEQIDNO:l-Hu 
800 -0-SEQDNO:1+Cisplatin 

S. Goo 

s 
5 
- 

400 

200 

O 

Day3 . Day7 Day10 Day 14 Day17 Day20 
Days after Tumor injection 

Weight of Human Cervix Epitheloid Carcinoma 
B (Hela S3-HU-Resistance) in SCID Mice 

SEQIDNO:1+Cisp. ; 

SEQDD NO:1+Hu 

Cisplatin-SS 

Hydroxyurea 

SEQIDNO:1. 
Saline is 

O 200 400 600 800 1000 1200 1400 1600 1800 2000 

Tumor Weight(mg) 

  



Patent Application Publication Oct. 26, 2006 Sheet 11 of 34 US 2006/0241070 A1 

FIGURE 11 

Weight of Human Cisplatin-Resistant Breast Adenocarcinoma 
implanted at the Fat Pad of SCID Mice 
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FIGURE 12 

Growth Of Human Breast Cancer (MDA-CDDP-S4) in CB-17 
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FIGURE 13 

Weight of Human Taxol-Resistant Breast Adenocarcinoma 
(MDA-MB435-To.1) implanted at the Fat Pad of SCID Mice 
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FIGURE 14 

Growth of Human Breast Adenocarcinoma (MDA-MB435-To. 1) 
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FIGURE 15 

Growth of Promyelocytic Leukemia HL-60 
A (Taxol-Resistant) in SCID Mice 
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FIGURE 16 

Growth of Human Multi-Drug Resistance Colon 
Adenocarcinoma (LS513) in SCID Mice 
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FIGURE 17 

A Growth of Human Colon Adenocarcinoma (HT-29) 
in CD-1 Nude Mice 
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FIGURE 19 
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FIGURE 21 

A Growth of Human Renal Carcinoma (Caki-1) in CD-1 Nude Mice 
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FIGURE 22 

A Growth of Human Cervical Carcinoma (SIHA) in SCID Mice 

1800 

1600 

as 1 4. O O 

1200 

1000 

800 

600 

400 

200 

| 
7 13 16 20 22 

B. Weight of Human Cervical Carcinoma (SIHA) in SCD Mice 

Saline 

Tumor Weight (mg) 

  



Patent Application Publication Oct. 26, 2006 Sheet 23 of 34 US 2006/0241070 A1 

FIGURE 23 

A Growth of Human Cervix Epitheloid Carcinoma (Hela S3) in SCID Mice 
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FIGURE 24 

A Metastasis Assay 
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A FIGURE 25 
Survival Time of SCID Mice Bearing Lymphoma (Raj) 
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FIGURE 26 

Survival Time of CB-17 SCD Mice Bearing Erythroleukemia (CB7) 
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FIGURE 27 
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FIGURE 29 
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FIGURE 30 
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FIGURE 31. 
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FIGURE 32 

SEQID NO:1 efficacy growth of human tumor xenografts (Caki-1) in 
SCID/beige mice 
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FIGURE 33 

Effects of methylation on SEQID NO:1 anti-tumor activity: 
HT-29 tumor xenografts in CD-1 nude mice. 
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ANTISENSE OLGONUCLEOTDES DIRECTED 
TO RIBONUCLEOTDE REDUCTASE R2 AND 

USES THEREOF IN THE TREAMENT OF CANCER 

FIELD OF THE INVENTION 

0001. The present invention pertains to the field of cancer 
therapeutics and in particular to the use of antisense oligo 
nucleotides alone or in combination with one or more 
chemotherapeutic drugs for the treatment of cancer. 

BACKGROUND 

0002 Regulation of ribonucleotide reductase, and par 
ticularly the R2 component, is altered in malignant cells 
exposed to Some tumour promoters and to the growth factor 
TGF-BAmara, 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 We 
ber, 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). However, these correlative studies did not show 
a direct role for ribonucleotide reductase in cancer cell 
transformation and tumour progression, because like so 
many other enzyme activities found to be altered in cancer 
cells e.g. Weber, 1983), the results could easily be explained 
by the increased cell proliferation and altered cell cycle 
regulation characteristics of transformed and malignant cell 
populations Morgan and Kastan, 1997). 
0003 Antisense oligonucleotides directed to the R1 or R2 
component of ribonucleotide reductase have been shown to 
be effective in reducing the growth of cancer cells see, for 
example, U.S. Pat. Nos. 5,998,383 and 6,121,000). 
0004. In view of the high incidence of various types of 
cancer throughout the world, there remains a need for 
improved therapies for the treatment of cancer. 
0005. This background information is provided for the 
purpose of making known information believed by the 
applicant to be of possible relevance to the present inven 
tion. No admission is necessarily intended, nor should be 
construed, that any of the preceding information constitutes 
prior art against the present invention. 

SUMMARY OF THE INVENTION 

0006 An object of the present invention is to provide 
antisense oligonucleotides directed to ribonucleotide reduc 
tase R2 and uses thereof in the treatment of cancer. In 
accordance with an aspect of the present invention, there is 
provided an antisense oligonucleotide of between 7 and 100 
nucleotides in length comprising at least 7 consecutive 
nucleotides from SEQ ID NO:1 for use in the treatment of 
cancer in a mammal in need of Such therapy. 
0007. In accordance with another aspect of the present 
invention, there is provided an antisense oligonucleotide of 
between 7 and 100 nucleotides in length comprising at least 
7 consecutive nucleotides from SEQ ID NO:1 for use in 
combination with one or more chemotherapeutic agents in 
the treatment of cancer in a mammal in need of Such therapy. 
0008. In accordance with another aspect of the present 
invention, there is provided an antisense oligonucleotide of 
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between 20 and 100 nucleotides in length comprising the 
sequence as set forth in SEQID NO:1 for use in combination 
with one or more chemotherapeutic agents in the treatment 
of a human having a cancer selected from the group of a 
Solid tumour, renal cancer, breast cancer, lung cancer, pros 
tate cancer, colon cancer and leukaemia. 
0009. In accordance with another aspect of the present 
invention, there is provided a use of an antisense oligonucle 
otide of between 7 and 100 nucleotides in length comprising 
at least 7 consecutive nucleotides from SEQID NO:1 in the 
manufacture of a medicament for the treatment of cancer. 

BRIEF DESCRIPTION OF THE FIGURES 

0010 FIG. 1 depicts effects of combination therapy on 
HT-29 colon tumour growth in nude mice; 
0011 FIG. 2 depicts effects of combination therapy on 
HT-29 colon tumour growth in nude mice; 
0012 FIG. 3 depicts effects of combination therapy on 
Caki-1 renal tumour growth in SCID mice; 
0013 FIG. 4 depicts effects of combination therapy on 
prostatic tumour growth in SCID mice; 
0014 FIG. 5 depicts effects of combination therapy on 
prostatic tumour growth in SCID mice; 
0015 FIG. 6 depicts effects of combination therapy on 
A2058 melanoma growth in nude mice; 
0016 FIG. 7 depicts effects of combination therapy on 
breast tumour growth in CD-1 nude mice; 
0017 FIG. 8 depicts effects of combination therapy on 
ovary tumour growth in CD-1 nude mice; 
0018 FIG. 9 depicts effects of SEQ ID NO: 1 in the 
treatment of human pancreatic carcinoma in CD-1 nude 
mice; 
0.019 FIG. 10 depicts effects of SEQ ID NO: 1 in the 
treatment of human cervix epitheloid carcinoma resistant to 
hydroxyurea (HU) in SCID mice; 
0020 FIG. 11 depicts effects of SEQ ID NO: 1 in the 
treatment of human breast adenocarcinoma resistant to cis 
platin in SCID mice; 
0021 FIG. 12 depicts effects of SEQ ID NO: 1 in the 
treatment of human breast adenocarcinoma resistant to cis 
platin in SCID mice; 
0022 FIG. 13 depicts effects of SEQ ID NO: 1 in the 
treatment of human breast adenocarcinoma resistant to taxol 
in SCID mice; 

0023 FIG. 14 depicts effects of SEQ ID NO: 1 in the 
treatment of human breast adenocarcinoma resistant to taxol 
in SCID mice; 

0024 FIG. 15 depicts effects of SEQ ID NO: 1 in the 
treatment of human promyelocytic leukaemia resistant to 
taxol in SCID mice; 

0.025 FIG. 16 depicts effects of SEQ ID NO: 1 in the 
treatment of LS513, human multi-drug resistant colon 
adenocarcinoma in SCID micev 

0026 FIG. 17 depicts effects of SEQID NO: 1 on HT-29 
colon tumour growth in CD-1 nude mice; 
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0027 FIG. 18 depicts effects of SEQ ID NO: 1 on (A) 
A2058 melanoma growth in CD-1 nude mice, (B) MDA 
MB-231 breast tumour growth in CD-1 nude mice, (C) 
SK OV-3 ovary tumour growth in Balb/c nude mice, and 
(D) NCI—H460 lung tumour growth in CD-1 nude mice; 
0028 FIG. 19 depicts effects of SEQ ID NO: 1 on 
SU.86.86 pancreatic tumour growth in CD-1 nude mice; 
0029 FIG. 20 depicts effects of SEQ ID NO: 1 on 
HepG2 liver tumour growth in CD-1 nude mice; 
0030 FIG. 21 depicts effects of SEQ ID NO: 1 on (A) 
Caki-1 kidney tumour growth in CD-1 nude mice, and (B) 
A498 kidney tumour growth in SCID mice; 
0031 FIG. 22 depicts effects of SEQ ID NO: 1 on SIA 
cervical tumour growth in SCID mice; 
0032 FIG. 23 depicts effects of SEQID NO: 1 on HeLa 
S3 cervical tumour growth in SCID mice; 
0033 FIG. 24 depicts the reduction of lung nodule 
formation by SEQID NO: 1 in a mouse experimental model 
of metastasis using (A) mouse fibrosarcoma (R3) cells, and 
(B) C8161 human melanoma cells; 
0034 FIG. 25 depicts survival time of SCID mice bear 
ing human lymphoma (Raji); 

0035 FIG. 26 depicts survival time of CB-17 SCID mice 
bearing erythroleukaemia (CB7); 

0036 FIG. 27 depicts the effect of SEQ ID NO:1 on the 
growth of R3 mouse fibrosarcoma cells in C3H mice; 
0037 FIG. 28 depicts the effect of SEQID NO:1 on the 
growth of Caki-1 human kidney cancer cells and A498 
human kidney cells in SCID mice; 
0038 FIG. 29 depicts the effect of SEQ ID NO:1 in a 
variety of human tumour cell lines in Xenograft experiments; 
0039 FIG. 30 depicts the effect of SEQID NO:1 on the 
survival of mice injected with human Burkitt's lymphoma 
(Raji) cells; 
0040 FIG. 31 depicts the effect of SEQ ID NO:1 on 
metastasis of C8161 melanoma cells in SCID mice; 
0041 FIG. 32 depicts effects of SEQ ID NO:1 on Caki 
renal tumour xenografts in SCID/Beige mice; 
0042 FIG. 33 depicts effects of SEQID NOS:1, 4 and 5 
on HT29 tumour xenografts in CD-1 nude mice, and 
0043 FIG. 34 presents the results from Phase I clinical 

trials for SEQ ID NO:1, (A) depicts the AUC vs. Actual 
Dose plot for SEQ ID NO:1, and (B) depicts the plasma 
concentration of SEQ ID NO:1 vs. time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0044) The present invention relates to antisense oligo 
nucleotides against the gene encoding a mammalian ribo 
nucleotide reductase R2 protein and combinations of Such 
antisense oligonucleotides and one or more chemotherapeu 
tic agents in the treatment of various cancers. The antisense 
oligonucleotides and combinations of antisense oligonucle 
otides with one or more chemotherapeutic agents are effec 
tive in decreasing the growth and/or metastasis of cancers, 
including refractory, advanced and drug resistant cancer 
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cells, than treatment with the antisense oligonucleotide or 
the chemotherapeutic agent(s) alone. 
Definitions 

0045. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention pertains. 
0046) The term “antisense oligonucleotide' as used 
herein means a nucleotide sequence that is complementary 
to the mRNA for a desired gene. In the context of the present 
invention, the desired gene is the gene encoding a mamma 
lian ribonucleotide redustase R2 protein. 
0047. The term “selectively hybridise” as used herein 
refers to the ability of a nucleic acid to bind detectably and 
specifically to a second nucleic acid. Oligonucleotides selec 
tively hybridise to target nucleic acid strands under hybridi 
sation and wash conditions that minimise appreciable 
amounts of detectable binding to non-specific nucleic acids. 
High Stringency conditions can be used to achieve selective 
hybridisation conditions as known in the art and discussed 
herein. 

0048 Typically, hybridisation and washing conditions 
are performed at high Stringency according to conventional 
hybridisation procedures. Washing conditions are typically 
1-3xSSC, 0.1-1% SDS, 50-70° C. with a change of wash 
solution after about 5-30 minutes. 

0049. The term “corresponds to as used herein with 
reference to nucleic acid sequences means a polynucleotide 
sequence that is identical to all or a portion of a reference 
polynucleotide sequence. In contradistinction, the term 
“complementary to” is used herein to mean that the poly 
nucleotide sequence is identical to all or a portion of the 
complement of a reference polynucleotide sequence. For 
illustration, the nucleotide sequence “TATAC corresponds 
to a reference sequence “TATAC and is complementary to 
a reference sequence “GTATA’. 

0050. The following terms are used herein to describe the 
sequence relationships between two or more polynucle 
otides: “reference sequence.”“window of comparison.'"se 
quence identity.'percentage of sequence identity,” and 
“substantial identity.” A “reference sequence” is a defined 
sequence used as a basis for a sequence comparison; a 
reference sequence may be a Subset of a larger sequence, for 
example, as a segment of a full-length cDNA or gene 
sequence, or may comprise a complete cDNA or gene 
sequence. Generally, a reference polynucleotide sequence is 
at least 20 nucleotides in length, and often at least 50 
nucleotides in length. 
0051. A “window of comparison', as used herein, refers 
to a conceptual segment of the reference sequence of at least 
15 contiguous nucleotide positions over which a candidate 
sequence may be compared to the reference sequence and 
wherein the portion of the candidate sequence in the window 
of comparison may comprise additions or deletions (i.e. 
gaps) of 20 percent or less as compared to the reference 
sequence (which does not comprise additions or deletions) 
for optimal alignment of the two sequences. The present 
invention contemplates various lengths for the window of 
comparison, up to and including the full length of either the 
reference or candidate sequence. Optimal alignment of 
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sequences for aligning a comparison window may be con 
ducted using the local homology algorithm of Smith and 
Waterman (Adv. Appl. Math. (1981) 2:482), the homology 
alignment algorithm of Needleman and Wunsch (J. Mol. 
Biol. (1970) 48:443), the search for similarity method of 
Pearson and Lipman (Proc. Natl. Acad. Sci. (U.S.A.) (1988) 
85:2444), using computerised implementations of these 
algorithms (such as GAP, BESTFIT. FASTA, and TFASTA 
in the Wisconsin Genetics Software Package Release 7.0, 
Genetics Computer Group, 573 Science Dr. Madison, Wis.), 
using publicly available computer software such as ALIGN 
or Megalign (DNASTAR), or by inspection. The best align 
ment (i.e. resulting in the highest percentage of identity over 
the comparison window) is then selected. 
0.052 The term “sequence identity” means that two poly 
nucleotide sequences are identical (i.e. on a nucleotide-by 
nucleotide basis) over the window of comparison. 
0053. The term “percent (%) sequence identity,” as used 
herein with respect to a reference sequence is defined as the 
percentage of nucleotide residues in a candidate sequence 
that are identical with the residues in the reference poly 
nucleotide sequence over the window of comparison after 
optimal alignment of the sequences and introducing gaps, if 
necessary, to achieve the maximum percent sequence iden 
tity, without considering any conservative Substitutions as 
part of the sequence identity. 
0054 The term “substantial identity” as used herein 
denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at 
least 50% sequence identity as compared to a reference 
sequence over the window of comparison. Polynucleotide 
sequences at least 60% sequence identity, at least 70% 
sequence identity, at least 80% sequence identity, and at least 
90% sequence identity as compared to a reference sequence 
over the window of comparison are also considered to have 
substantial identity with the reference sequence. 
0055. The terms “therapy,” and “treatment,” as used 
interchangeably herein, refer to an intervention performed 
with the intention of improving a recipient’s status. The 
improvement can be subjective or objective and is related to 
the amelioration of the symptoms associated with, prevent 
ing the development of, or altering the pathology of a 
disease, disorder or condition being treated. Thus, the terms 
therapy and treatment are used in the broadest sense, and 
include the prevention (prophylaxis), moderation, reduction, 
and curing of a disease, disorder or condition at various 
stages. Prevention of deterioration of a recipient's status is 
also encompassed by the term. Those in need of therapy/ 
treatment include those already having the disease, disorder 
or condition as well as those prone to, or at risk of devel 
oping, the disease, disorder or condition and those in whom 
the disease, disorder or condition is to be prevented. 
0056. The term “ameliorate” or “amelioration” includes 
the arrest, prevention, decrease, or improvement in one or 
more the symptoms, signs, and features of the disease being 
treated, both temporary and long-term. 
0057 The term “subject” or “patient” as used herein 
refers to a mammal in need of treatment. 

0.058 Administration of the compounds of the invention 
“in combination with one or more further therapeutic 
agents, is intended to include simultaneous (concurrent) 

Oct. 26, 2006 

administration and consecutive administration. Consecutive 
administration is intended to encompass administration of 
the therapeutic agent(s) and the compound(s) of the inven 
tion to the Subject in various orders. 
0059) As used herein, the term “about” refers to a 
+/-10% variation from the nominal value. It is to be 
understood that such a variation is always included in any 
given value provided herein, whether or not it is specifically 
referred to. 

Antisense Molecules 

Selection and Characteristics 

0060. The antisense oligonucleotides of the present 
invention are targeted to the gene encoding a mammalian 
ribonucleotide reductase R2 protein. The sequences of vari 
ous mammalian ribonucleotide reductase genes are known 
in the art, for example, the sequence for the human ribo 
nucleotide reductase R2 gene is provided in Pavloff et al. J. 
DNA sequencing and Mapping, 2; 227-234 (1992). This and 
other mammalian R2 sequences are also available from the 
GenBank database maintained by the NCBI. 
0061 The antisense oligonucleotides of the present 
invention comprise at least 7 contiguous nucleotides, or 
nucleotide analogues, that correspond to a part of the coding 
region of a mammalian ribonucleotide reductase R2 gene. 
0062) Examples of suitable antisense oligonucleotides for 
use alone or in the combinations of the present invention 
include those disclosed in U.S. Pat. Nos. 5,998,383 and 
6,121,000 (herein incorporated by reference) which are 
targeted to the ribonucleotide reductase R2 gene. In one 
embodiment of the present invention, the antisense oligo 
nucleotide comprises at least 7 consecutive nucleotides of 
the antisense oligonucleotide represented by the sequence: 

5'-GGCTAAATCGCTCCACCAAG-3' SEQ ID NO: 1 

0063. The antisense oligonucleotides in accordance with 
the present invention are selected Such that the sequence 
exhibits the least likelihood of forming duplexes, hair-pins, 
dimers, or of containing homooligomer/sequence repeats. 
The oligonucleotide may further contain a GC clamp. One 
skilled in the art will appreciate that these properties can be 
determined qualitatively using various computer modelling 
programs, for example, the program OLIGO(R) Primer 
Analysis Software, Version 5.0 (distributed by National 
Biosciences, Inc., Plymouth, Minn.). 
0064. In order to be effective, antisense oligonucleotides 
are typically between 7 and 100 nucleotides in length. In one 
embodiment of the present invention, the antisense oligo 
nucleotides are between about 7 to about 50 nucleotides in 
length. In other embodiments, the antisense oligonucleotides 
are between about 7 to about 35 nucleotides in length, 
between about 15 to about 25 nucleotides in length, and 
about 20 nucleotides in length. 

0065. It is understood in the art that an antisense oligo 
nucleotide need not have 100% identity with the comple 
ment of its target sequence. The antisense oligonucleotides 
in accordance with the present invention have a sequence 
that is at least about 75% identical to the complement of 
target sequence. In one embodiment of the present inven 
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tion, the antisense oligonucleotides have a sequence that is 
at least about 90% identical to the complement of the target 
sequence. In a related embodiment, they have a sequence 
that is at least about 95% identical to the complement of 
target sequence, allowing for gaps or mismatches of several 
bases. Identity can be determined, for example, by using the 
BLASTN program of the University of Wisconsin Computer 
Group (GCG) software or provided on the NCBI website. 
0.066 The term “antisense oligonucleotides' as used 
herein includes other oligomeric antisense compounds, 
including oligonucleotide mimetics, modified oligonucle 
otides, and chimeric antisense compounds. Chimeric anti 
sense compounds are antisense compounds that contain two 
or more chemically distinct regions, each made up of at least 
one monomer unit. 

0067 Thus, in the context of this invention, the term 
"oligonucleotide' refers to an oligomer or polymer of ribo 
nucleic acid (RNA), deoxyribonucleic acid (DNA), or RNA 
or DNA mimetics. This term, therefore, includes oligonucle 
otides composed of naturally-occurring nucleobases, Sugars 
and covalent internucleoside (backbone) linkages as well as 
oligonucleotides having non-naturally-occurring portions, 
which function similarly. Such modified or substituted oli 
gonucleotides are often preferred over native forms because 
of desirable properties such as, for example, enhanced 
cellular uptake, enhanced affinity for nucleic acid target and 
increased stability in the presence of nucleases. 
0068. As is known in the art, a nucleoside is a base-sugar 
combination and a nucleotide is a nucleoside that further 
includes a phosphate group covalently linked to the Sugar 
portion of the nucleoside. In forming oligonucleotides, the 
phosphate groups covalently link adjacent nucleosides to 
one another to form a linear polymeric compound, with the 
normal linkage or backbone of RNA and DNA being a 3' to 
5' phosphodiester linkage. Specific examples of antisense 
compounds useful in this invention include oligonucleotides 
containing modified backbones or non-natural internucleo 
side linkages. As defined in this specification, oligonucle 
otides having modified backbones include both those that 
retain a phosphorus atom in the backbone and those that lack 
a phosphorus atom in the backbone. For the purposes of the 
present invention, and as sometimes referenced in the art, 
modified oligonucleotides that do not have a phosphorus 
atom in their internucleoside backbone can also be consid 
ered to be oligonucleotides. 
0069 Exemplary antisense oligonucleotides having 
modified oligonucleotide backbones include, for example, 
those with one or more modified internucleotide linkages 
that are phosphorothioates, chiral phosphorothioates, phos 
phorodithioates, phosphotriesters, aminoalkylphosphotri 
esters, methyl and other alkyl phosphonates including 
3'-alkylene phosphonates and chiral phosphonates, phosphi 
nates, phosphoramidates including 3'amino phosphorami 
date and aminoalkylphosphoramidates, thionophosphorami 
dates, thionoalkylphosphonates, 
thionoalkylphosphotriesters, and boranophosphates having 
normal 3'-5' linkages. 2'-5' linked analogs of these, and those 
having inverted polarity wherein the adjacent pairs of 
nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. 
Various salts, mixed salts and free acid forms are also 
included. 

0070. In one embodiment of the present invention, the 
antisense oligonucleotide comprises one or more phospho 
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rothioate internucleotide linkage. In another embodiment, 
the antisense oligonucleotide comprises phosphorothioate 
internucleotide linkages that link the four, five or six 3'-ter 
minal nucleotides of the oligonucleotide. In a further 
embodiment, the antisense oligonucleotide comprises phos 
phorothioate internucleotide linkages that link all the nucle 
otides of the oligonucleotide. 
0071 Exemplary modified oligonucleotide backbones 
that do not include a phosphorus atom are formed by short 
chain alkyl or cycloalkyl internucleoside linkages, mixed 
heteroatom and alkyl or cycloalkyl internucleoside linkages, 
or one or more short chain heteroatomic or heterocyclic 
internucleoside linkages. Such backbones include mor 
pholino linkages (formed in part from the Sugar portion of a 
nucleoside); siloxane backbones; Sulfide, Sulfoxide and Sul 
phone backbones; formacetyl and thioformacetyl back 
bones; methylene formacetyl and thioformacetyl backbones: 
alkene containing backbones; Sulphamate backbones; meth 
yleneimino and methylenehydrazino backbones; Sulphonate 
and Sulfonamide backbones; amide backbones; and others 
having mixed N, O, S and CH2 component parts. 
0072 The present invention also contemplates oligo 
nucleotide mimetics in which both the sugar and the inter 
nucleoside linkage of the nucleotide units are replaced with 
novel groups. The base units are maintained for hybridisa 
tion with an appropriate nucleic acid target compound. An 
example of Such an oligonucleotide mimetic, which has 
been shown to have excellent hybridisation properties, is a 
peptide nucleic acid (PNA) Nielsen et al., Science, 
254:1497-1500 (1991). In PNA compounds, the sugar 
backbone of an oligonucleotide is replaced with an amide 
containing backbone, in particular an aminoethylglycine 
backbone. The nucleobases are retained and are bound 
directly or indirectly to aza-nitrogen atoms of the amide 
portion of the backbone. 
0073. The present invention also contemplates oligo 
nucleotides comprising “locked nucleic acids’ (LNAS), 
which are novel conformationally restricted oligonucleotide 
analogues containing a methylene bridge that connects the 
2'-O of ribose with the 4'-C (see, Singh et al., Chem. 
Commun., 1998.4:455-456). LNA and LNA analogues dis 
play very high duplex thermal stabilities with complemen 
tary DNA and RNA, stability towards 3'-exonuclease deg 
radation, and good solubility properties. Synthesis of the 
LNA analogues of adenine, cytosine, guanine, 5-methylcy 
tosine, thymine and uracil, their oligomerization, and 
nucleic acid recognition properties have been described (see 
Koshkin et al., Tetrahedron, 1998, 54:3607-3630). Studies 
of mis-matched sequences show that LNA obey the Watson 
Crick base pairing rules with generally improved selectivity 
compared to the corresponding unmodified reference 
Strands. 

0074 Antisense oligonucleotides containing LNAs have 
been described (Wahlestedt et al., Proc. Natl. Acad. Sci. 
U.S.A., 2000, 97:5633-5638), which were efficacious and 
non-toxic. In addition, the LNA/DNA copolymers were not 
degraded readily in blood serum and cell extracts. 
0075 LNAs form duplexes with complementary DNA or 
RNA or with complementary LNA, with high thermal affini 
ties. The universality of LNA-mediated hybridization has 
been emphasized by the formation of exceedingly stable 
LNA:LNA duplexes (Koshkin et al., J. Am. Chem. Soc., 
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1998, 120:13252-13253). LNA:LNA hybridization was 
shown to be the most thermally stable nucleic acid type 
duplex system, and the RNA-mimicking character of LNA 
was established at the duplex level. Introduction of three 
LNA monomers (T or A) resulted in significantly increased 
melting points toward DNA complements. 

0.076 Synthesis of 2'-amino-LNA (Singh et al., J. Org. 
Chem., 1998, 63, 1.0035-10039) and 2'-methylamino-LNA 
has been described and thermal stability of their duplexes 
with complementary RNA and DNA strands reported. 
Preparation of phosphorothioate-LNA and 2'-thio-LNA have 
also been described (Kumar et al., Bioorg. Med. Chem. Lett., 
1998, 8:2219-2222). 
0.077 Modified oligonucleotides may also contain one or 
more Substituted Sugar moieties. For example, oligonucle 
otides may comprise Sugars with one of the following 
substituents at the 2' position: OH: F: O , S: , or N-alkyl; 
O— S , or N-alkenyl; O—, S or N-alkynyl; or O-alkyl 
O-alkyl, wherein the alkyl, alkenyl and alkynyl may be 
Substituted or unsubstituted C to Co alkyl or C to Co 
alkenyl and alkynyl. Examples of Such groups are: 
O(CH), CH, O(CH), OCH, O(CH), NH, O(CH), 
CH, O(CH), ONH, and O(CH), ON(CH), CH). 
where n and m are from 1 to about 10. Alternatively, the 
oligonucleotides may comprise one of the following Sub 
stituents at the 2' position: C to Co lower alkyl, substituted 
lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, 
SCH, OCN, Cl, Br, CN, CF, OCF, SOCH, SO, CH, 
ONO., NO, N, NH, heterocycloalkyl, heterocycloalkaryl, 
aminoalkylamino, polyalkylamino, Substituted silyl, an 
RNA cleaving group, a reporter group, an intercalator, a 
group for improving the pharmacokinetic properties of an 
oligonucleotide, or a group for improving the pharmacody 
namic properties of an oligonucleotide, and other Substitu 
ents having similar properties. Specific examples include 
2-methoxyethoxy (2'-O CH, CH, OCH also known as 
2'-O-(2-methoxyethyl) or 2-MOE) Martin et al., Helv. 
Chim. Acta, 78:486-504(1995), 2'-dimethylaminooxy 
ethoxy (O(CH), ON(CH) group, also known as 
2'-DMAOE), 2-methoxy (2'-O CH), 2-aminopropoxy 
(2'-OCH, CH, CH, NH,) and 2'-fluoro (2'-F). In one embodi 
ment of the present invention, the antisense oligonucleotide 
comprises at least one nucleotide comprising a Substituted 
Sugar moiety. In another embodiment, the antisense oligo 
nucleotide comprises at least one 2'-O-(2-methoxyethyl) or 
2'-MOE modified nucleotide. 

0078 Similar modifications may also be made at other 
positions on the oligonucleotide, particularly the 3' position 
of the sugar on the 3' terminal nucleotide or in 2'-5' linked 
oligonucleotides and the 5' position of 5' terminal nucle 
otide. Oligonucleotides may also have Sugar mimetics Such 
as cyclobutyl moieties in place of the pentofuranosyl Sugar. 

0079 Oligonucleotides may also include modifications 
or substitutions to the nucleobase. As used herein, “unmodi 
fied’ or “natural nucleobases include the purine bases 
adenine (A) and guanine (G), and the pyrimidine bases 
thymine (T), cytosine (C) and uracil (U). Modified nucleo 
bases include other synthetic and natural nucleobases Such 
as 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, 
Xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and 
other alkyl derivatives of adenine and guanine, 2-propyl and 
other alkyl derivatives of adenine and guanine, 2-thiouracil, 
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2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 
5-propynyl uracil and cytosine, 6-azo uracil, cytosine and 
thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 
8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-sub 
stituted adenines and guanines, 5-halo particularly 5-bromo, 
5-trifluoromethyl and other 5-substituted uracils and 
cytosines, 7-methylguanine and 7-methyladenine, 8-azagua 
nine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine 
and 3-deazaguanine and 3-deaZaadenine. Further nucleo 
bases include those disclosed in U.S. Pat. No. 3,687,808; 
The Concise Encyclopedia Of Polymer Science And Engi 
neering, (1990) pp 858-859, Kroschwitz, J. I., ed. John 
Wiley & Sons: Englisch et al., Angewandte Chemie, Int. Ed., 
30:613 (1991); and Sanghvi, Y. S., (1993) Antisense 
Research and Applications, pp 289-302, Crooke, S. T. and 
Lebleu, B., ed., CRC Press. Certain of these nucleobases are 
particularly useful for increasing the binding affinity of the 
oligomeric compounds of the invention. These include 
5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and O-6 Substituted purines, including 2-aminopropylad 
enine, 5-propynyluracil and 5-propynylcytosine. 5-methyl 
cytosine Substitutions have been shown to increase nucleic 
acid duplex stability by 0.6-1.2°C. Sanghvi, Y. S., (1993) 
Antisense Research and Applications, pp. 276-278, Crooke, 
S. T. and Lebleu, B., ed., CRC Press, Boca Raton). 
0080. Another oligonucleotide modification included in 
the present invention is the chemically linkage to the oli 
gonucleotide of one or more moieties or conjugates which 
enhance the activity, cellular distribution or cellular uptake 
of the oligonucleotide. Such moieties include, but are not 
limited to, lipid moieties such as a cholesterol moiety 
Letsinger et al., Proc. Natl. Acad. Sci. USA, 86:6553-6556 
(1989), cholic acid Manoharan et al., Bioorg. Med. Chem. 
Let., 4:1053-1060 (1994), a thioether, e.g. hexyl-S-tri 
tylthioManoharan et al., Ann. N.Y. Acad. Sci., 660:306-309 
(1992); Manoharan et al., Bioorg. Med. Chem. Lett., 3:2765 
2770 (1993)), a thiocholesterol Oberhauser et al., Nucl. 
Acids Res., 20:533-538 (1992), an aliphatic chain, e.g. 
dodecandiol or undecyl residues Saison-Behmoaras et al., 
EMBO.J., 10:1111-1118 (1991); Kabanov et al., FEBS Lett., 
259:327-330(1990); Svinarchuk et al., Biochimie, 75:49-54 
(1993), a phospholipid, e.g. di-hexadecyl-rac-glycerol or 
triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H- 
phosphonate Manoharan et al., Tetrahedron Lett., 36:3651 
3654 (1995); Shea et al., Nucl. Acids Res., 18:3777-3783 
(1990), a polyamine or a polyethylene glycol chain Mano 
haran et al., Nucleosides & Nucleotides, 14:969-973 (1995). 
or adamantane acetic acid Manoharan et al., Tetrahedron 
Lett., 36:3651-3654 (1995), a palmityl moiety Mishra et 
al., Biochim. Biophys. Acta, 1264:229-237 (1995), or an 
octadecylamine or hexylamino-carbonyl-oxycholesterol 
moiety Crooke et al., J. Pharmacol. Exp. Ther, 277:923 
937 (1996)). 
0081. One skilled in the art will recognise that it is not 
necessary for all positions in a given oligonucleotide to be 
uniformly modified. The present invention, therefore, con 
templates the incorporation of more than one of the afore 
mentioned modifications into a single oligonucleotide or 
even at a single nucleoside within the oligonucleotide. The 
present invention further includes antisense compounds that 
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are chimeric compounds. These oligonucleotides typically 
contain at least one region wherein the oligonucleotide is 
modified so as to confer upon the oligonucleotide increased 
resistance to nuclease degradation, increased cellular 
uptake, and/or increased binding affinity for the target 
nucleic acid. An additional region of the oligonucleotide 
may serve as a Substrate for enzymes capable of cleaving 
RNA:DNA or RNA:RNA hybrids. By way of example, 
RNase H is a cellular endonuclease that cleaves the RNA 

strand of an RNA:DNA duplex. Activation of RNase H, 
therefore, results in cleavage of the RNA target, thereby 
greatly enhancing the efficiency of oligonucleotide inhibi 
tion of gene expression. Consequently, comparable results 
can often be obtained with shorter oligonucleotides when 
chimeric oligonucleotides are used, compared to phospho 
rothioate deoxyoligonucleotides hybridising to the same 
target region. Cleavage of the RNA target can be routinely 
detected by gel electrophoresis and, if necessary, associated 
nucleic acid hybridisation techniques known in the art. 

0082 In the context of the present invention, an antisense 
oligonucleotide is “nuclease resistant when it has either 
been modified such that it is not susceptible to degradation 
by DNA and RNA nucleases or alternatively has been placed 
in a delivery vehicle which in itself protects the oligonucle 
otide from DNA or RNA nucleases. Nuclease resistant 
oligonucleotides include, for example, methyl phospho 
nates, phosphorothioates, phosphorodithioates, phosphotri 
esters, and morpholino oligomers. Suitable delivery vehicles 
for conferring nuclease resistance include, for example, 
liposomes. In one embodiment of the present invention, the 
antisense oligonucleotides are nuclease resistant. 
0083. The present invention further contemplates anti 
sense oligonucleotides that contain groups for improving the 
pharmacokinetic properties of the oligonucleotide, or groups 
for improving the pharmacodynamic properties of the oli 
gonucleotide. 

Preparation of the Antisense Oligonucleotides 
0084. The antisense oligonucleotides of the present 
invention can be prepared by conventional techniques well 
known to those skilled in the art. For example, the oligo 
nucleotides can be prepared using Solid-phase synthesis 
using commercially available equipment, such as the equip 
ment available from Applied Biosystems Canada Inc., Mis 
sissauga, Canada. As is well-known in the art, modified 
oligonucleotides, such as phosphorothioates and alkylated 
derivatives, can also be readily prepared by similar methods. 
0085 Alternatively, the antisense oligonucleotides of the 
present invention can be prepared by enzymatic digestion of 
the naturally occurring ribonucelotide reductase R2 gene by 
methods known in the art. 

0.086 Antisense oligonucleotides can also be prepared 
through the use of recombinant methods in which expression 
vectors comprising nucleic acid sequences that encode the 
antisense oligonucleotides are expressed in a Suitable host 
cell. Such expression vectors can be readily constructed 
using procedures known in the art. Examples of Suitable 
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vectors include, but are not limited to, plasmids, phagemids, 
cosmids, bacteriophages, baculoviruses and retroviruses, 
and DNA viruses. One skilled in the art will understand that 
selection of the appropriate host cell for expression of the 
antisense oligonucleotide will be dependent upon the vector 
chosen. Examples of host cells include, but are not limited 
to, bacterial, yeast, insect, plant and mammalian cells. 

0087. One skilled in the art will also understand that the 
expression vector may further include regulatory elements, 
Such as transcriptional elements, required for efficient tran 
Scription of the antisense oligonucleotide sequences. 
Examples of regulatory elements that can be incorporated 
into the vector include, but are not limited to, promoters, 
enhancers, terminators, and polyadenylation signals. One 
skilled in the art will appreciate that selection of suitable 
regulatory elements is dependent on the host cell chosen for 
expression of the antisense oligonucleotide and that Such 
regulatory elements may be derived from a variety of 
Sources, including bacterial, fungal, viral, mammalian or 
insect genes. 

0088. In accordance with the present invention, the 
expression vectors can be introduced into a Suitable host cell 
or tissue by one of a variety of methods known in the art. 
Such methods can be found generally described in Sam 
brook et al., 1992: Ausubel et al., 1989; Chang et al., 1995: 
Vega et al., 1995; and Vectors: A Survey of Molecular 
Cloning Vectors and Their Uses (1988) and include, for 
example, stable or transient transfection, lipofection, elec 
troporation, and infection with recombinant viral vectors. 
Chemotherapeutic Agents 

0089. When the antisense oligonucleotides of the present 
invention are used in combination with one or more che 
motherapeutic agents, the chemotherapeutic agent can be 
selected from a wide range of cancer chemotherapeutic 
agents known in the art. Known chemotherapeutic agents 
include those that are specific for the treatment of a particu 
lar type of cancer as well as those that are applicable to a 
range of cancers, such as doxorubicin, capecitabine, mitox 
antrone, irinotecan (CPT-11) and gemcitabine. Etoposide is 
generally applicable in the treatment of leukaemias (includ 
ing acute lymphocytic leukaemia and acute myeloid leu 
kaemia), germ cell tumours, Hodgkin’s disease and various 
sarcomas. Cytarabine (Ara-C) is also applicable in the 
treatment of various leukaemias, including acute myeloid 
leukaemia, meningeal leukaemia, acute lymphocytic leu 
kaemia, chronic myeloid leukaemia, erythroleukaemia, as 
well as non-Hodgkin’s lymphoma. 

0090 The present invention contemplates the use of both 
types of chemotherapeutic agent in conjunction with the 
antisense oligonucleotides. Exemplary chemotherapeutics 
that can be used alone or in various combinations for the 
treatment specific cancers are provided in Table 1. One 
skilled in the art will appreciate that many other chemo 
therapeutics are available and that the following list is 
representative only. 
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CANCER 

Acute lymphocytic 
leukaemia (ALL) 
Acute myeloid 
leukaemia (AML) 
Brain cancer 
Breast cancer 

Chronic myeloid 
leukaemia (CML) 
Colon cancer 

Colorectal cancer 

Gall bladder 
Genitourinary cancer 
Head and neck 
C8Ce 

Non-Hodgkin's 
Lymphoma 
Non-Small-cell lung 
(NSCL) cancer 

Oesophageal cancer 

Ovarian cancer 

Pancreatic cancer 

Promyelocytic 
leukaemia 
Prostate cancer 

Renal cancer 

Small cell lung 
C8Ce 

Solid tumours 

TABLE 1. 

Exemplary Chemotherapeutics used in the Treatment of Some 
Common Cancers 

CHEMOTHERAPEUTIC 

Pegaspargase (e.g. Oncaspar (R) 
interleukin-2 (e.g. Proleukin (R) 
Cytarabine 

Procarbazine (e.g. Matulane (R) 
Capecitabine (e.g. Xeloda (R) 
5-fluorouracil (5-FU) 
Paclitaxel (e.g. Taxol (R) 
Docetaxel (e.g. Taxotere (R) 
Epi-doxorubicin (epirubicin) 
Trastuzumab (Herceptin (R) 
Low-dose Interferon (IFN)-alpha 
Cytarabine 

5-fluorouracil (5-FU) 
Fluorodeoxyuridine (FUdR) 
Capecitabine (e.g. Xeloda (R) 

Loperamide (e.g. Imodium (R) 
Topotecan (e.g. Hycamtin (R) 
Capecitabine (e.g. Xeloda (R) 
5-fluorouracil (5-FU) 
5-fluorouracil (5-FU) 
Docetaxel (e.g. Taxotere (R) 
Docetaxel (e.g. Taxotere (R) 

Procarbazine (e.g. Matulane (R) 
Rituximab (e.g. Rituxan (R) 

Docetaxel (e.g. Taxotere (R) 
Gemcitabine (e.g. Gemzar (R) 
Porfimer Sodium (e.g. Photofrin (R) 
Cisplatin 

Topotecan (e.g. Hycamtin (R) 
Docetaxel (e.g. Taxotere (R) 
Gemcitabine (e.g. Gemzar (R) 

Gemcitabine (e.g. Gemzar (R) 
Tretinoin (e.g. Vesanoid (R) 

Goserelin Acetate (e.g. Zoladex (R) 
Mitoxantrone (e.g. Novantrone (R) 
Prednisone (e.g. Deltasone (R) 
Nilutamide (e.g. Nilandron (R) 
Finasteride (e.g. Proscar (R) 
Doxazosin (e.g. Cardura (R) 
Docetaxel (e.g. Taxotere (R) 
Capecitabine (e.g. Xeloda (R) 
Gemcitabine (e.g. Gemzar (R) 
interleukin-2 (e.g. Proleukin (R) 
Cyclophosphamide 
Doxorubicin 

Gemicitabine (e.g. Gemzar (R) 
Capecitabine (e.g. Xeloda (R) 
Paclitaxel (e.g. Taxol (R) 
Docetaxel (e.g. Taxotere (R) 
Epi-doxorubicin (epirubicin) 
5-fluorouracil (5-FU) 

Edatrexate (10-ethyl-10-deaza-aminopterin) 
Methyl-chloroethyl-cyclohexyl-nitrosourea 

rinotecan (CPT-11, e.g. Camptosar (R) 

Vinorelbine Tartrate (e.g. Navelbine (R) 
rinotecan (CPT-11, e.g. Camptosar (R) 

rinotecan (CPT-11, e.g. Camptosar (R) 

rinotecan (CPT-11, e.g. Camptosar (R) 

L-asparaginase 
Cytarabine 
Idarubicin 

Cyclophosphamide 
Carboplatin 
Cisplatin 
Ifosfamide 
Doxorubicin (e.g. Adriamycin (R) 
Tamoxifen 

Levamisole 
Vincristine 
Oxaliplatin 

Cisplatin 

Cytarabine 
Etoposide 

Paclitaxel (e.g. Taxol (R) 
Topotecan 

Paclitaxel (e.g. Taxol (R) 
Amifostine (e.g. Ethyol (R) 

5-fluorouracil (5-FU) 

Liarozole 

Flutamide (e.g. Eulexin (R) 
Terazosin (e.g. Hytrin (R) 
Cyclophosphamide 
Estramustine 

Vincristine 
Etoposide 
Cyclophosphamide 
Ifosfamide 
Cisplatin 
Carboplatin 
Doxorubicin (e.g. Adriamycin (R) 
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0.091 As indicated above, combinations of chemothera 
peutics may be employed. Combination therapies using 
standard cancer chemotherapeutics are well known in the art 
and Such combinations also can be used in conjunction with 
the antisense oligonucleotides of the invention. 

0092 Exemplary combination therapies include for the 
treatment of breast cancers the combination of epirubicin 
with paclitaxel or docetaxel, or the combination of doxoru 
bicin or epirubicin with cyclophosphamide. Polychemo 
therapeutic regimens are also useful and may consist, for 
example, of doxorubicin/cyclophosphamide/5-fluorouracil 
or cyclophosphamide/epirubicin/5-fluorouracil. Many of the 
above combinations are useful in the treatment of a variety 
of other solid tumours. 

0093 Combinations of etoposide with either cisplatin or 
carboplatin are used in the treatment of Small cell lung 
cancer. In the treatment of stomach or oesophageal cancer, 
combinations of doxorubicin or epirubicin with cisplatin and 
5-fluorouracil are useful. For colorectal cancer, CPT-11 in 
combination with 5-fluorouracil-based drugs, or oxaliplatin 
in combination with 5-fluorouracil-based drugs can be used. 
Oxaliplatin may also be used in combination with capecit 
abine. 

0094. Other examples include the combination of cyclo 
phosphamide, doxorubicin, Vincristine and prednisone in the 
treatment of non-Hodgkin’s lymphoma; the combination of 
doxorubicin, bleomycin, vinblastine and dacarbazine 
(DTIC) in the treatment of Hodgkin’s disease and the 
combination of cisplatin or carboplatin with any one, or a 
combination, of gemcitabine, paclitaxel, docetaxel, Vinorel 
bine or etoposide in the treatment of non-Small cell lung 
CaCC. 

0.095 Various sarcomas are treated by combination 
therapy, for example, for osteosarcoma combinations of 
doxorubicin and cisplatin or methotrexate with leucovorin 
are used; for advanced sarcomas etoposide can be used in 
combination with ifosfamide; for Soft tissue sarcoma doXo 
rubicin or dacarbazine can be used alone or, for advanced 
sarcomas doxorubicin can be used in combination with 
ifosfamide or dacarbazine, or etoposide in combination with 
ifosfamide. 

0.096 Ewing's sarcoma/peripheral neuroectodermal 
tumour (PNET) or rhabdomyosarcoma can be treated using 
etoposide and ifosfamide, or a combination of Vincristine, 
doxorubicin and cyclophosphamide. 

0097. The alkylating agents cyclophosphamide, cisplatin 
and melphalan are also often used in combination therapies 
with other chemotherapeutics in the treatment of various 
CaCCS. 

0.098 Examples of suitable combinations of the antisense 
oligonucleotide and one or more chemotherapeutic agent 
include, but are not limited to, a combination of the antisense 
oligonucleotide 

0099 with capecitabine, alone or in combination with 
other chemotherapeutics, for the treatment of solid 
tumours including, but not limited to, breast cancer, 
renal cancer, colon cancer, colorectal cancer and pan 
creatic cancer, for example, a combination of capecit 
abine and oxaliplatin for the treatment of colorectal 

Oct. 26, 2006 

cancer, colon cancer and pancreatic cancer or a com 
bination of capecitabine and gemcitabine for the treat 
ment of colon cancer, 

0.100 with a combination of carboplatin and paclitaxel 
for the treatment of metastatic cancers; 

0101 with cisplatin, alone or in combination with 
other chemotherapeutics, for the treatment of head and 
neck cancer, oesophageal cancer, lung cancer, ovarian 
cancer and cervical cancer, for example a combination 
of cisplatin and irinotecan for the treatment of Small 
cell lung carcinoma (SCLC); 

0102 with cytarabine, alone or in combination with 
other chemotherapeutics, for the treatment of acute 
myeloid leukaemia (AML) and chronic myeloid leu 
kaemia (CML), for example, a combination of cytara 
bine, fludarabine and filgrastim for the treatment of 
CML, or a combination of cytarabine, mitoxantrone 
and etoposide for the treatment of AML: 

0.103 with dacarbazine for the treatment of melanoma; 
0.104 with docetaxel, alone or in combination with 
other chemotherapeutics, for the treatment of solid 
tumours, including, but not limited to, non-small cell 
lung carcinoma (NSCLC), breast cancer, prostate can 
cer and cancer of the genitourinary tract; 

0105 with 5-FU, alone or in combination with other 
chemotherapeutics, for the treatment of renal cancer, 
pancreatic cancer, and cancers of the gall bladder or 
biliary ducts: 

0106 with gemcitabine, alone or in combination with 
other chemotherapeutics, for the treatment of solid 
tumours, including, but not limited to, NSCLC, breast 
cancer and renal cancer, for example, a combination of 
gemcitabine and oxaliplatin for the treatment of breast 
Cancer, 

0.107 with hydroxyurea, alone or in combination with 
other chemotherapeutics, for the treatment of cervical 
Cancer, 

0.108 with idarubicin, alone or in combination with 
other chemotherapeutics, for the treatment of AML: 

0.109 with irinotecan, alone or in combination with 
other chemotherapeutics, for the treatment of pancre 
atic cancer and colon cancer, 

0110 with mitoxantrone, alone or in combination with 
other chemotherapeutics, for the treatment of prostate 
cancer and colon cancer, for example, a combination of 
mitoxantrone and prednisone for the treatment of pros 
tate cancer, 

0.111 with taxol, alone or in combination with other 
chemotherapeutics, for the treatment of ovarian cancer 
and breast cancer, and 

0112 with vinblastine, alone or in combination with 
other chemotherapeutics, for the treatment of renal 
CaCC. 

Efficacy of the Antisense Oligonucleotides and Combi 
nations 

0113. The antisense oligonucleotides of the present 
invention can be initially tested, alone or in combination 
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with other chemotherapeutic(s), for their ability to attenuate 
the growth and/or metastasis of cancer cells in vitro and/or 
in vivo. Methods of testing potential anti-cancer compounds 
are known in the art. Exemplary, non-limiting tests are 
provided below and in the Examples included herein. 
1. In Vitro Testing 
0114. Initial determinations of the efficacy of the anti 
sense oligonucleotides alone, or in combination with one or 
more chemotherapeutic agents ("combinations'), may be 
made using in vitro techniques if required. 
0115 For example, the antisense oligonucleotides or 
combinations of the antisense oligonucleotides with one or 
more chemotherapeutic agents can be tested in vitro by 
determining their ability to inhibit anchorage-independent 
growth of tumour cells. Anchorage-independent growth is 
known in the art to be a good indicator of tumourigenicity. 
In general, anchorage-independent growth is assessed by 
plating cells from an appropriate cancer cell-line onto soft 
agar and determining the number of colonies formed after an 
appropriate incubation period. Growth of cells treated with 
the antisense oligonucleotides alone or combinations can 
then be compared with that of cells treated with an appro 
priate control (such as cells treated with a scrambled control 
oligonucleotide or a known chemotherapeutic, or untreated 
cells) and with that of untreated cells. 
0116 Typically in vitro testing of the antisense oligo 
nucleotides and combinations is conducted in a human 
cancer cell-line. Examples of suitable cancer cell-lines for in 
vitro testing of the antisense oligonucleotides or combina 
tions of the present invention are known in the art and 
include those described in the Examples provided herein. 
0117) If necessary, the toxicity of the antisense oligo 
nucleotides and combinations can also be initially assessed 
in vitro using standard techniques. For example, human 
primary fibroblasts can be treated in vitro with the oligo 
nucleotide in the presence of a commercial lipid carrier Such 
as lipofectamine. Cells are then tested at different time 
points following treatment for their viability using a stan 
dard viability assay, such as the trypan-blue exclusion assay. 
Cells are also assayed for their ability to synthesize DNA, 
for example, using a thymidine incorporation assay, and for 
changes in cell cycle dynamics, for example, using a stan 
dard cell sorting assay in conjunction with a fluorocytometer 
cell sorter (FACS). 
2. In Vivo Testing 
0118. The ability of the antisense oligonucleotides and 
combinations to inhibit tumour growth or proliferation in 
Vivo can be determined in an appropriate animal model 
using standard techniques known in the art (see, for 
example, Enna, et al., Current Protocols in Pharmacology, 
J. Wiley & Sons, Inc., New York, N.Y.). 
0119). In general, current animal models for screening 
anti-tumour compounds are Xenograft models, in which a 
human tumour has been implanted into an animal. Examples 
of Xenograft models of human cancer include, but are not 
limited to, human Solid tumour Xenografts in mice, 
implanted by Sub-cutaneous injection and used in tumour 
growth assays; human solid tumour isografts in mice, 
implanted by fat pad injection and used in tumour growth 
assays: experimental models of lymphoma and leukaemia in 
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mice, used in Survival assays, and experimental models of 
lung metastasis in mice. Representative, non-limiting 
examples are provided in Table 2 and in the Examples 
provided herein. 
0.120. For example, the antisense oligonucleotides and 
combinations can be tested in vivo on Solid tumours using 
mice that are subcutaneously grafted bilaterally with a 
pre-determined amount of a tumour fragment on day 0. The 
animals bearing tumours are mixed before being Subjected 
to the various treatments and controls. In the case of 
treatment of advanced tumours, tumours are allowed to 
develop to the desired size, animals having insufficiently 
developed tumours being eliminated. The selected animals 
are distributed at random into groups that will undergo the 
treatments or act as controls. Suitable groupings would be, 
for example, those receiving the combination of the inven 
tion, those receiving the antisense alone, those receiving the 
chemotherapeutic agent(s) alone and those receiving no 
treatment. Animals not bearing tumours may also be Sub 
jected to the same treatments as the tumour-bearing animals 
in order to be able to dissociate the toxic effect from the 
specific effect on the tumour. Chemotherapy generally 
begins from 3 to 22 days after grafting, depending on the 
type of tumour, and the animals are observed every day. The 
antisense oligonucleotides or combinations of the present 
invention can be administered to the animals, for example, 
by bolus infusion. The different animal groups are weighed 
about 3 or 4 times a week until the maximum weight loss is 
attained, after which the groups are weighed at least once a 
week until the end of the trial. 

0121 The tumours are measured about 2 or 3 times a 
week until the tumour reaches a pre-determined size and/or 
weight, or until the animal dies if this occurs before the 
tumour reaches the pre-determined size/weight. The animals 
are then sacrificed and the tissue histology, size and/or 
proliferation of the tumour assessed. 
0.122 For the study of the effect of the antisense oligo 
nucleotides and combinations on leukaemias, the animals 
are grafted with a particular number of cells, and the 
anti-tumour activity is determined by the increase in the 
survival time of the treated mice relative to the controls. 

0123 To study the effect of the antisense oligonucle 
otides and combinations of the present invention on tumour 
metastasis, tumour cells are typically treated with the com 
position ex vivo and then injected into a suitable test animal. 
The spread of the tumour cells from the site of injection is 
then monitored over a suitable period of time by standard 
techniques. 

0.124. In vivo toxic effects of the oligonucleotides can be 
evaluated by measuring their effect on animal body weight 
during treatment and by performing haematological profiles 
and liver enzyme analysis after the animal has been sacri 
ficed. 

TABLE 2 

Examples of xenograft models of human cancer 

Cancer Model Cell Type 

Tumour Growth Assay Prostate (PC-3, DU145) 
Human solid tumour xenografts Breast (MDA-MB-231, MVB-9) 
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TABLE 2-continued 

Examples of xenograft models of human cancer 

Cancer Model Cell Type 

in mice (sub-cutaneous 
injection) 

Colon (HT-29) 
Lung (NCI-H460, NCI-H209) 
Pancreatic (ASPC-1, SU86.86) 
Pancreatic: drug resistant (BXPC-3) 
Skin (A2058, C8161) 
Cervical (SIHA, HeLa-S3) 
Cervical: drug resistant (HeLa S3-HU 
resistance) 
Liver (HepG2) 
Brain (U87-MG) 
Renal (Caki-1, A498) 
Ovary (SK-OV-3) 

Tumour Growth Assay Breast: drug resistant (MDA-CDDP-S4, 
Human solid tumour isografts in MDA-MB435-To.1) 
mice (fat pad injection) 
Survival Assay Human: Burkitts lymphoma (Non 
Experimental model of Hodgkins) (raji) 
lymphoma and leukaemia in Murine: erythroleukaemia (CB7 Friend 
mice retrovirus-induced) 
Experimental model of lung Human: melanoma (C8161) 
metastasis in mice Murine: fibrosarcoma (R3) 

Pharmaceutical Compositions 

0125 For the treatment of cancer in a mammal, the 
antisense oligonucleotide may be administered as a phar 
maceutical composition comprising the antisense oligo 
nucleotide in admixture with an appropriate pharmaceuti 
cally physiologically acceptable carrier, diluent, excipient or 
vehicle. The pharmaceutical compositions may also be for 
mulated to contain the antisense oligonucleotide and one or 
more other chemotherapeutic agents for concurrent admin 
istration to a patient, where appropriate. 
0126 The pharmaceutical compositions of the present 
invention may be administered orally, topically, parenterally, 
by inhalation or spray or rectally in dosage unit formulations 
containing conventional non-toxic pharmaceutically accept 
able carriers, adjuvants and vehicles. The term parenteral as 
used herein includes Subcutaneous, intravenous, intramus 
cular, intrasternal, intrathecal injection or infusion tech 
niques. 

0127. The pharmaceutical compositions may be in a form 
Suitable for oral use, for example, as tablets, troches, loz 
enges, aqueous or oily Suspensions, dispersible powders or 
granules, emulsion hard or soft capsules, or syrups or elixirs. 
Compositions intended for oral use may be prepared accord 
ing to methods known to the art for the manufacture of 
pharmaceutical compositions and may contain one or more 
agents selected from the group of Sweetening agents, fla 
Vouring agents, colouring agents and preserving agents in 
order to provide pharmaceutically elegant and palatable 
preparations. Tablets contain the active ingredient in admix 
ture with Suitable non-toxic pharmaceutically acceptable 
excipients including, for example, inert diluents, such as 
calcium carbonate, sodium carbonate, lactose, calcium phos 
phate or sodium phosphate; granulating and disintegrating 
agents. Such as corn Starch, or alginic acid; binding agents, 
Such as starch, gelatine or acacia, and lubricating agents, 
Such as magnesium Stearate, Stearic acid or talc. The tablets 
can be uncoated, or they may be coated by known tech 
niques in order to delay disintegration and absorption in the 

Oct. 26, 2006 

gastrointestinal tract and thereby provide a Sustained action 
over a longer period. For example, a time delay material 
Such as glyceryl monosterate or glyceryl distearate may be 
employed. 

0.128 Pharmaceutical compositions for oral use may also 
be presented as hard gelatine capsules wherein the active 
ingredient is mixed with an inert Solid diluent, for example, 
calcium carbonate, calcium phosphate or kaolin, or as soft 
gelatine capsules wherein the active ingredient is mixed with 
water or an oil medium Such as peanut oil, liquid paraffin or 
olive oil. 

0.129 Aqueous suspensions contain the active compound 
in admixture with Suitable excipients including, for example, 
Suspending agents. Such as sodium carboxymethylcellulose, 
methyl cellulose, hydropropylmethylcellulose, sodium algi 
nate, polyvinylpyrrolidone, gum tragacanth and gum acacia: 
dispersing or wetting agents such as a naturally-occurring 
phosphatide, for example, lecithin, or condensation products 
of an alkylene oxide with fatty acids, for example, polyoxy 
ethyene Stearate, or condensation products of ethylene oxide 
with long chain aliphatic alcohols, for example, hepta 
decaethyleneoxycetanol, or condensation products of ethyl 
ene oxide with partial esters derived from fatty acids and a 
hexitol for example, polyoxyethylene Sorbitol monooleate, 
or condensation products of ethylene oxide with partial 
esters derived from fatty acids and hexitol anhydrides, for 
example, polyethylene Sorbitan monooleate. The aqueous 
Suspensions may also contain one or more preservatives, for 
example ethyl, or n-propyl p-hydroxy-benzoate, one or more 
colouring agents, one or more flavouring agents or one or 
more Sweetening agents, such as Sucrose or saccharin. 
0.130 Oily suspensions may be formulated by suspending 
the active ingredients in a vegetable oil, for example, arachis 
oil, olive oil, Sesame oil or coconut oil, or in a mineral oil 
Such as liquid paraffin. The oily Suspensions may contain a 
thickening agent, for example, beeswax, hard paraffin or 
cetyl alcohol. Sweetening agents such as those set forth 
above, and/or flavouring agents may be added to provide 
palatable oral preparations. These compositions can be pre 
served by the addition of an anti-oxidant such as ascorbic 
acid. 

0131 Dispersible powders and granules suitable for 
preparation of an aqueous Suspension by the addition of 
water provide the active compound in admixture with a 
dispersing or wetting agent, Suspending agent and one or 
more preservatives. Suitable dispersing or wetting agents 
and Suspending agents are exemplified by those already 
mentioned above. Additional excipients, for example Sweet 
ening, flavouring and colouring agents, may also be present. 

0132) Pharmaceutical compositions of the invention may 
also be in the form of oil-in-water emulsions. The oil phase 
may be a vegetable oil, for example, olive oil or arachis oil, 
or a mineral oil, for example, liquid paraffin, or it may be a 
mixtures of these oils. Suitable emulsifying agents may be 
naturally-occurring gums, for example, gum acacia or gum 
tragacanth; naturally-occurring phosphatides, for example, 
soybean, lecithin; or esters or partial esters derived from 
fatty acids and hexitol, anhydrides, for example, Sorbitan 
monoleate, and condensation products of the said partial 
esters with ethylene oxide, for example, polyoxyethylene 
Sorbitan monoleate. The emulsions may also contain Sweet 
ening and flavouring agents. 
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0133) Syrups and elixirs may be formulated with Sweet 
ening agents, for example, glycerol, propylene glycol, Sor 
bitol or Sucrose. Such formulations may also contain a 
demulcent, a preservative, and/or flavouring and colouring 
agents. 

0134) The pharmaceutical compositions may be in the 
form of a sterile injectable aqueous or oleaginous Suspen 
Sion. This suspension may be formulated according to 
known art using Suitable dispersing or wetting agents and 
Suspending agents such as those mentioned above. The 
sterile injectable preparation may also be sterile injectable 
Solution or Suspension in a non-toxic parentally acceptable 
diluent or solvent, for example, as a solution in 1,3-butane 
diol, water, Ringer's solution, lactated Ringer's Solution or 
isotonic sodium chloride solution. Other examples of 
acceptable vehicles and solvents that may be employed 
include, but are not limited to, sterile, fixed oils which are 
conventionally employed as a solvent or Suspending 
medium, and a variety of bland fixed oils including, for 
example, synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic acid find use in the preparation of 
injectables. Injectable compositions are also suitable for 
administration by continuous infusion. 
0135) In one embodiment of the present invention, the 
antisense oligonucleotide is formulated as an injectable 
composition. 
0136. Other pharmaceutical compositions and methods 
of preparing pharmaceutical compositions are known in the 
art and are described, for example, in “Remington. The 
Science and Practice of Pharmacy.’ Gennaro, A., Lippin 
cott, Williams & Wilkins, Philidelphia, Pa. (2000) (formerly 
“Remingtons Pharmaceutical Sciences”). 
Use of the Antisense Oligonucleotides and Combinations 
0137 The antisense oligonucleotides of the present 
invention and combinations comprising an antisense oligo 
nucleotide and one or more chemotherapeutic agents can be 
used in the treatment of a variety of cancers. In one 
embodiment of the present invention, the combination is 
more effective in reducing the growth and/or metastasis of 
cancer cells than the chemotherapeutic agent(s) alone. The 
antisense oligonucleotides and combinations can also be 
used to effectively treat drug resistant tumours. 
0138 Examples of cancers which may be may be treated, 
stabilised, or prevented in accordance with the present 
invention include, but are not limited to leukaemia, carci 
nomas, adenocarcinomas, sarcomas, lymphomas and mela 
nomas. Carcinomas, adenocarcinomas and sarcomas are 
also frequently referred to as “solid tumours,” examples of 
commonly occurring solid tumours include, but are not 
limited to, cancer of the brain, breast, cervix, colon, head 
and neck, kidney, lung, ovary, pancreas, prostate, lung, 
stomach and uterus, and colorectal cancer. Lymphomas are 
also considered to be solid tumours. 

0.139. The term “leukaemia' refers broadly to progres 
sive, malignant diseases of the blood-forming organs. Leu 
kaemia is typically characterised by a distorted proliferation 
and development of leukocytes and their precursors in the 
blood and bone marrow but can also refer to malignant 
diseases of other blood cells such as erythroleukaemia, 
which affects immature red blood cells. Leukaemia is gen 
erally clinically classified on the basis of (1) the duration and 
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character of the disease—acute or chronic; (2) the type of 
cell involved—myeloid (myelogenous), lymphoid (lym 
phogenous) or monocytic, and (3) the increase or non 
increase in the number of abnormal cells in the blood— 
leukaemic or aleukaemic (Subleukaemic). Leukaemia 
includes, for example, acute nonlymphocytic leukaemia, 
chronic lymphocytic leukaemia, acute granulocytic leu 
kaemia, chronic granulocytic leukaemia, acute promyelo 
cytic leukaemia, acute myeloid leukaemia (AML), chronic 
myeloid leukaemia (CML), adult T-cell leukaemia, aleu 
kaemic leukaemia, aleukocythemic leukaemia, basophylic 
leukaemia, blast cell leukaemia, bovine leukaemia, chronic 
myelocytic leukaemia, leukaemia cutis, embryonal leu 
kaemia, eosinophilic leukaemia, Gross leukaemia, hairy 
cell leukaemia, hemoblastic leukaemia, hemocytoblastic 
leukaemia, histiocytic leukaemia, stem cell leukaemia, acute 
monocytic leukaemia, leukopenic leukaemia, lymphatic leu 
kaemia, lymphoblastic leukaemia, lymphocytic leukaemia, 
lymphogenous leukaemia, lymphoid leukaemia, lymphosa 
rcoma cell leukaemia, mast cell leukaemia, megakaryocytic 
leukaemia, micromyeloblastic leukaemia, monocytic leu 
kaemia, myeloblastic leukaemia, myelocytic leukaemia, 
myeloid granulocytic leukaemia, myelomonocytic leu 
kaemia, Naegeli leukaemia, plasma cell leukaemia, plasma 
cytic leukaemia, promyelocytic leukaemia, Rieder cell leu 
kaemia, Schilling's leukaemia, stem cell leukaemia, 
subleukaemic leukaemia, and undifferentiated cell leu 
kaemia. 

0140. The term “carcinoma’ refers to a malignant new 
growth made up of epithelial cells tending to infiltrate the 
Surrounding tissues and give rise to metastases. Exemplary 
carcinomas include, for example, acinar carcinoma, acinous 
carcinoma, adenocystic carcinoma, adenoid cystic carci 
noma, carcinoma adenomatosum, carcinoma of adrenal cor 
tex, alveolar carcinoma, alveolar cell carcinoma, basal cell 
carcinoma, carcinoma basocellulare, basaloid carcinoma, 
basosquamous cell carcinoma, bronchioalveolar carcinoma, 
bronchiolar carcinoma, bronchogenic carcinoma, cerebri 
form carcinoma, cholangiocellular carcinoma, chorionic 
carcinoma, colorectal carcinoma, colloid carcinoma, 
comedo carcinoma, corpus carcinoma, cribriform carci 
noma, carcinoma en cuirasse, carcinoma cutaneum, cylin 
drical carcinoma, cylindrical cell carcinoma, duct carci 
noma, carcinoma durum, embryonal carcinoma, 
encephaloid carcinoma, epiermoid carcinoma, carcinoma 
epitheliale adenoides, exophytic carcinoma, carcinoma eX 
ulcere, carcinoma fibrosum, gelatiniform carcinoma, gelati 
nous carcinoma, giant cell carcinoma, carcinoma giganto 
cellulare, glandular carcinoma, granulosa cell carcinoma, 
hair-matrix carcinoma, haematoid carcinoma, hepatocellular 
carcinoma, Hurthle cell carcinoma, hyaline carcinoma, 
hypemephroid carcinoma, infantile embryonal carcinoma, 
carcinoma in situ, intraepidermal carcinoma, intraepithelial 
carcinoma, Krompechers carcinoma, Kulchitzky-cell car 
cinoma, large-cell carcinoma, lenticular carcinoma, carci 
noma lenticulare, lipomatous carcinoma, lymphoepithelial 
carcinoma, carcinoma medullare, medullary carcinoma, 
melanotic carcinoma, carcinoma mole, mucinous carci 
noma, carcinoma muciparum, carcinoma mucocellulare, 
mucoepidermoid carcinoma, carcinoma mucosum, mucous 
carcinoma, carcinoma myxomatodes, naspharyngeal carci 
noma, oat cell carcinoma, non-Small cell carcinoma, carci 
noma ossificans, osteoid carcinoma, papillary carcinoma, 
periportal carcinoma, preinvasive carcinoma, prickle cell 
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carcinoma, pulltaceous carcinoma, renal cell carcinoma of 
kidney, reserve cell carcinoma, carcinoma sarcomatodes, 
Schneiderian carcinoma, Scirrhous carcinoma, carcinoma 
scroti, signet-ring cell carcinoma, carcinoma simplex, Small 
cell carcinoma, Solanoid carcinoma, spheroidal cell carci 
noma, spindle cell carcinoma, carcinoma Spongiosum, Squa 
mous carcinoma, squamous cell carcinoma, String 
carcinoma, carcinoma telangiectaticum, carcinoma telang 
iectodes, transitional cell carcinoma, carcinoma tuberosum, 
tuberous carcinoma, Verrucous carcinoma, and carcinoma 
villosum. 

0141 Commonly occurring carcinomas that may be 
treated with the antisense oligonucleotides of the present 
invention, include, for example, pancreatic, ovarian, lung, 
liver, renal and cervical carcinomas. 
0142. The term “carcinoma also encompasses adenocar 
cinomas. Adenocarcinomas are carcinomas that originate in 
cells that make organs which have glandular (Secretory) 
properties or that originate in cells that line hollow viscera, 
Such as the gastrointestinal tract or bronchial epithelia. 
Examples include, but are not limited to, adenocarcinomas 
of the breast, lung, pancreas, colon and prostate. 
0143. The term "sarcoma' generally refers to a tumour 
which originates in connective tissue. Such as muscle, bone, 
cartilage or fat, and is made up of a Substance like embryonic 
connective tissue and is generally composed of closely 
packed cells embedded in a fibrillar or homogeneous sub 
Stance. Sarcomas include Soft tissue Sarcomas, chondrosar 
coma, fibrosarcoma, lymphosarcoma, melanosarcoma, myx 
osarcoma, osteosarcoma, Abemethy’s sarcoma, adipose 
sarcoma, liposarcoma, alveolar soft part sarcoma, amelo 
blastic sarcoma, botryoid sarcoma, chloroma sarcoma, 
chorio carcinoma, embryonal sarcoma, Wilns tumour sar 
coma, endometrial sarcoma, stromal sarcoma, Ewing's sar 
coma, fascial sarcoma, fibroblastic sarcoma, giant cell sar 
coma, granulocytic sarcoma, Hodgkin’s sarcoma, idiopathic 
multiple pigmented haemorrhagic sarcoma, immunoblastic 
sarcoma of B cells, lymphoma, immunoblastic sarcoma of 
T-cells, Jensen’s sarcoma, Iaposi's sarcoma, Kupffer cell 
sarcoma, angiosarcoma, leukosarcoma, malignant mesen 
chymoma sarcoma, parosteal sarcoma, reticulocytic sar 
coma, Rous sarcoma, Serocystic sarcoma, synovial sarcoma, 
and telangiectaltic sarcoma. 

0144. The term “melanoma’ is taken to mean a tumour 
arising from the melanocytic system of the skin and other 
organs. Melanomas include, for example, acral-lentiginous 
melanoma, amelanotic melanoma, benign juvenile mela 
noma, Cloudman's melanoma, S91 melanoma, Harding 
Passey melanoma, juvenile melanoma, lentigo maligna 
melanoma, malignant melanoma, nodular melanoma, Sub 
ungal melanoma, and Superficial spreading melanoma. 
0145 The antisense oligonucleotides of the present 
invention can also be used in the treatment of lymphomas 
including Hodgkin’s and non-Hodgkin’s lymphomas and 
brain cancers including primary brain tumours, gliomas, 
glioblastoma multiforme; malignant astrocytomas; oligden 
droglioma; ependymoma; low-grade astrocytomas; menin 
gioma: mesenchymal tumours; pituitary tumours; nerve 
sheath tumours such as Schwannomas; central nervous sys 
tem lymphoma; medulloblastoma; primitive neuroectoder 
mal tumours; neuron and neuron/glial tumours; craniophar 
yngioma; germ cell tumours and choroid plexus tumours. 
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Additional cancers include multiple myeloma, neuroblas 
toma, rhabdomyosarcoma, primary thrombocytosis, primary 
macroglobulinemia, Small-cell lung tumours, malignant 
pancreatic insulanoma, malignant carcinoid, urinary bladder 
cancer, premalignant skin lesions, testicular cancer, thyroid 
cancer, oesophageal cancer, genitourinary tract cancer, 
malignant hypercalcemia, endometrial cancer, adrenal cor 
tical cancer and mesothelioma. 

0146 The cancer may be indolent or it may be aggres 
sive. The antisense oligonucleotides are useful in the treat 
ment of refractory cancers, advanced cancers, recurrent 
cancers, relapsed and metastatic cancers. One skilled in the 
art will appreciate that many of these categories may over 
lap, for example, aggressive cancers are typically also 
advanced and/or metastatic. 

0147 "Aggressive cancer, as used herein, refers to a 
rapidly growing cancer. One skilled in the art will appreciate 
that for Some cancers, such as breast cancer or prostate 
cancer the term "aggressive cancer will refer to an 
advanced cancer that has relapsed within approximately the 
earlier two-thirds of the spectrum of relapse times for a 
given cancer, whereas for other types of cancer, Such as 
Small cell lung carcinoma (SCLC) nearly all cases present 
rapidly growing cancers which are considered to be aggres 
sive. The term can thus cover a Subsection of a certain cancer 
type or it may encompass all of other cancer types. A 
“refractory' cancer or tumour refers to a cancer or tumour 
that has not responded to treatment. "Advanced cancer.” 
refers to overt disease in a patient, wherein such overt 
disease is not amenable to cure by local modalities of 
treatment, such as Surgery or radiotherapy. Advanced dis 
ease may refer to a locally advanced cancer or it may refer 
to metastatic cancer. The term “metastatic cancer” refers to 
cancer that has spread from one part of the body to another. 
Advanced cancers may also be unresectable, that is, they 
have spread to Surrounding tissue and cannot be surgically 
removed. 

0.148. The antisense oligonucleotides may also be used to 
treat drug resistant cancers, including multidrug resistant 
tumours. AS is known in the art, the resistance of cancer cells 
to chemotherapy is one of the central problems in the 
management of cancer. 
0.149 Certain cancers, such as prostate and breast cancer, 
can be treated by hormone therapy, i.e. with hormones or 
anti-hormone drugs that slow or stop the growth of certain 
cancers by blocking the body's natural hormones. Such 
cancers may develop resistance, or be intrinsically resistant, 
to hormone therapy. The present invention further contem 
plates the use of the antisense oligonucleotide in the treat 
ment of these “hormone-resistant” or “hormone-refractory 
CaCCS. 

0150. In one embodiment of the present invention, the 
antisense oligonucleotide alone, or in combination with one 
or more chemotherapeutic, is used in the treatment of Solid 
tumours including metastatic, advanced, drug- or hormone 
resistant versions of Solid tumours. In another embodiment, 
the Solid tumour is a renal tumour, breast tumour, lung 
tumour, prostate tumour, colon tumour, melanoma, ovarian 
tumour, cervical tumour, brain tumour, liver tumour, col 
orectal tumour, pancreatic tumour, genitourinary tumour, 
gall bladder tumour, head and neck tumour, oesophageal 
tumour biliary duct tumour, a lymphoma, or a sarcoma, 
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including a metastatic, advanced, drug- or hormone-resistant 
version thereof. In a further embodiment, the solid tumour is 
an ovarian tumour, a renal tumour, a brain tumour, or a 
sarcoma, including a metastatic, advanced, or drug-resistant 
version thereof. 

0151. In an alternate embodiment, the antisense oligo 
nucleotide alone, or in combination with one or more 
chemotherapeutic, is used in the treatment of a leukaemia, 
including a metastatic, advanced or drug-resistant version 
thereof 

Administration of the Antisense Oligonucleotides 
0152 The dose of the antisense oligonucleotide of the 
present invention to be administered to a patient should be 
a sufficient amount to effect a beneficial therapeutic response 
in the patient over time, i.e. an “effective amount.” Such a 
beneficial therapeutic response may be, for example, stabi 
lisation of the disease, tumour shrinkage, decreased time to 
progression or prolonged survival. The dose will be deter 
mined by the efficacy of the particular oligonucleotide 
employed, the type of cancer to be treated and the condition 
of the patient to be treated, as well as the body weight or 
Surface area of the patient. Appropriate doses can be readily 
determined by a skilled practitioner. 
0153. Typically, antisense oligonucleotides are adminis 
tered systemically to patients. Administration can be accom 
plished by bolus injection as a single dose or as divided 
doses, or by continuous infusion over an appropriate period 
of time. 

0154) In one embodiment of the present invention, the 
antisense oligonucleotides are administered by continuous 
infusion. In another embodiment, the antisense oligonucle 
otides are administered by continuous intravenous infusion. 
0155 As indicated above, the dosage of the antisense 
oligonucleotide to be administered will be dependent upon 
the type of cancer to be treated and the size of the patient and 
can be readily determined by a skilled practitioner. By way 
of example only, for the antisense oligonucleotide repre 
sented by SEQ ID NO:1, appropriate doses determined by 
Phase I clinical trials are between about 18.5 mg/m/day and 
about 222 mg/m/day. In one embodiment, the dose of 
antisense oligonucleotide is between about 37 mg/m/day 
and about 222 mg/m/day. In another embodiment, the dose 
of antisense oligonucleotide is between about 74 mg/m/day 
and about 185 mg/m/day. In further embodiments, the dose 
of antisense oligonucleotide is between about 100 mg/m/ 
day and about 185 mg/m/day and between about 148 
mg/m/day and about 185 mg/m/day. Other exemplary 
doses for SEQ ID NO:1 include doses between about 2 
mg/kg/day and about 10 mg/kg/day, between about 3 mg/kg/ 
day and about 8 mg/kg/day and between about 3 mg/kg/day 
and about 5 mg/kg/day. 
0156 Treatment regimens can be designed such that the 
antisense oligonucleotide is administered to the patient in 
cycles. Treatment with antisense oligonucleotide in accor 
dance with the present invention, therefore, may be part of 
a treatment regimen that involves one cycle of administra 
tion or more than one cycle. Typically, a cycle is between 
about 1 and about 4 weeks. Exemplary dosing schedules 
comprise one or more cycle of 21 days continuous infusion 
followed by 7 days of rest or one or more cycles of 14 days 
continuous infusion followed by 7 days of rest. Further 
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examples are provided in the Examples section herein. Other 
treatment regimens can be readily determined by the skilled 
practitioner. Between one and sixteen cycles of treatment are 
contemplated, however, additional cycles may be incorpo 
rated into the treatment regimen as necessary. 
0157 The present invention contemplates the use of the 
antisense oligonucleotides, alone or in combination with one 
or more other chemotherapeutic agents, to treat patients who 
have undergone prior chemotherapy. Thus, in one embodi 
ment of the invention, the antisense oligonucleotides are 
used as a second or Subsequent (for example, third or fourth) 
line of therapy. In an alternate embodiment, the antisense 
oligonucleotides are used to treat patients who have already 
undergone more than one course of prior chemotherapy. The 
antisense oligonucleotides, alone or in combination with one 
or more other chemotherapeutic agents, may also be used as 
a first line of therapy in the treatment of patients for whom 
standard chemotherapy is not suitable. 
0158 As indicated above, the antisense oligonucleotide 
can be administered to the patient in conjunction with one or 
more chemotherapeutic agents. In Such combination 
therapy, the antisense oligonucleotide can be administered 
prior to, or after, administration of the one or more other 
chemotherapeutic agents, or it can be administered concur 
rently. The one or more chemotherapeutic may be adminis 
tered systemically, for example, by bolus injection or con 
tinuous infusion, or it may be administered orally. 
0159. The one or more other chemotherapeutic may also 
be administered in cycles, which may or may not overlap 
with the cycles of administration for the antisense oligo 
nucleotide. When the antisense oligonucleotide is adminis 
tered prior to the one or more other chemotherapeutic 
agents, the length of time between the initiation of admin 
istration of the antisense oligonucleotide and the other 
agent(s) will depend on the mode of administration, the size 
of the patient and the nature of the other agent(s) being 
administered. Similarly, if the antisense oligonucleotide and 
the one or more other chemotherapeutic agents are admin 
istered concurrently, administration of the compounds may 
be initiated at the same time, or administration of the other 
chemotherapeutic(s) may be initiated at a Suitable time prior 
to or after administration of the antisense oligonucleotide is 
initiated. Appropriate treatment regimens can be readily 
determined by the skilled practitioner. 
0.160 Appropriate doses and treatment regimens for stan 
dard chemotherapeutics for the treatment of a variety of 
cancers are well known in the art. The following are pro 
vided by way of example only and are not intended to limit 
the scope of the present invention in any way. 
0.161 Capecitabine can be administered at a dose of 
between about 500 and about 2000 mg/m/day. Capecitabine 
is typically administered orally. Administration of the daily 
amount may be via a single dose or divided doses. Exem 
plary doses would be between about 500-1500 mg/m/day, 
between about 600-1000 mg/m/day, and between about 
1100-2000 mg/m/day depending on the type of cancer 
being treated. In one embodiment, capecitabine at a dose of 
between 850 and 1700 mg/m/day is used in conjunction 
with the antisense oligonucleotide. In another embodiment, 
doses of 850, 1250 and 1660 mg/m/day are used. 
0162 Cytarabine can be administered at various doses 
between about 5 and about 3000 mg/m/day depending on 
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the type of cancer being treated and the dosing schedule 
employed. Administration of the daily amount of cytarabine 
may be via a single dose, divided dose or continuous 
infusion. Exemplary doses would be between about 500 
1000 mg/m/day, between about 1000-2000 mg/m/day and 
between about 4000-6000 mg/m/day. In one embodiment, 
cytarabine at a dose of between about between about 4000 
6000 mg/m/day is used in conjunction with the antisense 
oligonucleotide. 

0163 For some indications, cytarabine can be adminis 
tered intrathecally at a dose of between about 5-75 mg/m/ 
day and between about 100-200 mg/m/day, depending on 
the type of cancer being treated and the dosing schedule 
employed. Thus, for certain cancers, cytarabine is used at a 
dose of between about 5-75 mg/m/day in conjunction with 
the antisense oligonucleotide. 

0164 Docetaxel can be administered at a dose of between 
about 20 and about 100 mg/m per one dose. Exemplary 
doses would be between about 30-35 mg/m, between about 
30-36 mg/m, between about 60-75 mg/m, between about 
40-80 mg/m and between about 60-100 mg/m depending 
on the type of cancer being treated and the dosing schedule 
employed. In one embodiment, docetaxel at a dose of 
between about 60 mg/m and about 75 mg/m is used in 
conjunction with the antisense oligonucleotide. 
0165 Single dose units of gemcitabine are typically 
between about 100 and about 2500 mg/m. Exemplary dose 
units suitable for use with the antisense oligonucleotides 
would be between about 400-1000 mg/m, between about 
600-1000 mg/m, between about 800-1000 mg/m, between 
about 500-1250 mg/m, between about 750-1200 mg/m. 
between about 800-1250 mg/m, between about 1000-1200 
mg/m, between about 1250-2500 mg/m, depending on the 
type of cancer being treated and the dosing schedule 
employed. The dose maybe administered, for example, 
weekly or biweekly. In one embodiment, a weekly unit dose 
of between about 400-1000 mg/m gemcitabine is used in 
conjunction with the antisense oligonucleotide. 

0166 For some indications, gemcitabine can also be 
administered at lower doses, for example, between about 
100 to about 400 mg/m/day depending on the type of cancer 
being treated. 
0167 Oxaliplatin can be administered at a dose of 
between about 30 and about 135 mg/m/day. Administration 
of the daily amount of oxaliplatin may be via a single dose 
or divided doses, or by continuous infusion. Exemplary 
doses would be between about 80-100 mg/m/day and 
between about 85-135 mg/m/day depending on the type of 
cancer being treated and the dosing schedule employed. In 
one embodiment, oxaliplatin at a dose of about 130 mg/m/ 
day is used in conjunction with the antisense oligonucle 
otide. 

0168 It is to be understood, however, that the above 
exemplary dosages and frequencies of administration may 
be adapted to the circumstances in accordance with known 
practices in the art for the treatment of different cancers. 
Clinical Trials in Cancer Patients 

0169. One skilled in the art will appreciate that, following 
the demonstrated effectiveness of the antisense oligonucle 
otides alone or combinations of the present invention in vitro 
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and in animal models, they should be tested in Clinical Trials 
in order to further evaluate their efficacy in the treatment of 
cancer and to obtain regulatory approval for therapeutic use. 
As is known in the art, clinical trials progress through phases 
of testing, which are identified as Phases I, II, III, and IV. 
0170 Initially the antisense oligonucleotides alone or 
combinations will be evaluated in a Phase I trial. Typically 
Phase I trials are used to determine the best mode of 
administration (for example, by pill or by injection), the 
frequency of administration, and the toxicity for the com 
pounds. Phase I studies frequently include laboratory tests, 
such as blood tests and biopsies, to evaluate the effects of a 
compound in the body of the patient. For a Phase I trial, a 
Small group of cancer patients are treated with a specific 
dose of the antisense oligonucleotide and the one or more 
chemotherapeutic agent(s). During the trial, the dose is 
typically increased group by group in order to determine the 
maximum tolerated dose (MTD) and the dose-limiting tox 
icities (DLT) associated with the compound. This process 
determines an appropriate dose to use in a Subsequent Phase 
II trial. 

0171 A Phase II trial can be conducted to evaluate 
further the effectiveness and safety of the antisense oligo 
nucleotides alone or combinations. In Phase II trials, the 
antisense oligonucleotides alone or the combination is 
administered to groups of patients with either one specific 
type of cancer or with related cancers, using the dosage 
found to be effective in Phase I trials. 

0172 Phase III trials focus on determining how a com 
pound compares to the standard, or most widely accepted, 
treatment. In Phase III trials, patients are randomly assigned 
to one of two or more 'arms'. In a trial with two arms, for 
example, one arm will receive the standard treatment (con 
trol group) and the other arm will receive treatment with the 
antisense oligonucleotide or combination of the present 
invention (investigational group). 
0173 Phase IV trials are used to further evaluate the 
long-term safety and effectiveness of a compound. Phase IV 
trials are less common than Phase I, II and III trials and will 
take place after the antisense oligonucleotide or combination 
has been approved for standard use. 
Eligibility of Patients for Clinical Trials 
0.174 Participant eligibility criteria can range from gen 
eral (for example, age, sex, type of cancer) to specific (for 
example, type and number of prior treatments, tumour 
characteristics, blood cell counts, organ function). Eligibility 
criteria may also vary with trial phase. For example, in Phase 
I and II trials, the criteria often exclude patients who may be 
at risk from the investigational treatment because of abnor 
mal organ function or other factors. In Phase II and III trials 
additional criteria are often included regarding disease type 
and stage, and number and type of prior treatments. 
0175 Phase I cancer trials usually comprise 15 to 30 
participants for whom other treatment options have not been 
effective. Phase II trials typically comprise up to 100 par 
ticipants who have already received chemotherapy, Surgery, 
or radiation treatment, but for whom the treatment has not 
been effective. Participation in Phase II trials is often 
restricted based on the previous treatment received. Phase III 
trials usually comprise hundreds to thousands of partici 
pants. This large number of participants is necessary in order 
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to determine whether there are true differences between the 
effectiveness of the antisense oligonucleotides or combina 
tion of the present invention and the standard treatment. 
Phase III may comprise patients ranging from those newly 
diagnosed with cancer to those with extensive disease in 
order to cover the disease continuum. 

0176) One skilled in the art will appreciate that clinical 
trials should be designed to be as inclusive as possible 
without making the study population too diverse to deter 
mine whether the treatment might be as effective on a more 
narrowly defined population. The more diverse the popula 
tion included in the trial, the more applicable the results 
could be to the general population, particularly in Phase III 
trials. Selection of appropriate participants in each phase of 
clinical trial is considered to be within the ordinary skills of 
a worker in the art. 

Assessment of Patients Prior to Treatment 

0177 Prior to commencement of the study, several mea 
sures known in the art can be used to first classify the 
patients. Patients can first be assessed, for example, using 
the Eastern Cooperative Oncology Group (ECOG) Perfor 
mance Status (PS) scale or the Karnofsky Performance 
Status (KPS) scale, both of which are widely accepted 
standards for the assessment of the progression of a patients 
disease as measured by functional impairment in the patient. 
0178 Patients overall quality of life can be assessed, for 
example, using the McGill Quality of Life Questionnaire 
(MQOL) (Cohen et al (1995) Palliative Medicine 9: 207 
219). The MQOL measures physical symptoms; physical, 
psychological and existential well-being; Support; and over 
all quality of life. To assess symptoms Such as nausea, mood, 
appetite, insomnia, mobility and fatigue the Symptom Dis 
tress Scale (SDS) developed by McCorkle and Young 
(1978) Cancer Nursing 1: 373-378) can be used. 
0179 Patients can also be classified according to the type 
and/or stage of their disease and/or by tumour size. 
Administration of the Antisense Oligonucleotides Alone or 
Combinations of the Present Invention in Clinical Trials 

0180. The antisense oligonucleotide and the one or more 
chemotherapeutuc agent(s) are typically administered to the 
trial participants parenterally. In one embodiment, the anti 
sense oligonucleotide or combination is administered by 
intravenous infusion. Methods of administering drugs by 
intravenous infusion are known in the art. Usually intrave 
nous infusion takes place over a certain time period, for 
example, over the course of 60 minutes. 
Monitoring of Patient Outcome 
0181. The endpoint of a clinical trial is a measurable 
outcome that indicates the effectiveness of a treatment under 
evaluation. The endpoint is established prior to the com 
mencement of the trial and will vary depending on the type 
and phase of the clinical trial. Examples of endpoints 
include, for example, tumour response rate—the proportion 
of trial participants whose tumour was reduced in size by a 
specific amount, usually described as a percentage; disease 
free Survival—the amount of time a participant Survives 
without cancer occurring or recurring, usually measured in 
months; overall Survival—the amount of time a participant 
lives, typically measured from the beginning of the clinical 
trial until the time of death. For advanced and/or metastatic 
cancers, disease stabilisation—the proportion of trial par 
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ticipants whose disease has stabilised, for example, whose 
tumour(s) has ceased to grow and/or metastasise, can be 
used as an endpoint. Other endpoints include toxicity and 
quality of life. 
0182 Tumour response rate is a typical endpoint in Phase 
II trials. However, even if a treatment reduces the size of a 
participants tumour and lengthens the period of disease-free 
Survival, it may not lengthen overall Survival. In Such a case, 
side effects and failure to extend overall survival might 
outweigh the benefit of longer disease-free survival. Alter 
natively, the participants improved quality of life during the 
tumour-free interval might outweigh other factors. Thus, 
because tumour response rates are often temporary and may 
not translate into long-term survival benefits for the partici 
pant, response rate is a reasonable measure of a treatments 
effectiveness in a Phase II trial, whereas participant survival 
and quality of life are typically used as endpoints in a Phase 
III trial. 

Pharmaceutical Kits 

0183 The present invention additionally provides for 
therapeutic kits containing the antisense oligonucleotide and 
optionally one or more chemotherapeutic agents in pharma 
ceutical compositions for use in the treatment of cancer. 
Individual components of the kit would be packaged in 
separate containers and, associated with Such containers, can 
be a notice in the form prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals or 
biological products, which notice reflects approval by the 
agency of manufacture, use or sale for human administra 
tion. 

0.184 When the components of the kit are provided in 
one or more liquid Solutions, the liquid Solution can be an 
aqueous solution, for example a sterile aqueous Solution. In 
this case the container means may itself be an inhalant, 
Syringe, pipette, eye dropper, or other such like apparatus, 
from which the composition may be administered to a 
patient. 
0185. The components of the kit may also be provided in 
dried or lyophilised form and the kit can additionally contain 
a suitable solvent for reconstitution of the lyophilised com 
ponents. Irrespective of the number or type of containers, the 
kits of the invention also may comprise an instrument for 
assisting with the administration of the composition to a 
patient. Such an instrument may be an inhalant, Syringe, 
pipette, forceps, measured spoon, eye dropper or any Such 
medically approved delivery vehicle. 
0186 The disclosure of all patents, publications, includ 
ing published patent applications, and database entries ref 
erenced in this specification are specifically incorporated by 
reference in their entirety to the same extent as if each such 
individual patent, publication, and database entry were spe 
cifically and individually indicated to be incorporated by 
reference. 

0187 To gain a better understanding of the invention 
described herein, the following examples are set forth. It 
should be understood that these examples are for illustrative 
purposes only. Therefore, they should not limit the scope of 
this invention in any way. 

EXAMPLES 

0188 SEQ ID NO:1 as referred to throughout the 
Examples is a fully phosphorothioated oligonucleotide with 
the sequence: 
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5'-GGCTAAATCGCTCCACCAAG-3' SEQ ID NO: 1 

0189 SEQ ID NO:1 hybridizes to the coding region of 
R2 mRNA 

0.190 SEQID NO:2 is a mismatched control analogue of 
SEQID NO:1, having four base changes in the middle of the 
Sequence: 

5'-GGCTAAACTCGTCCACCAAG-3' SEQ ID NO: 2 

0191 SEQ ID NO:3 is a scrambled control analogue of 
SEQ ID NO:1 that is not complementary to R2, but retains 
the same base composition ratio as SEQ ID NO:1. 

5'-ACGCACTCAGCTAGTGACAC-3' SEQ ID NO:3 

0192 The phosphorothioates were synthesized on an 
automated DNA synthesizer (Perkin-Elmer, USA) by Bos 
ton BioSystem Inc. (Boston, Mass.) and were purified by 
reversed-phase high performance liquid chromatography. 

Example 1 

In Vivo Testing of SEQ ID NO: 1 in Combination 
with Various Chemotherapeutics in Mouse 

Xenograft Models 

0193 1.1 HT-29 human colon cancer cells (3x10 cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 6-7 weeks old female CD-1 nude mice. After the 
size of tumour reached an approximate volume of 50 
mm, 4 days post tumour cell injection, mitomycin C was 
administered by bolus infusion into the tail vein at days 4, 
11 and 18 with a dose of 3.5 mg/kg/week. Antitumour 
effect of mitomycin C was further compared to that of 
SEQID NO:1 in combination with mitomycin C. SEQID 
NO:1 was administered by bolus infusion into the tail vein 
every day at 6 mg/kg and mitomycin C was administered 
intravenously at days 4, 11 and 18 with a dose of 3.5 
mg/kg/week, one hour after the treatments with SEQ ID 
NO:1. Control animals received saline alone for the same 
period as SEQ ID NO:1. All treatments were stopped at 
day 22. A day after the last treatment, tumours were 
excised from the animals and their weights were mea 
Sured. A standard bar graph was used to demonstrate the 
differences in tumour weights with each bar representing 
mean tumour weight calculated from 5 animals. As illus 
trated, mitomycin C treatments resulted in significant 
delay of tumour growth compared to Saline control. The 
antitumour effects elicited by the combination of SEQID 
NO:1 and mitomycin C were more potent than those 
obtained using mitomycin C alone (see FIG. 1). 

0194 1.2 HT-29 human colon cancer cells (3x10° cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 5-6 week old female CD-1 nude mice. After the 
size of tumour reached an approximate volume of 100 
mm, 7 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Antitumour effect of SEQ ID 
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NO:1 was further compared to that of CPT-11 alone or 
that of SEQ ID NO:1 in combination with CPT-11. 
CPT-11 was administered intraperitoneally for 5 days in a 
row from day 7-12 with a dose of 20 mg/kg in 100 ul 
saline. All treatments were stopped at day 32. A day after 
the last treatment, tumours were excised from the animals 
and their weights were measured. A standard bar graph 
was used to demonstrate the differences in tumour 
weights with each bar representing mean tumour weight 
calculated from 9 animals. As illustrated, SEQ ID NO:1 
treatments resulted in significant delay of tumour growth 
compared to Saline control. The delay in tumour growth 
achieved with SEQ ID NO:1 was superior to the inhibi 
tory effects observed with CPT-11 alone. The combination 
treatments of SEQID NO:1 and CPT-11 showed excellent 
cooperative effects that were more potent than either 
agent alone (see FIG. 2). 

0195] 1.3 Caki-1 human renal cancer cells (1x107 cells in 
1001 ul of PBS) were subcutaneously injected into the 
right flank of 6-7 weeks old female SCID mice. After the 
size of tumour reached an approximate volume of 200 
mm, 7 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. The antitumour effect of SEQ 
ID NO:1 was further compared to that of two chemo 
therapeutic agents: 5-FU and vinblastin. 5-FU was admin 
istered intraperitoneally at days 7-13, 21-27 and 35-36 
with a dose of 13 mg/kg/day, while vinblastin was admin 
istered intraperitoneally at days 7, 14, 21, 28 and 35 at a 
dose of 0.6 mg/kg/week. Antitumour effects of each of 
these compounds were further compared to those of SEQ 
ID NO:1 in combination with 5-FU or with vinblastin. 
The two chemotherapeutic agents were applied as 
described above, one hour after the treatments with SEQ 
ID NO:1 when combination treatments occurred on the 
same day. All treatments were stopped at day 36. A day 
after the last treatment, tumours were excised from the 
animals and their weights were measured. A standard bar 
graph was used to demonstrate the differences in tumour 
weights with each bar representing mean tumour weight 
calculated from 5 animals. As illustrated, SEQ ID NO:1 
treatments resulted in significant delay of tumour growth 
compared to Saline control. The delay in tumour growth 
achieved with SEQ ID NO:1 was superior to the inhibi 
tory effects observed with each of two chemotherapeutic 
compounds. The combination of SEQID NO:1 with 5-FU 
or vinblastine was more effective than either agent alone 
(see FIG. 3A). 

0196) In a separate experiment, the effect of SEQ ID 
NO:1 in combination with IL-2 was assessed. Caki-1 human 
kidney cancer cells (1x107 cells in 100 ul of PBS) were 
subcutaneously injected into the right flank of 6-7 weeks old 
female SCID mice. After the size of tumour reached an 
approximate volume of 100 mm, 7 days post tumour cell 
injection, SEQ ID NO:1 and IL2 were administered as 
outlined below. Control animals received saline alone for the 
same period. 
Treatment: 

1. Saline treated group: saline 0.1 ml/mouse/48 hours, i. V. 
n=10 

2. SEQID NO:1 treated group: 10 mg/kg/48 hours in 0.1 ml 
saline, i. V., n=10 (17 treatments total) 
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3. IL2 treatment cycle: 8 days (treated for 4 days, untreated 
for 2 days then treated for another 4 days) 

0.197 I-High Dose (20000 unit)/2 times for one day 
treatment i p. n=10 

0198 II-Low Dose (5000 unit)/2 times for one day 
treatment i p. n=10 

4. SEQ ID NO: 1+IL-2 treated group-I (2+3) n=10 
5. SEQ ID NO:1+IL-2 treated group-II (2+4) n=10 

0199 After 52 days the mice were sacrificed and the 
tumours weighed. The results are shown in FIG. 3B. Each 
bar represents the mean tumour weight and standard error 
calculated for each treatment group. 
0200) 1.4 FIG. 4 shows results from two independent 
experiments. In both experiments, PC-3 human prostatic 
cancer cells (1x107 cells in 100 ul of PBS) were subcu 
taneously injected into the right flank of 6-7 weeks old 
male SCID mice. After the size of tumour reached an 
approximate volume of 50 mm, 14 days post tumour cell 
injection, SEQ ID NO: 1 was administered by bolus 
infusion into the tail vein every other day at 10 mg/kg 18 
times (FIG. 4A) or 17 times (FIG. 4B), respectively. 
Control animals received saline alone for the same period. 
Antitumour effect of SEQID NO:1 was further compared 
to that of mitoxantrone (novantrone(R) alone or in com 
bination. Mitoxantrone was administered intravenously 
once at the beginning of the treatments at a dose of 2 
mg/kg (FIG. 4A) or once a week for four weeks at a 
reduced dose of 0.8 mg/kg (FIG. 4B). All treatments were 
stopped at day 50 (FIG. 4A) or 48 (FIG. 4B), respec 
tively. A day after the last treatment, tumours were excised 
from the animals and their weights were measured. A 
standard bar graph was used to demonstrate the differ 
ences in tumour weights with each bar representing mean 
tumour weight calculated from 5 (FIG. 4A) or 10 (FIG. 
4B) animals. As illustrated in FIG. 4A, SEQ ID NO:1 
treatments resulted in significant delay of tumour growth 
compared to saline control. The delay in tumour growth 
achieved with SEQID NO:1 was similar to the inhibitory 
effects observed with mitoxantrone alone. The combina 
tion of SEQID NO:1 with mitoxantrone (SEQID NO:1+) 
showed some additive antitumour effects. FIG. 4B shows 
mitoxantrone alone resulted in significant delay of tumour 
growth and the combination therapy was more potent than 
mitoxantrone monotherapy. 

0201 1.5 FIG. 5 shows results from two independent 
experiments. In both experiments, DU145 human pros 
tatic cancer cells (1x107 cells in 100 ul of PBS) were 
subcutaneously injected into the right flank of 6-7 weeks 
old male SCID mice. After the size of tumour reached an 
approximate volume of 50 mm, 13 (FIG. 5A) or 11 
(FIG. 5B) days post tumour cell injection, SEQID NO:1 
was administered by bolus infusion into the tail vein every 
other day at 10 mg/kg 15 times (FIG. 5A) or 14 times 
(FIG. 5B), respectively. Control animals received saline 
alone for the same period. Antitumour effect of SEQ ID 
NO:1 was further compared to that of mitoxantrone 
(novantroneR) alone or in combination. 

0202 Mitoxantrone was administered intravenously once 
at the beginning of the treatments at a dose of 2 mg/kg (FIG. 
5A) or once a week for four weeks at a reduced dose of 0.8 
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mg/kg (FIG. 5B). All treatments were stopped at day 42 
(FIG.5A) or 38 (FIG. 5B), respectively. A day after the last 
treatment, tumours were excised from the animals and their 
weights were measured. A standard bar graph was used to 
demonstrate the differences in tumour weights with each bar 
representing mean tumour weight calculated from 5 (FIG. 
5A) or 10 (FIG. 5B) animals. As illustrated in FIG. 5A, 
SEQ ID NO:1 treatments resulted in significant delay of 
tumour growth compared to saline control. The delay in 
tumour growth achieved with SEQID NO:1 was similar to 
the inhibitory effects observed with mitoxantrone alone. The 
combination of SEQ ID NO:1 with mitoxantrone (SEQ ID 
NO:1+) showed some additive antitumour effects. In FIG. 
5B, mitoxantrone alone resulted in significant delay of 
tumour growth and the combination therapy was more 
potent than mitoxantrone monotherapy. 
0203) 1.6 A2058 human melanoma cells (1x107 cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 6-7 week old female CD-1 nude mice. A2058 is 
a metastatic melanoma cell line. After the size of tumour 
reached an approximate volume of 100 mm, 6 days post 
tumour cell injection, SEQID NO:1 was administered by 
bolus infusion into the tail vein every other day at 10 
mg/kg. Control animals received saline alone for the same 
period. Antitumour effect of SEQ ID NO:1 was further 
compared to that of dacarbazine (DTIC) alone or that of 
SEQ ID NO:1 in combination with DTIC. DTIC was 
administered intravenously for 5 days in a row from day 
6-10 at a dose of 80 mg/kg in 100 ul saline. All treatments 
were stopped at day 24. A day after the last treatment, 
tumours were excised from the animals and their weights 
were measured. A standard bar graph was used to dem 
onstrate the differences in tumour weights with each bar 
representing mean tumour weight calculated from 10 
animals. As illustrated, SEQID NO:1 treatments resulted 
in significant delay of tumour growth compared to Saline 
control. The delay in tumour growth achieved with SEQ 
ID NO:1 was superior to the inhibitory effects observed 
with DTIC alone. The combination of SEQ ID NO:1 and 
DTIC was more potent than either agent alone (FIG. 6). 

0204 1.7 FIG. 7 shows results from three independent 
experiments. MDA-MB-231 human breast cancer cells 
(1x10 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 weeks old female CD-1 
nude mice. After the size of tumour reached an approxi 
mate volume of 100 mm, 5 days post tumour cell 
injection, SEQID NO:1, or the scrambled control oligo 
nucleotide (SEQ ID NO:3) were administered by bolus 
infusion into the tail vein every other day at 10 mg/kg. 
Control animals received saline alone for the same period. 
Antitumour effect of SEQID NO:1 was further compared 
to that of taxol or doxorubicin alone or in combination. 
Taxol was administered intravenously once a week at a 
dose of 10 mg/kg for three (FIG. 7A) or four weeks (FIG. 
7C). Doxorubicin was administered intravenously once a 
week at a dose of 5 mg/kg for first three weeks (FIG. 7A) 
or for two weeks (FIG. 7C). All treatments were stopped 
at day 33 (FIG. 7A) or at day 26 (FIG. 7C), respectively. 
A day after the last treatment, tumours were excised from 
the animals and their weights were measured. A standard 
bar graph was used to demonstrate the differences in 
tumour weights with each bar representing mean tumour 
weight calculated from 10 animals (FIGS. 7A & 7B). In 
FIG. 7C, antitumour activities were estimated by the 
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inhibition of tumour volume, which was measured with 
calipers. Each point represents mean tumour volume 
calculated from 10 animals per experimental group. As 
illustrated, SEQID NO:1 treatments resulted in a delay of 
tumour growth compared to saline control in all three 
experiments. The delay in tumour growth achieved with 
SEQ ID NO:1 was superior to the inhibitory effects 
observed with taxol or doxorubicin alone. The combina 
tion therapy of SEQ ID NO:1 with taxol or doxorubicin 
was more potent than either monotherapy. FIG. 7B dem 
onstrates that a control oligonucleotide that has the same 
base composition as SEQ ID NO:1, but is not comple 
mentary to R2 mRNA has no significant anti-tumour 
activity as a monotherapy and does not cooperate with 
doxorubicin, suggesting that the effects of SEQ ID NO:1 
are sequence specific. 

0205 1.8 SK OV-3 human ovary adenocarcinoma cells 
(1x107 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 weeks old female CD-1 
nude mice. After the size of tumour reached an approxi 
mate volume of 100 mm, 6 days post tumour cell 
injection, SEQID NO:1 was administered by bolus infu 
sion into the tail vein every other day at 10 mg/kg 17 
times. Control animals received saline alone for the same 
period. Antitumour effect of SEQ ID NO:1 was further 
compared to that of taxol or cisplatin alone or in combi 
nation. Taxol was administered intravenously once a week 
for first three weeks and intraperitoneally once a week for 
next two weeks at a dose of 10 mg/kg. Cisplatin was 
administered intravenously once a week for first three 
weeks and intraperitoneally once a week for next two 
weeks at a dose of 4 mg/kg. All treatments were stopped 
at day 40. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with 
caliper. Each point represents mean tumour Volume cal 
culated from 9 animals per experimental group. As illus 
trated, SEQ ID NO:1 treatments resulted in significant 
delay of tumour growth compared to Saline control. The 
delay in tumour growth achieved with SEQID NO:1 was 
similar or superior to the inhibitory effects observed with 
taxol or cisplatin alone, repectively. The combination 
therapy of SEQID NO:1 with taxol or cisplatin was more 
potent than either monotherapy (FIG. 8). 

0206 Results of SEQID NO:1 treatment in combination 
with various chemotherapeutics are summarised in Table 3. 

TABLE 3 

Summary of SEQID NO: 1 Treatment in Combination with Standard 
Chemotherapy Drugs 

Tumour 
weight as 
% of saline 

Tumour Mouse Treatment control 

Caki (renal) CD-1 SEQ ID NO: 1 3.3 
5-FU 52 
Vinblastine 26 
SEQ ID NO: 1 + 5-FU O 
SEQ ID NO: 1 + Vinblastine O 

HT-29 (colon) SCID Mitomycin C 15 
SEQ ID NO: 1 + Mitomycin C O.8 

HT-29 (colon) CD-1 SEQ ID NO: 1 19 
CPT-11 36 
SEQ ID NO: 1 + CPT-11 1.4 
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TABLE 3-continued 

Summary of SEQID NO: 1 Treatment in Combination with Standard 
Chemotherapy Drugs 

Tumour 
weight as 
% of saline 

Tumour Mouse Treatment control 

MDA-MB- CD-1 SEO ID NO: 12.6 
231 (breast) Taxol 58 

Doxorubicin 41 
SEOID NO: 1 + Taxol 1 
SEQ ID NO: 1 + Doxorubicin 4.8 

A2058 CD-1 SEQ ID NO: 2O 
(melanoma) DTIC 68 

SEQ ID NO: 1 + DTIC 8 
PC-3 SCID Nowantrone 57 
(prostatic) SEQ ID NO: 1 + Novantrone 21 
DU145 SCID SEQ ID NO: n.a. 41 
(prostatic) Nowantrone 40 60 

SEQ ID NO: 1 + Novantrone 4.6 23 
**SK-OV-3 CD-1 SEO ID NO: 42 
(ovary) Taxol 49 

Cisplatin 67 
SEOID NO: 1 + Taxol 24 
SEQ ID NO: 1 + Cisplatin 27 

Results shown are mean tumour weights presented as a percentage of 
Saline treated controls. 
**is tumour volume data as percentage of Saline control. 

Example 2 

In Vivo Testing of SEQ ID NO:1 Alone or in 
Combination with Various Chemotherapeutics in 

Drug-Resistant Tumours 

0207) 2.1 BxPC-3 human pancreatic carcinoma cells 
(3x10 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 weeks old female CD-1 
nude mice. BXPC-3 is a gemcitabine resistant call line. 
After the size of tumour reached an approximate Volume 
of 100 mm, 21 days post tumour cell injection, SEQ ID 
NO: 1 was administered by bolus infusion into the tail 
vein every other day at 10 mg/kg 17 times. Control 
animals received saline alone for the same period. Anti 
tumour effect of SEQID NO: 1 was further compared to 
that of Gemcitabine. Gemcitabine was administered intra 
venously every three days at a dose of 100 mg/kg. 
Antitumour activities were estimated by the inhibition of 
tumour volume, which was measured with caliper. Each 
point represents mean tumour Volume calculated from 10 
animals per experimental group. As illustrated, SEQ ID 
NO: 1 treatments resulted in significant delay of tumour 
growth compared to Saline control. As expected, treatment 
with Gemcitabine during the same period was ineffective 
against Gemcitabine-resistant tumour (FIGS. 9A & B). 

0208 2.1 Hela S3 human cervix epitheloid carcinoma 
cells (5x10 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 weeks old female SCID 
mice. Hela S3 is a hydroxyurea resistant cell line. After 
the size of tumour reached an approximate volume of 100 
mm, 3 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg 6 times. Control animals received 
saline alone for the same period. Antitumour effect of 
SEQ ID NO:1 was further compared to that of Hydrox 
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yurea or Cisplatin alone or in combination. Hydroxyurea 
was administered intraperitoneally every day at a dose of 
250 mg/kg for 10 days. Cisplatin was administered intra 
venously once a week for three weeks at a dose of 4 
mg/kg. Antitumour activities were estimated by the inhi 
bition of tumour volume, which was measured with 
caliper. Each point represents mean tumour Volume cal 
culated from 10 animals per experimental group. As 
illustrated, SEQ ID NO:1 treatments resulted in signifi 
cant delay of tumour growth compared to saline control. 
As expected, treatment with Hydroxyurea during the 
same period was ineffective against Hydroxyurea-resis 
tant tumour. The delay in tumour growth achieved with 
SEQ ID NO:1 was superior to the inhibitory effects 
observed with Cisplatin alone, which was used as a 
positive control. The combination therapy of SEQ ID 
NO:1 with Hydroxyurea was only as effective as SEQID 
NO:1 monotherapy, as expected. The combination 
therapy of SEQ ID NO:1 with Cisplatin, however, was 
more potent than either monotherapy (FIGS. 10A & B). 

0209 2.3 MDA-CDDP-S4 human in vivo-selected Cis 
platin-resistant breast adenocarcinoma cells (4x10 cells 
in 100 ul of PBS) were injected into the fat pad (inside of 
right leg) of 6-7 weeks old female SCID mice. After the 
size of tumour reached an approximate volume of 100 
mm, 7 days post tumour cell injection, SEQ ID NO: 1 
was administered by bolus infusion into the tail vein every 
other day at 10 mg/kg 9 times. Control animals received 
saline alone for the same period. Antitumour effect of 
SEQID NO: 1 was further compared to that of Cisplatin 
or Taxol alone. Cisplatin was administered intravenously 
once a week for three weeks at a dose of 4 mg/kg. Taxol 
was administered intravenously once a week for three 
weeks at a dose of 10 mg/kg. Antitumour activities were 
estimated by the inhibition of tumour volume, which was 
measured with caliper. Each point represents mean 
tumour volume calculated from 10 animals per experi 
mental group. As illustrated, SEQ ID NO: 1 treatments 
caused significant reduction of tumour weight compared 
to Saline control. As expected, treatment with Cisplatin 
during the same period was ineffective against Cisplatin 
resistant tumour. The delay in tumour growth achieved 
with SEQ ID NO: 1 was similar to the inhibitory effects 
observed with Taxol, which was used as a positive control 
(FIG. 11). 

0210 2.4 MDA-CDDP-S4 human in vivo-selected Cis 
platin-resistant breast adenocarcinoma cells (4x10 cells 
in 100 ul of PBS) were injected into the fat pad (inside of 
right leg) of 6-7 weeks old female CB-17 SCID mice. 
After the size of tumour reached an approximate Volume 
of 100 mm, 9 days post tumour cell injection, SEQ ID 
NO:1 was administered by bolus infusion into the tail vein 
every other day at 10 mg/kg. Control animals received 
saline alone for the same period. Antitumour effect of 
SEQ ID NO: 1 was further compared to that of Taxol 
alone and in combination. Taxol was administered i.p. 
once a week at a dose of 10 mg/kg. Antitumour activities 
were estimated by the inhibition of tumour volume (FIG. 
12A), which was measured with calipers. Each point 
represents mean tumour volume calculated from 10 ani 
mals per experimental group. Animals were sacrificed and 
tumour weights taken at the end of the study (FIG. 12C). 
SEQ ID NO:1 treatments caused significant reduction of 
tumour weight compared to Saline control. The delay in 
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tumour growth achieved with SEQID NO:1 was superior 
to the inhibitory effects observed with Taxol, which was 
used as a positive control. The effects of combined 
treatment were greater than either treatment alone. This 
study was repeated with similar results (FIG. 12B). 

0211) 2.5 MDA-MB435-To. 1 human Taxol-resistant 
breast adenocarcinoma cells (4x10° cells in 100 ul of 
PBS) were injected into the fat pad (inside of right leg) of 
6-7 weeks old female SCID mice. After the size of tumour 
reached an approximate volume of 100 mm, 20 days post 
tumour cell injection, SEQID NO: 1 was administered by 
bolus infusion into the tail vein every other day at 10 
mg/kg 15 times. Control animals received saline alone for 
the same period. Antitumour effect of SEQID NO: 1 was 
further compared to that of Cisplatin or Taxol alone. 
Cisplatin was administered intravenously once a week for 
four weeks at a dose of 4 mg/kg. Taxol was administered 
intravenously once a week for four weeks at a dose of 20 
mg/kg. Antitumour activities were estimated by the inhi 
bition of tumour volume, which was measured with 
caliper. Each point represents mean tumour volume cal 
culated from 9-10 animals per experimental group. As 
illustrated, SEQ ID NO:1 treatments caused significant 
reduction of tumour weight compared to Saline control. 
As expected, treatment with Taxol during the same period 
was ineffective against Taxol-resistant tumour. The delay 
in tumour growth achieved with SEQ ID NO:1 was 
superior to the inhibitory effects observed with Cisplatin, 
which was used as a positive control (see FIGS. 13A & 
B). 

0212 2.6 MDA-MB435-To. 1 human Taxol-resistant 
breast adenocarcinoma cells (4x10° cells in 100 ul of 
PBS) were injected into the fat pad (inside of right leg) of 
6-7 weeks old female CB-17 SCID mice. After the size of 
tumour reached an approximate volume of 100 mm, 17 
days post tumour cell injection, SEQ ID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Antitumour effect of SEQ ID 
NO: 1 was compared to that of Cisplatin alone and in 
combination. Cisplatin was administered intravenously 
once a week for four weeks at a dose of 4 mg/kg. 
Antitumour activities were estimated by the inhibition of 
tumour volume, which was measured with caliper. Each 
point represents mean tumour Volume calculated from 10 
animals per experimental group. At the end of the study 
the animals were sacrificed and tumours weighed. As 
illustrated, SEQ ID NO:1 treatment caused significant 
reduction of tumour weight compared to Saline control. 
The delay in tumour growth achieved with SEQID NO:1 
was superior to the inhibitory effects observed with Cis 
platin, which was used as a positive control. The combi 
nation of the two compounds produced anti-tumour effi 
cacy that was superior to either one alone (see FIGS. 14A 
& B). 

0213 2.7 Human taxol-resistant promyelocytic leu 
kaemia cells (HL-60) (7x10° cells in 100 ul of PBS) were 
injected into the right flank of 6-7 weeks old female SCID 
mice. After the size of tumour reached an approximate 
volume of 100 mm, 10 days post tumour cell injection, 
SEQID NO:1 was administered by bolus infusion into the 
tail vein every other day at 10 mg/kg. Control animals 
received saline alone for the same period. The anti-tumour 
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effect of SEQ ID NO:1 was further compared to that of 
taxol. Taxol was administered i.p. once a week at a dose 
of 10 mg/kg. Anti-tumour activity was estimated by the 
inhibition of tumour volume, which was measured with 
caliper. Each point represents mean tumour Volume cal 
culated from 10 animals per experimental group. In 
addition animals were sacrificed and tumour weights 
taken at the end of the study. SEQ ID NO:1 treatments 
caused significant reduction of tumour weight compared 
to Saline control. As expected, treatment with taxol had no 
effect on tumour growth or weight (see FIGS. 15A & B). 

0214 2.8 LS513 multi-drug resistant colon carcinoma 
cells (1x107 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 weeks old female SCID 
mice. After the size of tumour reached an approximate 
volume of 100 mm, 8 days post tumour cell injection, 
SEQID NO:1 was administered by bolus infusion into the 
tail vein every other day at 10 mg/kg. Control animals 
received saline alone for the same period. Antitumour 
effect of SEQ ID NO:1 was further compared to that of 
CPT-11 alone or in combination. CPT-11 was adminis 
tered i.p. for 5 days at a dose of 20 mg/kg/day. Antitumour 
activities were estimated by the inhibition of tumour 
Volume, which was measured with caliper. Each point 
represents mean tumour volume calculated from 10 ani 
mals per experimental group. Tumour weights were mea 
sured after animals were sacrificed at the end of the 
treatment. These cells are not resistant to CPT-11 which 
was used as a positive control. As illustrated, SEQ ID 
NO:1 treatment resulted in significant delay of tumour 
growth compared to saline control. SEQ ID NO:1 is as 
effective as CPT-11 and in combination the efficacy was 
greater than either treatment alone (see FIGS. 16A, B & 
C). 

0215 Results of SEQ ID NO:1 treatment of drug-resis 
tant tumours alone or in combination with various chemo 
therapeutics are summarised in Table 4. 

TABLE 3 

Summary of SEQ ID NO. 1 Treatment of Drug Resistant Tumours 

Tumour 
weight as 

Tumour % of saline 
resistance Mouse Treatment control 

LS513 (colon) SCID CPT 47 
multi-drug resistant SEO ID NO: 49 
(CPT-11 sensitive) SEO ID NO: 1 - CPT-11 3 
MDA-CDDP-S4 SCID SEO ID NO: 32 
(breast) Taxol 32 
Cisplatin Cisplatin 78 
MDA-CDDP-S4 SCID SEO ID NO: 18 41 
(breast) Taxol 26 61 
Cisplatin SEOID NO: 1 + Taxol 1 12 
MDA-MB43S-To.1 SCID SEOID NO: 42 
(breast) Taxol 109 
Taxol Cisplatin 69 
MDA-MB43S-To.1 CB-17, SEOID NO: 37 
(breast) SCID Cisplatin 56 
Taxol SEQ ID NO: 1 + cisplatin 22 
HL-60 (leukemia) SCID SEO ID NO: 38 
Taxol Taxol 119 
BXPC-3 (pancreatic) CD-1 SEO ID NO: 5.8 
Gemcitabine Gemcitabine 83 
Hela S3 (cervix) SCID SEO ID NO: 24 
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TABLE 3-continued 

Summary of SEQ ID NO. 1 Treatment of Drug Resistant Tumours 

Tumour 
weight as 

Tumour % of saline 
resistance Mouse Treatment control 

hydroxyurea Hydroxyurea (HU) 92 
Cisplatin 63 
SEQ ID NO: 1 + HU 36 
SEQ ID NO: 1 + Cisplatin 13 

Results shown are mean tumour weights presented as a percentage of 
Saline treated controls. 

Example 3 

In Vivo Testing of SEQ ID NO:1 Alone in Mouse 
Xenograft Models 

0216) 3.1 HT-29 human colon cancer cells (3x10 cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 6-7 week old CD-1 female nude mice. After the 
size of tumour reached an approximate volume of 100 
mm, 4 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Treatments lasted for 14 days 
thereafter. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
caliper on four different occasions over the treatment 
period. Each point represents mean tumour volume cal 
culated from 5 animals per experimental group. As illus 
trated, SEQID NO:1 treatment demonstrated statistically 
significant inhibitory effects (P=0.0001) on the growth of 
human colon adenocarcinoma (see FIG. 17A). 

0217 Antitumour effects of SEQID NO:1 were shown 
to be dose-dependent. HT-29 human colon cancer cells 
(2x10 cells in 100 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 week old CD-1 
female nude mice. After the size of tumour reached an 
approximate volume of 100 mm, 5 days post tumour 
cell injection, increasing concentrations (0.4-6.0 
mg/kg, designated as T0.4 to T6.0) of SEQ ID NO:1 
were administered by bolus infusion into the tail vein 
every other day for 14 days. Control animals (control) 
received saline alone for the same period. At the end of 
the treatments, the animals were sacrificed, tumours 
were excised and their weights were measured. Each 
bar represents mean tumour weight calculated from 6 
animals per experimental group. As illustrated in FIG. 
17B, SEQ ID NO:1 exerted statistically significant 
inhibitory effects on the growth of human colon adeno 
carcinoma in a dose-dependent manner. 

0218 3.2 A2058 human skin cancer cells (1x107 cells in 
200 ul of PBS) were subcutaneously injected into the right 
flank of 6-7 week old CD-1 female nude mice. After the 
size of tumour reached an approximate volume of 100 
mm, 7 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Treatments lasted for 24 days 
thereafter. Antitumour activities were estimated by the 
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inhibition of tumour volume, which was measured with a 
caliper at two-day intervals over the treatment period. 
Each point represents mean tumour volume calculated 
from 4 animals per experimental group. As illustrated in 
FIG. 18A, SEQ ID NO:1 exhibited strong inhibitory 
effects on the growth of human melanoma. 

(0219) 3.3 MDA-MB-231 human breast cancer cells 
(1x10 cells in 200 ul of PBS) were subcutaneously 
injected into the right flank of 6-7 week old CD-1 female 
nude mice. After the size of tumour reached an approxi 
mate volume of 100 mm, 7 days post tumour cell 
injection, SEQID NO:1 was administered by bolus infu 
sion into the tail vein every other day at 10 mg/kg. Control 
animals received saline alone for the same period. Treat 
ments lasted for 24 days thereafter. Antitumour activities 
were estimated by the inhibition of tumour volume, which 
was measured with a caliper at two-day intervals over the 
treatment period. Each point represents mean tumour 
Volume calculated from 4 animals per experimental 
group. As illustrated in FIG. 18B, SEQ ID NO:1 exhib 
ited strong inhibitory effects on the growth of human 
breast carcinoma. 

0220 3.4 SK OV-3 human ovarian cancer cells (1x107 
cells in 100 ul of PBS) were subcutaneously injected into 
the right flank of 5-6 week old Balb/c female nude mice. 
After the size of tumour reached an approximate Volume 
of 100 mm, 11 days post tumour cell injection, SEQID 
NO:1 was administered by bolus infusion into the tail vein 
every other day at 10 mg/kg. Control animals received 
saline alone for the same period. Treatments lasted for 22 
days thereafter. Antitumour activities were estimated by 
the inhibition of tumour volume, which was measured 
with a caliper on average at two-day intervals over the 
span of 22 days. Each point represents mean tumour 
Volume calculated from 5 animals per experimental 
group. As illustrated in FIG. 18C, SEQ ID NO:1 exhib 
ited statistically significant inhibitory effects on the 
growth of human ovary adenocarcinoma cells. 

0221) 3.5 NCI-H460 human lung cancer cells (5x10° 
cells in 100 ul of PBS) were subcutaneously injected into 
the right flank of 6-7 week old CD-1 female nude mice. 
After the size of tumour reached an approximate Volume 
of 100 mm, 3 days post tumour cell injection, SEQ ID 
NO:1 was administered by bolus infusion into the tail vein 
every other day at 10 mg/kg. Control animals received 
saline alone for the same period. Treatments lasted for 14 
days thereafter. Antitumour activities were estimated by 
the inhibition of tumour volume, which was measured 
with a caliper on four different occasions over 16-day 
period. Each point represents mean tumour Volume cal 
culated from 5 animals per experimental group. As illus 
trated in FIG. 18D, SEQID NO:1 treatment demonstrated 
strong inhibitory effects on the growth of human lung 
carcinoma. 

0222 3.6 SU.86.86 human pancreatic cancer cells (1x107 
cells in 100 ul of PBS) were subcutaneously injected into 
the right flank of 5-6 week old CD-1 female nude mice. 
After the size of tumour reached an approximate Volume 
of 150 mm, 5 days post tumour cell injection, SEQ ID 
NO:1 was administered by bolus infusion into the tail vein 
every other day at 10 mg/kg. Two different batches of 
SEQID NO:1, synthesized at different times (designated 
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as batch 1 and batch 2), were tested to detect possible 
batch-specific effects. Control animals received saline 
alone for the same period. Treatments lasted for 34 days 
thereafter. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
caliper at two-day intervals over the treatment period. 
Each point represents mean tumour volume calculated 
from 5 animals per experimental group. As illustrated in 
FIG. 19, SEQID NO:1 exhibited strong inhibitory effects 
on the growth of human pancreatic carcinoma and no 
batch-specific effects were evident. 

0223) 3.7 Hep G2 human liver cancer cells (1x107 cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 7 week old CD-1 female nude mice. After the size 
of the tumour reached an approximate volume of 100 
mm, each tumour mass was recovered and divided into 
approximately the same size before each piece (ca. 25 mg) 
was implanted into a new mouse. After 9 days of growth, 
SEQ ID NO:1 and scrambled control oligonucleotide 
(SEQ ID NO:3) were administered by bolus infusion into 
the tail vein every day at 2.5 mg/kg. Control animals 
received saline alone for the same period. Treatments 
lasted for 30 days thereafter. Antitumour activities were 
estimated by the inhibition of tumour volume, which was 
measured with a caliper at various time intervals over the 
span of 30 days. Each point represents mean tumour 
Volume calculated from 6 animals per experimental 
group. As illustrated, SEQID NO:1 demonstrated signifi 
cant inhibitory effects on the growth of human hepatoma 
cells, while tumour growth in mice treated with scrambled 
oligonucleotide did not differ from that in saline treated 
mice (see FIG. 20). 

0224) 3.8 Caki-1 human kidney cancer cells (1x10" cells 
in 100 ul of PBS) were subcutaneously injected into the 
right flank of 6-7 weeks old female CD-1 nude mice. After 
the size of tumour reached an approximate volume of 100 
mm, 7 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. The antitumour effect of SEQ 
ID NO:1 was further compared to that of two chemo 
therapeutic agents: 5-FU and vinblastin. 5-FU was admin 
istered intraperitoneally at days 7-13, 21-28 and 35-36 
with a dose of 13 mg/kg/day, while vinblastin was admin 
istered intraperitoneally at day 7, 14, 21, 28 and 35 at a 
dose of 0.6 mg/kg/week. All treatments were stopped at 
day 36. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
caliper. Each point represents mean tumour volume cal 
culated from 5 animals per experimental group. As illus 
trated in FIG. 21A, SEQ ID NO:1 exhibited powerful 
inhibitory effects on the growth of human renal carcinoma 
cells, resulting in total regression of the tumours in three 

1CC. 

0225 3.9A498 human kidney cancer cells (1x107 cells in 
100 ul of PBS) were subcutaneously injected into the right 
flank of 6-7 weeks old female SCID mice. After the size 
of tumour reached an approximate volume of 100 mm. 
25 days post tumour cell injection, SEQ ID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. The antitumour effect of SEQ 
ID NO:1 was further compared to that of three chemo 
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therapeutic agents: 5-FU, vinblastin and gemcitabine. 
5-FU was administered intraperitoneally at days 26-32, 
and 39-46 at a dose of 13 mg/kg/day, while vinblastin and 
gemcitabine were administered intraperitoneally at day 
26, 32, 39, 46 and 52 at a dose of 0.6 mg/kg/week or 80 
mg/kg/week, respectively. All treatments were stopped at 
day 52. Mice treated with saline or one of the three 
chemotherapeutic agents were sacrificed at day 80 
because the tumour became too large. Mice treated with 
SEQ ID NO:1 were kept for 16 days further to observe 
possible resurgence of resistant tumour growth. Antitu 
mour activities were estimated by the inhibition of tumour 
Volume, which was measured with a caliper. Each point 
represents mean tumour volume calculated from 5 ani 
mals per experimental group. As illustrated in FIG. 21B, 
SEQ ID NO: 1 exhibited powerful inhibitory effects on 
the growth of human renal carcinoma cells, resulting in 
total regression of the tumours. 

0226) 3.10 SIHA human cervical cancer cells (1x107 cells 
in 100 ul of PBS) were subcutaneously injected into the 
right flank of 6-7 week old female SCID mice. After the 
size of tumour reached an approximate volume of 100 
mm, 7 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Treatments lasted for 16 days 
thereafter. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
caliper on five different occasions over 16-day period. 
Each point in FIG. 22A represents mean tumour volume 
calculated from 10 animals per experimental group. As 
illustrated, SEQ ID NO:1 treatment demonstrated strong 
inhibitory effects on the growth of human cervical carci 
noma. FIG. 22B shows the results of weight measure 
ments of tumours excised from the above animals at the 
end of the treatments, again demonstrating strong antitu 
mour effect of SEQ ID NO:1. 

0227 3.11 HeLa S3 human cervical cancer cells (1x107 
cells in 100 ul of PBS) were subcutaneously injected into 
the right flank of 6-7 week old female SCID mice. After 
the size of tumour reached an approximate volume of 100 
mm, 3 days post tumour cell injection, SEQID NO:1 was 
administered by bolus infusion into the tail vein every 
other day at 10 mg/kg. Control animals received saline 
alone for the same period. Treatments lasted for 14 days 
thereafter. Antitumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
caliper on five different occasions over 14-day period. 
Each point in FIG. 23A represents mean tumour volume 
calculated from 10 animals per experimental group. As 
illustrated, SEQ ID NO:1 treatment demonstrated strong 
inhibitory effects on the growth of human cervical carci 
noma. FIG. 23B shows the results of weight measure 
ments of tumours excised from the above animals at the 
end of the treatments, again demonstrating strong antitu 
mour effect of SEQ ID NO:1. 

Example 4 

In Vivo Testing of SEQ ID NO.1 in a Mouse 
Experimental Model of Metastasis 

0228) 4.1 Experimental metastasis of mouse fibrosar 
coma (R3) cells treated with different antisense oligo 
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nucleotides in a Syngenetic model was estimated as fol 
lows. Aliquots of R3 cell suspension were seeded into 100 
mm tissue culture dishes at a density of 2x10' and 
incubated overnight at 37°C. in C-MEM medium supple 
mented with 10% FBS. Cells were washed once in 10 ml 
of PBS and treated with 0.2 uM of SEQ ID NO: 1 in the 
presence of cationic lipid (Lipofectin reagent, final con 
centration, 10 ug/ml, Gibco BRL) for 4 hr. Cells were 
treated with either saline alone (C) or lipofectin alone 
(RE) as controls. Oligonucleotide was removed by wash 
ing the cells once with PBS and the cells were trypsinized. 
Cells were then collected by centrifugation, and approxi 
mately 1x10 cells suspended in 0.2 ml of PBS were 
injected into the tail veins of 10 week-old C3H female 
mice. Estimates of the number of lung tumours were made 
20 days later, after excised lungs from individual mice 
were stained with picric acid dye solution (75% picric 
acid, 20% formaldehyde, 5% glacial acetic acid). The 
results are shown in FIG. 24a. Bars represent mean 
number of tumour nodules in lungs obtained from 4 to 5 
animals per experimental group. Treatment of R3 cells 
with SEQ ID NO: 1 (AS-A) significantly reduced the 
formation of lung colonies (P=0.0006). 

0229 4.2 Experimental metastasis of C8161 human 
melanoma cells treated with SEQID NO:1 was estimated 
as follows. Aliquots of C8161 cell suspension were 
seeded into 100 mm tissue culture dishes at a density of 
2x10° and incubated overnight at 37° C. in C-MEM 
medium supplemented with 10% FBS. Cells were washed 
once in 10 ml of PBS and treated with 0.2 uM of SEQID 
NO: 1 in the presence of cationic lipid (Lipofectin 
reagent, final concentration, 10 ug/ml, Gibco BRL) for 4 
hr. Cells were treated with lipofectin alone (CONTROL) 
as a control. SEQ ID NO:1 was removed by washing the 
cells once with PBS and the cells were trypsinized. Cells 
were then collected by centrifugation, and approximately 
1x10 cells suspended in 0.2 ml of PBS were injected into 
the tail veins of 6-8 week-old CD-1 athymic female nude 
mice. Estimates of the number of lung tumours were made 
4 weeks later, after excised lungs from individual mice 
were stained with picric acid dye solution (75% picric 
acid, 20% formaldehyde, 5% glacial acetic acid). The 
results are shown in FIG. 24b. Bars represent mean 
number of tumour nodules in lungs obtained from 6 
animals per experimental group. Treatment of C8161 cells 
with SEQID NO:1 significantly reduced the formation of 
lung colonies (P=0.0001). 

Example 5 

Prolonged Survival of SCID Mice Bearing Human 
Burkitt's Lymphoma 

0230. In vivo studies were conducted to assess the thera 
peutic potential of SEQ ID NO:1 in the treatment of lym 
phoma. Viable human Burkitt's lymphoma (Raji) cells 
(5x10) collected from subconfluent logarithmically grow 
ing cultures were injected i.v. via the tail vein of each animal 
and disease was allowed to establish for 2 days. SEQ ID 
NO:1 in normal saline was administered by tail vein injec 
tions every second day at a dose of 10 mg/kg. Control 



US 2006/0241070 A1 

animals received saline alone, without oligonucleotide. 
Treatment with SEQ ID NO:1 was stopped at day 42. The 
mice in both groups (n=10) were sacrificed at day 73. 
Antitumour effects of SEQID NO:1 treatment were assessed 
by the examination of survival of mice. 
0231. The results are shown in FIG. 25A. All mice died 
as a consequence of tumour progression within 23 days 
when left untreated. All SEQ ID NO:1 treated animals, on 
the other hand, survived beyond day 73 except one mouse, 
which died at day 69. In a similar study control oligonucle 
otides (mismatched sequence SEQID NO:2 and scrambled 
sequence SEQ ID NO:3) were administered with no 
observed efficacy suggesting SEQ ID NO:1 acts via a 
specific mechanism. These results suggest that the treatment 
with SEQID NO:1 may be an effective therapeutic strategy 
to prolong Survival and to improve clinical outcome of 
human lymphoma patients. 
0232 A second independent study confirmed the anti 
tumour activity of SEQ ID NO:1 as shown in FIG. 25B. 
Mice with established human Burkitt's lymphoma tumours 
were treated every second day with either saline or SEQID 
NO:1 for 44 days as described above. The control group 
mice all died from disease progression by day 20. At day 44. 
the SEQ ID NO:1 mice continued treatment on a weekly 
basis until stopping the treatment at day 73. All mice 
survived to the end of the experimental period (140 days). 
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Example 6 

Prolonged Survival of SCID Mice Bearing Mouse 
Erythroleukaemia 

0233. In vivo studies were conducted to assess the thera 
peutic potential of SEQ ID NO:1 in the treatment of mouse 
Erythroleukaemia. CB7 Friend retrovirus-induced mouse 
Erythroleukaemia cells (5x10°) collected from subconfluent 
logarithmically growing cultures were injected i.V. via the 
tail vein of each animal and disease was allowed to establish 
for 2 days. SEQID NO:1 in normal saline was administered 
by tail vein injections every second day at a dose of 10 
mg/kg. Control animals received saline alone, without oli 
gonucleotide. Treatment with SEQID NO:1 was stopped at 
day 71. Antitumour effects of SEQID NO:1 treatment were 
assessed by the examination of Survival of the mice. 

0234. The results are shown in FIG. 26. All mice died as 
a consequence of tumour progression within 36 days when 
left untreated. All SEQ ID NO:1 treated animals, on the 
other hand, survived beyond day 71 except one mouse, 
which died at day 22. The results suggest that the treatment 
with SEQID NO:1 may be an effective therapeutic strategy 
to prolong Survival of human leukaemia patients. 

0235 Some of the results of in vivo assays conducted in 
mice with SEQ ID NO:1 are summarised in Table 5. 

TABLE 5 

Summary of Effects of SEQ ID NO: 1 on Tumour Growth and 
Metastasis 

Tumour Placed 
Assay in Mouse Results 

Tumour Mouse inhibition of tumour volume in C3H mice by 
Growth Fibrosarcoma' approximately 80% on Day 15 after tumour 

implantation 
inhibition of tumour weight by approximately 80% 
Dose-dependent decrease in tumour weight in 
C3H mice at doses of 0.5 to 30 mg/kg 

Human Colon inhibition of tumour size in CD-1 nude mice by 
Adenocarcinoma approximately 80% on Day 18 after tumour implantation 

inhibition of tumour weight by approximately 
80% 
Dose-dependent decrease in tumour weight in 
CD-1 nude mice at doses of 1.0 to 6.0 mg/kg 

8 inhibition of tumour size by approximately 80 
Melanoma o 85% on Days 31 after tumour implantation 

inhibition of tumour weight of approximately 
80% 

Human Breast inhibition of tumour weight by approximately 
Adenocarcinoma 80% on Day 31 after tumour implantation 

inhibition of tumour size by approximately 80% 
8 Complete inhibition of tumour growth up to 39 

Pancreatic days after tumour implantation 
Adenocarcinoma inhibition of tumour weight by approximately 

65% 
Human Ovary inhibition of tumour size by approximately 35% 
Adenocarcinoma in Balbic Nu-Numice on Days 19 to 25 after 

tumour implantation (FIG. 9). Inhibition of 
tumour weight of approximately 50% 

Human Lung inhibition of tumour size by approximately 85% 
Carcinoma in CD-1 Nude mice on Days 14 to 19 after 

tumour implantation 
inhibition of tumour weight of approximately 
70% 

Human Liver inhibition of tumour size by 45% in CD-1 nude 
Carcinoma mice on Day 30 after tumour implantation 
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TABLE 5-continued 
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Summary of Effects of SEQ ID NO: 1 on Tumour Growth and 
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Metastasis 

Tumour Placed 
Assay in Mouse Results 

Inhibition of tumour weight of approximately 
65% 

Human Inhibition of tumour weight of approximately 
Glioblastoma- 65% 
Astrocytoma 
Human Renal Approximately 90% inhibition of tumour size 
Carcinoma 
Human Renal Approximately 97% inhibition of tumour size 
Carcinoma 
Human Renal Complete regression of all tumours in treated 
Carcinoma’ mice 
Human Cervical Inhibition of tumour size by approximately 90% 
Carcinoma in SCID mice on Day 22 after tumour 

implantation 
Inhibition of tumour weight of approximately 
90% 

Human Cervical Inhibition of tumour size and weight by 
Carcinoma’ approximately 60% in SCID mice on Day 17fter 

tumour implantation 
Metastasis Mouse Decrease by approximately 65% in the number 

Fibrosarcoma (ex vivo) of tumour metastases to lungs 
Human Decrease by approximately 95% in the number of tumour 
Melanoma (ex metastases to lungs 
vivo and in vivo) 

Example 7 

In Vivo Anti-Tumour Activity of SEQ ID NO:1 
Cell Lines and Cell Culture 

0236 Unless noted otherwise in this Example human 
tumour cell lines were purchased from the American Type 
Culture Collections (ATCC) (Rockville, Md.). Human colon 
adenocarcinoma (HT-29), non-small cell lung carcinoma 
(NCI—H460), melanoma (A2058), breast adenocarcinoma 
(MDA-MB-231), pancreatic carcinoma (ASPC-1 and 
SU.86.86), glioblastoma-astrocytoma (U-87 MG), renal car 
cinoma (A498 and Caki-1), ovarian carcinoma (SK OV-3), 
cervical carcinoma (HeLa S3), prostate carcinoma (PC-3), 
bladder carcinoma (T24), Burkitt's lymphoma (Raji) and 
hepatocellular carcinoma (Hep G2) were maintained, 
according to ATCC recommendation, in C-MEM, 
RPMI 1640, or McCoy's 5a medium (Invitrogen Canada Inc. 
Burlington, Ontario) supplemented with 10-20% fetal calf 
serum (FCS) at 37° C. in a humidified atmosphere contain 
ing 5% CO. Normal human cell lines, WI-38 (human lung 
fibroblast) and HUVEC (human umbilical vein endothelial 
cells) and murine R3 (fibrosarcoma) and L (Ltk fibroblast) 
cells were maintained as mentioned above. C8161 meta 
static melanoma cells were obtained from Dr. D. R. Welch, 
University of Pennsylvania, Hershey, Pa., and were main 
tained as above (Welch, et al., Int J Cancer 47:227-37 
(1991)). All media used in these experiments contain an 
antibiotic-antimycotic Solution at a final concentration of 
100 units/ml penicillin and 100 ug/ml streptomycin (Invit 
rogen Canada Inc. Burlington, Ontario). 
In Vivo Treatment with Antisense Oligonucleotides 
0237 CD-1 athymic female nude mice, BALB/c nu/nu 
nude mice, SCID, and SCID beige mice were purchased 

from Charles River Laboratories (Montreal, Canada) and 
experiments were typically initiated when the mice were 6-7 
weeks old. Human tumour cells were grown in appropriate 
growth medium and 3x10°-1x107 cells suspended in 100 ul 
of PBS were subcutaneously injected into the right flank of 
the animals with a 23 gauge needle (cell number indicated 
in the figure legends). Each experimental group typically 
contained 10 mice. After the size of tumour reached a mean 
tumour volume of 50-100 mm, treatment was initiated. 
Antisense oligonucleotides (dissolved in Saline) were 
administered by bolus infusion into the tail vein of animal 
every other day at the indicated dose. Treatment with 
5-fluorouracil (Pharmacia), vinblastine (Faulding) and gem 
citabine (Eli Lilly) was as indicated in the figure legend. 
Anti-tumour activity was estimated by the measurement of 
tumour volume with a calliper at two-three day intervals. 
Tumour volume was calculated by a formula LxWxH/2. 
where L indicates length, W indicates width and H indicates 
height. Within 24 hours after the last treatment, the animals 
were sacrificed and tumour and body weights were mea 
Sured. Results of statistical analyses of the data are presented 
as P values in the figure legends. 

Lymphoma Survival Assay 

0238 Viable human Burkitt's lymphoma (Raji) cells 
(5x10) collected from subconfluent logarithmically grow 
ing cultures were injected intravenously into SCID mice, via 
the tail vein of each animal, and disease was allowed to 
establish for 2 days. Antisense oligonucleotides in normal 
saline, were administered by tail vein injections every sec 
ond day at a dose of 10 mg/kg. Control animals received 
saline alone, without antisense oligonucleotide or with mis 
matched and scrambled control antisense oligonucleotides. 
Each treatment group typically contained 10 animals. The 
anti-tumour efficacy of treatment was assessed by the exami 
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nation of the survival of the mice. Survival is reported as a 
percentage of the starting number of mice in the treatment 
group. 

Experimental Metastasis Assay 
0239 C8161 human melanoma cells were seeded into 
100 mm tissue culture dishes at a density of 2x10' and 
incubated overnight at 37° C. in C-MEM medium supple 
mented with 10% FBS. The cells were trypsinized, collected 
by centrifugation and aliquots were removed from the 
Suspension to determine the cell viability using trypan blue 
exclusion test. Approximately 1x10 cells suspended in 0.1 
ml of PBS were injected into the tail vein of 6-8 week old 
CD-1 athymic female nude mice. Treatment was initiated 
after 2 days. Estimates of the number of lung nodules were 
made 5-7 weeks later, after excised lungs from individual 
mice were stained with picric acid dye solution (75% picric 
acid, 20% formaldehyde, 5% glacial acetic acid). 
Results 

SEQ ID NO:1 Displays Sequence-Specific and Dose-De 
pendant Anti-Tumour Activity In Vivo 
0240 R3 mouse fibrosarcoma cells (1.5x10° cells in 100 
ul of PBS) were subcutaneously injected into the right flank 
of 6-8 week old C3H female mice. After the size of tumour 
reached an approximate volume of 100 mm, 3 days post 
tumour cell injection, SEQID NO:1, SEQID NO:2 and SEQ 
ID NO:3 were administered by bolus infusion into the tail 
vein every other day at 5 mg/kg. Control animals received 
saline alone for the same period. Treatments lasted for 14 
days thereafter. Anti-tumour activities were estimated by the 
inhibition of tumour volume, which was measured with a 
calliper at two-day intervals starting from day 9. Each point 
in FIG. 27A represents the mean tumour volume calculated 
from 6-7 animals per experimental group. The SEQID NO:1 
treatment group had significant anti-tumour efficacy com 
pared to saline, Scrambled and mismatched controls 
(P=0.0001) FIG. 27B shows the mean weight of tumours 
excised from the above animals at the end of treatment. SEQ 
ID NO:1 had significant anti-tumour activity compared to 
saline (P=0.0006), scrambled (P=0.0001) and mismatched 
(0.0002) controls. 
0241) R3 mouse fibrosarcoma cells (2x10 cells in 100 ul 
of PBS) were subcutaneously injected into the right flank of 
6 week old C3H female mice. After the size of tumour 
reached an approximate volume of 100 mm, 4 days post 
tumour cell injection, increasing concentrations (0.5-30 
mg/kg, designated as 0.5 to 30) of SEQ ID NO:1 were 
administered by bolus infusion into the tail vein every other 
day for 10 days. Control animals received saline alone for 
the same period. At the end of the treatments, the animals 
were sacrificed, tumours were excised and their weights 
were measured. Each bar in FIG. 27C represents mean 
tumour weight and Standard error calculated from 6-8 ani 
mals per experimental group. P values compared to saline 
were as follows: 0.5 mg/kg (P=0.04), 2 mg/kg (P=0.0001), 
5 mg/kg (P=0.0015), 10 mg/kg (P=0.0001), 30 mg/kg 
(P=0.0001). 
0242 FIG. 27C shows that SEQ ID NO:1 demonstrates 
dose-dependent anti-tumour activity against both murine 
(R3). 
0243 Interestingly, SEQ ID NO:1 has exceptional effi 
cacy against renal cell carcinomas. FIG. 28 shows the 
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results from Xenograft experiments with Caki-1 human 
kidney cancer cells in which 5x10 cells in 100 ul of PBS 
were subcutaneously injected into the right flank of 6-7 
weeks old female SCID mice. After the size of tumour 
reached an approximate volume of 100 mm, 7 days post 
tumour cell injection, SEQID NO:1, SEQID NO:2, or SEQ 
ID NO:3 were administered (10 mg/kg/2 days, i.v.). Three 
additional treatment groups received: 5-FU (13 mg/kg/dayx 
5), vinblastine (1 mg/kg/week) and gemcitabine (100 mg/kg/ 
week). Control animals received saline alone for the same 
period. Calliper measurements at 1-week intervals were 
used to calculate tumour volumes. Each point in FIG. 28A 
represents mean tumour volume calculated from 10 animals 
per experimental group (with the exception of SEQID NO:1 
which was 8 animals). P values compared to saline: SEQID 
NO:1 (P<0.0001), scrambled (P=0.4032), mismatched 
(P=0.8555), 5-FU (P<0.0001), vinblastine (P<0.0001), gem 
citabine (P<0.0001). 
0244. After 49 days the mice were sacrificed and the 
tumours weighed. The results are shown in FIG. 28B. Each 
bar represents the mean tumour weight and standard error 
calculated for each treatment group. P values compared to 
saline: SEQ ID NO:1 (P=0.0001), scrambled (P=0.7183), 
mismatched (P=0.3254), 5-FU (P=0.0002), vinblastine 
(P=0.0001), gemcitabine (P=0.0007). 
0245 FIGS. 28C & D show results using A498 human 
kidney cancer cells. 5x10 cells in 100 ul of PBS were 
subcutaneously injected into the right flank of 6-7 weeks old 
female SCID mice. After the size of tumour reached an 
approximate volume of 100 mm, 19 days post tumour cell 
injection, SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3 
were administered (10 mg/kg/2 days, i.v.). Three additional 
treatment groups received: 5-FU (13 mg/kg/dayx5), vinblas 
tine (1 mg/kg/week) and gemcitabine (100 mg/kg/week). 
Control animals received saline alone for the same period. 
Caliper measurements at 1-week intervals were used to 
calculate tumour volumes. Each point in FIG. 28C repre 
sents mean tumour volume calculated from 10 animals per 
experimental group (with the exception of SEQ ID NO: 1 
which was 8 animals). P values compared to saline: SEQID 
NO:1 (P=0.0001), scrambled (P=0.8786), mismatched 
(P=0.8224), 5-FU (P=0.8826), vinblastine (P<0.0001), gem 
citabine (P<0.0001). After 54 days the mice were sacrificed 
and the A498 tumours weighed. The results are shown in 
FIG. 28D. Each bar represents the mean tumour weight and 
standard error calculated for each treatment group. P values 
compared to saline: SEQ ID NO:1 (P<0.0001), SEQ ID 
NO:3 (P=0.5145), SEQ ID NO:2 (P=0.5741), 5-FU 
(P=0.9548), vinblastine (P=0.0582), gemcitabine 
(P=0.0012). SEQID NO:1 treatment can be seen to result in 
dramatic inhibition in growth of Caki-1 and A498 renal 
tumours as assessed by both tumour volume and tumour 
weight at the experimental end point. Treatment resulted in 
a rapid tumour stabilization and shrinkage within the first 
week of treatment. Tumour regression was complete within 
3 weeks of treatment (day 28, post implantation of tumour). 
At the same dose, treatment with the control oligonucle 
otides resulted in tumour growth that was indistinguishable 
from saline treatment. 

0246 Consistent with a RNR having a general role in 
tumour growth, SEQID NO:1 displays anti-tumour activity 
against a wide range of solid tumours ini vivo. FIG. 29 
Summarizes the results of a statistical analysis of data 
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compiled from a number of experiments in which the effect 
of SEQID NO:1 on tumour growth was assessed in human 
tumour cell Xenografts in mice. Each data point represents 
tumour weight and standard error. The experiments were 
carried out as follows: Tumour cell suspensions (1.5x10° to 
10) were injected s.c. into the right flank of the mice for the 
tumour lines shown (except for hepatocellular carcinoma 
cells, which were Subcutaneously implanted as a tumour 
mass). Treatment started when a tumour mass was palpable, 
usually ranged between 50 to 100 mm3. Oligonucleotide 
concentrations used in treatments ranged from 2.5 mg/kg to 
10 mg/kg, administered i.v., every second day. Tumour 
weight is expressed in mg and was obtained approximately 
2 weeks after the start of oligonucleotide treatments, except 
for slow growing tumours such as hepatocellular carcinoma 
where tumour weight was obtained after 4 weeks of treat 
ment. Differences in tumour weight between control and 
oligonucleotide treated groups were statistically significant 
in all cases (p<0.05). 

0247. Unlike examples of antisense compounds devel 
oped against specific tumours (e.g. Bcl-2), SEQ ID NO:1 
appears to be active against a range of cancer types. In all 
cancer cell lines tested, SEQID NO:1 treatment resulted in 
a significant decrease in tumour growth (volume over time) 
and endpoint weight. 

SEQ ID NO:1 has Superior Anti-Tumour Efficacy Com 
pared to RNR-Based Therapeutic Compounds. 

0248. In order to assess the clinical potential of SEQ ID 
NO:1, its efficacy against human tumour cell Xenografts in 
mice was compared to that of 5-FU, gemcitabine and 
vinblastine (FIG. 28). These compounds are currently in 
clinical use and are thought to act, at least partially, by 
decreasing RNR activity. Without exception SEQ ID NO:1 
was Superior to any of these compounds against two human 
renal tumours, Caki-1 and A498 tumours (FIG. 28). In 
addition, SEQ ID NO:1 was the only compound that dis 
played long term protection from tumour growth. In A498 
tumour Xenografts, 5-FU, gemcitabine and vinblastine treat 
ments were all ineffective in stabilization of the tumours. By 
day 54, mice treated with 5-FU had tumours that were equal 
in Volume and weight to tumours of Saline-treated animals. 
While vinblastine and gemcitabine displayed better efficacy 
than 5-FU there was, at best, a delay in the rate of tumour 
growth (FIG. 28C). These results are significant in that SEQ 
ID NO:1 is the only RNR-based compound developed to 
date that is highly specific for its target, thereby decreasing 
the potential for toxicity. 

SEQID NO:1 Treatment Dramatically Prolongs Survival in 
Xenograft Model 

0249. As an additional test of efficacy SEQID NO:1 was 
administered to SCID mice bearing active Burkitt's lym 
phoma (FIG. 30). Viable human Burkitt's lymphoma (Raji) 
cells (5x10) collected from subconfluent logarithmically 
growing cultures were injected i.v. into each animal and 
disease was allowed to establish for 2 days. SEQID NO:1, 
SEQ ID NO:3 and SEQ ID NO:2, in normal saline were 
administered by tail vein injection every second day at a 
dose of 10 mg/kg. At day 40 the treatment schedule was 
reduced to 10 mg/kg every 3 days. Control animals received 
saline alone, without oligonucleotide. Survival is presented 
as a percentage of the starting number of mice over time. All 
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the SEQ ID NO:1-treated mice survived to the end of the 
study and were sacrificed at day 72 due to animal housing 
limitations. 

0250 SEQ ID NO:1 treatment leads to a dramatic 
increase in survival time of mice well beyond the treatment 
period (up to 72 days post-end of treatment). In addition to 
prolonged survival, the SEQID NO:1-treated mice appeared 
to recover from the symptoms associated with the lym 
phoma. As treatment progressed the SEQ ID NO:1-treated 
mice changed from having rough coats and weight loss to 
Smooth coats and weight gain. Although strictly qualitative, 
these observations would suggest that the disease is not only 
stabilizing, but also regressing, consistent with the pro 
longed Survival post-end of treatment. 
0251 Finally, neither SEQ ID NO:3 nor SEQ ID NO:2 
control ODNs prolonged survival, consistent with SEQ ID 
NO:1 acting via a sequence-specific mechanism. 
SEQ ID NO:1 Treatment Dramatically Decreases Lung 
Nodule Formation in an Experimental metastasis model. 
0252 Murine R3 fibrosarcoma and human C8161 mela 
noma cells injected into the tail vein of mice form observ 
able lung nodules 2 weeks post-injection. Pre-treatment of 
these tumour cells with 0.2 uM SEQ ID NO:1 in culture, 
prior to injection into mice, significantly reduces the extent 
of lung nodule formation. To more accurately reflect the 
clinical situation, mice were treated with SEQID NO:1 post 
tumour cell injection. C8161 human metastatic melanoma 
cells were seeded into 100 mm tissue culture dishes at a 
density of 2x10' and incubated overnight at 37° C. in 
C-MEM medium supplemented with 10% FBS. The cells 
were trypsinized, collected by centrifugation and aliquots 
were removed from the suspension to determine the cell 
viability using trypan blue exclusion test. Approximately 
1x10 cells suspended in 0.1 ml of PBS were injected into the 
tail veins of 6-8 week old female SCID mice. Treatment was 
initiated after 2 days. Estimates of the number of lung 
nodules were made 5-7 weeks later, after excised lungs from 
individual mice were stained with picric acid dye solution 
(75% picric acid, 20% formaldehyde, 5% glacial acetic 
acid). The results are shown in FIG. 31, bars represent the 
mean number of nodules per mouse with standard error. In 
the SEQ ID NO:1 treatment group only one of the 9 mice 
had lung nodules. 
0253) As with the tumour and survival assays, there was 
no anti-metastatic activity associated with treatment with 
control ODNs (FIG. 31, SEQID NO:2 and SEQID NO:3), 
again confirming the sequence-specific effect of SEQ ID 
NO:1. 

Example 8 

Immune Stimulation 

0254 The following experiments were conducted in 
order to determine whether SEQ ID NO:1 produces non 
specific immune stimulation that is not a result of target 
sequence interactions. Immune stimulation can be the result 
of un-methylated CpG di-nucleotides, which stimulate 
innate immune responses in vertebrates and can further 
augment acquired immune responses to both pathogens and 
tumour cells. The presence of un-methylated CpGs in an 
oligonucleotide can have the same effect if in an optimal 
sequence context. 
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0255) To directly determine whether SEQID NO:1 treat 
ment results in CpG stimulation of NK-mediated anti 
tumour activity, the efficacy of SEQ ID NO:1 on human 
tumour xenografts in SCID/beige mice was assessed (FIG. 
32). SCID/beige mice lack B, T and NK cell function and as 
Such these mice cannot mount a significant innate or 
acquired immune response. It is clear from tumour growth 
data that Caki renal tumour xenografts in SCID/beige mice 
are effectively treated with SEQ ID NO:1 (FIG. 32A). 
Clearly, the anti-tumour effect of SEQ ID NO:1 in the 
SCID/beige model is equivalent in extent and kinetics to that 
obtained in the SCID mouse model. Data from experiments 
comparing SEQID NO:1 to the mismatched and scrambled 
control ODNs (SEQ ID NOS:2 and 3, respectively) once 
again demonstrate that the anti-tumour activity is specific to 
the R2 complementary sequence (FIG. 32B). Given that 
published reports have demonstrated a requirement for intact 
NK, T and B cell function for maximal CpG mediated 
effects, these results suggest that the primary mechanism of 
action of SEQ ID NO:1 is independent of immune stimu 
lation. 

0256 Although these data suggest that CpG-mediated 
immune stimulation is not a major contributor to the anti 
tumour efficacy of SEQ ID NO:1, immune stimulation, in 
addition to sequence specific anti-tumour activity may not 
be a negative side effect in immune competent individuals. 
In fact, mild immune stimulation may off-set immunodefi 
ciency brought about by chemotherapy. 
Methylated Oligonucleotide Data 
0257 CpG dinucleotide motifs must be unmethylated in 
order to stimulate immune responses in vertebrates. There 
fore, one approach to addressing the question of CpG 
mediated immune stimulation is to methylate the C residue 
in the CpG motif, thereby abrogating a CpG mediated 
immune response (Krieg, A. M. Annu. Rev. Immunol. 
20:709-760 (2002)). 
0258 For treatment of HT29 tumour xenografts in CD-1 
nude mice, methylation at the CpG (C9, SEQID NO:4) does 
not abrogate the anti-tumour activity of SEQ ID NO:1, 
supporting a mechanism by which SEQID NO:1 anti-cancer 
activity is the result of sequence specific antisense action 
and not CpG-mediated immune stimulation (FIG. 33). 
There is a measurable, but not significant, effect on the 
anti-tumour activity that is also seen with the control oli 
gonucleotide SEQ ID NO:5 (met-11C), suggesting that the 
methylation itself may affect to a small extent the com 
pounds ability to act via an antisense mechanism, possibly 
by reducing target binding, oligonucleotide half-life or oli 
gonucleotide-uptake into tumour cells. These results indi 
cate that SEQ ID NO:1 can act independently of any 
immune stimulatory activity attributable to the CpG. 

Example 9 

Pharmacokinetics in the Monkey and Rat 
0259 Toxicity studies were conducted with SEQ ID 
NO:1 in order to understand the safety profile of this 
oligonucleotide. It is informative to note that SEQID NO:1 
target sequence in R2 mRNA is absolutely conserved across 
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human, rat and monkey, as the sequences were determined 
by direct sequencing of R2 cDNAs prepared by RT-PCR 
amplifications of mRNA extracted from rat and monkey 
cells. 

0260 The toxicokinetics and tissue distribution of SEQ 
ID NO:1 (and related oligonucleotide metabolites obtained 
from exonuclease-mediated chain shortening) were deter 
mined in rats and monkeys. In addition to investigating the 
pharmacokinetics and tissue distribution of SEQ ID NO:1, 
the purpose of the studies was to correlate adverse effects in 
the animal studies to the concentrations of SEQ ID NO:1 
(and metabolites) in tissue and blood. A capillary electro 
phoresis (CE) method was used to measure the concentra 
tions of SEQ ID NO:1 (and metabolites) in plasma and 
tissues. 

9.1 Absorption 
Pharmacokinetics in the Rat 

0261). In a pharmacokinetic study, groups of male rats 
were administered one or two bolus i.v. injections (tail vein) 
of SEQ ID NO:1 at a dose of 50 mg/kg (295 mg/m) and 
intravenously infused (abdominal vena cava) for up to 48 h. 
at a dose of 50 mg/kg/day (295 mg/m/day). Blood samples 
were collected into EDTA-containing tubes from subsets of 
animals in each group at various sampling times up to 56 h 
after initiation of infusion or bolus injection. Parent SEQID 
NO:1 concentrations were measured in plasma by a vali 
dated CE method. 

0262 Since the plasma concentrations of SEQ ID NO:1 
in rats were similar after one and two consecutive daily 
bolus injections, the pharmacokinetic parameters were cal 
culated after the second bolus injection. Table 6 presents the 
pharmacokinetic parameters calculated on the basis of the 
mean levels after bolus injection and after 24-hours con 
tinuous intravenous infusion at 50 mg/kg/day. The plasma 
half-life of SEQ ID NO:1 after bolus injection was 1.36 h. 
The mean plasma steady state concentration of SEQ ID 
NO:1 (Css) during infusion was 9.62 ug/mL and the level 
was achieved at approximately 3 hr after infusion initiation. 
Plasma clearance (Cl) was calculated to be 154 mL/hr/kg 
after bolus injection and 216 mL/hr/kg after infusion. 

Pharmacokinetics in the Monkey 

0263 SEQ ID NO:1 was administered to monkeys by 
continuous intravenous infusion for 21 days followed by a 
21-day recovery period. Twenty-eight monkeys were admin 
istered one of the following dose levels; vehicle control. 2, 
10, or 50 mg/kg/day (24.6, 123, and 615 mg/m/day). 
Toxicokinetic samples were collected prior to the initiation 
of infusion, approximately 8, 24, 48, and 96 hours following 
the start of infusion, and on Day 20 prior to the change in 
dose-syringes. 

0264 Plasma concentrations of SEQ ID NO:1 in the 2 
mg/kg dose group could not be detected. Plasma concentra 
tions appear to reach steady state by eight hours after dosing. 
Table 6 presents the pharmacokinetic parameters for the 10 
mg/kg and 50 mg/kg dose groups. The median Tmax were 
480 and 24 hours for the 10 mg/kg and the 50 mg/kg dose 
groups, respectively. 
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TABLE 6 

Mean Pharmacokinetic Parameters in Rats and Monkeys 
Administered Repeated Doses of SEQ ID NO: 1 

Rat Monkey 
SEQ ID NO: 1 Dose SEQ ID NO: 1 Dose 
50 mg/kg/day) by in mg/kg/day 

Parameter Bolus Infusion 2 10 50 

Cmax (Lig/mL) 679 2.94 20.3 
Tas (hour) O.83 325 171 
K1 (1 hour) O.S109 
CSS (Ig/mL) 9.62 - 2.10 O.48 16.2 - 22 
T12 (hour) 1.36 
AUC(O-t) 637 
(g * hr/mL) 
AUC(O-24) 369 208 
(g * hr/mL) 
AUC(O-inf) 6SO 
(g * hr/mL) 
Cl (mL/hr?kg) 154 216 2O8 52 130 16 

9.2 Distribution 

0265). The concentrations of SEQ ID NO:1 (and related 
n+1, n-1 to n-15 oligonucleotide metabolites) in the fol 
lowing rat and monkey tissues were measured by a validated 
CE method (Southwest Bio-Labs, Inc.): kidney, liver, 
spleen, heart, lung, bone marrow (rat), lymph nodes (mon 
key) and brain tissues. The tissue samples were collected 
from the designated animals as described in the 21-day 
toxicity studies: rats, administered bolus intravenous injec 
tions of SEQID NO: 1 every other day at 2, 10, or 50 mg/kg: 
and monkeys administered SEQ ID NO:1 by continuous 
intravenous infusion at 2, 10, or 50 mg/kg/day. 

0266 The results indicated that the tissue biodistribution 
of SEQ ID NO:1 in the rat and monkey was similar to that 
reported for other phosphorothioate oligonucleotides. In 
both species, the highest concentrations of SEQ ID NO:1 
Were observed in the kidney>liverdbone 
marrow>spleendheart-lung. SEQ ID NO:1 concentrations 
in the brain were below the limits of detection in both 
species (lower limits for detection is 1 g/g in the rat and 0.2 
ug/g in the monkey; see Tables 7a and 6b). 

0267. Whereas evidence of metabolites was observed in 
all of the assessed tissues, the highest concentrations were 
observed in the kidney and liver, organs known to be critical 
to metabolism and the primary route of elimination for 
phosphorothioate oligonucleotides. The organs with the 
highest concentrations of parent oligonucleotide and 
metabolites are also the ones demonstrating histopathologi 
cal abnormalities. The results suggested that there was a 
relationship between the concentration of SEQ ID NO:1 
(and its metabolites) in the tissues with morphological and 
functional changes found in those tissues such as elevated 
transaminases, increased creatinine, or decreased platelet 
COuntS. 

0268. Upon discontinuation of dosing with SEQ ID 
NO:1, there was evidence that both the parent compound 
and its metabolites decrease over time. Specifically, these 
studies in rat and monkey, provides evidence of reversibility 
of the observed effects on the sampled tissues after a 21-day 
recovery period. 
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TABLE 7a 

Extraction of SEQID NO: 1 and metabolites (n + 1 through n - 13) from 
Rat and Monkey Tissues with Analysis by Capillary Electrophoresis 

Mean Concentration (Igg) 
SEQ ID NO: 1 at: 

Necropsy Necropsy 
Dose 4 hrs 48 hrs 4 hrs Day 22 Day 43 

Tissue (mg/kg/day) RAT Monkey 

Liver 2 6.9 BDL 13.8 137.8 ND 
O 19.7 4.7 38.1 129.0 ND 

50 S1.9 9.8 91.6 316.6 O.9 
Kidney 2 6.7 1.O 28.0 176.2 ND 

O 31.1 3.3 129.5 246.5 ND 
50 86.1 48.2 286.6 1425.2 1.6 

Heart 2 O.8 BDL. BDL BDL ND 
O 5 BDL. BDL 1.9 ND 

50 14.5 2.5 20.8 46.3 O.S 
Lung 2 BDL. BDL O.9 BDL ND 

O .6 BDL 2.1 1.6 ND 
50 13.3 2.1 18.2 39.2 BDL 

Spleen 2 O BDL 1.8 7.8 ND 
O 2.6 BDL 3.2 82.1 ND 

50 32.7 1.4 18.4 260.6 57.2 
Brain 2 BDL. BDL. BDL BDL ND 

O BDL. BDL. BDL BDL ND 
50 BDL. BDL. BDL BDL BDL 

Bone 2 BDL. BDL 1.8 2.2 ND 
Marrow O 2.7 BDL 3.6 3.1 ND 
Lymph 50 13.2 2.8 29.9 253.5 59.9 
node* 

Post first dose 
Post last dose 
BDL: below detectable limits (1 Jugg rat; 0.2 g g monkey) 
*bone marrow in the rat; lymph node in the monkey 
ND: Not Determined 

0269 

TABLE 7b 

Extraction of SEQID NO: 1 and metabolites (n + 1 through n - 13) from 
Rat and Monkey Tissues with Analysis by Capillary Electrophoresis 

Mean Concentration (Igg) total 
metabolites (n + 1 through n - 13) at: 

Dose Necropsy Necropsy 
(mg/kg/ 4 hrs' 48 hrs' 4 hrs Day 22 Day 43 

Tissue day) Rat Monkey 

Liver 2 16.9 BDL 42.1 425.7 ND 
O 47.9 8.3 105.9 486.2 ND 

50 79.9 68.7 279.7 806.6 2.3 
Kidney 2 20.8 3.6 122.8 605.8 ND 

O 88.1 68.4 613.5 886.1 ND 
50 187 287.6 1373.6 3230.8 1O.S 

Heart 2 O.3 BDL BDL BDL ND 
O 4.2 BDL 9.4 4.6 ND 

50 13.0 7.2 42.5 113.8 3.5 
Lung 2 BDL BDL O.2 BDL ND 

O 2.3 BDL 3.3 4.2 ND 
50 21.8 3.8 3O.O 124.0 BDL 

Spleen 2 1.2 BDL 6.5 71.4 ND 
O 7.8 BDL 13.5 1983 ND 

50 19.9 2.2 60.8 1097 367.8 
Brain 2 BDL BDL BDL BDL ND 

O BDL BDL BDL BDL ND 
50 BDL BDL BDL BDL BDL 
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TABLE 7b-continued 

Extraction of SEQ ID NO: 1 and metabolites (n + 1 through n - 13) from 
Rat and Monkey Tissues with Analysis by Capillary Electrophoresis 

Mean Concentration (g/g) total 
metabolites (n + 1 through n - 13) at: 

Dose Necropsy Necropsy 
(mg/kg/ 4 hrs' 48 hrs 4 hrs' Day 22 Day 43 

Tissue day) Rat Monkey 

Bone 2 BDL BDL 3.8 21.0 ND 
Marrow 10 3.5 BDL 6.6 86.2 ND 
Lymph 50 19.5 4.4 674 8O1.2 371.3 
node* 

Post first dose 
Post last dose 
BDL: below detectable limits (1 Jugg rat; 0.2 gig monkey) 
*bone marrow in the rat; lymph node in the monkey 
ND: Not Determined 

Example 10 

Toxicology in Monkey and Rat 

10.1 Single Dose Toxicity 
Acute Intravenous Toxicity Study of in the Monkey 

0270 Intravenous infusion of SEQID NO:1 for 24 hours 
at doses up to 80 mg/kg/day (984 mg/m/day) was well 
tolerated by rhesus monkeys. There were no deaths during 
the study. No treatment-related clinical signs or changes in 
body weight, blood pressure, heart rate, serum biochemistry 
or haematology parameters were observed at any dose. Mild 
treatment-related changes in APTT were observed at the end 
of infusion at 40 mg/kg/day (492 mg/m/day) and 80 mg/kg/ 
day (984 mg/m/day), and slight treatment-related increases 
in complement split product Bb were observed at the end of 
infusion at 20, 40, and 80 mg/kg/day (246, 492, and 984 
mg/m/day). These effects indicate an apparent inhibition of 
the intrinsic coagulation pathway, and modest activation of 
the alternative complement pathway, respectively. These 
treatment-related changes were typical class effects of phos 
phorothioate oligonucleotide administration. 
10.2 Repeat Dose Toxicity 
21-Day Intravenous Toxicity Study in the Rat with a 21-Day 
Recovery 

0271 SEQ ID NO:1 was administered to Sprague-Daw 
ley rats via intravenous bolus injection every second day up 
to 21 days, with a 21-day recovery period. The study design 
included 4 treatment groups; vehicle controls, 2 mg/kg, 10 
mg/kg, and 50 mg/kg. The main study group consisted of 10 
animals/sex, and an additional 5 animals/sex were included 
in the control and high-dose groups for a recovery phase. 
Satellite animals (6/sex/group) were also included for toxi 
cokinetic analysis. 
0272 A single mortality resulted from the 50 mg/kg dose 
as well as various adverse clinical signs, a decrement in 
body weight gain (associated with diminished food con 
Sumption), lymphocytosis, moderate anemia and thromb 
ocytopenia, and various relatively mild changes in serum 
chemistry parameters. At the 10 mg/kg dose level, there 
were no clinical signs, no effects on body weight or food 
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consumption, a lesser degree of anemia and thrombocytope 
nia, and only minor changes in a few serum chemistry 
parameters. The 2 mg/kg/dose level had no remarkable 
effects on any of the above parameters. Histopathological 
findings indicated the lymphoid system, kidneys, and liver 
as target organs at 10 and 50 mg/kg, with evidence of 
recovery at the highest dose level. Again, these findings 
were consistent with the known toxicity profile of phospho 
rothioates. 

21-Day Continuous Infusion Toxicity Study of SEQID NO: 
1 in the Monkey with a 3-Week Recovery 
0273 A second repeat-dose study was conducted in mon 
keys to evaluate the toxicity associated with administration 
of test article by continuous intravenous infusion for 21 days 
followed by a 21-day recovery period. Twenty-eight mon 
keys were administered one of the following dose levels: 
vehicle control. 2 mg/kg/day, 10 mg/kg/day, or 50 mg/kg/ 
day. Toxicokinetic samples were collected prior to the 
initiation of infusion, approximately 8, 24, 48, and 96 hours 
following the start of infusion, and on Day 20 prior to the 
change in dose-syringes. No unplanned deaths occurred 
during the study. Effects seen at the 10 and 50 mg/kg/day 
dose levels included splenic histiocytosis, anticoagulant 
effects, complement activation, and continuous infusion 
effects Such as formation of thrombi and vascular damage, 
inflammation in the lungs and leakage at the infusion site. 
Target organs were clearly identified through histopatho 
logic changes as kidneys, liver, and lymph nodes. In general, 
the SEQ ID NO:1-related changes were dose-dependent in 
severity and/or incidence, and were reversed either com 
pletely or partially (with the Suggestion of eventual complete 
recovery) during the 3-week post-dosing treatment-free 
period. As in the previous rat Study, the 2 mg/kg/day dose 
level was identified as the no-adverse-effect-level 
(NOAEL). 
Intravenous Compatibility Assay 

0274 SEQID NO: 1 injection was tested for its potential 
to cause haemolytic activity based on cell lysis and haemo 
globin release in human whole blood and did not cause 
haemolysis under static or dynamic conditions. 

Example 11 

Clinical Trials Using SEQ ID NO:1 in Combination 
with Various Chemotherapeutics 

0275 Examples of potential designs for clinical trials to 
test SEQ ID NO:1 in combination with various known 
chemotherapeutics are provided in Table 8. 

0276 Examples of ongoing clinical trials and other clini 
cal trials that have been approved by the NCI using SEQID 
NO: 1 are outlined below. Details of the protocols involved 
for each of trials 2-7 are provided in Table 9. Trial 1 (renal 
carcinoma is described in more detail in Examples 12 and 
13. 

1. Protocol LO1-1409 (Renal Cell Carcinoma) 
Study Description: 

SEQ ID NO: 1 and capecitabine combination therapy in 
patients with advanced or metastatic renal cell carcinoma 
(Phase I/II) 
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Population: Advanced or metastatic renal cell carcinoma 
having failed Standard therapy 
Study regimen: SEQID NO: 1 (CIV infusion)+capecitabine 

0277 
Phase I/II 

cycles: 14 days+7 days rest 

Status: Ongoing in Phase II 
0278 Dosing: SEQ ID NO:1 was administered as a 
continuous intravenous infusion for 21 days at a starting 
dose of 148.0 mg/m/day in combination with capecitabine 
administered orally at a fixed dose of 1660 mg m/day 
(divided into two daily doses for 21 days) followed by 7 
days of rest. 
2. Protocol L6093 (Breast) 
Study Description 
A Phase I Study of SEQ ID NO:1 and Capecitabine in the 
treatment of Metastatic Breast Cancer 

Population: Breast cancer, metastatic and failing 2 or more 
prior regimens 
Study regimen; SEQ ID NO: 1+Capecitabine 

0279) 
Subjects: 40 (2 Stages: 20 ea) 
Phase II 

14 days in 21 day cycle 

Status: Design under review 
3. Protocol L6104 (NSCLC) 
Study Description 

A Phase I/II Trial of SEQ ID NO: 1 and Docetaxel in 
Metastatic or Advanced Non-Small Cell Lung Cancer 

Population: Metastatic or unresectable locally advanced 
NSCLC 

Study regimen SEQ ID NO:1+Docetaxel 
Subjects: 42 (12 Phase I: 30 Phase II) 
4. Protocol L6090 (Solid Tumours) 
Study Description 

A Phase I Study of SEQ ID NO:1 and Gemcitabine in 
Patients with Solid Tumours Population: Solid tumours 
metastatic or unresectable and for which curative or 
palliative measures do not exist or are no longer 
effective. 
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Study regimen SEQ ID NO: 1+Gemcitabine 
Subjects: 34 

5. Protocol L6108 (AML) 
Study Description 

A Phase I Trial of SEQ ID NO:1 in combination with 
high-dose cytarabine in refractory or relapsed acute 
myeloid leukaemia (AML) 

Population: Acute myeloid leukaemia refractory or 
relapsed. 

Study regimen SEQ ID NO: 1+cytarabine 
Subjects: 30 

6. Protocol L6099 (Colorectal) 
Study Description 

A Phase I Trial of SEQID NO:1, Oxaliplatin and Capecit 
abine in Refractory 

Unresectable Colorectal Cancer 

Population: Locally advanced or metastatic colorectal 
cancer (refractory, unresectable). Patients must have 
had at least one standard prior chemotherapy with no 
prior oxaliplatin-containing regimen. 

Study regimen SEQID NO:1+oxaliplatin & capecitabine 

Subjects: 15-20 
Phase I 

Status: Design under review 

7. Protocol L6102 (Prostate) 
Study Description 

A Phase II Study of SEQ ID NO:1 and Docetaxel in 
Patients with Hormone-Refractory Prostate Cancer 

Population: Patients with hormone-refractory prostate 
cancer and rising PSA levels (PSA220). ECOG 0-2, 
with adequate organ function 

Study regimen SEQ D NO: 1+Docetaxel 
Subjects: 40 
Phase II 

0280 Status: awaiting Phase II dose from ongoing trial. 

TABLE 8 

Examples of Clinical Trials designed for Antisense Oligonucleotide 
SEQ ID NO. 1 in Combination with Various Chemotherapeutic Agents 

Performance 
Status (PS) and 
Organ Function Disease 

Solid tumours PS 22 
Must have adequate 
hematologic, renal, and 
metabolic function 

Trial Design 
Prior Therapy Schedule 

No limit stated SEQ ID NO: 1: 
24 wks since prior RT CIV day 1-21 

148–185 mg/m/day 
Capecitabine: 
PO BID day 1-21 
500–1500 mg 
28-day cycle 

23 wks since prior therapy 
(6 wks for nitrosourea or 
mitomycin C) 
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Disease 

Solid tumours 

Breast 

Colorectal 

Colorectal 

Solid tumours 

Solid tumours 

NSCLC & 
other solid 
tumours 

NSCLC 

Prostate 
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TABLE 8-continued 

Examples of Clinical Trials designed for Antisense Oligonucleotide 
SEQ ID NO. 1 in Combination with Various Chemotherapeutic Agents' 

Performance 
Status (PS) and 
Organ Function 

PSO-2 
Creatinine: 
<2.0 mg/dL 
SGOT: <2 x normal 
Bilirubin: 
<1.5 mg/dL 
WBC: 4OOO 
PLT: e100,000 
PS 60-100% 
Must have adequate 
hematologic, renal, and 
hepatic function 

PSO-2 
bilirubin s1.5 x ULN 
SGOT, SGPT. s.3 x ULN 

PS 60-100% 
Must have adequate 
hematologic, renal, and 
hepatic function 

PSO-2 
Abnormal organ 
function permitted 

PSO-1 
Abnormal organ 
function not permitted 

PSO-1 
Abnormal organ 
function not permitted 

PSO-2 
Must have adequate 
hematological, renal, & 
hepatic function 

PSO-2 
Abnormal organ 
function not permitted 

Prior Therapy 

No limit stated 
24 wks since prior tX 

22 prior regimens 
No prior capecitabine or 5 
FU unless in adjuvant 
setting 

1 prior CT or adjuvant 

No prior oxaliplatin 

21 prior regimens 
No prior docetaxel 

No restrictions 

s2 prior CT 

Prior platinum-based CT 
required 
No prior taxane CT 
>1 systemic tX not 
permitted 
228 days since prior 
surgery or RT 

No prior CT 
Must have failed front-line 
hormonal treatment 

Trial Design 
Schedule 

SEQ ID NO: 1: 
CIV day 1-21 
100–185 mg/m2/day 
Capecitabine: 
PO BID day 1-21 
1100–2000 mg/m/day 
28-day cycle 

SEQ ID NO: 1: 
CIV day 1-21 
74–185 mg/m/day 
Capecitabine: 
PO BID day 8–21 
600–1000 mg/m. 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
185 mg/m/day 
Capecitabine: 
PO BID day 1-14 
start at 850 mg/m’ 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
74–185 mg/m/day 
Capecitabine: 
PO BID d2-15 
600-1000 mg/m2 
Oxaliplatin: 
IV day 2 
130 mg/m/day 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
50–185 mg/m/day 
Docetaxel: 
IV weekly x 3 
30–35 mg/m2 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
148–185 mg/m2/day 
Docetaxel: 
IV day 1, 8, 15 
30–35 mg/m. 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1–22 
1–5 mg/kg/day 
Docetaxel: 
IV day 8, 15, 22 
35 mg/m. 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-14 
74–185 mg/m/day 
Docetaxel: 
IV day 31st cycle, 
day 1 2nd cycle 
60-75 mg/m2/day 
21-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
3–5 mg/kg/day 
Docetaxel: 
IV day 1, 8, 15 
30–36 mg/m/day 
28-day cycle 
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TABLE 8-continued 

Disease 

Genitourinary 

Solid tumours 

Solid tumours 

Colon cancer 

NSCLC 

Renal cell 
carcinoma 

Breast cancer 

AML 

Examples of Clinical Trials designed for Antisense Oligonucleotide 
SEQ ID NO. 1 in Combination with Various Chemotherapeutic Agents' 

Performance 
Status (PS) and 
Organ Function 

PSO-2 
creatinine 2 x ULN, 
liver function <1.5 ULN 

PSO-2 
Abnormal organ 
function not permitted 

PSO-2 
Abnormal organ 
function not permitted 

PS 26.0% 
survival 23 mo 
Must have adequate 
hematologic, renal, and 
hepatic function 

PS 60% 
survival 3 mo 
Must have adequate 
hematologic, renal, and 
hepatic function 

PSO-2 
Must have adequate 
hematologic, renal, and 
hepatic function 

PS 60-100% 
Must have adequate 
hematologic, renal, and 
hepatic function 

PSO-2 
Abnormal organ 
function permitted: 
Cr s2.0 mg/dL 

Prior Therapy 

3 prior CT 

s2 prior tX 

No restrictions 

Must have progressed 
following 5-FU, irinotecan, 
& Oxaliplatin CT 

No prior gemcitabine or 
SEQ ID NO: 1 
24 wks since prior CT 
26 wks since prior 
mitomycin C CT 
22 wks since prior RT 

Phase 1 
No prior gemcitabine CT 
Phase 2 
s2 prior tx allowed 
24 wks since prior RT, 
Surgery, or tX 

s1 prior tX 
no prior platinum or 
gemcitabine allowed 

Prior therapy O.K. 

Trial Design 
Schedule 

SEQ ID NO: 1: 
CIV day 1-21 
100–185 mg/m2/day 
Docetaxel: 
IV 
40–80 mg/m every 3 wks 
Schedule A: 
SEQ ID NO: 1: 
CIV day 1-21 
90-190, RP2D 
mg/m/day 
Gemcitabine: 
IV day 1, 8, 15 
1000–1200 mg/m. 
Schedule B: 
SEQ ID NO: 1: 
CIV day 1–21 (RP2D) 
Gemcitabine: 
CIV day 1, 8, 15 
750–1200 mg/m2 
28-day cycles 
SEQ ID NO: 1: 
CIV day 2–21 cycle 1 
(100–185 mg/m2) 
CIV day 1-21 for 
Subsequent cycles 
Gemcitabine: 
IV day 1, 8, 15 
400–1000 mg/m. 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
85-185 mg/m/day 
Gemcitabine: 
IV day 1, 8 
every 6 wks 
1000 mg/m. 
Capecitabine: 
PO BID d1-14 
every 3 wks 
650 mg/m 
SEQ ID NO: 1: 
CIV day 1-21 
74–185 mg/m/day 
Gemcitabine: 
IV day 2, 9, 16 
800–1000 mg/m2 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
111-185 mg/m2/day 
Gemcitabine: 
IV weekly x 3 
800–1000 mg/m2 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
74–185 mg/m/day 
Gemcitabine: 
IV day 2, 9 
600–1000 mg/m2/day 
Oxaliplatin: 
IV day 2 
130 mg/m/day 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
120–280 mg/m/day 
Idarubicin: 
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Disease 

AML 

AML, CML 

AML 

CML 

Metastatic 
C8Ce 

Head & Neck, 
esophagus, 
lung 

SCLC 

Pancreatic 
adenocarc 
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TABLE 8-continued 

Examples of Clinical Trials designed for Antisense Oligonucleotide 
SEQ ID NO. 1 in Combination with Various Chemotherapeutic Agents' 

Performance 
Status (PS) and 
Organ Function 

otal bilirubin <2.0 mg/dL 
ASTALT <5 x ULN 
PSO-2 
Abnormal organ 
unction permitted: 
Cr s2.0 mg/dL 
otal bilirubin s2.0 mg/dL 

PSO-2 
Cr &2 
bilirubin <2 

PS ECOG O-2 
Abnormal organ 
unction not permitted 

PSO-2 
Abnormal organ 
function permitted: 
Cr s2.0 mg/dL 
total bilirubin <2.0 mg/dL 
ASTALT <5 x ULN 

ECOG s2 
Must have adequate 
hematologic, renal, and 
hepatic function 

PSO-2 
Abnormal organ 
function not permitted 

PSO-2 
Abnormal organ 
function not permitted 

PSO-2 
Abnormal organ 
function not permitted 

Prior Therapy 

Prior therapy O.K. 

At least 1 prior therapy 

ChemotX, including auto or 
allo SCT 

Imatinib mesylate failed 

24 wks since prior RT 
Phase 1: unlimited 
chemotherapy 
Phase 2: must have prior 
paclitaxel and carboplatin 

One prior multimodality tX 
permitted (including 
platinum-based) 

No prior chemotX 

Prior gemcitabine required 
24 wks since gemcitabine 
regimen 
No prior irinotecan allowed 

Trial Design 
Schedule 

(V day x 3 
2 mg/m/day 
SEQ ID NO: 1: 
CIV day 1-21 
20–280 mg/m/day 

Ara-C: 
V day x 4 
g/m/day 

3.5, 5 mg/kg/day 
Mitoxantrone: 
V day 4–8 
6 mg/m2/day 
Etoposide: 
V day 4–8 
80 mg/m/day 
Ara-C: 
V day 4–8 
500–1000 mg/m2/day 
SEQ ID NO: 1: 
CIV day 1-21 
20–280 mg/m/day 
Fludarabine: 
(V day 3–7 
30 mg/m/day 
Ara-C: 
(V day 3–7 
2 g/m/day 
Filgrastim: 
5 mcg/kg/day, start 
day 8 
SEQ ID NO: 1: 
CIV day 1-14 
125-185 mg/m/day 
Carboplatin: 
AUC = 5, 6 
Paclitaxel: 
IV weekly 
135–175 mg/m? 
Cycles repeat every 21 
days 
SEQ ID NO: 1: 
CIV day 1–21 (dose 
TBD) 
Cisplatin: 
IV weekly 
15–40 mg/m. 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
3–5 mg/kg/day 
Cisplatin: 
IV day 1 
50–60 mg/m2/day 
Irinotecan: 
IV day 1, 8, 15 
50–60 mg/m/day 
SEQ ID NO: 1: 
CIV day 1-14 
104-185 mg/m/day 
Irinotecan: 
IV day 1, 8 
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TABLE 8-continued 

Examples of Clinical Trials designed for Antisense Oligonucleotide 
SEQ ID NO. 1 in Combination with Various Chemotherapeutic Agents' 

Performance 
Status (PS) and 

Disease Organ Function 

Pancreas, gall PSO-2 
bladder, & Total bilirubin &3 x ULN 
biliary ducts eligible 

Pancreas PS = 2.60% 
C8Ce AGC >1,500/mcL 

Hgb 29 mg/dL 
plts >100,000/mcL 
creat s1.5 ULN 
bilirubin s1.5 ULN 
ALPSGOT, SGPT. s.3 x ULN 

Prostate PS is 
C8Ce ANC 21.5 x 10eSL 

plts 2100 x 10e9/L 
creat s2 x ULN or 
CrCl 240 mL/min 
bilis 1.5 x ULN 
ASTALT s3 x ULN 
LVEF c50% 

*Abbreviations are as follows: 
AGC: Absolute granulocyte count 
Auto SCT: Autologous stem cell transplantation 
ALT: Alanine aminotransferase 
AST: Aspartate aminotransferase 
CIV: Continuous intravenous infusion 
CT: Computerized axial tomography 
LVEF: Left ventricular ejection fraction 
PO BID: By mouth, 2 times a day 
RX: Therapy 
SGPT. Serum glutamic pyruvic transaminase 
ULN: Upper limit of normal 
Allo SCT: Allogenic stem cell transplantation 
ALP: Alkaline phosphatase 
ANC: Absolute neutrophil count 
Billi: bilirubin 
Cr and Creat: Creatinine 
Hgb: Haemoglobin 
PLT and plts: Platelet count 
RT: Radiotherapy 
SGOT: Serum glutamic-oxalacetic transferase 
Tx: Treatment 
WBC: White blood cell white blood count 

Prior Therapy 

1 prior tx: either 
gemcitabine or bryo. Taxol 

Must have PD after previous 
gemcitabine chemotX for 
metastatic pancreatic cancer 

Hormone-refractory; 
no prior chemotX; 
24 wks since prior XRT 

Trial Design 
Schedule 

75–125 mg/m/day 
21-day cycle 
SEQ ID NO: 1: 
CIV day 1–21 (dose 
TBD) 
5-FU: 
CIV day 1-21 
100–225 mg/m2/day 
28-day cycle 
SEQ ID NO: 1: 
CIV day 1-21 
85-185 mg/m/day 
Oxaliplatin: 
IV day 1 
130 mg/m/day 
Capecitabine: 
PO BID d1-14 
1000 mg/m/day 
Cycles repeat every 21 
days 
Schedule modified if 
significant toxicity in 
2/3 patients (a) dose 
level 1: 
SEQ ID NO: 1: 
CIV day 1-14 
85-185 mg/m/day 
Oxaliplatin and 
capecitabine: as 
above 
Cycles repeat every 21 
days 
SEQ ID NO: 1: 
CIV day 1-14 
111-185 mg/m2/day 
Mitoxantrone: 
IV every 3 weeks 
12 mg/m. 
Prednisone: 
PO BID 
5 mg 
Cycles repeat every 21 
days to 10 cycles or 
PD 
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0281 

Protocol 

2. (L6093) 

3. (L6104) 

4. (L6090) 

5. (L6108) 

6. (L6099) 
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TABLE 9 

NCI Approved Clinical Trial Protocols 

Objectives 

To evaluate the response rate 
and response duration 
To evaluate the toxicity 
To determine pharmacokinetic 
data 
To investigate potential markers 
of RNR inhibition and 
fluoropyrimidine metabolism. 

to determine the recommended 
Phase II dose 
To assess the objective tumour 
response rate 
To assess the toxicity, stable 
isease rate, time to disease 

progression, objective response 
uration and duration of stable 
isease. 
To investigate PK parameters 
To measure the baseline and 
post-treatment levels of RNR 
activity 
Primary 
To determine the toxicity 
profile and MTD 
Secondary 
To examine PK and PD 
To determine the effects on 
RNR R2 subunit mRNA and 
protein expression 
To examine the effects on 
apoptotic markers and cell cycle 
regulatory proteins and to 
analyze the serum biomarkers 
To determine the MTD 
To document therapeutic 
responses 
To evaluate PK 
To measure R2 mRNA 
To assess apoptosis in leukemic 
cells 
To measure RNR enzymatic 
activity 

Primary 
To establish maximum tolerated 
dose 
To describe the toxicities at 
each dose level studied. 
Secondary 
To evaluate the 

Drug Regimen 

SEQ ID NO: 1 (148–185 mg/m2/day) + Capecitabine 
(600–1000 mg/m2 bid for 14 
days). 
28 day treatment cycle. 
SEQ ID NO: 1 will be 
administered as a 21-day 
continuous IV infusion on days 
1-21 with a starting dose of 74 mg/m2/day. 
The starting dose of capecitabine 
will be 600 mg/m2 orally bid on 
days 8–21. 
Patients will have one week rest 
and then resume cycle two on 
day 29. 
SEQ ID NO: 1 (3–5 mg/kg/day) + Docetaxel 
(60–75 mg/m2 IV) 
SEQ ID NO: 1 continuous IV 
infusion day 1 to 14 every 21 
days 
Docetaxel IV day 3 in cycle 1, 
day 1 subsequent cycles, every 
21 days 

SEQ ID NO: 1 (100–185 mg/m2/day) + Gemcitabine 
(400–1000 mg/m2) 
In Cycle 1, the SEQ ID NO: 1 
CIV is given from day 2-16 
every 28 days. Only from cycle 
2 onwards, SEQ ID NO: 1 CIV is 
given from day 1-15 every 28 
days. 
For all cycles, gemcitabine is 
given weekly on days 1, 8, and 
15 every 28 days. 

Cohort 1 
SEQ ID NO: 1 (3.5–5 mg/kg/day) + Cytarabine 
(2000–3000 mg/m2 
q12 hours) 
SEQ ID NO: 1 will be 
administered by continuous IV 
infusion for a total of 168 days 
(days 1 to 7). 
Cytarabine will be administered 
IV over 2 hours every 12 hours 
for a total of 12 doses (day 2 to 
7) 
Cohort 2 
SEQ ID NO: 1 (3.5–5 mg/kg/day) + Cytarabine 
(1500–2000 mg/m2 
q12 hours) 
SEQ ID NO: 1 will be 
administered by continuous IV 
infusion for a total of 144 hours 
(days 1 to 6). 
Cytarabine will be administered 
IV over 4 hours every day for 5 
days (days 2 to 6) for a total of 5 
doses. 
SEQ ID NO: 1 (3–5 mg/kg/day) + Oxaliplatin 
(130 mg/m2) & 
Capecitabine (600–1200 mg/m2/ 
BID) 
The dose of Oxaliplatin will be 
fixed at 130 mg/m2 and 
administered IV over 2 hours on 
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Protocol 

7. (L6102) 
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TABLE 9-continued 

NCI Approved Clinical Trial Protocols 

Objectives 

pharmacokinetics of the 
combination therapies. 
To evaluate levels of 
ribonucleotide reductase - M2 
subunit (RR-M2) mRNA levels. 
To quantify changes in dCTIP 
levels in peripheral 
mononuclear cells as Surrogate 
marker of RR inhibition. 

Primary 
To establish the efficacy using 
PSA-response rate 
Secondary 
To estimate objective tumour 
response 
To estimate the median time to 
progression 
To investigate safety and 
tolerability 
To estimate the median of 
duration of PSA-response 
To measure baseline and post 
treatment levels of RNR 
activity 

Example 12 

Drug Regimen 

day 2 of a 21 day treatment 
cycles. After the first cycle, 
oxaliplatin will be given on day 
1. 
The starting dose of capecitabine 
will be 600 mg/m2 twice orally 
and will be given beginning on 
day 2 of the first cycle for 28 
doses and Subsequently on day 1 
after initiation of SEQ ID NO: 1. 
SEQ ID NO: 1 will be given as a 
continuous infusion through a 
central line over 14 days 
beginning on day 1 of treatment. 
SEQ ID NO: 1 + Docetaxel 
(Dose to be determined) 
SEQ ID NO: 1: Continuous IV 
infusion for 14 days of a 21-day 
cycle to start with a docetaxel 
bolus. 
Docetaxel: Administered IV 
every 21 days. For cycle 1 only 
administered on day 3. 
Prednisone: 5 mg po bid 
continuously 

Phase I Study Of SEQ ID NO:1 Given By 
Continuous Intravenous Infusion (CVI) in Patients 

with Advanced Cancer 

Eligibility Criteria 
0282. Histologically confirmed diagnosis of solid 
tumour or lymphoma for which no effective therapy is 
available 

0283 Measurable or evaluable disease 
0284 Age=18 y; KPS=70%; Informed consent 
0285 No other cancer treatment within 28 days prior 
to study (42 days for nitrosourea or mitomycin) 

0286 Adequate organ function: INR and aPTT WNL 
0287. No requirement for aspirin, NSAIDs or antico 
agulation 

0288 No pregnancy, lactation or bleeding diathesis 
Trial Design 
0289 Open label, single centre, dose escalation 
0290 First phase escalation: cohorts of 1-3 patients: 
dose doubling until Grade 2 toxicity or dose of 148 
mg/m is completed 

0291 Any toxicity equivalent to Grade 2 requires entry 
of 3 patients and Switch to second phase escalation 

0292 Second phase escalation: At least 3 patients/ 
cohort; dose escalation of 20-30% until DLT 

Oct. 26, 2006 

Treatment Plan 

0293 SEQ ID NO:1 administered as 21 day CVI in 
250 mL saline via CADD pump followed by one week 
rest 

0294 Starting dose: 18.5 mg/m (1/6 the dose produc 
ing minimal and reversible toxicity in monkeys) 

0295 Tumour re-assessment after every 2 cycles in 
absence of DLT or rapid tumour progression 

DLT Definition 

0296 Grade 4 ANC lasting=3 days or associated with 
fever 

0297 Grade 4 platelets or grade 3 platelets with grade 
1 or higher hemorrhage 

0298 Grade 3 or higher coagulopathy with grade 1 or 
higher hemorrhage 

0299 Nausea, vomiting or diarrhea=Grade 3 despite 
maximal Supportive care 

0300 Any other non-heme tox. =Grade 3 

0301 DLT based on cycle 1 events 
MTD Definition 

0302) The dose level at which at least one-third of the 
patients experience DLT 

0303 Recommended phase II dose is one level below 
MTD 
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Pharmacokinetic and Pharmacodynamic Sampling 

0304. On Day 1 a heparinized blood sample was col 
lected at baseline and then at 1, 2, 3, 4 and 6 hours after start 
of infusion. On Days 8 and 15, a single heparinized sample 
was taken. On Day 22 a heparinized blood sample was 
collected prior to the end of infusion and at 0.25, 0.5, 1, 2, 
4 and 6 hours following the end of infusion. Plasma was 
decanted and stored at -70° C. 

Patient characteristics 

No. of Patients 

Characteristic 

Patients enrolled 36 

Men 25 

Women 11 

Median Age, y (range) 60 (29–78) 
Karnovsky Performance Status (KPS) 

100 7 

90 12 

8O 13 

70 4 

Prior Therapy 

Chemotherapy Immunotherapy 36 
Chemotherapy and Radiation 10 
Diagnosis 

Kidney 15 
Colorectal 
Mesothelioma 

Pancreatic 

Unknown Primary 
Hepatoma 
Other 

Dose Level 

SEQ ID NO: 1 

(mg/m/day) 

18.5 

37 

74 

148 

18S 

222 

37 
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-continued 

Dose Levels 

SEQ ID NO: 1 No. of assessable 
(mg/m/day) patients No. of cycles 

18.5 2 5 
37 1 2 
74 1 2 
148 6 11 
18S 9 14 
222 7 16 

0305 This study was conducted to determine the dose 
limiting toxicity (DLT) and maximum tolerated dose (MTD) 
of SEQ ID NO:1 in patients with advanced malignancies. 
Pharmacokinetic parameters were assessed. SEQ ID NO:1 
was administered using a portable infusion pump in cycles 
of 21 days CVI followed by one week of rest. The starting 
dose was 18.5 mg/m/day, corresponding to 1/10 and 1/6 the 
dose that produced minimal toxicity in rodents and mon 
keys, respectively. Doses were doubled in cohorts of 1-3 
patients until the appearance of Gr 1 toxicity, with Subse 
quent escalation of 20-30% in cohorts of 3 patients. DLT 
was defined as Gr 4 neutropenia lasting 3 days or with fever; 
Gr 4 thrombocytopenia (T) or Gr 3 T with Gr 1 bleeding; or 
Gr3 non-hematologic toxicity. Thirty-six patients 25 males, 
median age: 60 (29–78), median KPS 90 (70-100); 15 renal 
cell, 9 colorectal cancer and 12 other received 49 cycles of 
therapy at doses ranging from 18.5 to 222 mg/m/day (6 
levels). Three DLTs were observed in 25 patients assessable 
for toxicity: Gr3 fatigue at 148 mg/m/day (1/6 patients), Gr 
4 transaminase elevation (2/6 patients) at 222 mg/m/day 
(MTD); other serious toxicities were: Gr 3 non-neutropenic 
infection (2 patients) and bowel obstruction (1 patient). 
Hematologic toxicity was mild; common (Gr 1-2) non 
hematologic toxicities were: fatigue (69%), anorexia (42%), 
and nausea (38%). Four patients had stable disease (SD) 
after 2 cycles. SEQ ID NO:1 was well tolerated by 11 
patients at the recommended phase II dose of 185 mg/m/ 
day. Preliminary analysis of the pharmacokinetic (PK) 
parameters suggests at of about 2 hrs and mean steady 
state plasma concentration of 0.6 ug/ml at the phase II dose. 
Results are summarised in Tables 10-12 (below) and FIGS. 
34A & B. 

TABLE 10 

Cycle 1 Toxicity 

No. of Patients with Grade of Toxicity 

No. of Anemia Fatigue Anorexia Neutropenia 

Patients 1 2 3 1 2 2 3 4 1 2 3 DLT 

2 

1 

1 

6 

9 

7 

2 2 
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0306 

TABLE 11 

Cycle 1 Toxicity 

Dose Level No. of Patients with Grade of Toxicity 

SEQ ID NO: 1 No. of Transaminases Bilirubin Rash Nausea 

(mg/m/day) Patients 2 3 4 2 3 4 1 2 3 1 2 DLT 

18.5 1 
37 1 
74 1 1 
148 6 1 
18S 9 3 
222 7 1 2: 1 1: 1 3 2 

*DLT 

0307 Methodology: 

TABLE 12 0313 Open-label, non-randomized 

0314. The Phase I portion escalated the dose of SEQ Ph ki - S ary armacokinetics - Sunn ID NO:1 in combination with a fixed dose of capecit 
Dose abine in order to develop the recommended dose for the 
Level Phase II portion. 
(mg/ Clearance 

d A hi? i i As : 0315 A Simon two-stage design was utilized for the 
- " " " " - Phase II portion with a target activity level of 25% and 

37 7.54 (141) 0.03 (141) 0.09 (141) NA 595 a lower activity level of 10% and scheduled first 
74 is cal) NA O sia) NA NA assessment after 18 patients are evaluable for efficacy 

(2) (1) (2) in the Phase II portion. 
148 426 (87) 0.77 (94) 2.2 (41) 0.79 (25) 244 (90) 

(8) (67) () ) . ) s ) g ) Objectives 
185 340 (67 O.63 (98) 2.15 (57 2.74 (171) SS8 (119 

(11) (11) (11) (7) (9) 0316 Primary: 
222 380 (94) 1.24 (87) 2.98 (99) 1.43 (46) 483 (161) 0317. To determine the recommended phase II dose of (11) (10) (11) (3) (9) 

SEQID NO:1 when given in combination with capecit 
*Reported values represent mean values for each parameter abine in this patient population 
**Number of samples available for analysis of the parameter 
N/A: Parameters not available due to missing samples or values below 0318) To determine the response rate of SEQ ID NO:1 
level of detection Coefficient of variation for each measured parameter plus capecitabine in this patient population. 

0319 Secondary: 
Example 13 0320 To assess the toxicity of SEQ ID NO:1 plus 

capecitabine in this patient population 
Phase I/II Study of SEQ ID NO:1 and Capecitabine 
Combination Therapy in Patients with Advanced or 

Metastatic Renal Cell Carcinoma 
0321) Pharmacokinetic: 
0322 To characterize the pharmacokinetic profile of 

Status: SEQ ID NO:1 and capecitabine in this patient popula 
t1On 

0308 Of 31 patients entered in the study to date, 29 
patients received study drug (SEQID NO:1), 2 patients 
were withdrawn prior to receiving study drug. 0323 SEQ ID NO:1-148 mg/m/day (N=5 patients 

dosed) combined with capecitabine 1,660 or 1,250 or 
850 mg/m/day (and dose reduction of capecitabine to 
1,250 or 850 mg/m, if necessary) 

Dose Regimens Studied 

0309. One patient is ongoing on study treatment. 

Population Studied: 
0324 SEQID NO:1-185 mg/m/day (N=28) combined 
with capecitabine 1,660 mg/m/day (and dose reduc 

Enrolment Status: tion of capecitabine to 1,250 or 850 mg/m, if neces 
sary) 

0325 Note: 2 patients increased dose of SEQID NO:1 
0312 Phase II: (N=20) and 4 patients decreased dose of capecitabine 

0310 Advanced or metastatic renal cell carcinoma. 

0311 Phase I dose escalation (N=9) 
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0326 Route of Administration: 
0327 SEQID NO:1—continuous intravenous infusion 
for the first 21 days in each 28 day cycle 

0328 Capecitabine given orally in two divided doses 
daily for the first 21 days in each 28 day cycle 

0329 Study medication was given as second, third, or 
fourth line therapy, and, for patients for whom standard 
therapy is not suitable, as first line therapy. 
Recommended Phase II Dose Determination 

0330 SEQ ID NO:1 mg/m/day combined with 
capecitabine 1,660 mg/m/day was identified as the 
safe combination dose for Phase II based on Phase I 
safety data in 9 patients including 6 at this recom 
mended Phase II dose. 

Interim Evaluation Status 

0331 Preliminary evaluability assessment was per 
formed to determine whether sufficient data were available 
for the scheduled efficacy assessment required per protocol. 
0332 Taking Phase I and Phase II together, data have 
been collected to date on 21 patients evaluable for tumour 
assessment on combination SEQID NO:1 and capecitabine 
of 29 evaluable for drug safety/toxicity. One patient is still 
ongoing after more than 8 months of therapy. 
0333) The majority of patients had failed two or more 
prior therapies before entering the study, exhibited extensive 
metastases and were representative of a population with very 
poor prognostic outcome in renal cell cancer. Treatment has 
been well tolerated with few treatment-related toxicities 
other than those already known to occur with these drugs 
with acceptable frequency. 
0334 Preliminary unaudited data showed that more than 
half of the 21 patients with evaluable tumour assessments 
exhibited disease stabilization (10 patients) or partial 
response (1 patient) with stable disease duration ranging up 
to more than eight months. Persistent tumour shrinkages of 
index tumours compared to baseline measurements were 
observed in two patients who to date have had up to 23% and 
40% reductions respectively in tumour Sum longest diam 
eters. A full assessment of tumour responses will be done 
only following completion of the patient accrual required for 
evaluation of the Phase II efficacy data, which is the primary 
efficacy assessment specified in protocol. 
Adverse Events and Safety 
Adverse Events 

0335 All adverse events for this study are subjected to a 
translation procedure using the MedDRA dictionary. All of 
the treated patients have experienced at least one adverse 
event. Adverse events occurred most frequently in the fol 
lowing classes: gastrointestinal disorders; general disorders 
and administration site conditions; metabolism and nutrition 
disorders; blood and lymphatic system disorders; nervous 
system disorders; skin and Subcutaneous tissue disorders; 
musculoskeletal and connective tissue disorders; respiratory, 
thoracic and mediastinal disorders; infections and infesta 
tions; investigations; and psychiatric disorders. Adverse 
events in other classes were experienced by less than 25% of 
the patients. 

39 
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Serious Adverse Events 

0336 To date, serious adverse events have been reported 
for 13 patients enrolled this study. The events were consid 
ered to be unrelated or unlikely to be related to protocol 
therapy for 6 patients, and possibly, probably or definitely 
related for 7 patients. 
Reason for Completion/Withdrawal Phase I 
0337 The nine patients enrolled in the Phase I compo 
nent were removed from the study. Eight patients were 
removed as a result of progressive disease and one patient 
refused further treatment after seven cycles. One patient 
received only one cycle of protocol therapy before removal 
from the study due to progressive disease. Three patients 
received two cycles of protocol therapy. Five patients went 
on to receive more than two cycles: one patient received 
three cycles, two patients received four cycles, and three 
patients received seven cycles of treatment. Two patients 
required dose reductions in study therapy. No other Phase I 
patients required dose reductions in study therapy. 
Reason for Completion/Withdrawal Phase I 
0338 Nineteen patients enrolled and treated in the Phase 
II component were removed from the study to date. Ten 
patients were removed as a result of progressive disease, six 
patients were removed because of patient refusal on request, 
two patients were removed due to serious adverse events and 
one patient died while on-study. One patient remains on 
study. 

0339 Ten patients discontinued treatment after two 
cycles. Two patients received four cycles of study treatment 
before removal from the study due to progressive disease. 
One patient received four cycles of study treatment before 
removal from the study due to SAEs (Grade 3 catheter 
related infection, Grade 3 platelet transfusion and Grade 4 
cardiovascular pulmonary embolism, all possibly related to 
study therapy). One patient went off-study after two cycles 
due to progressive disease, and one patient discontinued 
after six cycles with progressive disease. Three patients 
received one cycle of study therapy before going off-study. 
One patient was taken off study due to a Grade 3 thrombotic 
event which required anticoagulation, and was considered 
inevaluable for efficacy. One patient was taken off study due 
to the development of neurologic symptoms requiring radia 
tion therapy and one patient died on-study of respiratory 
failure secondary to pulmonary metastases from renal cell 
carcinoma, accompanied by acute renal failure secondary to 
renal cell carcinoma. One additional patient remains on 
study and is receiving treatment. The patient has received 
seven cycles of therapy and has begun Cycle 8. One patient 
required a 25% reduction in the dose of capecitabine due to 
elevations in ALT and AST. 

0340. The disclosure of all patents, publications, includ 
ing published patent applications, and database entries ref 
erenced in this specification are specifically incorporated by 
reference in their entirety to the same extent as if each such 
individual patent, publication, and database entry were spe 
cifically and individually indicated to be incorporated by 
reference. 

0341 The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all Such modifications 
as would be obvious to one skilled in the art are intended to 
be included within the scope of the following claims. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 5 

<210> SEQ ID NO 1 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antisense oligonucleotide 

<400 SEQUENCE: 1 

ggctaaatcg citccaccalag 

<210> SEQ ID NO 2 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: antisense oligonucleotide 

<400 SEQUENCE: 2 

ggctaaactc gtccaccalag 

<210> SEQ ID NO 3 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: antisense oligonucleotide 

<400 SEQUENCE: 3 

acgcactcag citagtgacac 

<210> SEQ ID NO 4 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: antisense oligonucleotide 
&220s FEATURE 

<221 NAME/KEY: misc feature 
<222> LOCATION: (9) . . . (9) 
<223> OTHER INFORMATION: "c" is methylated 

<400 SEQUENCE: 4 

ggctaaatcg citccaccalag 

<210 SEQ ID NO 5 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: antisense oligonucleotide 
&220s FEATURE 

<221 NAME/KEY: misc feature 
<222> LOCATION: (11) . . . (11) 
<223> OTHER INFORMATION: "c" is methylated 

<400 SEQUENCE: 5 

ggctaaatcg citccaccalag 

20 

20 

20 

20 

20 
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1.-56. (canceled) 
57. A method of treating renal cancer in a human com 

prising administering to said human an effective amount of 
an antisense oligonucleotide of between 7 and 100 nucle 
otides in length comprising at least 7 consecutive nucle 
otides from SEQ ID NO:1. 

58. The method according to claim 57, wherein said 
antisense oligonucleotide is between 7 and 50 nucleotides in 
length. 

59. The method according to claim 57, wherein said 
antisense oligonucleotide is between about 15 and 25 nucle 
otides in length. 

60. The method according to claim 57, wherein said 
antisense oligonucleotide is between about 20 and 100 
nucleotides in length. 

61. The method according to claim 57, wherein said 
antisense oligonucleotide comprises a sequence as set forth 
in SEQ ID NO:1. 

62. The method according to claim 57, wherein said 
antisense oligonucleotide consists of a sequence as set forth 
in SEQ ID NO:1. 

63. The method according to claim 57, wherein said renal 
cancer is advanced renal cancer. 

64. The method according to claim 57, wherein said renal 
cancer is metastatic renal cancer. 

65. The method according to claim 57, wherein said renal 
cancer is drug resistant renal cancer. 

66. The method according to claim 57, wherein said renal 
cancer is recurrent renal cancer. 

67. The method according to claim 57, wherein said renal 
cancer is renal cell carcinoma. 

68. The method according to claim 57, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of between about 18.5 mg/m/day and about 222 
mg/m/day. 

69. The method according to claim 57, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of between about 74 mg/m·day and about 185 mg/m/ 
day. 

70. The method according to claim 57, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of about 148 mg/m/day. 

71. The method according to claim 57, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of about 185 mg/m/day. 

72. The method according to claim 57, wherein said 
antisense oligonucleotide is administered systemically. 

73. The method according to claim 57, wherein said 
antisense oligonucleotide is administered intravenously. 

74. The method according to claim 57, wherein said 
antisense oligonucleotide is a modified or Substituted oligo 
nucleotide. 

75. The antisense oligonucleotide according to claim 57. 
wherein said antisense oligonucleotide is a phosphorothio 
ated oligonucleotide. 

76. A method of treating renal cancer in a human com 
prising administering to said human an effective amount of 
an antisense oligonucleotide of between 7 and 100 nucle 
otides in length comprising at least 7 consecutive nucle 
otides from SEQID NO:1 in combination with one or more 
chemotherapeutic agents. 

77. The method according to claim 76, wherein said 
antisense oligonucleotide is between 7 and 50 nucleotides in 
length. 
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78. The method according to claim 76, wherein said 
antisense oligonucleotide is between about 15 and 25 nucle 
otides in length. 

79. The method according to claim 76, wherein said 
antisense oligonucleotide is between about 20 and 100 
nucleotides in length. 

80. The method according to claim 76, wherein said 
antisense oligonucleotide comprises a sequence as set forth 
in SEQ ID NO:1. 

81. The method according to claim 76, wherein said 
antisense oligonucleotide consists of a sequence as set forth 
in SEQ ID NO:1. 

82. The method according to claim 76, wherein said renal 
cancer is advanced renal cancer. 

83. The method according to claim 76, wherein said renal 
cancer is metastatic renal cancer. 

84. The method according to claim 76, wherein said renal 
cancer is drug resistant renal cancer. 

85. The method according to claim 76, wherein said renal 
cancer is recurrent renal cancer. 

86. The method according to claim 76, wherein said renal 
cancer is renal cell carcinoma. 

87. The method according to claim 76, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of between about 18.5 mg/m/day and about 222 
mg/m/day. 

88. The method according to claim 76, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of between about 74 mg/m/day and about 185 mg/m/ 
day. 

89. The method according to claim 76, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of about 148 mg/m/day. 

90. The method according to claim 76, wherein said 
antisense oligonucleotide is administered to said human at a 
dose of about 185 mg/m/day. 

91. The method according to claim 76, wherein said 
antisense oligonucleotide is administered systemically. 

92. The method according to claim 76, wherein said 
antisense oligonucleotide is administered intravenously. 

93. The method according to claim 76, wherein said one 
or more chemotherapeutic agents is selected from the group 
consisting of capecitabine, 5-fluorouracil, vinblastine, gem 
citabine, interleukin-2, and a combination thereof. 

94. The method according to claim 76, wherein said one 
or more chemotherapeutic agents is capecitabine. 

95. The method according to claim 94, wherein said 
capecitabine is administered to said human at a dose of 
between about 500 mg/m/day and about 2000 mg/m/day. 

96. The method according to claim 94, wherein said 
capecitabine is administered to said human at a dose of 
between about 850 mg/m/day and about 1700 mg/m/day. 

97. The method according to claim 94, wherein said 
capecitabine is administered to said human at a dose of about 
850 mg/m/day. 

98. The method according to claim 94, wherein said 
capecitabine is administered to said human at a dose of about 
1250 mg/m/day. 

99. The method according to claim 94, wherein said 
capecitabine is administered to said human at a dose of about 
1660 mg/m/day. 

100. The method according to claim 94, wherein said 
capecitabine is administered orally. 
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101. The method according to claim 76, wherein said 
antisense oligonucleotide is a modified or Substituted oligo 
nucleotide. 

102. The method according to claim 76, wherein said 
antisense oligonucleotide is a phosphorothioated oligonucle 
otide. 

103. A method of treating renal cell carcinoma in a human 
comprising administering to said human an effective amount 
of an antisense oligonucleotide consisting of SEQID NO: 1 
in combination with capecitabine, wherein said antisense 
oligonucleotide is administered intravenously to said human 
at a dose of about 185 mg/m/day and said capecitabine is 
administered orally to said human at a dose of about 1660 
mg/m/day. 

104. A pharmaceutical composition for the treatment of 
renal cancer in a human comprising a pharmaceutically 
acceptable carrier and an antisense oligonucleotide of 
between 7 and 100 nucleotides in length comprising at least 
7 consecutive nucleotides from SEQID NO:1, wherein said 
pharmaceutical composition is formulated to provide a dose 
of between about 18.5 mg/m/day and about 222 mg/m/day 
of said antisense oligonucleotide to said human. 

105. The pharmaceutical composition according to claim 
104, wherein said pharmaceutical composition is formulated 
to provide a dose of between about 74 mg/m/day and about 
185 mg/m/day of said antisense oligonucleotide to said 
human. 

106. The pharmaceutical composition according to claim 
104, wherein said pharmaceutical composition is formulated 
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to provide a dose of about 148 mg/m/day of said antisense 
oligonucleotide to said human. 

107. The pharmaceutical composition according to claim 
104, wherein said pharmaceutical composition is formulated 
to provide a dose of about 185 mg/m/day of said antisense 
oligonucleotide to said human. 

108. The pharmaceutical composition according to claim 
104, wherein said pharmaceutical composition is formulated 
for intravenous administration. 

109. The pharmaceutical composition according to claim 
104, wherein said antisense oligonucleotide is between 7 
and 50 nucleotides in length. 

110. The pharmaceutical composition according to claim 
104, wherein said antisense oligonucleotide is between 
about 15 and 25 nucleotides in length. 

111. The pharmaceutical composition according to claim 
104, wherein said antisense oligonucleotide is between 
about 20 and 100 nucleotides in length. 

112. The pharmaceutical composition according to claim 
104, wherein said antisense oligonucleotide comprises a 
sequence as set forth in SEQ ID NO:1. 

113. The pharmaceutical composition according to claim 
104, wherein said antisense oligonucleotide consists of a 
sequence as set forth in SEQ ID NO:1. 


