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(57) ABSTRACT 

Described are methods for treating hyperproliferative dis 
orders, including cancers, by administering to the affected 
mammal (e.g., human) an effective amount of a composition 
comprising one or more oligonucleotides which share at 
least 33% but less than 100% nucleotide sequence identity 
with the human telomere overhang repeat. Methods of 
treatment or prevention of hyperproliferative diseases or 
pre-cancerous conditions affecting epithelial cells, Such as 
pSoriasis, atopic dermatitis, or hyperproliferative diseases of 
other epithelia and methods for reducing photoaging, or 
oxidative StreSS or for prophylaxis against or reduction in the 
likelihood of the development of Skin cancer, are also 
disclosed. The compositions and methods are also useful to 
treating other cancers. 
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METHOD TO INHIBIT CELL GROWTH USING 
OLIGONUCLEOTIDES 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of appli 
cation Ser. No. 10/122,630 filed Apr. 12, 2002, which is a 
continuation-in-part of International Application No. PCT/ 
US01/10162, which designated the United States and was 
filed on Mar. 30, 2001, published in English, which is a 
continuation-in-part of application Ser. No. 09/540,843 filed 
Mar. 31, 2000, which is a continuation-in-part of application 
Ser. No. 09/048,927 filed Mar. 26, 1998, now U.S. Pat. No. 
6,147,056, which is a continuation-in-part of the U.S. 
National stage of International Application No. PCT/US96/ 
08386 filed Jun. 3, 1996, published in English, U.S. appli 
cation Ser. No. 08/952,697, now abandoned, which is a 
continuation-in-part of application Ser. No. 08/467,012 filed 
Jun. 6, 1995, now U.S. Pat. No. 5,955,059. The entire 
teachings of the above applications and issued patents are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Mammalian cells have a complex response to DNA 
damage, as well as a tightly regulated program of replicative 
Senescence, all Suggested to be fundamental defenses 
against cancer Campisi, J. (1996). Cell 84, 497-500). In 
mammals, cell Senescence is precipitated by critical short 
ening of telomeres, tandem repeats of the DNA sequence 
TTAGGG that cap the ends of chromosomes Greider, C. W. 
(1996) Annu Rev. Biochem 65,337-365 and become shorter 
with each round of DNA replication. In germline cells and 
most cancer cells, immortality is associated with mainte 
nance of telomere length by telomerase, an enzyme complex 
that adds TTAGGG repeats dues to the 3' terminus at the 
chromosome ends Feng, J., et al. Science 269, 1236-1241; 
Harrington, L., et al., (1997) Science 275,973-977; Naka 
mura, T. M., et al., (1997) Science 277, 955-957). The 
catalytic Subunit of telomerase is generally not expressed in 
normal somatic cells Greider, C. W. (1996) Annu Rev 
Biochem 65, 337-365), and after multiple rounds of cell 
division critically shortened telomeres trigger either repli 
cative Senescence or death by apoptosis, largely dependent 
on cell type de Lange, T. (1998) Science 279, 334-335), 
although the detailed mechanism is unknown. The mecha 
nism by which telomeres participate in DNA damage 
responses has been leSS clear. 
0003. The frequency of cancer in humans has increased 
in the developed world as the population has aged. Mela 
noma and other skin cancers have increased greatly among 
aging populations with Significant accumulated exposure to 
Sunlight. For Some types of cancers and Stages of disease at 
diagnosis, morbidity and mortality rates have not improved 
Significantly in recent years in Spite of extensive research. 
Cancers are currently often treated with highly toxic thera 
pies. Alternative therapies are needed that could take advan 
tage of the natural mechanisms of the cells to repair envi 
ronmental damage. 

SUMMARY OF THE INVENTION 

0004. The present invention is directed to a composition 
comprising an oligonucleotide (T-oligo) having between 2 
and 200 bases and having at least 33% but less than 100% 
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identity with the sequence (TTAGGG), where n=1 or greater 
and when Said oligonucleotide comprises the Sequence 
RRRGGG (R=any nucleotide) has a guanine content of 50% 
or less, Said oligonucleotide optionally comprising an 5' 
phosphate. 

0005 Preferred embodiments of the present invention 
comprise one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, GGT, TTAG, TAG, AGGG, 
GGTT, GTTA, TTAGGG, TAGGG, GGTTA, GTTAG, 
GGGTT, and GGGGTT. 

0006 Instill another preferred embodiment of the present 
invention, the composition is between about 40% and 90% 
identical to (TTAGGG). In another preferred embodiment, 
the compositions further comprise between about 2 and 20 
oligonucleotides or between 50 and 11 nucleotides. 
0007 Among the most preferred embodiments of the 
present invention is an oligonucleotide having a Sequence 
Selected from the group consisting of: 

GGTTAGGGTGTAGGTTT; (SEQ ID NO: 28) 

GGTTGGTTGGTTGGTT; (SEQ ID NO : 29) 

GGTGGTGGTGGTGGT; (SEQ ID NO:30) 

GGAGGAGGAGGAGGA; (SEQ ID NO:31) 

GGTGTGGTGTGGTGT; (SEQ ID NO:32) 

TAGTGTTAGGTGTAG; (SEQ ID NO:34) 

GAGTATGAG; AGTATGA; GTTAGGGTTAG; (SEQ ID NO: 2) 

GGTAGGTGTAGGATT; (SEQ ID NO : 10) 

GGTAGGTGTAGGTTA; (SEQ ID NO:11) 

GGTTAGGTGTAGGTT; (SEQ ID NO:12) 

GGTTAGGTGGAGGTTT; (SEQ ID NO : 13) 

GGTTAGGTTAGGTTA; (SEQ ID NO:14) 

GGTTAGGTGTAGGTTT; (SEQ ID NO:15) 

GTTAGGTTTAAGGTT; (SEQ ID NO:19) 
and 

GTTAGGGTTAGGGTT (SEQ ID NO: 22) 

0008 Another aspect of the invention encompasses the 
treatment of hyperproliferative disorders comprising admin 
istering to a human a composition comprising an oligonucle 
otide having between 2 and 200 bases, and having at least 
33% but less than 100% identity with the sequence 
(TTAGGG), where n=1 or greater, and when said oligo 
nucleotide comprises the sequence RRRGGG (R=any nucle 
otide) has a guanine content of 50% or less, the oligonucle 
otide optionally comprising a 5" phosphate and optionally 
lackS cytosine. 

0009. Another aspect of the present invention is a method 
promoting differentiation of malignant cells in a mammal, 
the method comprising administering to the mammal an 
effective amount of a composition comprising an oligo 
nucleotide therebetween 2 and 200 bases and having at least 
33% but less than 100% identity with the sequence 
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(TTAGGG), and when said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less, Said oligonucleotide optionally 
comprising a 5" phosphate and wherein Said oligonucleotide 
optionally lacks cytosine. 

0010) The method is further directed to a method for 
inducing apoptosis in cancer cells in a human, the method 
comprising administering to the human an effective amount 
of a composition and comprising an oligonucleotide having 
between 2 and 200 bases and having at least 33% but less 
than 100% identity with the sequence (TTAGGG), where 
n=1 or greater and when Said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide has a guanine 
content of 50% or less, and wherein said oligonucleotide 
optionally lacks cytosine. 

0.011 Still another aspect of the present invention is a 
method for inhibiting the growth of cancer cells in a human, 
the method being independent of the presence or activity of 
telomerase in the cancer cells, the method comprising the 
Step of administering to a human in an effective amount of 
a composition and comprising an oligonucleotide having 
between 2 and 200 bases and having at least 33% but less 
than 100% identity with the sequence (TTAGGG), when 
Said oligonucleotide comprises the Sequence RRRGGG 
(R=any oligonucleotide has a guanine content of 50% or 
leSS. 

0012 Astill further aspect of the invention is a method to 
inhibit the growth of cancer cells in a human. The method 
not requiring the presence or activity of p53 gene product in 
cancer cells, the method comprising administering a com 
position comprising an oligonucleotide having between 2 
and 200 bases and having at least 33% but less than 100% 
identity with the sequence (TTAGGG), where n=1 or 
greater and when Said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less. 

0013 A still further aspect of the present invention is a 
method to inhibit the growth of cancer cells in a human, the 
method resulting in an S-phase arrest in Said cells, the 
method comprising administering to the human an effective 
amount of a composition and comprising an oligonucleotide 
having between 2 and 200 bases and having at least 33% but 
less than 100% identity with the sequence (TTAGGG), 
where n=1 or greater and when said oligonucleotide com 
prises the sequence RRRGGG (R=any oligonucleotide) has 
a guanine content of 50% or leSS. 

0.014. The invention is also directed to a method for 
preventing Spongiosis, blistering, or dyskeratosis in the skin 
of a mammal following exposure to ultraViolet light, the 
method comprising apply to the skin an effective amount of 
a composition comprising an oligonucleotide having 
between 2 and 200 bases and having at least 33% but less 
than 100% identity with the sequence (TTAGGG), where 
n=1 or greater and when Said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less. 

0.015 Also encompassed by the invention is a method for 
reducing the occurrences of Skin cancer in a human, the 
method comprising applying to the skin an effective amount 
of a composition comprising an oligonucleotide having 
between 2 and 200 bases and having at least 33% but less 
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than 100% identity with the sequence (TTAGGG), where 
n=1 or greater and when Said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less. 

0016. Another embodiment of the present invention is 
directed to methods to reduce the occurrence of skin cancer 
in a human with Xeroderma pigmentosum or other geneti 
cally determined cancer predisposition, the method com 
prising applying to the skin, an effective amount of a 
composition comprising an oligonucleotide having between 
2 and 200 bases and having at least 33% but less than 100% 
identity with the sequence (TTAGGG), where n=1 or 
greater and cytosine and when Said oligonucleotide com 
prises the sequence RRRGGG (R=any oligonucleotide) has 
a guanine content of 50% or less. 
0017 Also included in the present invention is a method 
for enhancing repair of ultraViolet irradiation induced dam 
age to skin in a human in which the method includes 
applying to the skin an effective amount of a composition 
comprising an oligonucleotide having between 2 and 200 
bases and having at least 33% but less than 100% identity 
with the sequence (TTAGGG), where n=1 or greater and 
when Said oligonucleotide comprises the Sequence 
RRRGGG (R=any oligonucleotide) has a guanine content of 
50% or less. 

0018. The invention is also directed to a method for 
reducing oxidative damage in a mammal. The method 
comprising administering to the mammal an effective 
amount of a composition comprising an oligonucleotide 
having between 2 and 200 bases and having at least 33% but 
less than 100% identity with the sequence (TTAGGG), 
where n=1 or greater and when said oligonucleotide com 
prises the sequence RRRGGG (R=any oligonucleotide) has 
a guanine content of 50% or less. 

0019. The present invention is also directed to a method 
for reducing proliferation of keratinocytes in the skin of a 
human. The method complying applying to the skin a 
composition comprising an oligonucleotide having between 
2 and 200 bases and having at least 33% but less than 100% 
identity with the sequence (TTAGGG), where n=1 or 
greater and when Said oligonucleotide comprises the 
Sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less. 

0020 Still another embodiment comprises increasing 
DNA repair in cells and preferably in epithelial cells com 
prising contacting the epithelial cells with an effective 
amount of a composition comprising an oligonucleotide 
having between 2 and 200 bases and having at least 33% but 
less than 100% identity with the sequence (TTAGGG), 
where n=1 or greater and when said oligonucleotide com 
prises the sequence RRRGGG (R=any oligonucleotide) has 
a guanine content of 50% or less. 
0021. Other oligonucleotides useful in the practice of any 
of the methods of the present invention are known as 
G-quadruplex DNAS, or alternatively G-tetraplex DNAS. 
Preferred G-quadruplex DNAS useful in the methods of the 
present invention comprise from about 3 nucleotides to 
about 200 nucleotides. Preferably the G-quadruplex DNA or 
RNA is at least 33% identical to (TTAGGG), where n=1 or 
greater and preferably is less than 100% identical to 
(TTAGGG), where n=1 or greater. More preferably, the 
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G-quadruplex DNA is between 40% and 60% identical to 
(TTAGGG), Preferably, the G-quadruplex DNA lacks 
cytosine. Preferably, when the G-quadruplex DNA com 
prises the sequence RRRGGG (R=any nucleotide), it has a 
guanine content of less than 50% and wherein Said G-qua 
druplex DNA optionally comprises cytosine and preferably 
the G-quadruplex DNA has a 5' and/or 3' single strand. 
0022. A further method, useful in the treatment of can 
cers, is a method for enhancing the expression of one or 
more Surface antigens indicative of differentiation of cancer 
cells in a human, the method comprising administering to 
the human an effective amount of an oligonucleotide of the 
present invention. The cells in this method can be, for 
example, melanoma, and the antigen can be, for example, 
MART-1, tyrosinase, TRP-1 or gp-100. The cells can, for 
example, be breast cancer cells and the antigen can be 
estrogen receptor C. Further, the invention is a method for 
inducing apoptosis in cancer cells in a human, Said method 
comprising administering to the human an effective amount 
of a composition comprising one or more oligonucleotides 
which share at least 50% nucleotide sequence identity with 
the human telomere overhang repeat. This method can be 
applied, for example, to melanoma or to any other malig 
nancy. 

0023 Thus, another method of the invention is a method 
for inducing Senescence in cancer cells in a mammal (e.g., 
a human), the method comprising administering to the 
mammal an effective amount of a composition comprising 
one or more oligonucleotides encompassed by the present 
invention. 

0024. Also a part of the invention is a method for 
inhibiting the growth of cancer cells in a human, the method 
being independent of the presence or activity of telomerase 
in the cancer cells, in which the method includes the Step of 
administering to the human an effective amount of a com 
position comprising one or more oligonucleotides encom 
passed by the present invention. 
0.025 A further aspect of the invention is a method to 
inhibit the growth of cancer cells in a human, the method not 
requiring the presence or activity of p53 gene product in the 
cancer cells, the method comprising administering to the 
human an effective amount of a composition comprising one 
or more oligonucleotides as described above. 
0026. A further aspect of the invention is a method to 
inhibit the growth of cancer cells in a human, the method 
resulting in S-phase arrest in Said cells, the method com 
prising administering to the human an effective amount of a 
composition comprising one or more oligonucleotides. The 
oligonucleotide to be used can be various lengths, but in one 
embodiment the oligonucleotide can be less than 6 nucle 
otides long. 
0027. The present invention is also directed to a method 
for preventing Spongiosis, blistering or dyskeratosis in the 
skin of a mammal, following exposure to ultraViolet light, 
the method comprising applying to the skin an effective 
amount of a composition comprising one or more oligo 
nucleotides. 

0028 Still another aspect of the invention is a method for 
reducing the occurrence of skin cancer in a human, the 
method comprising applying to the skin an effective amount 
of a composition comprising one or more oligonucleotides. 
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0029. In another aspect of the methods of the present 
invention to reduce the occurrence of skin cancer in a human 
is a method for reducing the occurrence of skin cancer in a 
human with Xeroderma pigmentosum, or other genetically 
determined cancer predisposition, the method comprising 
applying to the skin an effective amount of a composition 
comprising one or more oligonucleotides according to the 
present invention. 
0030 Also included in the invention is a method for 
enhancing repair of ultraViolet irradiation-induced damage 
to skin in a human, in which the method includes applying 
to the skin an effective amount of a composition comprising 
one or more oligonucleotides of the present invention. 
0031. Also included as an aspect of the invention is a 
method for reducing oxidative damage in a mammal, the 
method comprising administering to the mammal an effec 
tive amount of a composition comprising one or more 
oligonucleotides of the present invention. 
0032. It is also an object of the invention to provide a 
method for treating melanoma in a mammal, comprising 
administering to the mammal an effective amount of a 
composition comprising one or more oligonucleotides of the 
present invention. Various combinations of these oligonucle 
otides can also be used in the method. 

0033. It is also an object of the invention to provide a 
method for reducing proliferation of keratinocytes in the 
skin of a human, the method comprising applying to the skin 
an effective amount of a composition comprising one or 
more oligonucleotides according to the present invention. In 
particular applications of the method, the human to be 
treated has Seborrheic keratosis, actinic keratosis, Bowen's 
disease, Squamous cell carcinoma, or basal cell carcinoma. 
Another embodiment comprises increasing DNA repair in 
epithelial cells, comprising contacting Said cells with an 
effective amount of a composition comprising at least one 
oligonucleotide, and a contiguous portion of any of the 
foregoing Sequences. Preferred oligonucleotides for use in 
the methods of the present invention include but are not 
limited to SEQ ID NO:1, SEQID NO:2, SEQID NO:3, SEQ 
ID NO:4, SEQID NO:5, SEQID NO:6, SEQ ID NO:7, SEQ 
ID NO:8, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, 
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID 
NO:17, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, 
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID 
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, 
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID 
NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, 
SEQ ID NO:36, and a fragment of any of the foregoing 
Sequences, preferably including from about two nucleotides, 
more preferably 3 or more contiguous nucleotides of the full 
length oligonucleotide. 
0034. Also included in the invention are truncated ver 
sions of the above oligonucleotides identified above. The 
oligonucleotides of the present invention may be truncated 
by one or more nucleotides on the 5' end, the 3' end, or both 
the 5' end and the 3' end, So long as at least two contiguous 
nucleotides of the untruncated oligonucleotide remain. Pref 
erably the truncated oligonucleotides have 10, 9, 8, 7, 6, 5, 
4, 3 or 2 contiguous nucleotides found in the untruncated 
nucleotides. 

0035 Also a part of the invention are compositions 
comprising one or more oligonucleotides in a physiologi 
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cally acceptable carrier, wherein the oligonucleotide com 
prises base sequence SEQ ID NO:1, SEQ ID NO:2, SEQ ID 
NO:3, SEQID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQID 
NO:7, SEQID NO:8, SEQ ID NO:11, SEQ ID NO:12, SEQ 
ID NO:13, SEQID NO:14, SEQID NO:15, SEQID NO:16, 
SEQ ID NO:17. Further, the invention can be a composition 
comprising one or more oligonucleotides in a physiologi 
cally acceptable carrier, wherein the oligonucleotide con 
sists of base sequence SEQ ID NO:1, SEQ ID NO:2, SEQ 
ID NO:3, SEQID NO:4, SEQID NO:5, SEQ ID NO:6, SEQ 
ID NO:7, SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:12, 
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID 
NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20, 
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID 
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, 
SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID 
NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, 
SEQ ID NO:35, or SEQ ID NO:36. 
0.036 Preferred for applications in which it is desired to 
inhibit cell proliferation or to induce apoptosis are oligo 
nucleotides comprising SEQ ID NO:1, SEQ ID NO:2, SEQ 
ID NO:3, SEQID NO:4, SEQID NO:5, SEQ ID NO:6, SEQ 
ID NO:7, SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:12, 
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID 
NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20, 
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID 
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, 
SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID 
NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, 
SEQ ID NO:35, or SEQ ID NO:36. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1-Induction of apoptosis in MM-AN cells 
by a 16 mer and 20 mer oligonucleotide. 
0038 FIG. 2-Induction of apoptosis in MM-AN cells 
by various oligonucleotides. 
0039 FIG. 3–Induction of phosphorylation of H2AX 
by various oligonucleotides. 
0040 FIG. 4-Induction of phosphorylation of H2AX in 
normal mammary epithelial cells and MCF-7 breast tumor 
cells. 

0041 FIG. 5-Induction of phosphorylation of p53 in 
normal mammary epithelial cells and MCF-7 breast tumor 
cells 

0.042 FIG. 6-Effect of oligonucleotides on growth of 
normal mammary epithelial cells. 
0.043 FIG. 7-Effect of oligonucleotides on growth of 
MCF-7 breast tumor cells. 

0044 FIG. 8-Effect of oligonucleotides on growth of 
BT20 breast tumor cells. 

004.5 FIG. 9-Effect of oligonucleotides on survival of 
mice injected with MCF-7 breast cancer cells. 
0.046 FIG. 10-Effect of intratumoral injection oligo 
nucleotides on Squamous cell carcinoma in mice. 
0047 FIG. 11-Effect of oligonucleotides on MM-AN 
melanoma in SCID mice. 

0.048 FIG. 12-Effect of oligonucleotides on weight loss 
in SCID mice with melanoma. 
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0049 FIG. 13-Effect of oligonucleotides on average 
tumor volume in SCID mice with MM-AN melanoma. 

0050 FIG. 14-Effect of oligonucleotides on average 
metastasis number in SCID mice with MM-AN melanoma. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0051. The present invention is based on the discovery 
that treatment of cells with oligonucleotides having at least 
33% but less than 100% identity with the sequence 
(TTAGGG), can elicit a variety of responses including inhi 
bition of cell proliferation, apoptosis, induction of DNA 
repair a protective response to exposure to U.V.-irradiation, 
other ionizing radiation or carcinogenic chemicals and other 
results. 

0052 More specifically, the invention pertains to the use 
of Such oligonucleotides a similar compounds, for the inhi 
bition of cell proliferation the induction of Senesence, or 
induction of apoptosis or induction of DNA repair. AS used 
herein, inhibition of cell proliferation includes complete 
abrogation of cell division, partial inhibition of cell division 
and transient inhibition of cell division as measured by 
Standard tests in the art and as described in the Examples 
herein and in PCT/US03/11393 which is incorporated herein 
by references. The invention also pertains to the prevention 
and/or treatment of hyperproliferative diseases, using the 
oligonucleotides of the present invention including, the 
diseases including but not limited to, cancer and pre-can 
cerous conditions, wherein the hyperproliferative disease 
affects cells of any organ and are of any embryonic origin. 
Tumors including metastatic tumors and cancers that have 
regrown or relapsed after treatment, as well as primary 
tumors, can be treated by the methods and materials of the 
invention. In particular embodiments, the diseases and con 
ditions to be treated include skin diseaseS Such as psoriasis 
and hyperproliferative, pre-cancerous or U.V.-induced der 
matoses in mammals, particularly in humans as well as a 
variety of tumors including melanoma, breast cancer, pros 
tate cancer, as well as a variety of cancer hematological 
malignancies, lung cancer, and other carcinomas. 

0053. The invention further pertains to use of the oligo 
nucleotides of the present invention to reduce photoaging (a 
process due in part to cumulative DNA damage), and to 
reduce oxidative StreSS and oxidative damage. The invention 
also pertains to prophylaxis against, or reduction in the 
likelihood of, the development of skin cancer in a mammal 
using the oligonucleotides of the present invention. In addi 
tion, the compounds of the present invention can be used to 
induce apoptosis in cells Such as cells that have Sustained 
genetic mutation, Such as malignant or cancer cells or cells 
from an actinic keratosis. 

0054 All types of cells, and in particular embodiments, 
epithelial cells, are expected to respond to the methods of the 
present invention as demonstrated by the representative in 
vitro and in vivo examples provided herein. Epithelial cells 
suitable for the method of the present invention include 
epidermal cells, respiratory epithelial cells, nasal epithelial 
cells, oral cavity cells, aural epithelial cells, ocular epithelial 
cells, genitourinary tract cells and esophageal cells, for 
example. Gastrointestinal cells are also contemplated in 
methods of the invention as described herein. 
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0.055 Cells that contain damaged or mutated DNA 
include, for example, actinic keratosis cells, cancer cells, 
cells that have been irradiated, as with U.V. light, and cells 
that have been exposed to DNA damaging chemicals or 
conditions will also respond to the oligonucleotides of the 
present invention. Inflammation, including allergically 
mediated inflammation involved in conditions Such as atopic 
dermatitis, contact dermatitis, allergic rhinitis and allergic 
conjunctivitis may also be treated using the oligonucleotides 
of the present invention. 

0056. In one embodiment, the compositions of the 
present invention comprise DNA oligonucleotides approxi 
mately 2-200 bases in length, having at least 33% but less 
than 100% identity with the sequence (TTAGGG), where 
n=1 or greater and optionally having a 5" phosphate and 
when said oligonucleotide comprises the Sequence 5' 
RRRGGG-3 (R=any nucleotide) the oligonucleotide has a 
guanine content of 50% or less which can be administered 
to a mammal (e.g., human) in an appropriate vehicle. In 
another embodiment, the DNA oligonucleotides are about 2 
to about 20 nucleotides in length. In still another embodi 
ment, the oligonucleotides are about 5 to about 11 nucle 
otides in length. In yet another embodiment, the DNA 
oligonucleotides are about 2-5 nucleotides in length. Certain 
preferred embodiments of the oligonucleotides of the 
present invention lack cytosine. AS used herein, “DNA 
oligonucleotide' refers to Single-stranded DNA oligonucle 
otides, double-stranded DNA fragments, or a mixture of 
both single- and double-stranded DNA fragments. 
0057. It is understood that other base-containing 
Sequences can also be used in the present invention, where 
bases are, for example, adenine, thymine, cytosine, or gua 
nine. In one embodiment, the oligonucleotides of the present 
invention comprise a 5" phosphate. A combination of one or 
more of oligonucleotides of the present invention can also be 
used. 

0.058 Other compositions useful in the practice of the 
present invention include G-quadruplex DNA, also known 
as DNA tetraplexes. Guanine bases in Solution can form a 
Structure consisting of four bases in a planar array and held 
together by Hoogsteen hydrogen bonds, called G-quadru 
plexes or tetraplexes. Similarly, poly(G) homopolymers also 
form 4-stranded nucleic acid structures with Stacked guanine 
tetrads. In DNA, guanine tetraplexes can form from intras 
trand or interStrand associations with 2 or more of the tetrads 
Stacked upon each other to Stabilize the complex. These 
Strands can run in a parallel or an anti-parallel fashion with 
non G-rich DNA looped out and connecting the tetrad cores. 
0059 For many years, G-quadruplexes were considered 
to be an interesting but non-biologically relevant phenom 
enon. However, recently G-quadruplexes have been Sug 
gested to be important in immunoglobulin heavy chain 
recombination and in the regulation of the retinoblastoma 
and c-myc genes. Also, G-quadruplexes have been shown to 
form in single-stranded telomeric DNA, particularly in the 3' 
overhang. Although the function of these G-quadruplexes in 
telomeres, if any, is unclear, it has been postulated that they 
may play a role in protein recognition and telomere recom 
bination. More recently, G-quadruplex formation in telom 
eric DNA was shown to inhibit telomere elongation by 
telomerase and ligands that Stabilize G-quadruplexes are 
now in trials as telomerase inhibitors and anticancer agents. 
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0060. Theoretically, G-quadruplexes could stall the pro 
cession of DNA and RNA polymerases, hindering DNA 
replication and translation, Situations that could lead to 
increased DNA recombination and mutation. Two DNA 
helicases have been identified that have a high affinity for 
these unusual DNA structures and can resolve them effi 
ciently; Wrn and Blm, the helicases mutated in the diseases 
Werner Syndrome and Bloom Syndrome, respectively. Wrn 
is of particular interest because it contains both 3' to 5' 
helicase and exonuclease activities and is able to catalyze 
the Structure-dependent degradation of DNA containing 
aberrant Structures Such as bubbles, loops and hairpins and 
of G-rich telomeric DNA specifically. Furthermore, cells 
from Werner Syndrome patients shows signs of impaired 
telomere maintenance Such as accelerated telomere short 
ening and defective lagging Strand Synthesis (20). Because 
of Wrn's preference for unusual DNA structures, it is 
possible that Wrn-mediated telomere functions depend, at 
least in part, on the ability of Single-Stranded telomeric 
DNA, particularly the 3' overhang, to form G-quadruplex 
StructureS. 

0061 We have shown that small DNA oligonucleotides 
homologous to the telomere 3' overhang (T-oligos) induce 
DNA damage responses in normal and transformed mam 
malian cells and that these responses are largely dependent 
on Wrn and the degradation of these oligonucleotides. The 
best Studied of these oligonucleotides to date is the 11 mer 
GTTAGGGTTAG SEQ ID NO:5. It is possible that Wrn 
mediated degradation of these oligonucleotides initiates 
these DNA damage responses. However, we have found that 
oligonucleotides other than those 100% identical to the 
telomere repeat Sequence of (TTAGGG), are also very 
potent inducers of these DNA damage responses as 
described herein. For example, the 16-mer GGTTGGTTG 
GTTGGTT (SEQ ID NO:29) and the 20-mer GGTTGGT 
TGGTTGGTTGGTT (SEQ ID NO:35) are the most potent 
inducers of the DNA damage response found to date. 
Because of the ability of these T-oligos to form an intras 
trand G-quartet Stabilized by 2 overlapping planar G-tetrads 
(the interstrand G-quartet formed by GTTAGGGTTAG 
would be less stable), we believe that the activity of T-oligos 
depends at least in part on their ability to form these stable, 
intrastrand G-quartets. These Structures would be excellent 
Substrates for the Wrn helicases/exonuclease and, accord 
ingly, are likely to be the most active inducers of the DNA 
damage responses. 

PCT/USO3/11393 

0062 PCT/US03/11393 from which the present applica 
tion claims priority describes the use of a nine-nucleotide 
oligomer, GAGTATGAG that Stimulates melanogenesis in 
human melanocytes and induced the expression of p21/Waf/ 
Cip 1, a growth inhibitory gene product in a Squamous cell 
carcinoma cell line. Furthermore, TAGGAGGAT (% iden 
tity with telomere overhang repeat), and truncated versions 
of the original 9 mer, AGTATGA and GTATG, also stimu 
lated melanogenesis in human melanocytes. In addition, the 
sequence pGTTAGGGTTAG (SEQ ID NO:5) stimulated 
pigmentation in Cloudman S91 melanoma cells and induced 
apoptosis in a human T-cell line. The oligonucleotide pGT 
TAGGGTTAG (SEQ ID NO:5) induced human T cells to 
undergo apoptosis, while CTAACCCTAAC and pCATC 
GATCGAT did not significantly increase apoptosis in these 
cells. 
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0.063. The compounds of the present invention are there 
fore useful in methods of inhibiting cell proliferation, pre 
venting cancer, photoaging and oxidative StreSS by enhanc 
ing DNA repair, and, in the Skin, by enhancing pigmentation 
through increased melanin production. Melanin is known to 
absorb photons in the U.V. range and therefore its presence 
reduces the risk of cancer and photoaging. 
0064. The DNA fragments, oligonucleotides, deoxy 
nucleotides, dinucleotides, and dinucleotide dimers can be 
obtained from any appropriate Source, or can be Syntheti 
cally produced. To make DNA fragments, for example, 
salmon sperm DNA can be dissolved in water, and then the 
mixture can be autoclaved to fragment the DNA. In one 
embodiment, the DNA fragments, oligonucleotides, deoxy 
nucleotides, dinucleotides or dinucleotide dimers comprise a 
5' phosphate. 

0065. The compounds of the present invention also play 
a protective role in U.V.A-induced oxidative damage to the 
cell (see e.g. Example 15 of PCT/US03/11393). Thus, in one 
embodiment of the present invention, the compounds of the 
present invention are administered to cells to protect against 
oxidative damage. In one embodiment, these compounds are 
topically administered to the epidermis of an individual. 
0.066 An “agent that increases activity of p53 protein,” as 
used herein, is an agent (e.g., a drug, molecule, nucleic acid 
fragment, oligonucleotide, or nucleotide) that increases the 
activity of p53 protein and therefore results in increase in an 
DNA repair mechanisms, Such as nucleotide excision repair, 
by the induction of proteins involved in DNA repair, such as 
PCNA, XPB and p21 proteins. The activity of p53 protein 
can be increased by directly Stimulating transcription of 
p53-encoding DNA or translation of p53-specific mRNA, by 
increasing expression or production of p53 protein, by 
increasing the Stability of p53 protein, by increasing the 
resistance of p53 mRNA or protein to degradation, by 
causing p53 to accumulate in the nucleus of a cell, by 
increasing the amount of p53 present, by phosphorylating 
the serine 15 residue in p53, or by otherwise enhancing the 
activity of p53. A combination of more than one agent that 
increases the activity of p53 can be used. Alternatively or in 
addition, the agent that increases the activity of p53 can be 
used in combination with DNA fragments, deoxynucle 
otides, or dinucleotides, as described above. 

0067. Ultraviolet irradiation produces DNA photoprod 
ucts that when not promptly removed, can cause mutations 
and skin cancer. Repair of U.V.-induced DNA damage 
requires efficient removal of the photoproducts to avoid 
errors during DNA replication. Age-associated decrease in 
DNA repair capacity is associated with decreased constitu 
tive levels of p53 and other nuclear excision repair (NER) 
proteins required for removing U.V.-induced photoproducts. 
Compounds of the present invention induced NER proteins 
in human dermal cells when these cells were treated with 
these compounds before U.V. irradiation (see Example 16 
of PCT/US03/11393). While there were age related 
decreases in NER proteins, NER proteins in cells from 
donors of all ages from newborn to 90 years were induced 
by 200-400%. A significant decrease in the rate of repair of 
thymine dimers and photoproducts occurs with increased 
age of the cell Sample; however, cells that were pre-treated 
with compounds of the present invention, then U.V. irradi 
ated, removed photoproducts 30 to 60 percent more effi 
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ciently. Thus, the treatment of cells with small DNA oligo 
nucleotides partially compensates for age-associated 
decreases in DNA repair capacity. In light of the in vivo 
efficacy of the compounds of the present invention, it is 
reasonable to expect that treatment of human skin with the 
compounds of the present invention enhances endogenous 
DNA repair capacity and reduces the carcinogenic risk from 
Solar U.V. irradiation. This method is especially useful in 
older individuals who likely have reduced cellular DNA 
repair capacity. 

0068 DNA fragments, oligonucleotides, deoxynucle 
otides, dinucleotides or dinucleotide dimers, to be applied to 
the skin in methods to prevent the Sequelae of U.V. exposure 
or to reduce the occurrence of Skin cancer, to reduce 
oxidative damage, or to enhance repair of U.V.-induced 
damage, can be administered alone, or in combination with 
physiologically acceptable carriers, including Solvents, per 
fumes or colorants, Stabilizers, Sunscreens or other ingredi 
ents, for medical or cosmetic use. They can be administered 
in a vehicle, Such as water, Saline, or in another appropriate 
delivery vehicle. The delivery vehicle can be any appropri 
ate vehicle which delivers the DNA fragments, oligonucle 
otides, deoxynucleotides, dinucleotides, or dinucleotide 
dimers. In one embodiment, the concentration of oligonucle 
otide can be 10 uM-100 uM. 
0069. To allow access of the active ingredients of the 
composition to deeper lying skin cells, vehicles which 
improve penetration through Outer layers of the Skin, e.g., 
the Stratum corneum, are useful. Vehicle constituents for this 
purpose include, but are not limited to, ethanol, isopropanol, 
diethylene glycol etherS Such as diethylene glycol monoet 
hyl ether, azone (1-dodecylazacycloheptan-2-one), oleic 
acid, linoleic acid, propylene glycol, hypertonic concentra 
tions of glycerol, lactic acid, glycolic acid, citric acid, and 
malic acid. In one embodiment, propylene glycol is used as 
a delivery vehicle. In a preferred embodiment, a mixture of 
propylene glycol:ethanol:isopropyl myristate (1:2.7:1) con 
taining 3% benzylsulfonic acid and 5% oleyl alcohol is used. 

0070. In another embodiment, a liposome preparation can 
be used. The liposome preparation can comprise liposomes 
which penetrate the cells of interest or the Stratum corneum, 
and fuse with the cell membrane, resulting in delivery of the 
contents of the liposome into the cell. For example, lipo 
Somes Such as those described in U.S. Pat. No. 5,077,211 of 
Yarosh, U.S. Pat. No. 4,621,023 of Redziniak et al. or U.S. 
Pat. No. 4,508,703 of Redziniak et al., all of which are 
incorporated herein by reference can be used. The compo 
Sitions of the invention intended to target skin conditions can 
be administered before, during, or after exposure of the skin 
of the mammal to U.V. or agents causing oxidative damage. 
Other suitable formulations can employ niosomes. Nio 
Somes are lipid vesicles Similar to liposomes, with mem 
branes consisting largely of non-ionic lipids, Some forms of 
which are effective for transporting compounds across the 
Stratum COrneum. 

0071 Other suitable delivery methods intended primarily 
for skin include use of a hydrogel formulation, comprising 
an aqueous or aqueous-alcoholic medium and a gelling 
agent in addition to the oligonucleotide(s). Suitable gelling 
agents include methylcellulose, carboxymethylcellulose, 
hydroxypropylmethylcellulose, carbomer (carbopol), 
hypan, polyacrylate, and glycerol polyacrylate. 
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0.072 In one embodiment, oligonucleotides, or composi 
tion comprising one or more of the foregoing, is applied 
topically to the skin Surface. In other embodiments, the DNA 
fragments, oligonucleotides, deoxynucleotides, dinucle 
otides, dinucleotide dimers, or composition comprising one 
or more of the foregoing, is delivered to other cells or tissues 
of the body such as epithelial cells. Cells of tissue that is 
recognized to have a lesser barrier to entry of Such Sub 
stances than does the Skin can be treated, e.g., orally to the 
oral cavity; by aeroSol to the respiratory epithelium; by 
instillation to the bladder epithelium; by instillation or 
Suppository to intestinal (epithelium) or by other topical or 
Surface application means to other cells or tissues in the 
body, including eye drops, nose dropS and application using 
angioplasty, for example. Furthermore, the oligonucleotides 
of the present invention can be administered intravenously 
or injected directly into the tissue of interest intracutane 
ously, Subcutaneously, intramuscularly or intraperitoneally, 
along with a pharmaceutically acceptable carrier. In addi 
tion, for the treatment of blood cells, the compounds of the 
present invention can be administered intravenously or 
during extracorporeal circulation of the cells, Such as 
through a photophoresis device, for example. AS demon 
Strated herein, all that is needed is contacting the cells of 
interest with the oligonucleotide compositions of the present 
invention, wherein the oligonucleotides contacting the cells 
can be as Small as dinucleotides. 

0073. The oligonucleotides, deoxynucleotides, dinucle 
otides, dinucleotide dimers, agent that promotes differentia 
tion, agent that increases p53 activity, or composition com 
prising one or more of the foregoing, is administered to 
(introduced into or contacted with) the cells of interest in an 
appropriate manner. The “cells of interest,” as used herein, 
are any cells which may become affected or are affected by 
the hyperproliferative disease precancerous condition or 
cancerous conditions, or cells which are affected by Oxida 
tive stress, DNA damaging conditions Such as U.V. irradia 
tion or exposure to damaging DNA chemicals. Such as 
benzoapyrene. Preferred cells are epithelial cells, includ 
ing melanocytes and keratinocytes, as well as other epithe 
lial cells Such as oral, respiratory, bladder and cervical 
epithelial cells. AS demonstrated herein, methods and com 
positions of the present invention can inhibit growth, induce 
melanogenesis and induce TNFa production in epithelial 
cells from numerous Sources. 

0.074 The oligonucleotides, DNA fragments, deoxy 
nucleotides, dinucleotides, dinucleotide dimers, agent that 
promotes differentiation, that increases p53 activity, or com 
positions comprising one or more of the foregoing, is 
applied at an appropriate time, in an effective amount. The 
“appropriate time' will vary, depending on the type and 
molecular weight of the oligonucleotides, DNA fragments, 
deoxynucleotides, dinucleotides, dinucleotide dimers, or 
other agent employed, the condition to be treated or pre 
vented, the results Sought, and the individual patient. An 
“effective amount,” as used herein, is a quantity or concen 
tration Sufficient to achieve a measurable desired result. The 
effective amount will depend on the type and molecular 
weight of the oligonucleotides, DNA fragments, deoxy 
nucleotides, dinucleotides, dinucleotide dimers, or agent 
employed, the condition to be treated or prevented, the 
results Sought, and the individual patient. For example, for 
the treatment or prevention of psoriasis, or for hyperprolif 
erative, cancerous, or pre-cancerous conditions, or U.V.- 
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induced dermatoses, the effective amount is the amount 
necessary to reduce or relieve any one of the Symptoms of 
the disease, to reduce the Volume, area or number of cells 
affected by the disease, to prevent the formation of affected 
areas, or to reduce the rate of growth of the cells affected by 
a hyperproliferative disorder. The concentration can be 
approximately 2-300 uM. In a another embodiment, the 
concentration of agent (e.g., oligonucleotide) is about 
50-200 uM; in another embodiment, the concentration is 
about 75-150 uM. For some applications, the concentration 
of oligonucleotide can be about 10-100 uM. 

0075. In one embodiment of the present invention, oli 
gonucleotides, agent that increases p53 activity, that pro 
motes differentiation, or a composition that can comprise 
one or more of the foregoing, is administered, in an appro 
priate delivery vehicle, to the cells of interest in the mammal 
in order to treat or prevent a hyperproliferative disease 
affecting epithelial cells. The oligonucleotides, that promote 
differentiation, agent that increases p53 activity, or compo 
Sition comprising one or more of the foregoing, can be 
administered Systemically, can be administered directly to 
affected areas, or can be applied prophylactically to regions 
commonly affected by the hyperproliferative disease. 

0076. In another embodiment, the DNA fragments, oli 
gonucleotides, deoxynucleotides, dinucleotides, dinucle 
otide dimers, agent that increases p53 activity, agent that 
promotes differentiation, or composition comprising one or 
more of the foregoing, is administered to the epidermis for 
the treatment or prevention of oxidative StreSS or for the 
treatment or prevention of hyperproliferative, cancerous, or 
pre-cancerous conditions, or LJV-responsive dermatoses. 

0077. In still another embodiment, DNA fragments, oli 
gonucleotides, deoxynucleotides, dinucleotides, dinucle 
otide dimers, agent that promotes differentiation, agent that 
increases p53 activity, or a composition comprising one or 
more of the foregoing, can be administered, either alone or 
in an appropriate delivery vehicle, to the epidermis for 
reduction of photoaging, or prophylaxis against or reduction 
in the likelihood of development of skin cancer. The DNA 
fragments, oligonucleotides, deoxynucleotides, dinucle 
otides, dinucleotide dimers, agent that promotes differentia 
tion, agent that increases p53 activity, or composition com 
prising one or more of the foregoing, can be administered 
topically or by intracutaneous injection at an appropriate 
time (i.e., prior to exposure of the skin to U.V. irradiation). 
The DNA fragments, oligonucleotides, deoxynucleotides, 
dinucleotides, dinucleotide dimers, agent that promotes dif 
ferentiation, agent that increases p53 activity, or composi 
tion comprising one or more of the foregoing, can be applied 
before, during or after exposure to a carcinogen Such as U.V. 
irradiation. They can be applied daily or at regular or 
intermittent intervals. In one embodiment, the DNA frag 
ments, oligonucleotides, deoxynucleotides, dinucleotides, 
dinucleotide dimers, agent that promotes differentiation, 
agent that increases p53 activity, or composition comprising 
one or more of the foregoing, can be administered on a daily 
basis to Skin which may be exposed to Sunlight during the 
course of the day. 

0078. In a further embodiment of the invention, the DNA 
fragments, oligonucleotides, deoxynucleotides, dinucle 
otides, dinucleotide dimers, agent that promotes differentia 
tion, agent that increases p53 activity, or composition com 
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prising one or more of the foregoing, is administered, in an 
appropriate delivery vehicle, to an individual (e.g., epithelial 
cells or other cells of an individual) for the treatment or 
prevention of hyperproliferative, cancerous or pre-cancer 
ous conditions, or to repair or prevent DNA damage caused 
by DNA damaging chemicals, Such as benzoapyrene. 

0079 AS demonstrated herein, the compounds of the 
present invention are active in vitro and in Vivo in their 
unmodified form, e.g., Sequences of unmodified oligonucle 
otides linked by phosphodiester bonds. AS used herein, the 
terms “oligonucleotide,”“dinucleotide,”“DNA fragment,” 
etc., refer to molecules having deoxyribose as the Sugar, and 
having phosphodiester linkages ("phosphate backbone') as 
occur naturally, unless a different linkage or backbone is 
Specified. 

0080 Furthermore, although not necessary for the ability 
to elicit the U.V. mimetic effects of the present invention, the 
compounds of the present invention can be modified, deriva 
tive or otherwise combined with other reagents to increase 
the half life of the compound in the organism and/or increase 
the uptake of these compounds by the cells of interest. 
Modification reagents include, for example, lipids or cat 
ionic lipids. In one embodiment, the compounds of the 
present invention are covalently modified with a lipophilic 
group, an adamancy moiety. The compounds of the present 
invention can be modified to target Specific tissues in the 
body. For example, brain tissue can be targeted by conju 
gating the compounds With biotin and using the conjugated 
compounds with an agent that facilitates delivery across the 
blood-brain barrier, Such as antitransferring receptor anti 
body coupled to Streptavidin. 

0081 PCT/US03/11393 demonstrates that telomere 
homolog oligonucleotides but not complementary or unre 
lated DNA sequences of the same length induce an S-phase 
arrest and apoptosis in an established human lymphocyte 
line and in a human melanoma cell line. 

0082 Experimental telomere disruption Karlseder, J., et 
al., 1999, Science 283: 1321-1325 and cellular manipula 
tions that precipitate premature Senescence, Such as trans 
fection with the ras oncogene or exposure to oxidative StreSS, 
are known to digest the 3' telomere overhang and/or to 
Shorten overall telomere length. In contrast, exposure of 
cells to telomere homolog oligonucleotides in the present 
studies increases mean telomere length (MTL). While not 
wishing to be bound by a Single mechanism, these data 
Strongly Suggest that the oligonucleotides can activate 
telomerase, presumably by inducing TERT, and imply that 
transient activation of telomerase may be a part of the 
physiologic telomere-based DNA damage response that also 
includes activation of the ATM kinase with Subsequent 
signaling through p53 and p95/Nbs 1. The apparent ability 
of oligonucleotides to induce this response in the absence of 
DNA damage and telomere disruption offers the possibility 
of “re U. Venating cells through telomere elongation, as 
recently reported in human Skin equivalent constructs con 
taining fibroblasts transfected with TERT, without the 
enhanced risk of carcinogenesis observed even in even 
normal cells that ectopically express telomerase. Equally, 
the phenomenon Suggests that the advantages of robust DNA 
damage responses of the type observed in p53 overexpress 
ing mice could be separated from the premature Senescence 
also observed in the transgenic animals (Tyner, S. D., et al., 
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2002, Nature 415: 45-523). Such “rejuvenation” or delay in 
acquiring the Senescent phenotype associated with critical 
telomere shortening would be in addition to other benefits 
that might accrue from treatment with oligonucleotides 
partially or completely homologous to the (TTAGGG), 
repeated Sequence. Based on extensive work in Vivo as well 
as in vitro, these are understood to include Sunless tanning 
and related photoprotection, enhanced DNA repair capacity, 
cancer prevention and treatment, and immunomodulation. 

0083 Under normal conditions, the 3' telomere overhang 
DNA sequence is believed to be folded back and concealed 
in a loop structure stabilized by TRF2 Griffith, J. D., et al., 
(1999), Cell 97, 503–514). However, this sequence might be 
exposed if the telomere were distorted, for example by 
ultraViolet (U.V)-induced thymine dimers or carcinogen 
adducts involving guanine residues (as with cisplatin or 
benzoapyrene) that could render the loop-back configura 
tion unstable. Exposure of the TTAGGG (SEQ ID NO:11) 
repeat Sequence could be the initial signal leading to a 
variety of DNA damage responses, dependent on cell type as 
well as intensity and/or duration of the Signal. These 
responses include cell cycle arrest, apoptosis, and a more 
differentiated Sometimes adaptive phenotype, for example, 
increased melanin production (tanning). 
0084. The proposed model predicts that inability to repair 
damage to telomeric DNA would lead to exaggerated dam 
age responses, Such as p53 induction and apoptosis, as has 
been reported for LJV-irradiated Xeroderma pigmentosum 
cells that cannot efficiently remove DNA photoproducts 
(Dumaz, N., et al., 1998, Carcinogenesis 19: 1701-1704). 
This model is further consistent with the recent finding that 
transgenic mice with Supra-normal p53 activity are highly 
resistant to tumors, yet age prematurely (Tyner, S. D., et al., 
2002, Nature 415: 45-523). A DNA damage recognition 
mechanism might have evolved to contain predominantly 
thymidine and guanine bases. The TTAGGG repeat 
Sequence is an excellent target for DNA damage, as dithy 
midine Sites most commonly participate in formation of U.V. 
photoproducts (Setlow, R. B. and W. L. Carrier. 1966, J Mol 
Biol 17:237-254) and guanine is both the principal site of 
oxidative damage, forming 8-oxoguanine Kasai, H. and S. 
Nishimura, 1991. “Oxidative Stress: Oxidants and Antioxi 
dants.” pp. 99-116. In H. Sies (ed.) (London, Academic 
Press, Ltd.), as well as the base to which most carcinogens 
form adducts Fnedberg, E. C., et al., 1995, pp. 1-58. In E. C. 
Friedberg, G. C. Walker and W. Siede, eds. 

0085. The invention includes methods for treating a 
hyperproliferative disorder in a mammal, in which the 
therapy includes administering to the mammal an effective 
amount of a composition comprising one or more oligo 
nucleotides as described herein. These methods can be 
applied especially to human Subjects. Hyperproliferative 
disorders can be characterized by benign growth of cells 
beyond a normal range, and which Sometimes may result in 
a benign tumor or widespread epidermal thickening, as in 
pSoriasis. Also among the various hyperproliferative disor 
ders to be treated by these methods are cancer as it is 
manifested in various forms and arising in various cell types 
and organs of the body, for example, cervical cancer, lym 
phoma, osteosarcoma, melanoma and other cancers arising 
in the skin, and leukemia. Also among the types of cancer 
cells to which the therapies are directed include but are not 
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limited to breast, lung, liver, proState, pancreatic, ovarian, 
bladder, uterine, colon, brain, esophagus, Stomach, and 
thyroid. 

0.086 The oligonucleotides can be administered in the 
methods of treatment described herein as a Single type of 
oligonucleotide or in a combination comprising with one or 
more different oligonucleotides. Oligonucleotides without a 
5' phosphate can be used in any of the methods of therapy 
for treatment, or for the reduction of incidence of a disease 
or disorder described herein. However, oligonucleotides 
having a 5" phosphate are preferred, as it has been shown that 
the 5' phosphate improves uptake of the oligonucleotide into 
cells. The oligonucleotides can be at least 2 nucleotides in 
length, preferably 2-200 nucleotides, and more preferably 
from 2 to 20 nucleotides in length. Oligonucleotides 5-11 
nucleotides are more preferred. 
0087. Other methods of treatment for hyperproliferative 
diseases including cancer that are encompassed by the 
present invention include the administration of one or more 
oligonucleotides of the present invention in combination 
with one or more chemotherapeutic agents. Such chemo 
therapeutic agents include, but are not limited to Vincristine, 
doxorubicin, prednisone, cyclophosphamide, buSulphan, 
cisplatin, methotrexate, melphelan, chlorambucal, ra-c bleo 
mycin, etoposide, fluorouroul and mitomycin as well as 
anticancer monoclonal antibodies Such as Rituxin. 

0088 Oligonucleotides are relatively short polynucle 
otides. Polynucleotides are linear polymers of nucleotide 
monomers in which the nucleotides are linked by phos 
phodiester bonds between the 3' position of one nucleotide 
and the 5' position of the adjacent nucleotide. Unless oth 
erwise indicated, the "oligonucleotides' of the invention as 
described herein have a phosphodiester backbone. 
0089. To enhance delivery through the skin, the oligo 
nucleotides of the invention may be modified So as to either 
mask or reduce their negative charges or otherwise alter their 
chemical characteristics. This may be accomplished, for 
example, by preparing ammonium Salts of the oligonucle 
otides using readily available reagents and methods well 
known in the art. Preferred ammonium salts of the oligo 
nucleotides include trimethyl-, triethyl-, tributyl-, tetram 
ethyl-, tetraethyl-, and tetrabutyl-ammonium Salts. Ammo 
nium and other positively charged groups can be convalently 
bonded to the oligonucleotide to facilitate its transport 
acroSS the Stratum corneum, using an enzymatically degrad 
able linkage that releases the oligonucleotide upon arrival 
inside the cells of the viable layers of the epidermis. 
0090 Another method for reducing or masking the nega 
tive charge of the oligonucleotides includes adding a poly 
oxyethylene Spacer to the 5' phosphate groups of the oligo 
nucleotides and/or the internal phosphates of the 
oligonucleotides using methods and reagents well known in 
the art. This, in effect, adds a 6- or 12-carbon modifier 
(linker) to the phosphate that reduces the net negative charge 
by +1 and makes the oligonucleotides leSS hydrophilic. 
Further negative charge reduction is achieved by adding a 
phosphoroamidite to the end of the polyoxyethylene linker, 
thereby providing an additional neutralizing positive charge. 

0.091 The phosphodiester backbone of the oligonucle 
otides of the present invention can also be modified or 
Synthesized to reduce the negative charge. A preferred 
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method involves the use of methyl phosphonic acids (or 
chiral methylphosphonates), whereby one of the negatively 
charged oxygen atoms in the phosphate is replaced with a 
methyl group. These oligonucleotides are similar to oligo 
nucleotides having phosphorothioate linkages which com 
prise a Sulfate instead of a methyl group and which are also 
within the Scope of the present invention. 
0092. The oligonucleotides of the present invention can 
also take the form of peptide nucleic acids (PNAS) in which 
the bases of the nucleotides are connected to each other via 
a peptide backbone. 
0093. Other modifications of the oligonucleotides such as 
those described, for example, in U.S. Pat. Nos. 6,537,973 
and 6,506,735 (both of which are incorporated herein by 
reference for all of the oligonucleotide modifications 
described therein) and others will be readily apparent to 
those skilled in the art. 

0094. The oligonucleotides can also be “chimeric' oli 
gonucleotides which are Synthesized to have a combination 
of two or more chemically distinct backbone linkages, one 
being phosphodiester. In one embodiment are chimeric 
oligonucleotides with one or more phosphodiester linkages 
at the 3' end. In another embodiment are chimeric oligo 
nucleotides with one or more phosphodiester linkages at the 
3' and 5' ends. 

0.095 As reported in Example 46 of PCT/US03/11393, 
11-mer oligonucleotides with sequence SEQ ID NO:5 were 
Synthesized to contain phosphodiester linkages throughout, 
phosphorothioate linkages throughout, or a combination of 
linkages. One oligonucleotide had two phosphorothioate 
linkages at the 5' end; another oligonucleotide had two 
phosphorothioate linkages at the 3' end; Still another had two 
phosphorothioate linkages at each end. Oligonucleotides 
with phosphodiester linkages at the 3' end were found to be 
the most effective at Stimulating reactions associated with 
Senescence in fibroblasts. Thus, enzymatic cleavage at the 3' 
end of the oligonucleotide may be a step in induction of the 
SeneScence response. 

0096 Sequence identity is determined by a best fit align 
ment of the oligonucleotide in question with (TTAGGG), 
The Sequences are compared at each position, and a deter 
mination of “match' or “no match' is made at each nucle 
otide position, and the percent of matches, without resorting 
to deletion or insertion in either Sequence, is the percent 
identity of the Sequences as counted along the oligonucle 
otides in question. By illustration, GTTAGGG shares 100% 
sequence identity with (TTAGGG), pTT shares 100% 
sequence identity with (TTAGGG), (See Table 2 herein for 
additional examples of % identity) 
0097 Another part of the invention is a method for 
promoting differentiation of malignant cells in a mammal, 
the method comprising administering to the mammal an 
effective amount of a composition comprising one or more 
oligonucleotides which has at least 33% but less than 100% 
nucleotide sequence identity with (TTAGGG). A differen 
tiated State, can in many ways, be considered the opposite of 
a malignant State. Depending on the cell type, differentiation 
can involve the regulation of expression of a number of 
different genes to result in an increase or decrease in certain 
enzymatic activities, or cell Surface proteins, for example. 
For example, melanocytes respond to oligonucleotides with 
an increase in tyrosinase expression. 
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0098. In PCT/US03/11393, an association was reported 
between the inhibition of growth of cancer cells, caused by 
the cells taking up oligonucleotides with Sequence identity 
to the telomere repeat Sequence, and an increase in the 
appearance on the cell Surface of antigens typical of differ 
entiated cells, rather than cancer cells. Thus, a further 
method of the invention is to enhance the expression of one 
or more Surface antigens indicative of differentiation of 
cancer cells in a mammal, Said method comprising admin 
istering to the mammal an effective amount of one or more 
oligonucleotides as described herein, for example, one or 
more oligonucleotides which share at least 50% nucleotide 
Sequence identity with the vertebrate telomere overhang 
repeat. 

0099] This inducement of the cells to a more differenti 
ated State, or to take on one or more characteristics of 
differentiation, can be exploited in immunotherapy methods. 
The Surface antigens associated with a differentiated State, 
fragments thereof, or Synthetic peptides derived from the 
Studies of the externally exposed loops of the Surface 
antigens, can be incorporated into a vaccine to induce a 
cancer patient to produce cytotoxic T lymphocytes against 
the cells displaying the cell Surface antigen. For example, in 
melanoma cells, the cell Surface antigens MART-1, tyrosi 
nase, TRP-1 or gp-100, or combinations thereof, can be 
made to increase on the cell Surface when the cells take up 
oligonucleotides sharing at least 50% nucleotide Sequence 
identity with the telomere overhang repeat. See Example 29 
of PCT/US03/11393. These cell surface antigens can 
become targets for immunotherapy, for example by vacci 
nations with the isolated cell Surface antigen or peptides 
having amino acid Sequences derived from the Surface loops 
of the antigens. See, for example, Jäger, E. et al., Int. J. 
Cancer 66:470-476, 1996; Kawakami, Y. et al., J. Immunol. 
154:3961-3968, 1995; and de Vries, T. J. et al., J. Pathol. 
193:13-20, 2001. 

0100 Telomerase has been a target for antiproliferative 
methods based on theories of using antisense oligonucle 
otides to bind to the RNA portion of the enzyme. However, 
the therapeutic methods described herein can be used inde 
pendently of the presence or function of telomerase in the 
target cells. The telomere repeat overhang homolog pCT 
TAGGGTTAG (SEQ ID NO:5) was seen to bring about 
S-phase cell cycle arrest in normal fibroblasts and in cells of 
the Osteosarcoma cell line Saos-2, neither of which have 
telomerase activity. See Examples 32 and 34 of PCT/US03/ 
11393. Thus, for cancer cells, most of which have telom 
erase activity, but Some of which do not, the present method 
can be used regardless of telomerase activity. The inhibition 
of growth of the cancer cells is characterized by cell cycle 
arrest, apoptosis, and/or differentiation to a more differen 
tiated State. A method for inhibiting the growth of cancer 
cells in a mammal (e.g., human), operationally independent 
of the telomerase (+) or telomerase (-) state of the cancer 
cells, is to administer to the mammal an effective amount of 
a composition comprising one or more oligonucleotides 
which share at least 50% nucleotide sequence identity with 
the telomere overhang repeat. 
0101 The experiments described in Example 34 of PCT/ 
US03/11393 demonstrate that the function of a wild type 
p53 protein is also not necessary to bring about the S-phase 
cell cycle arrest in tumors or tumor cells treated with an 
oligonucleotide with at least 50% sequence identity to the 
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telomere repeat Sequence. A p53-null Osteosarcoma cell line 
was shown to respond to the addition of pCTTAGGGTTAG 
(SEQ ID NO:5) by arresting in S-phase. Thus, the method 
for inhibiting the growth of cancer cells in a mammal (e.g., 
human), the method including administering to the mammal 
an effective amount of a composition comprising one or 
more oligonucleotides which share at least 50% nucleotide 
Sequence identity with the telomere overhang repeat, can be 
carried out whether or not the target cells have normal p53 
function. 

0102) The invention further comprises a method for pre 
venting the Sequelae of exposure of the skin of a mammal to 
ultraViolet light-spongiosis, blistering or dyskeratosis, or 
any combination of these-by administering to the skin an 
effective amount of a composition comprising one or more 
oligonucleotides which share at least 50% nucleotide 
Sequence identity with the telomere overhang repeat. The 
Steps or Steps of this method can also be used in the 
reduction in the incidence of Skin cancer in a human, and is 
particularly applicable to reduce the occurrence of skin 
cancer in patients with Xeroderma pigmentosum or other 
genetic predisposition to skin cancer. The method of apply 
ing to the skin an effective amount of a composition com 
prising one or more oligonucleotides which share at least 
50% nucleotide sequence identity with the telomere over 
hang repeat is also a method for enhancing repair of ultra 
Violet irradiation-induced damage to skin. 
0.103 Oxidative damage is characterized by the reaction 
products of reactions of molecules found in the cells with 
reactive oxygen species (ROS), Such as hydrogen peroxide, 
hydroxyl radicals, and Superoxide. Oxidative damage can 
result, for instance, from normal cellular metabolism, U.V.A 
irradiation, ionizing radiation, or exposure to a variety of 
chemicals. Reactive oxygen Species can be measured in a 
number of ways. One assay employs a probe dichlorofluo 
rescein diacetate (Molecular Probes, Inc.), a colorless 
reagent that is taken up by the cells and becomes fluorescent 
upon oxidation by ROS. The level of fluorescence correlates 
with the intracellular ROS level. 

0.104) Applicants also described a method for reducing 
oxidative damage in a mammal, the method comprising 
administering to the mammal, especially to the skin of the 
mammal, an effective amount of a composition comprising 
one or more oligonucleotides which share at least 50% 
nucleotide Sequence identity with the human telomere over 
hang repeat. Preferred are embodiments in which the oligo 
nucleotide is pGAGTATGAG (SEQ ID NO:1). See results in 
Examples 15, 21, 22, 23 and 52 of PCT/US03/11393 Sug 
gesting that oligonucleotide treatment enhances the ability 
of cells to repair oxidative DNA damage. 
0105. Applicants have further described a method for 
treating melanoma in a mammal, comprising administering 
to the human an effective amount of a composition com 
prising one or more oligonucleotides that share at least 50% 
nucleotide Sequence identity with the human telomere over 
hang repeat. In particular cases, the oligonucleotide can be 
pGTTAGGGTTAG (SEQ ID NO:5); pTT can also be used 
in the method. Applicants have shown the effectiveness of 
oligonucleotide therapy using human melanoma cells in a 
mouse model. See PCT/US03/11393 Examples 30, 49, 50 
and 51 and Example 9 set out below. 
0106 Another aspect of the invention concerns a method 
for reducing proliferation of keratinocytes in the skin of a 
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human, in which the method comprises applying to the skin 
an effective amount of a composition comprising one or 
more oligonucleotides that share at least 50% nucleotide 
Sequence identity with the human telomere overhang repeat. 
The method is applicable to disorders of the skin character 
ized by proliferation of keratinocytes in the Skin, Such as 
Seborrheic keratosis, actinic keratosis, Bowen's disease, 
Squamous cell carcinoma or basal cell carcinoma. pTT is 
effective in the method. 

0107 The present invention includes the method of treat 
ing a disease or disorder in a mammal, wherein the disease 
or disorder is characterized by abnormal proliferation of 
cells, including, but not limited to, Solid tumors, blood-cell 
related tumors (e.g., leukemias), tumor metastases, benign 
tumors (e.g., hemangiomas, acoustic neuromas, neurofibro 
mas, trachomas, and pyogenic granulomas), including those 
in which cells are immortalized Such as apudoma, choris 
toma, branchioma, malignant carcinoid Syndrome, carcinoid 
heart disease, carcinoma, (e.g., Walker, basal cell, basoSqua 
mous, Brown-Pearce, ductal, Ehrlich tumor, in situ, KrebS 2, 
merkel cell, mucinous, non-Small cell lung, oat cell, papil 
lary, Schirrhous, bronchiolar, bronchogenic, Squamous cell, 
and transitional cell), histiocytic disorders, leukemia (e.g., 
b-cell, mixed cell, null-cell, T-cell, T-cell chronic, HTLV 
II-associated, lyphocytic acute, lymphocytic chronic, mast 
cell, and myeloid), histiocytosis malignant, Hodgkin's dis 
CaSC, immunoproliferative Small, non-Hodgkin’s 
lymphoma, plasmacytoma, reticuloendotheliosis, mela 
noma, chondroblastoma, chondroma, chondrosarcoma, 
fibroma, fibrosarcoma, giant cell tumors, hystiocytoma, 
lipoma, liposacaroma, mesothelioma, myxoma, myxosar 
coma, osteoma, Osteosarcoma, Ewing's Sarcoma, Syn 
ovioma, adenofibroma, adenolymphoma, carcinosarcoma, 
chordoma, mesenchymoma, mesonephroma, myosarcoma, 
ameloblatoma, cementoma, Odontoma, teratoma, thymoma, 
throphoblastic tumor, adenocarinoma, adenoma, cholangi 
oma, cholesteatoma, cyldindroma, cystadenocarcinoma, 
cyStadenoma, garnulosa cell tumor, gynandroblastoma, 
hepatoma, hidradenoma, islet cell tumor, leydig cell tumor, 
papilloma, Sertoli cell tumor, theca cell tumor, leiomyoma, 
leiomyosarcoma, myoblastoma, myoma, myoScarcoma, 
rhabdomyoma, rhabdomyosarcoma, ependymoma, neuro 
blastoma, neuroepithelioma, neurofirbroma, neuroma, 
paraganglioma, paraganglioma nonchromaffin, antiok 
eratoma, angiolymphoid hyperplasia with eosinophilia, 
angioma Sclerosing, angiomatosis, glomangioma, heman 
gioendothelioma, he mangioma, hemangiopericytoma, 
hemangiosarcoma, lymphangioma, lymphangiomyoma, 
lymphangiosarcoma, pinealoma, carcinoscarcoma, chondro 
Sarcoma, cytosarcoma phyllodes, fibrosarcoma, heman 
giosarcoma, leiomyosarcoma, leukosarcoma, lipoScarcoma, 
lymphangiosarcoma, myOScarcoma, myxosarcoma, ovarian 
carcinoma, rhabdomyosarcoma, Sarcoma (e.g., Ewings 
experiemental, Kaposi's, and mast-cell), neoplasms (e.g., 
bone, breast, digestive System, colorectal liver, pancreastic, 
pituitary, testicular, orbital, head and neck, central nervous 
System acoustic, pelvic, respiratory tract, and urogenital), 
neurofibromatosis, and cervical dysplasia), and for treatment 
of other conditions in which cells have increased prolifera 
tion. Hyperproliferative disorders can also be those charac 
terized by excessive or abnormal stimulation of fibroblasts, 
Such as Scleroderma, and hypertrophic Scars (i.e., keloids). 
0108. The oligonucleotide or oligonucleotides to be used 
in therapies to alleviate hyperproliferative disorderS Such as 
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cancer can be used in a composition in combination with a 
pharmaceutically or physiologically acceptable carrier. Such 
a composition may also contain in addition, diluents, fillers, 
Salts, buffers, Stabilizers, Solubilizers, and other materials 
well known in the art. Cationic lipids such as DOTAP 
N-(2,3-dioleoyloxy)propyl-N,N,N-trimethylammonium 
Salts may be used with oligonucleotides to enhance Stability. 
Oligonucleotides may be complexed with PLGA/PLA 
copolymers, chitosan or fumaric acid/sebacic acid copoly 
mers for improved bioavailability where PLGA is poly 
(lactide-co-glycolide); PLA is poly(L-lactide)}. The terms 
“pharmaceutically acceptable' and “physiologically accept 
able” mean a non-toxic material that does not interfere with 
the effectiveness of the biological activity of the active 
ingredient(s). The characteristics of the carrier will depend 
on the route of administration. 

0109) A composition to be used as an antiproliferative 
agent may further contain other agents which either enhance 
the activity of the oligonucleotide(s) or complement its 
activity or use in treatment, Such as chemotherapeutic or 
radioactive agents. Such additional factors and/or agents 
may be included in the composition to produce a Synergistic 
effect with the oligonucleotide(s), or to minimize side 
effects. Additionally, administration of the composition of 
the present invention may be administered concurrently with 
other therapies, e.g., administered in conjunction with a 
chemotherapy or radiation therapy regimen. 
0110. The oligonucleotides as described herein can be 
used in combination with other compositions and procedures 
for the treatment of diseases. For example, a tumor may be 
treated conventionally with Surgery, radiation, chemo 
therapy, or immunotherapy, combined with oligonucleotide 
therapy, and then oligonucleotides may be Subsequently 
administered to the patient to extend the dormancy of 
micrometastases and to Stabilize and inhibit the growth of 
any residual primary tumor. 
0111. The compositions of the present invention can be in 
the form of a liposome in which oligonucleotide(s) of the 
present invention are combined, in addition to other phar 
maceutically acceptable carriers, with amphipathic agents 
Such as lipids which exist in aggregated form as micelles, 
insoluble monolayers, liquid crystals, or lamellar layers in 
aqueous Solution. Suitable lipids for liposomal formulation 
include, without limitation, monoglycerides, diglycerides, 
Sulfatides, lySolecithin, phospholipids, Saponin, bile acids, 
and the like. 

0112 Pharmaceutical compositions can be made contain 
ing oligonucleotides to be used in antiproliferative therapy. 
Administration of Such pharmaceutical compositions can be 
carried out in a variety of conventional ways known to those 
of ordinary skill in the art, Such as oral ingestion, inhalation, 
for example, of an aeroSol, topical or transdermal applica 
tion, or intracranial, intracerebroVentricular, intracerebral, 
intravaginal, intrauterine, oral, rectal or parenteral (e.g., 
intravenous, intraspinal, Subcutaneous or intramuscular) 
route, or cutaneous, Subcutaneous, intraperitoneal, 
parenteral or intravenous injection. The route of adminis 
tration can be determined according to the Site of the tumor, 
growth or lesion to be targeted. 
0113 To deliver a composition comprising an effective 
amount of one or more oligonucleotides to the Site of a 
growth or tumor, direct injection into the Site can be used. 
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Alternatively, for accessible mucosal Sites, ballistic delivery, 
by coating the oligonucleotides onto beads of micometer 
diameter, or by intraoral jet injection device, can be used. 
0114 Viral vectors for the delivery of DNA in gene 
therapy have been the Subject of investigation for a number 
of years. Retrovirus, adenovirus, adenoassociated virus, 
vaccinia virus and plant-Specific viruses can be used as 
Systems to package and deliver oligonucleotides for the 
treatment of cancer or other growths. Adeno-associated 
Virus vectors have been developed that cannot replicate, but 
retain the ability to infect cells. An advantage is low immu 
nogenicity, allowing repeated administration. Delivery Sys 
tems have been reviewed, for example, in Page, D.T. and S. 
Cudmore, Drug Discovery Today 6:92-1010, 2001. 
0115 Studies carried out using oligonucleotides on the 
theory of their inhibiting the function of a target nucleic acid 
(antisense oligonucleotides), most of these Studies carried 
out with phosphorothioate oligonucleotides, have found 
effective methods of delivery to target cells. AntiSense 
oligonucleotides in clinical trials have been administered in 
Saline Solutions without special delivery vehicles (reviewed 
in Hogrefe, R.I., Antisense and Nucleic Acid Drug Devel 
opment 9:351-357, 1999). 
0116 Formulations suitable for parenteral administration 
include aqueous and non-aqueous Sterile injection Solutions 
which may contain anti-oxidants, buffers, bacteriostats and 
Solutes which render the formulation isotonic with the fluids 
of the intended recipient, and aqueous and non-aqueous 
Sterile Suspensions which may include Suspending agents 
and thickening agents. The formulations may be presented in 
unit-dose or multi-dose containers, for example, Sealed 
ampules and Vials, and may be Stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the 
Sterile liquid carrier, for example, water for injections, 
immediately prior to use. Extemporaneous injection Solu 
tions and Suspensions may be prepared from Sterile powders, 
granules and tablets of the kind previously described. A 
preferred pharmaceutical composition for intravenous, cuta 
neous, or Subcutaneous injection should contain, in addition 
to oligonucleotide(s) of the present invention, an isotonic 
vehicle Such as Sodium Chloride Injection, Ringer's Injec 
tion, Dextrose Injection, Dextrose and Sodium Chloride 
Injection, Lactated Ringer's Injection, or other vehicle as 
known in the art. The pharmaceutical composition of the 
present invention may also contain Stabilizers, preservatives, 
buffers, antioxidants, or other additives known to those of 
skill in the art. 

0117 Use of timed release or sustained release delivery 
Systems are also included in the invention. Such Systems are 
highly desirable in Situations where Surgery is difficult or 
impossible, e.g., patients debilitated by age or the disease 
course itself, or where the risk-benefit analysis dictates 
control over cure. One method is to use an implantable pump 
to deliver measured doses of the formulation over a period 
of time, for example, at the Site of a tumor. 
0118 A Sustained-release matrix can be used as a method 
of delivery of a pharmaceutical composition comprising 
oligonucleotides, especially for local treatment of a growth 
or tumor. It is a matrix made of materials, usually polymers, 
which are degradable by enzymatic or acid/base hydrolysis 
or by dissolution. Once inserted into the body, the matrix is 
acted upon by enzymes and body fluids. The Sustained 
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release matrix desirably is chosen from biocompatible mate 
rials Such as liposomes, polylactides (polylactic acid), 
polyglycolide (polymer of glycolic acid), polylactide co 
glycolide (co-polymers of lactic acid and glycolic acid) 
polyanhydrides, poly(ortho)esters, polyproteins, hyaluronic 
acid, collagen, chondroitin Sulfate, carboxylic acids, fatty 
acids, phospholipids, polysaccharides, nucleic acids, 
polyamino acids, amino acids Such as phenylalanine, 
tyrosine, isoleucine, polynucleotides, polyvinyl propylene, 
polyvinylpyrrollidone and Silicone. A preferred biodegrad 
able matrix is a matrix of one of either polylactide, polyg 
lycolide, or polylactide co-glycolide (co-polymers of lactic 
acid and glycolic acid). 
0119) Also encompassed by the present invention is com 
bination therapies in in which one or more oligonucleotides 
of the presentinention are administered in combination with 
other therapies. For example, patients may receive Subop 
tional doses of both an oligonucleotide of the present 
invention along with Suboptional doses of a chemotherapeu 
tic agent Such as Vincristin or doxyrubicin-the combination 
of which has been shown to induce apoptosis in malignant 
B-cells. 

0120) The amount of oligonucleotide of the present 
invention in the pharmaceutical composition of the present 
invention will depend upon the nature and Severity of the 
condition being treated, and on the nature of prior treatments 
which the patient has undergone. For a human patient, the 
attending physician will decide the dose of oligonucleotide 
of the present invention with which to treat each individual 
patient. Initially, the attending physician can administer low 
doses and observe the patient's response. Larger doses may 
be administered until the optimal therapeutic effect is 
obtained for the patient, and at that point the dosage is not 
increased further. The duration of therapy using the phar 
maceutical composition of the present invention will vary, 
depending on the Severity of the disease being treated and 
the condition and potential idiosyncratic response of each 
individual patient. 
0121. It is apparent from the data disclosed herein includ 
ing data in applications and patents incorporated herein by 
reference that the oligonucleotides of the present invention 
have pleiotropic effects on gene expression in tumor cells 
(e.g., MART-1, tyrosinase, TRP-1 or gp-100 and others). 
Based on these pleiotropic effects in cancer cells, the oli 
gonucleotides of the present invention can be said to induce 
in those cells an "anticancer expression profile' all or Some 
of which may be further exploited as possible targets for 
anticancer intervention. 

0.122 The invention is further illustrated by the following 
non-limiting Examples. 

EXAMPLES 

Example 1 

0123 Based on our observation that the oligonucleotides 
of the present invention have the same relative molar 
efficacy in causing pigmentation in melanocytes, apoptosis 
and cellular Senescence in malignant cells, a retrospective 
comparison of activities of a number of oligonucleotides 
was made and the relative molar efficacy of the oligonucle 
otides with respect to one another was calculated with the 
results set out in Table 1. Based on these results, we have 
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concluded that the following parameters are among those 
that are important in determining efficacy of the oligonucle- TABLE 1-continued 
otides of the present invention. 

Relative Molar Efficacy of Tested T-Oligos 
0124) 1) percent tolemere identity; 

Sequence Activity 
0125 2) number of hydrolyzable linkages; 

GGTCGGTGTCGGGTG (SEQ ID NO: 20) 1 
0126) 3) guanine content; 

GGCAGGCGCAGGGCG (SEQ ID NO: 21) 
0127 4) sequence motif 

GTTAGGGTTAGGGTT (SEQ ID NO: 22) 8 
0128. The comparisons also reveal that the presence of 
cytosine residues in the oligonucleotides can have a negative GGGTTAGGG (SEQ ID NO: 23) 7 
impact on molar efficiency. 

GSTsIsAsGsGsGsTsTsAsG (SEQ ID NO: 24) O 

TABLE 1. GTTAGGGTTAG (SEQ ID NO:25) 

Relative Molar Efficacy of Tested T-Oligos GTTAGGGTTAG (SEQ ID NO: 26) 2 

Sequence Activity GTTAGGGTTAG (SEQ ID NO: 27) 3 

T O Note: 
All sequences have a 5" phosphate group, and all 

k TT 1 have phosphodiester linkage unless otherwise indi 
cated: xx = phosphorothioate linkage. 

AA O * Tested without the 5' phosphate group: no activ 
ity (no uptake). 

TTA 1.5 

TTAG 2 Example 2 

* GAGTATGAG (SEQ ID NO:37) 3 Sequence Parameters 

AGTATGA 2 0129. In order to further examine the effect of various 
nucleotide Sequence parameters on the relative efficacy of 

GTATG 1.5 T-oligos to induce apoptosis in MM-AN melanoma several 
CATAC O oligonucleotides were Synthesized which had varying % 

identity with the telomere repeat and which were varied with 
GCATGCATGCATTACGTACG (SEQ ID NO:38) O respect to the number of bases, number of guanine bases, 

number of GT’s, number of GGT's, and the number of GTTAGGGTTAG (SEQ ID NO: 2) 6 GGTTS. Apoptosis studies were undertaken as described in 
CTAACCCTAAC (SEQ ID NO:3) O PCT/US03/11393 incorporated herein by reference. (See 

e.g. Examples 13, 28) MM-An melanoma cells were 
exposed to each of the T-oligos shown in Table 3 at a 
concentration of 40 uM for 96 hours. After 96 hours the cells 
were stained with propidium iodide and the percent of DNA 

TTCGGG (SEQ ID NO: 7) O content in the Sub GI portion of the cell cycle was deter 
mined by FACS analysis. Relative activity was determined 
by comparison to the relative activities shown in Table 1. 

TTAGGC (SEQ ID NO: 9) O 5 The Sequence parameters that were investigated include: % 
identity with the telomere repeat sequence (TTAGGG), the 

GTACGTACGTA (SEQ ID NO: 4) O 

TTAGGG (SEQ ID NO: 6) 3 

CTAGGG (SEQ ID NO: 8) O 5 

GGTAGGTGTAGGATT (SEQ ID NO: 10) 8 number of bases, the number of guanine residues and the 
GGTAGGTGTAGGTTA. (SEQ ID NO: 11) 7 presence or absence of various Sequence motifs including 

the number of GTS, GGTs, and GGTTs. 
GGTTAGGTGTAGGTT (SEQ ID NO: 12) 7 0.130. The most active T-oligo in this study was shown to 
GGTTAGGTGGAGGTTT (SEQ ID NO: 13) 8 be GGTTGGTTGGTTGGTT, (SEQ ID NO:29) which was 

56% identical to the (TTAGGG), telomere repeat has 16 
GGTTAGGTGTAGGTTT (SEQ ID NO: 14) 10 baseS 8 guanine residues, four GT Sequences, four GGTS and 
GGTTAGGTTAGGTTA (SEQ ID NO: 15) 7 four GGTTS and which showed relative activity of 12. 

Typically, GGTTGGTTGGTTGGTT (SEQ ID NO:29) had 
GTTAGGGTTAG (SEQ ID NO:5) 6 relative activity of 12 yielding 61% apoptotic cells com 
GGTAGGTGTAGGGTG (SEQ ID NO: 16) 9 pared to 43%-47% apoptotic cells seen with oligonucle 

otides having a relative activity of 10 while GTTAGGGT 
GTTAGGGTT (SEQ ID NO: 17) 6 TAG (SEQ ID NO:5) with a relative activity of 6 yielded 

25% apoptotic cells in the assay. Notably, the Sequence 
TTAGGGTTA (SEQ ID NO: 18) 4 GGAGGAGGAGGAGGA (SEQ ID NO:31) which was 
GTTAGGTTTAAGGTT (SEQ ID NO:19) 6 47% identical to the telomere repeat has 10 G residues but 

which lacked any GT, GGT, or GGTT repeats had no activity 
in this assay. Of additional note is the fact that the T-oligo 
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TGTGGTTGTGGTGTGG (SEQ ID NO:33) which is 15 
bases in length, only 40% identical to the telomere repeat, 
has 9 Gs, 5 GTS, and 2 GGTTs has a relative molar efficacy 
of 10. The T-oligo TAGTGTTAGGTGTAG (SEQ ID 
NO:34) which is 15 bases in length only 40% identical to the 
telomere repeat has 6 Gs 4 GTs and 1GGT and has a relative 
molar efficacy of 10. 

TABLE 2 

Relative 
Sequence 

GTTAGGGTTAG (SEQ ID NO:5) 6 1 OO 

GGTTAGGGTGTAGGTTT (SEQ ID NO: 28) 10 81 

GGTTGGTTGGTTGGTT (SEQ ID NO : 29) 12 56 

GGTGGTGGTGGTGGT (SEQ ID NO:30) 10 60 

GGAGGAGGAGGAGGA (SEQ ID NO:31) O 47 

GGTGTGGTGTGGTGT (SEQ ID NO:32) 10 60 

TGTGGTGTGGTGTGG (SEQ ID NO:33) 10 40 

TAGTGTTAGGTGTAG (SEQ ID NO:34) 9 40 

Example 3 

Dose-Response Effects of T-Oligos on Apoptosis in 
MM-AN Cells 

0131 Experiments were conducted comparing the ability 
of different T-oligos at a range of concentrations to induce 
apoptosis in MM-AN melanoma cells. Apoptosis Studies 
were undertaken as described in PCT/US03/11393 (See e.g. 
Examples 13 and 28) and treated once in triplicate with each 
T-oligo at each dose (1,5 and 10 uM) and subjected to FACS 
analysis after 96 hours as described in PCT/US03/11393. 
The T-oligos used were pGTTAGGGTTAG (SEQ ID NO:5), 
p(GGTT) (SEQ ID NO:29) and p(GGTT) (SEQ ID 
NO:35). Results are shown in FIGS. 1 and 4. The results are 
compatible with earlier experiments and show that the 
standard (GTTAGGGTTAG) (SEQ ID NO:5) is less effec 
tive at inducing apoptosis than either the p(GGTT), SEQ ID 
NO:29 or p(GGTT) (SEQ ID NO:35), which were compa 
rable in efficacy. In a separate experiment (GGTT), with and 
without 5' phosphorylation were equally active in the MM 
AN cell assay for apoptosis. Maximally effective doses for 
both the p(GGTT), and p(GGTT), as determined in other 
experiments was determined to be 20 uM. 

Example 4 

Apoptosis and H2AX Phosphorylation 

0132 Experiments were conducted to examine the ability 
of various oligonucleotides, to induce apoptosis in MM-AN 
cells and to determine their effects on phosphorylation of 
histone H2AX in MCF7 cells, a breast cancer cell line. The 
apoptosis data was obtained using methods Set and in 
Examples 13 and 28 of PCT/US03/11393 are from a FACS 
analysis (% cells with <2N DNA content) in duplicate dishes 
with moderate variability. Data is shown in FIG. 2. These 
data indicate that all of the tested oligonucleotides are 
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comparably active to the previously tested 15-mer (SEQ ID 
NO:34) and more active than the standard 11-mer (SEQ ID 
NO:5). 
0.133 H2AX phosphorylation results are shown in FIG. 
3 and indicate that the oligonucleotides are capable of 
inducing phosphorylation of H2AX in MCF-7 cells. 

Activity & Identity # Bases #G#GT #GGT #GGTT 

11 5 2. 1 1 

16 7 4 3 2 

16 8 4 4 4 

15 10 4 4 O 

15 10 O O O 

15 9 6 3 O 

15 9 5 2 O 

15 6 4. 1 O 

Example 5 

The Effects of T-Oligos on Phosphorylation of 
H2AX and P53 

0.134. Additional studies were conducted to assess the 
ability of certain T-oligos to phosphorylate the DNA damage 
response protein histone H2AX and p53 in human breast 
cancer cells. Cells were treated with the GTTAGGGTTAG 
(SEQ ID NO:5) at (40 um), its complement or diluent and 
resulting phosphorylation of histone H2AX and p53 as 
measured by Western blot analysis and apoptosis of breast 
cancer cells was assayed. The results of this study indicate 
that (pGTTAGGGTTAG) (SEQ ID NO:5) versus compli 
mentary control T-oligo or diluent alone Strongly induces 
phosphorylation of H2AX and p53 in human breast cancer 
(MCF-7) cells (see FIGS. 4 and 5) but only very weakly 
induces these phosphorylations in normal human mammary 
epithelial cells. Similarly, GTTAGGGTTAG (SEQ ID 
NO:5) strongly induces apoptosis in MCF-7 and BT-20 
breast carcinoma (measured as described above) cells but 
only very weakly induces apoptosis in normal mammary 
epithelial cells (data not shown). A single Supplementation 
of MCF-7 or BT-20 cells on day Zero causes permanent 
growth arrest (at least through 14 or 8 days respectively), 
even when the cells are re-fed with Serum containing fresh 
medium that lacks the oligonucleotide; while the same 
Supplementation of normal mammary epithelial cells on day 
Zero arrests their growth through day 4, but upon re-feeding 
with fresh medium, the cells again begin to grow at a 
doubling rate comparable to that of the diluent treated 
control cells. (FIGS. 6 and 7) 

Example 6 

Effect of T-Oligos on Survival of Mice Injected 
with Human Breast Cancer Cells 

0135 Animals were injected in the tail vein with MCF-7 
cells at a dosage which results in death of all the injected 
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mice within about 42 days. Mice were treated with diluent 
alone with 60 nmoles or 120 nmoles of pCTTAGGGTTAG 
(SEQ ID NO:5) with pCGTTAGGTTTAGGTTT (SEQ ID 
NO:36) and 10 uM and 20 uM, compared to diluent (saline) 
alone. The results are shown in FIG. 9 which shows that 
both T-oligos greatly prolong Survival of mice that have 
received tail vein injections of MCF-7 cells with the 16 mer 
being more effective than the 11 mer. 

Example 7 

Effects of T-Oligos on Squamous Cell Carcinoma 
in Mice 

0136 XPAKO mice lacking the XPA DNA repair protein 
were irradiated twice weekly with 6 m.J/cm’ of U.V.B until 
Squamous cells tumor developed. Tumors were then injected 
three times weekly with 40 uM, GTTAGGGTTAG (SEQ ID 
NO:5), 10-40 ul per injection depending on tumor size. The 
results of this study shown in FIG. 10 indicates that aggres 
Sively growing Squamous cell carcinoma can regreSS Sub 
Stantially or completely as a result of treatment with 
GTTAGGGTTAG (SEQ ID NO:5). 

Example 8 

Effects of T-Oligos on Growth of MM-AN 
Melanoma Cells in Mice SCID Mice 

0.137 Experiments were conducted to examine the effect 
of two T-oligos, an 11 mer (pGTTAGGGTTAG) (SEQ ID 
NO:5) and a 16-mer (pGGTTAGGTGTAGGTTT) (SEQ ID 
NO:14), compared to control animals. In the first experi 
ment, 2x10 MM-AN cells were injected subcutaneously 
into the flank of each animal and on day 5, when tumors 
were first clinically apparent, the mice received twice daily 
intravenous injections for 5 days (10 injections) of either the 
11-mer (120 nMoles), 16-mer (60 nMoles), or no treatment 
at all. Results are shown in FIG. 11. Both treatments were 
quite effective and the half-dose 16-mer was slightly but not 
Statistically Superior to the full-dose 11-mer. In a Second 
experiment 2x10 MM-AN cells were injected into the tail 
vein, a procedure known to cause widespread metastases, 
and beginning on day 3 the animals were injected twice daily 
for 5 days with either the 11-mer or 16-mer or Hank's 
buffered saline solution (diluent alone) as a control. The 
experiment was completed when the control group (CTL) 
began to lose weight and appear ill. The data show that both 
oligonucleotides were quite effective in reducing number 
and size of metastases, with the 16-mer at half-dose again 
slightly more effective than the 11-mer at full-dose and 
tumor volume (See FIGS. 11-14). 

Example 9 

Oligonucleotide Killing of Non-Hodgkins 
Lymphoma Lymphoblasts 

0.138. The mechanism by which oligonucleotides of the 
present invention affect cells is partially known. It is known 
that oligonucleotides activate the ATM kinase, leading to 
modification of the p95/Nbs1 protein responsible for 
S-phase arrest of the cell cycle. In the presence of continu 
ous mitogenic Stimulation, a G/Go arrest is Subsequently 
achieved, presumably through p53 and p21. Experiments 
were conducted to extend Such studies to ascertain the 
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effects of GTTAGGGTTAG (SEQ ID NO:2) (referred to 
hereinafter as T-oligo) on malignant B cell lines (DLCL 
diffuse large B-cell lymphoma), wherein the cells were 
treated with 20 uM of the oligonucleotide followed by FACS 
analysis as described above. 
0139 Rather than a G/M arrest followed by apoptosis at 
48 h, treatment of all cells (40,000) with SEQ ID NO:2 (20 
AlM) caused a very early S phase arrest, which became a 
more pronounced by 72 h. All the cell lines behaved with 
Similar kinetics, and cell death was through caspase-3 eleva 
tion and apoptosis as before. It is thought that the present 
T-oligo induces an early S phase arrest largely through 
phosphorylation of the p95/Nbs1 protein. Apoptotic cells 
were not a significant fraction of the population until 48 h, 
when 41% apoptotic cells were observed. After 72 h, 67% of 
the treated cells were apoptotic. Stabilization of p53 was 
observed in all cell types tested, but was transient in Toledo 
cells and MOLT4 cells, whereas stabilization was Sustained 
in RL and Farage cells. Unlike doxorubicin, T-oligo induced 
p53 in Toledo cells, indicating that p53 induction was still 
possible here, but not in MOLT4, as expected. Taken 
together with the cell cycle profiles, the evidence clearly 
Supports a conclusion that the apoptotic pathways in the 
doxorubicin treated cells and T-oligo cases are not the Same. 
The S phase arrest in T-oligo treated DLCL cells is consis 
tent with the arrest seen in MM-AN melanoma cells, but it 
occurs earlier in DLCL cells, requiring up to 96 h in 
MM-AN cells and fibroblast-type adherent cells. 
0140 Cyclophilin loading controls confirmed equal load 
ing for all cell types, including MOLT4. A dose-response 
experiment shows that caspase-3 induction at 4 h after 
T-oligo exposure (40,000 cells) did not appear to Saturate 
with increasing T-oligo concentration, unlike doxorubicin 
treated cells. Toledo cells were the most sensitive to T-oligo 
treatment, showing a steeper dose-response curve, and 
MOLT4 the most resistant, suggesting that lack of p53 
expression is associated with resistance. It was in Some 
Sense Surprising that Toledo cells were more Sensitive than 
RL and Farage, because their p53 induction was brief and 
transient. These differences were consistent with apoptotic 
cell counts at each time point in each case, although all cell 
types were killed completely by 96 h. Because oligonucle 
otides of this size with physiologic phosphodiester linkage 
have a half-life in culture of 4-6 h, the effective exposure 
time of DLCL cells to T-oligos in these experiments is 
probably far less than the 72 h in vitro incubation period 
shown. 

Example 10 

Vincristine and T-Oligo Synergistic Killing of 
DLCL Cells 

0.141. Three single agents in common use as part of the 
CHOP+R (cyclophosphamide, doxorubicin, Vincristine, 
prednisone, Rituxin) (Godwin, et al., Clinical Lymphoma 
2:155-163 (2001) standard of care were tested, in combina 
tion with T-oligo described in Example 9: doxorubicin, 
anti-CD20 and Vincristine. We chose doxorubicin because 
we had already obtained interesting information on its 
behavior in promoting apoptosis in DLCL cells, and com 
bination with treatment with our oligonucleotide. A purified 
mouse IgG-K monoclonal anti-human CD20 (eBioScience) 
was used, which is Similar to Rituximab, because all the 
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DLCL lines we used were CD20+ and might be susceptible 
to CD20-receptor mediated apoptosis. Monomeric Ritux 
imab chemoSensitizes drug-resistant NHL cells through 
CD20 signaling, Selectively downregulating anti-apoptotic 
factors, Such as Bcl-2, although in patients, there are two 
other major mechanisms of Rituximab action not seen in 
tissue culture experiments Such as these: complement-me 
diated cytotoxicity through the F portion of the chimeric 
molecule and antibody-dependent cellular cytotoxicity. We 
hypothesized that the apoptotic action of anti-CD20 alone 
might be Sufficient to combine with T-oligo apoptotic action. 
Finally, Vincristine was chosen because it too is a component 
of CHOP, and, like doxorubicin and Rituximab, is likely to 
work through an apoptotic pathway independent of T-oligo. 
Vincristine and its Vinca alkaloid sister compound vinblas 
tine are Spindle poisons and therefore act as mitotic blockers. 
In each case, the anticipated mechanistic differences with 
T-oligo action were hypothesized to create additive or Syn 
ergistic effects in combination, given the firmly established 
principle of cancer chemotherapy that multiple, independent 
modes of drug action are always more effective than Single 
agents or agents that act in the same pathway. 
0142. Submaximal concentrations of doxorubicin (50 
pM) or anti-CD20 (1 lug/ml) and of T-oligo (2 uM) SEQ ID 
NO:2 were tested and assayed caspase-3 induction (6000 
cells) was assayed, we found that doxorubicin and anti 
CD20 did not synergistically induce caspase-3 activity with 
the T-oligo. In the absence of additional control experiments, 
we cannot comment further on these negative results. How 
ever, assay of caspase-3 activity 12 h after addition of 
Vincristine (25 nM; Sigma) and T-oligo (2 uM) together 
showed Synergistic induction of caspase-3 activity, com 
pared to either Single agent. DNA Synthesis was measured 
by BrdU incorporation as detected with FITC anti-BrdU 
antibody (BD) and correlated with DNA content as detected 
with 7-aminoactinomycin D fluorescence of fixed cells by 
flow cytometry (FACS). Untreated control Toledo cells 
showed normal Go/G1 phase, S phase and G2/M phase 
populations, Such as would be expected for proliferating 
malignant cells, but after 12 hours treatment with the drug 
combination were completely devoid of DNA. However, 
genomic DNA had not yet degraded significantly into the 
familiar apoptotic pattern, which was indeed observed at 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 38 

<210> SEQ ID NO 1 
&2 11s LENGTH 9 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 1 

gagtatgag 

<210> SEQ ID NO 2 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
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later times and correlated with caspase-3 activity. For Such 
low doses of T-oligo and Vincristine, we found that 
caspase-3 induction was best measured at the later time 
point of 12 h, rather than at 4h Such as we had performed 
previously, because Significant differences were not detect 
able at 4h. Furthermore, at higher Vincristine concentrations 
(e.g., 0.25 um), T-oligo effects were Swamped, and again, no 
differences were detected, due to the high toxicity of Vinc 
ristine. Observations of BrdU incorporation were consistent 
with this pattern. It is possible that MOLT4 cells might 
show leSS Synergy, given their p53 status, although we have 
not yet tested these cells. These results Suggest that low dose 
Vincristine and low dose T-oligo work well together with 
minimal side effects in DLCL patients. 

Example 11 

T-Oligo Causes Cell Cycle Arrest of Normal B 
Cells But Not Apoptosis 

0143. In order to establish a therapeutic window for the 
use of T-oligo, either in combination with Vincristine or not, 
it is essential to Study its effect on normal cells. All anti 
cancer chemotherapeutic drugs are highly toxic and dosages 
must compromise between efficacy and toxicity. One of the 
unique reported features of T-oligo is that by mimicking the 
exposure of telomeric oligonucleotides, the drug activates 
the Sensor responsible for monitoring telomere structure, but 
the p53-dependent cell cycle arrest that follows is not then 
followed by apoptosis in normal fibroblasts, the system in 
which T-oligos (and the thymidine dinucleotides from which 
T-oligos were deduced) were originally studied. Cell cycle 
arrest is temporary and, presumably because of the lack of 
actual DNA damage, cells eventually return to their normal 
metabolism. 

EQUIVALENTS 

0144) While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Scope of the invention encom 
passed by the appended claims. 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 2 

gttagggitta g 11 

<210> SEQ ID NO 3 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 3 

citaa.cccitaa c 11 

<210> SEQ ID NO 4 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 4 

gtacgtacgt a 11 

<210> SEQ ID NO 5 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 5 

gttagggitta g 11 

<210> SEQ ID NO 6 
&2 11s LENGTH 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 6 

ttaggg 6 

<210 SEQ ID NO 7 
&2 11s LENGTH 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 7 

titcggg 6 

<210 SEQ ID NO 8 
&2 11s LENGTH 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 8 
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-continued 

Ctaggg 6 

<210 SEQ ID NO 9 
&2 11s LENGTH 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 9 

ttaggc 6 

<210> SEQ ID NO 10 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 10 

ggtaggtgta ggatt 15 

<210> SEQ ID NO 11 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 11 

ggtaggtgta ggitta 15 

<210> SEQ ID NO 12 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 12 

ggittaggtgt aggtt 15 

<210> SEQ ID NO 13 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

O <223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 13 

ggittaggtgg aggttt 16 

<210> SEQ ID NO 14 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 14 

ggittaggtgt aggttt 16 
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-continued 

<210 SEQ ID NO 15 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 15 

ggittaggitta ggitta 15 

<210> SEQ ID NO 16 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA fragment 

<400 SEQUENCE: 16 

ggtaggtgta gggtg 15 

<210 SEQ ID NO 17 
&2 11s LENGTH 9 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 17 

gttagg gtt 9 

<210> SEQ ID NO 18 
&2 11s LENGTH 9 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 18 

ttagggitta 9 

<210 SEQ ID NO 19 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 19 

gttaggttta aggtt 15 

<210> SEQ ID NO 20 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 20 

ggtoggtgtc. g.ggtg 15 

<210> SEQ ID NO 21 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 21 

ggCagg cqca ggg.cg 15 

<210> SEQ ID NO 22 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 22 

gttagggitta gggitt 15 

<210> SEQ ID NO 23 
&2 11s LENGTH 9 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 23 

gggittaggg 9 

<210> SEQ ID NO 24 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (11) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 

<400 SEQUENCE: 24 

gttagggitta g 11 

<210> SEQ ID NO 25 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (2) ... (3) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (9) . . (10) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (10 ) . . (11) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
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-continued 

<400 SEQUENCE: 25 

gttagggitta g 11 

<210> SEQ ID NO 26 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (9) . . (10) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (10 ) . . (11) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 

<400 SEQUENCE: 26 

gttagggitta g 11 

<210 SEQ ID NO 27 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (2) ... (3) 
<223> OTHER INFORMATION: Nucleotides are connected via phosphorothioate 

linkage 

<400 SEQUENCE: 27 

gttagggitta g 11 

<210> SEQ ID NO 28 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 28 

ggittagggtg taggttt 17 

<210 SEQ ID NO 29 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 29 

ggttggttgg ttggitt 16 

<210 SEQ ID NO 30 
&2 11s LENGTH 15 
&212> TYPE DNA 

Mar. 9, 2006 
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-continued 

<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 30 

ggtggtggtg gtggit 15 

<210> SEQ ID NO 31 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 31 

ggaggaggag gagga 15 

<210> SEQ ID NO 32 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 32 

ggtgtggtgt ggtgt 15 

<210 SEQ ID NO 33 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 33 

tgtggtgtgg togtgg 15 

<210> SEQ ID NO 34 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 34 

tagtgttagg totag 15 

<210 SEQ ID NO 35 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 35 

ggttggttgg ttggttggitt 20 

<210 SEQ ID NO 36 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic DNA Fragment 
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-continued 

<400 SEQUENCE: 36 

ggittaggttt aggttt 

SEQ ID NO 37 
LENGTH 9 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 37 

gagtatgag 

SEQ ID NO 38 
LENGTH 2.0 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic DNA Fragment 

<400 SEQUENCE: 38 

gcatgcatcc attacgtacg 

What is claimed is: 
1. A composition comprising one or more oligonucle 

otides, Said oligonucleotide having between 2 and 200 bases 
and having at least 33% but less than 100% identity with the 
Sequence (TTAGGG), and optionally having a 5" phos 
phate, and when Said oligonucleotide comprises the 
sequence 5'-RRRGGG-3' (R=any nucleotide) said oligo 
nucleotide has a guanine content of 50% or leSS. 

2. The composition of claim 1 wherein Said oligonucle 
otide lacks cytosine. 

3. The composition of claim 1 wherein Said oligonucle 
otide comprises one or more Sequences Selected from the 
group consisting of TT, TA, TG, AG, GG, AT, GT, TTA, 
TAG, TAT, ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, 
AGGG, GGTT, GTTA, TTAGG, TAGGG, GGTTA, 
GTTAG, GGGTT and GGGGTT. 

4. The composition of claim 1 wherein Said oligonucle 
otide is between 40% and 90% identical to (TTAGGG). 

5. The composition of claim 1 wherein Said oligonucle 
otide is Selected from the group consisting of oligonucle 
otides 2-200 nucleotides long, oligonucleotides 2-20 nucle 
otides long, oligonucleotides 5-16 nucleotides long, and 
oligonucleotides 2-5 nucleotides long. 

6. The composition according to claim 1 wherein Said one 
or more oligonucleotide is Selected from the group consist 
ing of: GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGT 
TGGTTGGTTGGTT (SEQ ID NO: 29); GGTGGTGGTG 
GTGGT (SEQ ID NO: 30); GGAGGAGGAGGAGGA 
(SEQ ID NO: 31); GGTGTGGTGTGGTGT (SEQ ID NO: 
32); TAGTGTTAGGTGTAG (SEQ ID NO:34); GAGTAT 
GAG (SEQ ID NO: 37): AGTATGA; GTTAGGGTTAG 
(SEQ ID NO: 2); GGTAGGTGTAGGATT (SEQ ID NO: 
10); GGTAGGTGTAGGTTA (SEQ ID NO: 11); GGTTAG 
GTGTAGGTT (SEQ ID NO: 12); GGTTAGGTGGAG 
GTTT (SEQ ID NO: 13); GGTTAGGTTAGGTTA (SEQ ID 
NO: 14); GTTAGGTTTAAGGTT (SEQ ID NO: 19); and 
GTTAGGGTTAGGGTT (SEQ ID NO: 22). 
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7. A method of treating a hyperproliferative disorder in a 
mammal the method comprising administering to the mam 
mal an effective amount of a composition comprising one or 
more oligonucleotides, Said oligonucleotide having between 
2 and 200 bases and having at least 33% but less than 100% 
identity with the sequence (TTAGGG), and optionally 
having a 5" phosphate, and when Said oligonucleotide com 
prises the sequence 5'-RRRGGG-3 (R=any nucleotide) said 
oligonucleotide has a guanine content of 50% or less. 

8. The method of claim 7 wherein said oligonucleotide 
lackS cytosine. 

9. The method of claim 7 wherein said oligonucleotide 
comprising one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, AGGG, 
GGTT, GTTA, TTAGG, TAGGG, GGTTA, GTTAG, 
GGGTT and GGGGTT. 

10. The method of claim 7 wherein said oligonucleotide 
is between 40% and 90% identical to (TTAGGG), 

11. The method of claim 7 wherein said oligonucleotide is 
Selected from the group consisting of a) oligonucleotides 
2-200 nucleotides long; b) oligonucleotides 2-20 nucleotides 
long; c) oligonucleotides 5-16 nucleotides long; and d) 
oligonucleotides 2-5 nucleotides long. 

12. The method according to claim 7 wherein the said one 
or more oligonucleotide is Selected from the group consist 
ing of: GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGT 
TGGTTGGTTGGTT (SEQ ID NO: 29); GGTGGTGGTG 
GTGGT (SEQ ID NO: 30); GGAGGAGGAGGAGGA 
(SEQ ID NO: 31); GGTGTGGTGTGGTGT (SEQ ID NO: 
32); TAGTGTTAGGTGTAG (SEQ ID NO:34); GAGTAT 
GAG (SEQ ID NO: 37); AGTATGA; GTTAGGGTTAG 
(SEQ ID NO: 2); GGTAGGTGTAGGATT (SEQ ID NO: 
10); GGTAGGTGTAGGTTA (SEQ ID NO: 11); GGTTAG 
GTGTAGGTT (SEQ ID NO: 12); GGTTAGGTGGAG 
GTTT (SEQ ID NO: 13); GGTTAGGTTAGGTTA (SEQ ID 
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NO: 14); GTTAGGTTTAAGGTT (SEQ ID NO: 19); and 
GTTAGGGTTAGGGTT (SEQ ID NO: 22). 

13. A method for inhibiting growth of cancer cells in a 
human comprising administering to the human an effective 
amount of a composition comprising one or more oligo 
nucleotides, Said oligonucleotide having between 2 and 200 
bases and having at least 33% but less than 100% identity 
with the sequence (TTAGGG), and optionally having a 5' 
phosphate, and when Said oligonucleotide comprises the 
sequence 5'-RRRGGG-3' (R=any nucleotide) said oligo 
nucleotide has a guanine content of 50% or leSS. 

14. The method of claim 13 wherein said oligonucleotide 
lackS cytosine. 

15. The method of claim 13 wherein said oligonucleotide 
comprising one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, AGGG, 
GGTT, GTTA, TTAGG, TAGGG, GGTTA, and GTTAG. 

16. The method of claim 13 wherein said oligonucleotides 
is selected from the group consisting of a) oligonucleotides 
2-200 nucleotides long; b) oligonucleotides 2-20 nucleotides 
long; c) oligonucleotides 5-16 nucleotides long; and d) 
oligonucleotides 2-5 nucleotides long. 

17. The method of claim 13 wherein said oligonucleotide 
is between 40% and 90% identical to (TTAGGG), 

18. The method of claim 13 wherein said one or more 
oligonucleotide is Selected from the group consisting of: 
GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGTTGGT 
TGGTTGGTT (SEQID NO: 29); GGTGGTGGTGGTGGT 
(SEQ ID NO:30); GGAGGAGGAGGAGGA(SEQ ID NO: 
31); GGTGTGGTGTGGTGT (SEQ ID NO:32); TAGTGT. 
TAGGTGTAG (SEQ ID NO:34); GAGTATGAG (SEQ ID 
NO:37); AGTATGA; GTTAGGGTTAG (SEQ ID NO: 2); 
GGTAGGTGTAGGATT (SEQ ID NO: 10); GGTAGGTG 
TAGGTTA (SEQ ID NO: 11); GGTTAGGTGTAGGTT 
(SEQ ID NO: 12); GGTTAGGTGGAGGTTT (SEQ ID NO: 
13); GGTTAGGTTAGGTTA (SEQ ID NO: 14); GTTAG 
GTTTAAGGTT (SEQ ID NO: 19); and GTTAGGGT 
TAGGGTT (SEQ ID NO: 22). 

19. The method of claim 13 wherein the cancer cells are 
Selected from the group consisting of melanoma cells, breast 
cancer cells, lymphoma cells, Osteosarcoma cells, leukemia 
cells, Squamous carcinoma cells, cervical cancer cells, ova 
rian cancer cells, pancreatic cancer cells, and fibrosarcoma 
cells. 

20. A method of promoting differentiation of malignant 
cells in a mammal comprising one or more oligonucleotides, 
Said oligonucleotide having between 2 and 200 bases and 
having at least 33% but less than 100% identity with the 
Sequence (TTAGGG), and optionally having a 5" phos 
phate, and when Said oligonucleotide comprises the 
sequence 5'-RRRGGG-3' (R=any nucleotide) said oligo 
nucleotide has a guanine content of 50% or leSS. 

21. The method of claim 20 wherein said oligonucleotide 
lackS cytosine. 

22. The method of claim 20 wherein said oligonucleotide 
comprising one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, AGGG, 
GGTT, GTTA, TTAGG, TAGGG, GGTTA, GTTAG, 
GGGTT and GGGGTT. 

23. The method of claim 20 wherein said oligonucleotides 
is selected from the group consisting of a) oligonucleotides 
2-200 nucleotides long; b) oligonucleotides 2-20 nucleotides 
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long; c) oligonucleotides 5-16 nucleotides long; and d) 
oligonucleotides 2-5 nucleotides long. 

24. The method of claim 20 wherein said oligonucleotide 
is between 40% and 90% identical to (TTAGGG), 

25. The method of claim 20 wherein said one or more 
oligonucleotide is Selected from the group consisting of: 
GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGTTGGT 
TGGTTGGTT (SEQ ID NO: 29); GGTGGTGGTGGTGGT 
(SEQ ID NO:30); GGAGGAGGAGGAGGA(SEQ ID NO: 
31); GGTGTGGTGTGGTGT (SEQ ID NO:32); TAGTGT. 
TAGGTGTAG (SEQ ID NO:34); GAGTATGAG (SEQ ID 
NO:37); AGTATGA; GTTAGGGTTAG (SEQ ID NO: 2); 
GGTAGGTGTAGGATT (SEQ ID NO: 10); GGTAGGTG 
TAGGTTA (SEQ ID NO: 11); GGTTAGGTGTAGGTT 
(SEQ ID NO: 12); GGTTAGGTGGAGGTTT (SEQ ID NO: 
13); GGTTAGGTTAGGTTA (SEQ ID NO: 14); GTTAG 
GTTTAAGGTT (SEQ ID NO: 19); and GTTAGGGT 
TAGGGTT (SEQ ID NO: 22). 

26. The method of claim 20 wherein the cancer cells are 
Selected from the group consisting of melanoma cells, breast 
cancer cells, lymphoma cells, osteosarcoma cells, leukemia 
cells, Squamous carcinoma cells, cervical cancer cells, ova 
rian cancer cells, pancreatic cancer cells, and fibrosarcoma 
cells. 

27. A method of inducing apoptosis in a cancer cell Said 
method comprising administering to the mammal one or 
more oligonucleotides, Said oligonucleotide having between 
2 and 200 bases and having at least 33% but less than 100% 
identity with the sequence (TTAGGG), and optionally 
having a 5" phosphate, and when Said oligonucleotide com 
prises the sequence 5'-RRRGGG-3 (R=any nucleotide) said 
oligonucleotide has a guanine content of 50% or less. 

28. The method of claim 27 wherein said oligonucleotide 
lackS cytosine. 

29. The method of claim 27 wherein said oligonucleotide 
comprising one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, AGGG, 
GGTT, GTTA, TTAGG, TAGGG, GGTTA, GTTAG, 
GGGTT and GGGGTT. 

30. The method of claim 27 wherein said oligonucleotides 
is selected from the group consisting of a) oligonucleotides 
2-200 nucleotides long; b) oligonucleotides 2-20 nucleotides 
long; c) oligonucleotides 5-16 nucleotides long; and d) 
oligonucleotides 2-5 nucleotides long. 

31. The method of claim 27 wherein said oligonucleotide 
is between 40% and 90% identical to (TTAGGG), 

32. The method according to claim 27 wherein said one or 
more oligonucleotide is Selected from the group consisting 
of: GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGTTG 
GTTGGTTGGTT (SEQ ID NO: 29); GGTGGTGGTG 
GTGGT (SEQ ID NO: 30); GGAGGAGGAGGAGGA 
(SEQ ID NO: 31); GGTGTGGTGTGGTGT (SEQ ID NO: 
32); TAGTGTTAGGTGTAG (SEQ ID NO:34); GAGTAT 
GAG (SEQ ID NO: 37); AGTATGA; GTTAGGGTTAG 
(SEQ ID NO: 2); GGTAGGTGTAGGATT (SEQ ID NO: 
10); GGTAGGTGTAGGTTA (SEQ ID NO: 11); GGTTAG 
GTGTAGGTT (SEQ ID NO: 12); GGTTAGGTGGAG 
GTTT (SEQ ID NO: 13); GGTTAGGTTAGGTTA (SEQ ID 
NO: 14); GTTAGGTTTAAGGTT (SEQ ID NO: 19); and 
GTTAGGGTTAGGGTT (SEQ ID NO: 22). 

33. The method of claim 27 wherein the cancer cells are 
Selected from the group consisting of melanoma cells, breast 
cancer cells, lymphoma cells, osteosarcoma cells, leukemia 
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cells, Squamous carcinoma cells, cervical cancer cells, ova 
rian cancer cells, pancreatic cancer cells, and fibrosarcoma 
cells. 

34. The method for reducing the occurrence of skin cancer 
in a human the method comprising one or more oligonucle 
otides, Said oligonucleotide having between 2 and 200 bases 
and having at least 33% but less than 100% identity with the 
Sequence (TTAGGG), and optionally having a 5" phos 
phate, and when Said oligonucleotide comprises the 
sequence 5'-RRRGGG-3' (R=any nucleotide) said oligo 
nucleotide has a guanine content of 50% or leSS. 

35. The method of claim 34 wherein said oligonucleotide 
lackS cytosine. 

36. The method of claim 34 wherein said oligonucleotide 
comprising one or more Sequences Selected from the group 
consisting of TT, TA, TG, AG, GG, AT, GT, TTA, TAG, TAT, 
ATG, AGT, AGG, GAG, GGG, TTAG, TAGG, AGGG, 
GGTT, GTTA, TTAGG, TAGGG, GGTTA, GTTAG, 
GGGTT and GGGGTT. 

37. The method of claim 34 wherein said oligonucleotides 
is selected from the group consisting of a) oligonucleotides 
2-200 nucleotides long; b) oligonucleotides 2-20 nucleotides 
long; c) oligonucleotides 5-16 nucleotides long; and d) 
oligonucleotides 2-5 nucleotides long. 
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38. The method of claim 34 wherein said oligonucleotide 
is between 40% and 90% identical to (TTAGGG), 

39. The method of claim 34 wherein said one or more 
oligonucleotide is Selected from the group consisting of: 
GTTAGGGTGTAGGTTT (SEQ ID NO: 28); GGTTGGT 
TGGTTGGTT (SEQ ID NO: 29); GGTGGTGGTGGTGGT 
(SEQ ID NO:30); GGAGGAGGAGGAGGA(SEQ ID NO: 
31); GGTGTGGTGTGGTGT (SEQ ID NO:32); TAGTGT. 
TAGGTGTAG (SEQ ID NO:34); GAGTATGAG (SEQ ID 
NO:37); AGTATGA; GTTAGGGTTAG (SEQ ID NO: 2); 
GGTAGGTGTAGGATT (SEQ ID NO: 10); GGTAGGTG 
TAGGTTA (SEQ ID NO: 11); GGTTAGGTGTAGGTT 
(SEQ ID NO: 12); GGTTAGGTGGAGGTTT (SEQ ID NO: 
13); GGTTAGGTTAGGTTA (SEQ ID NO: 14); GTTAG 
GTTTAAGGTT (SEQ ID NO: 19); and GTTAGGGT 
TAGGGTT (SEQ ID NO: 22). 

40. The method of claim 34 wherein the cancer cells are 
Selected from the group consisting of melanoma cells, breast 
cancer cells, lymphoma cells, osteosarcoma cells, leukemia 
cells, Squamous carcinoma cells, cervical cancer cells, ova 
rian cancer cells, pancreatic cancer cells, and fibrosarcoma 
cells. 


