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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 hyperprolferative 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 ?led Apr. 12, 2002, Which is a 
continuation-in-part of International Application No. PCT/ 
US01/10162, Which designated the United States and Was 
?led on Mar. 30, 2001, published in English, Which is a 
continuation-in-part of application Ser. No. 09/540,843 ?led 
Mar. 31, 2000, Which is a continuation-in-part of application 
Ser. No. 09/048,927 ?led Mar. 26, 1998, now US. Pat. No. 
6,147,056, Which is a continuation-in-part of the US. 
National stage of International Application No. PCT/US96/ 
08386 ?led Jun. 3, 1996, published in English, US. appli 
cation Ser. No. 08/952,697, noW abandoned, Which is a 
continuation-in-part of application Ser. No. 08/467,012 ?led 
Jun. 6, 1995, now US. 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 signi?cant accumulated eXposure to 
sunlight. For some types of cancers and stages of disease at 
diagnosis, morbidity and mortality rates have not improved 
signi?cantly 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)n 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] In still another preferred embodiment of the present 
invention, the composition is betWeen about 40% and 90% 
identical to (TTAGGG)n. 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 :2 8 ) 

GGTTGGTTGGTTGGTT; (SEQ ID NO :2 9 ) 

GGTGGTGGTGGTGGT; (SEQ ID NO : 3 O ) 

GGAGGAGGAGGAGGA; ( SEQ ID NO : 3 l ) 

GGTGTGGTGTGGTGT; (SEQ ID NO : 3 2) 

TAGTGTTAGGTGTAG; (SEQ ID NO : 3 4 ) 

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

GGTAGGTGTAGGATT; ( SEQ ID NO : l O ) 

GGTAGGTGTAGGTTA; (SEQ ID NO : l l ) 

GGTTAGGTGTAGGTT; (SEQ ID NO : l 2 ) 

GGTTAGGTGGAGGTTT; (SEQ ID NO : l 3 ) 

GGTTAGGTTAGGTTA; (SEQ ID NO : l 4 ) 

GGTTAGGTGTAGGTTT; (SEQ ID NO : l 5 ) 

GTTAGGTTTAAGGTT; (SEQ ID NO : l 9 ) 
and 

GTTAGGGTTAGGGTT . (SEQ ID NO :2 2 ) 

[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)n, 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)n, 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)n, 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. 

[0011] 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)n, When 
said oligonucleotide comprises the sequence RRRGGG 
(R=any oligonucleotide has a guanine content of 50% or 
less. 

[0012] A still 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)n, 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)n, 
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. 

[0014] 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)n, Where 
n=1 or greater and When said oligonucleotide comprises the 
sequence RRRGGG (R=any oligonucleotide) has a guanine 
content of 50% or less. 

[0015] 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)n, 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)n, 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)n, 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)n, 
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)n, 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)n, 
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)n Where n=1 or 
greater and preferably is less than 100% identical to 
(TTAGGG)n, Where n=1 or greater. More preferably, the 
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G-quadrupleX DNA is between 40% and 60% identical to 
(TTAGGG)n. 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-l or gp-100. The cells can, for 
eXample, be breast cancer cells and the antigen can be 
estrogen receptor 0t. 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. 

[0025] 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 N011, SEQ ID N012, SEQ ID N013, SEQ 
ID N014, SEQ ID N015, SEQ ID N016, SEQ ID N017, SEQ 
ID N018, SEQ ID N0111, SEQ ID N0112, SEQ ID N0113, 
SEQ ID N0114, SEQ ID N0115, SEQ ID N0116, SEQ ID 
N0117, SEQ ID N0119, SEQ ID N0120, SEQ ID N0121, 
SEQ ID N0122, SEQ ID N0123, SEQ ID N0124, SEQ ID 
N0125, SEQ ID N0126, SEQ ID N0127, SEQ ID N0128, 
SEQ ID N0129, SEQ ID N0130, SEQ ID N0131, SEQ ID 
N0132, SEQ ID N0133, SEQ ID N0134, SEQ ID N0135, 
SEQ ID N0136, 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 identi?ed 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 NO11, SEQ ID N012, SEQ ID 
N013, SEQ ID N014, SEQ ID N015, SEQ ID N016, SEQ ID 
N017, SEQ ID N018, SEQ ID N0111, SEQ ID N0112, SEQ 
ID N0113, SEQ ID N0114, SEQ ID N0115, SEQ ID N0116, 
SEQ ID N0117. 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 N011, SEQ ID N012, SEQ 
ID N013, SEQ ID N014, SEQ ID N015, SEQ ID N016, SEQ 
ID N017, SEQ ID N018, SEQ ID N0111, SEQ ID N0112, 
SEQ ID N0113, SEQ ID N0114, SEQ ID N0115, SEQ ID 
N0116, SEQ ID N0117, SEQ ID N0119, SEQ ID N0120, 
SEQ ID N0121, SEQ ID N0122, SEQ ID N0123, SEQ ID 
N0124, SEQ ID N0125, SEQ ID N0126, SEQ ID N0127, 
SEQ ID N0128, SEQ ID N0129, SEQ ID N0130, SEQ ID 
N0131, SEQ ID N0132, SEQ ID N0133, SEQ ID N0134, 
SEQ ID N0135, or SEQ ID N0136. 

[0036] Preferred for applications in Which it is desired to 
inhibit cell proliferation or to induce apoptosis are oligo 
nucleotides comprising SEQ ID NO11, SEQ ID N012, SEQ 
ID N013, SEQ ID N014, SEQ ID N015, SEQ ID N016, SEQ 
ID N017, SEQ ID N018, SEQ ID N0111, SEQ ID N0112, 
SEQ ID N0113, SEQ ID N0114, SEQ ID N0115, SEQ ID 
N0116, SEQ ID N0117, SEQ ID N0119, SEQ ID N0120, 
SEQ ID N0121, SEQ ID N0122, SEQ ID N0123, SEQ ID 
N0124, SEQ ID N0125, SEQ ID N0126, SEQ ID N0127, 
SEQ ID N0128, SEQ ID N0129, SEQ ID N0130, SEQ ID 
N0131, SEQ ID NO132, SEQ ID NO133, SEQ ID NO134, 
SEQ ID N0135, or SEQ ID N0136. 

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 

[0042] FIG. 6—Effect of oligonucleotides on groWth of 
normal mammary epithelial cells. 

[0043] 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. 

[0045] FIG. 9—Effect of oligonucleotides on survival of 
mice injected With MCF-7 breast cancer cells. 

[0046] 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. 

[0048] 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)n 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 speci?cally, 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/U S03/ 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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[0055] Cells that contain damaged or mutated DNA 
include, for example, actinic keratosis cells, cancer cells, 
cells that have been irradiated, as with UV. light, and cells 
that have been exposed to DNA damaging chemicals or 
conditions Will also respond to the oligonucleotides of the 
present invention. In?ammation, including allergically 
mediated in?ammation 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)n 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. 

[0058] 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 identi?ed that have a high af?nity for 
these unusual DNA structures and can resolve them ef? 
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 speci?cally. 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)n 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. 
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[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 (5/9 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 pGATC 
GATCGAT did not signi?cantly increase apoptosis in these 
cells. 










































