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OLIGONUCLEOTIDE ANALOGUES INCORPORATING 
•' 5-AZA-CYTOSINB THEREIN 

BACKGROUND OF THE INVENTION 

Field of the Invention 
{0001] The present invention relates to design, synthesis and application of oligonucleotide analogues which are 
useful as therapeutics, diagnostics as well as research reagents. Oligonucleotide analogues are provided that 
incorporate an analogue of cytosine, 5-aza-cytosine, in the oligonucleotide sequence, e.g., in the form of 5-aza-2'-
deoxycytidine or 5-aza-cyiidme. Such analogues can be used for modulation of DNA methylation, especially for 
effective inhibition of methylation of cytosine at the C-5 position by more specifically targeting the CpG islets of the 
human genome. Methods for synthesizing these oligonucleotide analogues and for modulating C-5 cytosine 
methylation are provided. In particular, phosphoramidite building blocks and oligonucleotides containing decitabine 
(5-aza-2!-deoxycvtidine; D), DpG-rich (Decitabine-phosphodiester linkage-Quanosine) islets and derivatives, are 
provided. Also provided are methods for preparing, formulating and administering these compounds or 
compositions as therapeutics to a host in need thereof. 

Description of Related Art 
(0002) Decitabine is currently being developed as a new phanuaceutical for the treatment-of chronic myelogenous 
leukemia (CML), myelodysplasfic syndrome (MDS), non-small cell lung (NSCL) cancer, sickle-cell anemia, and 

acute myelogenous leukemia (AML). Two isomeric forms of decitabine can be distinguished. The (J-anomer is the 
active form, which is shown in. Figure 1. Decitabine possesses multiple pharmacological characteristics. At the 
molecular level, it is incorporated into DNA during the S phase of cell cycle. At the cellular level, decitabine can 
induce cell differentiation and exert hematological toxicity. Despite having a short half-life in vivo, decitabine has 
an excellent tissue distribution. 
[0003] One of the functions of decitabine is its ability to specifically and potently inhibit DNA methylation. DNA 
methylation is an epigenctic effect common to many systems. This modification involves the covalent modification 
of cytosine at the C-5 position (la"). Methylation patterns are stably maintained at CpG dmueleotides by a family 
of DNA methyltransferases that recognize hemimethylated DNA after DNA replication. Inside the cell, decitabine 
is first converted into its active form, the phosphorylated 5-aza-deoxycytidine, by deoxycytidine kinase, which is 
primarily synthesized during the S phase of the cell cycle. The affinity of decitabine for the catalytical.site of 
deoxycytidine kinase is similar to the natural substrate, deoxycytidine (Momparlet et al. 1985 Mol. Pharmacol. 
30:287-299). After conversion to its triphosphate form by deoxycytidine kinase, decitabine is incorporated into 
replicating DNA at a rate similar to that of the natural substrate, dCTF (Bouchard and Momparler 1983 MoL 
Pharmacol. 24:109-114). 
{0004} CpG-rich sequences of housekeeping geines are generally protected from methylation m normal cells. In 
cancerous cells, aberrant hypermsthylation in promoter region CpG-islands of tumor suppressor genes is one of the 
most common events associated with progression of the tumorigenic phenotype. Each class of differentiated cells 
has its own distinct methylationpattern. Incorporation of decitabine into the DNA strand has a hypomethylation 
effect. After chromosomal duplication, in order to conserve this pattern of methylation, the 5-methylcytosine on the 
parental strand serves to direct methylation on the complementary daughter DNA strand. Substituting the carbon at . 
the C-5 position of the cytosine for nitrogen interferes with this normal process of DNA methylation. The 
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DNA methyltransferases. Decitabine behaves faithfully as a cytosine residue until DNA methyltransfeiase enzymes 
attempt to transfer a methyl group to the hemirnethylated DNA strands of the daughter cells. At this step the DNA 
methyltransferase enzyme is covalently trapped by decitabine in the DNA and cannot farther silence (methylate) 

5 additional cytosine residues (Jntteimann et al. 1994 Proc. Natl. Acad. Sci. USA 91:11797-11801). This unique 
mechanism of action of decitabine allows genes silenced (that were once methylated) from previous rounds of cell 
division to be re-expressed. The active trap is present in the hemirnethylated DNA up to 48 hours after decitabine 
treatment. After further DNA synthesis and cell cycle division, progeny strands from the Hemirnethylated DNA 
result in DNA strands that are •sompletely tmrnethylated at these sites (Jones P. 2001 Nature 409: 141,143-4). By 

10 specifically inhibiting DNA methyltransferases, the enzyme required for methylation, aberrant methylation of the 
tumor suppressor genes could be reversed. 
{0005} Despite its proven antileukemic effects in CML, MDS, and AML, the potential application of decitabine 
has been hampered by delayed and prolonged myelosuppression. Lower doses of decitabine, given over a longer 
period of time, have minimized myelosuppression to manageable levels without compromising its ability to suppress 

15 cancer via its hypomethyMon effect At higher doses, the associated toxicity was prohibitive. However, treatment 
of hematologic and solid tumors at maximally tolerated doses of decitabine has been ineffective. The cause of • 
myelosuppression is not clear. It is plausible that since decitabine is. randomly and extensively incorporated into the 
DNA of S phase cells, including bone marrow cells that are involved in normal hematopoiesis, the severe DNA _ 
damage due to the instabi^y of decitabine leads, to necrosis. Since'incoip'orafidn of decitabine is not restricted to 

•20 " ' only the CpG-rich sequences, the DNA can break, due to the instability of decitabine, and require repair at numerous 
sites outside of the CpG islands. 
[0006}. Decitabine and azarftidine axe unstable in aqueous media and undergo hydrolytic degradation. In acidic 
medium, decitabine is hydrolyzed at room temperature to- 5-azacytosine and 2-deoxyribose: In neutral medium at 
room temperature, the opening of the triazine ring takes place at the 6-positionto form the transient" intermediate 

25 formyl derivative, which further degrades to the amidino-urea derivative and formic acid (Piskala, A.; Synackova, 
M.; Tomankova, H.; Fiedler,. P.; Zizkowsky, V. Nucleic Adds Res. 1978, 4, sl09-s-l 13.). This hydrolysis at the 6-
position occurs in acidic and basic aqueous media at even fester rates. 
[0007] In view of the chemical instability and toxicities associated with decitabine, there exists a need to develop 
not only more stable derivatives of decitabine but superior hypomethylafing agents, where incorporation is localized 

30 to fte CpG islands as much as possible or hypomethyktion is achieved without significantly affecting the integrity 
of the DNA. 

SUMMARY OF THE INVENTION 
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[0008] The present disclosure provides oligonucleotide analogues that incorporate 5-aza-

cytosine in the oligonucleotide sequence, e.g., in the form of 5-aza-2'-deoxycytidine (decitabine) 

or 5-aza-cytidine. 

[0009] . In one aspect, there is provided an isolated or synthetic oligonucleotide analogue, 

its. salt or ester, comprising one 5-aza-cyfosine as a base residue in the sequence of fee 

dinucleotide analogue, wherein the dinucleotide is linked with a phospholinker consisting of one 

phosphorous and wherein the dinucleotide analogue has a general formula of: a. Z-L-G, or G-L-

Z, wherein Z is 5-aza-cytosine; G is guanine; and L is a chemical linker covalently linking Z and 

G; or b. 5'-DpG-3' or 5'GpD-3', wherein D is decitabine; p is a phospholinlcer; and G is 

deoxyguanosine. 

[0009a] In a second aspect, there is provided a pharmaceutical composition comprising an 

dinucleotide analogue as defined above or its pharmaceutically acceptable salt or ester, and a 

pharmaceutically-acceptable. carrier. 
[0009b] In a third aspect, there is provided a kit, comprising: a first vessel containing an 

dinucleotide analogue as defined above/its salt or ester thereof. 

[0009c{ In a fourth aspect, there is provided a method for inhibiting DNA methylation in 

a cell in vitro, comprising: contacting the cell with the dinucleotide analogue, its salt or ester 

thereof as defined above, such that DNA methylation activity of the cell is inhibited. 
[0009d]. In a fifth aspect, there is provided the use of a .pharmaceutical composition 

comprising a therapeutically-effective amount of the dinucleotide analogue, its salt or ester 

thereof as. defined above, and a pharmaceutically-acceptable carrier, in the manufacture of a 

medicament for treating a disease associated with, aberrant DNA methylation. 

[0010] In an embodiment, the oligonucleotide analogue has a general formula: 

-Z-'I.'-G , or —G-L-Z—, 

2a 
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oligonucleotide analogue optioh&llybas more than 30%, 35%, or 40% gnanine residues in the sequence of the 

oligonucleotide analogue. 
10011] In particular embodiments, the oligonucleotide analogue is selected from the group consisting of 5'-DpG-

' 5 3', 5>-GpD-3', 5'-DpGpD-3', 5'-GpGpD-3', 5'-GpDpG-3J, 5'-GpDpD-3', 5'-DpDpG-3', 5'-DpGpG-3', 5'-GpDpD-
3', 5'-DpGpA-3', 5'-DpGpDpG-3', 5'-DpGpGpD-3',>-GpDpGpD-3', S'-GpDpDpG-S', 5'-DpGpDpGpA-3's 

wherein D is decitabine; p is a phospholinlcer; A is 2"-deoxyadenosme, and G is 2'-deox5'guanosine. 
[0012] la another aspect of the invention, an isolated or synthetic oligonucleotide analogue is provided which 
comprises, 2 or more copies of a dinucleotide analogue having the general formula: 

10 -Z-L-G-, or-G-L-Z—, . 
wherein Z is 5-a2a~cytosine; G is guanine; and L is a chemical linker covalently linking Z and G. 
[0013] Optionally, the oligonucleotide analogue comprises less than 10, 8,6, or 4 copies of the dinucleotide 
analogue —Z-L-G—, or -—G-L-Z—. 
[0014] in particular embodiments, foe oligonucleotide analogue comprises a segment selected fom the group 

15 consisting ofS'-D-pG^', 5'-GpD-3\. S^ppGpD-B', 5'-GpGpD-3', 5'~GpDpG-3V5'.-GpDpD-3!, 5s-DpDpG-3% 5>-
DpGpG-3', 5'-GpDpD-3', 5'-DpGpA-3\ SVDpGpDptM', S,-DpGpGpD-3,> S'-GpDpGpD-S', 5'-GpDpDpG-3', 
5,'~DpGpBp<jpA-3,) wherein D is decitabine; p.is aphosptoKnker; A is 2'-daoxyadettOsine, and G is 2'-
dsoxygtmnosms. . ' . • 
[0015] Disclosed is an isolated or synthetic oligonucleotide analogue having at least 6 bases in 

20 length is provided, which comprises one or more 5-aza-cytosine residues in the sequence -of the 

oligonucleotide analogue and has at least 75% sequence homology with a segment of a gene, preferably 

the 5'-untranslated region of a gene, such as the promoter of the gene. 
[0016] In'aii embodiment, the oligonucleotide analogize has a general fanmQ&-

—Z-L-G—, or —p-G~L-Z , 
25 -wherein Z is 5-aza-cytosine; G is guanine; and L is a chemical Hnfcer covalently linking Z and G. The 

oligonucleotide analogue opti onally has more than 30%, 35%, ox 40% guanine residues in the sequence of the 
oligonucleotide analogue. 
[0017] ' In particular embodiments, the oligonucleotide analogue comprises a segment selected from the group 
consisting of 5'-DpG-3', 5'-GpD-3', S'-DpGpD-S', 5'-GpGpD-3', 5'-GpDpG-3's S'-GpDpD-S", 5'-DpDj>G-3', 5'-

• 30 DpGpG-3', 5'-GpI>pD-3', S'-DpGpA-B5, 5'-DpGpDpG-3', 5'-DpGpGpD-35, 5'-GpDpGpD-3'; 5'~GpDpDpG-3\ 
5J-DpGpDpGpA-3', wherein D is decitabine; p is a phospholinker, A is 2'-deoxyadenosine, and G is 2'-
deoxygiranosine. 
[0018] Also disclosed is an oligonucleotide analogue is provided that binds an allosteric site on DNA 

methyltransferases thereby inhibiting DNA methyltransferases. 
3 5 [0019] In one embodiment, the oligonucleotide analogue has a sequence of 

[0320] j'-CTGGATCCTTGCCCCGCCCCrrTGAATTCCC-3' (D£QIDNO:25), 
[0021] "S'-GGGAATTCAAATGACGTCAAAAGQATCCAG'3,(SBQIDN0:26); 
[0022] 5'-CCTACCCACCCTGGATCCTTGCCCCGCCCCTTGAAtTCCCAA 

[0023] CCCTCCAC-3' (SEQ ID NO:27); 
40 [0024] 5'-ATCCTTGCCCCGCCCCTTGAAT-3' (SEQ ID NO:2S); DI 

[0025] S'-TTGCCCCGCCeCTT (SEQ ID NO:29), wherein at least one of the cytosine residues in SBQ ID NOs: 
25-29 is substituted with 5-aza-cytosine. 

3 
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£0026] T<or example, the oiigoniiclebtide analogue may be 

J0027] 5'-CTGGATCCrrGCCCDGCCCCTTGAATTCCC-3' (SEQ ED N0:30), wherein one of the 14 cytosine 
residues in SBQ ID NG:25 at nucleotide position 15 is substituted •with 5-aza-cytosine. 
[0028] Also disclosed is an oligonucleotide analogue is provided that is at least 6 nucleotide long, has at 

least one 5-aza-cytosine as a base residue and adopts a hairpin conformation, at ambient temperature, such as 20-

25 °C, in aqueous solution, such as water, saline, or a buffer comprising 20mM HEPES (pH 7), 12% glycerol, ImM 

. EDTA, 4mM dithothreitol, 0.1 % Nonidet P-40, and 3 mM Mg CI2. 
[0029] In one embodiment, the oligonucleotide analogue has the following general secondary structure; 

Nn 2—Nm—y Nj 
3!—ffrs G—Nr. 

10 

5^Nn G_ 

3—N"n Z-

wherein H is any nucleotide; N' is a nucleotide complementary to N; Z is 5-aza-cytosine as a base residue; G is 
guanine as a base residue; J, p, or m is an integer; nucleotide Nn, Nm, N'n, and N'm are positioned in the stem 

• . region of the hairpin; and Nj is positioned in the loop region of fee haiipin. Preferably, 1, n, or m is an integer 
15 greater than 2, 3, 4,_or_5. .OptionaEy^Iis-2,3,4, Sr™ 6. Also optionally, ifNn,vNro; or'Hf Eas'bne of mice cytosine* 

residues; the cytosine residue is substituted with 5-aza-cytosine. 
[0030] In a particular embodiment, the oligonucleotide analogue (SEQ' ED NO:31) has the following hairpin 
conformation: 

5 1 -CTGA&DGGATDi 
3 1 -GACTTGCCTAGi 

20 wherein D is decitabine, A is adenosine or 2'~deoxyadenosine, T is Ihymidine or 2'-deoxyfeymidine5 and C at 
xmcleotidie position 21 is optionally substituted with 5-xnefhyl-2'-deo2ycytidine. , 
f0031] in any of above embodiments, the oligonucleotide analogue can be single-stranded or double-stranded, 
When the oligonucleotide analogue is double-stranded, the first strand is the oligonucleotide analogue, and fine 
second strand may be an oligonucleotide with sequence complementary to that of the first strand wifeout the 

25 cytosine residue being replaced with 5-aza-cytosine. For example, the first strand may be 5'-TTDGDGAA-3' (SEQ 
IB NO: 32) wherein D is decitabine; whereas fee second strand may be 5'-TTCGCGAA~3' (SEQ ID NO: 33), 
[0032] Optionally, when the second strand of oligonucleotide comprises one or more cytosine residues, and at least 
one of the cytosine residues is substituted with 5-methyl-cytosine. 
[0033] Also optionally, when the first strand has a segment of 5'-2-L-G-3', and the second strand comprises a 

30 segusat of 3'-G~L-C'-5' feat matches with fee segment of 5*-Z-L-G-3' in±s first ztsa£, wherein Z k 5-cz> 
cytosine; G is guanine; L is a chemical linker covalently lin&hig Z and G, or G and C'; and C' is 5-methyl-cytosine. 
[0034] Also optionally, when the first strand has a segment of 5'-G-L-2-3and the second strand comprises a 
segment of 3'-C'-L~G-5' that matches -with the segment of 5'-G-L-Z-3'in fee first strand, wherein Z is 5-aza-
cytosiae; G is guanine; L is a chemical linker covalently linking Z and G, or G and C'; and C' is 5-inethyl-cytosine, 

35 [0035) The present disclosure'also provides methods for synthesizing the oligonucleotide analogues and 

for modulating nucleic acid methylation. Also provided are phosphorarnidite building blocks for synthesizing the 
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oligonucleotide analogues, formulating and administering these compounds or compositions to treat conditions, such 

as cancer and hematological disorders. 

INCORPORATION BY REFERENCE 
5 [0036] All publications and patent applications mentioned in this specification are herein incorporated by reference 

to the same extent as if each individual publication or patent application was specifically and individually indicated 

to be incoiporated by reference. 

BRIEF DESCRIPTION.OF THE DRAWINGS 
[0037] Hie novel features of the invention are set forth with particularity in the appended claims. A better 

10' understanding of the features and advantages of the present invention will be obtained by reference to the following 
detailed description that sets forth illustrative embodiments, in which the principles of the invention are utilized, and 
the accompanying drawings of which: 

[0038] Figure 1 shows structure of decitabine, D (la), cytosine, C (la'), and 5-mathyl cytosine, mC (la"). 
15 10039] Figure 2A depicts examples of decitabine phosphoraroidite building blocks. 

[0040] Figure 2B depicts decitabine phosphoramidite building block Id, where Rj = phenoxyacetyl. 
[0041J Figure 3A depicts 3'- and 5'-0-capped and controlled-poreglass 3'-linked decitabine derivatives. 
[0042] Figure 3B depicts protected decitabine 3'-linked onto:eontro]led-pore glass -support- -• • — • 
[0043] Figure 4 depicts examples of 3 '-O-capped decitabine derivatives. 

20 [0044] Figure 5 illustrates a standard cycle for oligonucleotide synthesis. 
[0045] Figure 6A shows synthesis schemes of GpD dnmcfeotides and tetranucleotides, where 3T'is a counter ion. 
[0046] Figure 6B depicts a model synthesis cycle of GpD dinucleotide (2a) and DpGpGpD tetranucleotide (3b). 
[0047] Figure 7 depicts DpGpGpD tetranucleotide. 
[0048] Figure 8 stows synthesis schemes of GpD dimicleotides ami tetranucleotides. 

25 [0049] Figure 9 depicts GpDpG trinucleotide and GpDpDpG tetranucleotide. 
[0050] Figure 10 depicts protected decitabinfi 3'-linked onto poly (ethylene glycol). 
[0051] Figure 11 shows synthesis schemes of 3and 5'-O-capped GpD dinucleotide. 
[0052] Figure 12 shows synthesis schemes of 3'- and 5'-O-capped DpG dinucleotide. 
[0053] Figure 13 depicts GpD and DpG dimicleotides with nuclease resistant phosphothioate linkage. 

30 [0054] Figure 14 depicts GpDpGpD and DpGpGpD tetranucleotides. with nuclease resistant phosphothioate 
linkage. 
[0055] Figure 15 depicts DpGpDpG and GpDpDpG tetranucleotides with nuclease resistant phosphothioate 
linkage. 
[0056] Figure 16 depicts GpD and DpG dmucleotides with cytidine deaminase resistant 4-axnino groups. 

35 • (0057] Figure 17 depicts GpD and DpG dimicleotides with cytidine deaminase resistant 4-amino groups and 
nuclease resistant phosphothioate linkage. 
[005S] Figure 18 depicts GpDpGpD and DpGpGpD tetranucleotides with cytidine deaminase resistant 4-amin.o 
groups. 
[0059] Figure 19 depicts GpDpGpD and DpGpGpD tetranucleotides with cytidine deaminase resistant 4-amino 

40 groups and nuclease resistant phosphothioate linkage. 

5 
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{0060] Figure 20 depicts Cap-O-GpD-O-Cap and Cap-O-DpG-O-Cap dimicleotides with cytidine deaminase 

resistant 4-amino groups. 
[0061] Figure 21 depicts Cap-O-GpD-O-Cap and Cap-O-DpG-O-Cap dimicleotides with cytidine deaminase 
resistant 4-amino groups and nuclease resistant phosphothioate linkage. 

5 [0062] Figure 22 depicts DpGpDpG and GpDpDpG tetranucleotides with cytidine deaminase resistant 4-amino 
groups. 
[0063] Figure 23 depicts DpGpDpG and GpDpDpG tetranucleotides with cytidine deaminase resistant 4-amino 

groups and nuclease resistant phosphothioate linkage 
[0064] Figure 24A depicts -DpG- islets with natural phosphodiester backbone or Modified backbones. 

10 [0065] Figure 24B depicts a —DpG- islet peptide backbone. 
[0066] Figure 25 schematically illustrates a cell-based GEP assay for DNA methylation Panel a) shows control 
cells; and panel b) cells treated with oligonucleotides of the present invention and expressing GFP. 
[0067] Figure 26 lists examples of inventive oligonucleotide analogues specifically targeting the promoter region 
ofP15, BRAC1 or P16, where Dean he decitabine or decitabine analogues and px = p for natural phosphate 

15 linkage, px ® ps for phosphorothioate linkage, px = bp for boranophospate, px-mp for methylphosphonate 
linkage. 
[0068] Figure 27 lists the sequence of P15 promoter region and examples of segments thereof, based on which 
DpG and GpD rich oligonucleotide analogues can be made. 
[0069]. Figure 28 lists the sequence of P-1-6 promoter-region and"examples" of sf'"«iEnts'thereof/based on Which 

20 DpG and GpD rich oligonucleotide analogues can be made. 
[0070] Figure 29 lists the sequence of BRCA1 promoter region and examples of segments thereof, based on which 
DpG and GpD rich oligonucleotide analogues can be made. 
[0071] Figure 30 is a mass spectrum of GpD (2a) triethylammonium salt 
[0072] Figure 31 is a mass spectrum of DpG (2b) triethylarmromuin salt 

25 [0073] Figure 32 is a mass spectrum of DpGpGpD (3b) triethylammonium salt 
[0074] Figure 33 is a mass spectrum of GpDpG (3c') triethylammonium salt. 
f0075] Figure 34 is a mass spectrum of DpGpDpG (3c) triethylammonium salt. 
[0076] Figure 35 is a mass spectrum of phosphorothioate linked DpG (2f) triefhylammonium salt. 
[0077] Figure 36 is a mass spectrum of DpG (2b) sodium salt 

30 [0078] Figure 37 is a mass spectrum of HEG-DpG (2d) triethylammonium salt 
[0079] Figure 38 is a mass spectrum of dccitabine phosphooramidite building block (Id; R-, = phenoxyacetyl). 

DETAILED DESCRIPTION OF THE INVENTION 

3 5 [0080] The present invention provides oligonucleotide analogues which incorporate an analogue of cytosine, 5-
iuitt-cytosinc, in fes oEgcmtislcctiie sequence, e.g., ia the form of 5-aEa-2'-deoxycytidin'e (also known as decitabine) 
or 5-aza-cytidine (5-azaC). It is believed that incorporation of one or more residues of 5-aza-cytosine into an 
oligonucleotide would have a DNAhypomethylation effect as replacement of cytosine with decitabine at a specific 
site of methylation produces an irreversible inactivation of DNA methyltransferase. Preferably decitabine is 

40 incorporated into the oligonucleotide 5'-adjacent to a guanine residue to form a DpG islet in order to more 
specifically target the CpG islets of the human genome. 

6 
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[0081] The invention is aimed to overcome potential toxicities associated with conventional hypometfiylating 
agents such as decitabine and 5-aza-cytidine. Compared to the free nucleoside forms, which are randomly and 
extensively incorporated into fee whole genome, the inventive compounds could act as primers and are incorporated 
mainly into the CpG-ricli islands of the DNA during replication. Preferably, the inventive compounds act as primers 

5 and are incorporated specifically into fee CpG-rich islands of the promoters of therapeutically or diagnostically 
important genes, such as the tumor suppressor genes. The inventive compounds could form temporarily 
hemirnethylated stands with the parental strand and function as the active trap of DNA methyltransferases without 
being incorporated. The inventive compounds may also directly occupy and trap DNA methyltransferases without 
being incorporated into the genome. Since DNA modification is localized to the CpG-rich islands in the promoter 

10 regions of tumor suppressor genes, when the inventive compounds are incorporated, the active trap is optimally 
placed and overall stability of the greater genome remains uncompromised. 
£0082] By modulating DNA methylation, the inventive compounds can be used as therapeutics, diagnostics as well 
as research reagents, especially in the areas of cancer and hematological disorders. Aberrant transcriptional 
silencing of a number of genes, such as tumor suppressor genes, is directly related to pathogenesis of cancer and 

15 other diseases. Due to methylation of cancer-related genes, expression of these genes is suppressed or completely 
silenced. Meanwhile, expression of these genes is required for induction of growth arrest, differentiation, and/or 
apoptotic cell death of transformed cells. Inaction of these genes in the transformed cells leads to uncontrolled 
proliferation of these cells, which eventually results in cancer. Thus, by using fee inventive compounds to actively 
trap DNA methyltransferases.dheetly-and -without being mcorporated into "fee geMBSe of incorporated' into the CpG-

20 rich islands of these genes, transcription of the genes can be reactivated through inhibition of methylation of the 
promoters, thereby resulting suppression of cancer cell .proliferation. 
[0083] The compounds of the present invention can also be useful for research and diagnostics, because some 
embodiments of the inventive compounds can hybridize to a 5'-untranslated region or promoter sequence of a gene, 
enabling sandwich and other assays to easily be constructed to exploit this feet. Hybridization of the oligonucleotide 

25 analogues of the invention with the promoter sequence can be detected by means known in the art. Such means may 
include conjugation or non-covalently binding of an enzyme to the oligonucleotide analogue, radiolabelling of the 
oligonucleotide analogue or any other suitable detection means. Kits using such detection means for modulating 
activity of the promoter of the gene in a sample may also be prepared. 
{0084] The present invention also provides methods for synthesizing these oligonucleotide analogues and for . 

30 modulating C-5 cytosine methylation. In particular, phosphoramidite building blocks and oligonucleotides 
containing decitabine (5-aza-2 '-deoxycytidine; D), DpG-rich (Decitabine-phosphodiester linlcage-Guanosme) islets 
and derivative, are provided. Also provided are methods for preparing, formulating and administering these 
compounds or compositions as therapeutics to a host in need thereof. The inventive confounds, methods of 
synthesis, formulation of pharmaceutical compositions, preparation of vessels and kits, and use of the compounds or 

35 compositions for treating diseases or conditions are described in detail below. 

1. Oligonucleotide Analogues of the Present-Invention 

[0085]. In general the oligonucleotide analogue of the present invention has one or more residues of 5-aza-cytosine 
40 (hereinafter abbreviated as "Z') incorporated into an oligonucleotide sequence. 

7 
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[0086] in one aspect of the invention,, an isolated or synthetic oligonucleotide analogue having 12 or less bases in 
length is provided, which comprises one or more 5-aza-cytosine residues in the sequence of the oligonucleotide 

analogue. 
[0087| "In an embodiment, the oligonucleotide analogue has a general formula: 

5 —Z-L-G—, or —G-L-Z—, 
wherein Z is 5-aza-cytosine; G is guanine; and L is a chemical linker covalently linking Z and G. The 
oligonucleotide analogue optionally has more than 30%, 35%, or 40% guanine residues in the sequence of the 

oligonucleotide .analogue. 
[0088] In particular embodiments, the oligonucleotide analogue is selected from the group consisting of 5 '-DpG-

10 3', 5'-GpB-3\ 5'-DpGpD-3\ S'-GpGpD-S', 5'~GpDpG-3', 5'-GpDpD~3\ 5'-DpDpG-3's 5'-DpGpG-3\ 5'-GpDpD-
3', 5'-DpGpA-3', 5'-DpGpDpG-3', 5'-DpGpGpD-3', 5J-GpDpGpD-3\ 5'-GpDpDpG-3\ 5>-DpGpDpGpA-3\ 
wherein D is decitabine; p is a phospholinker; A is 2'-dcoxyadenosine, and G is 2*-deoxyguanosine. 
[0089] In another aspect of the invention, an isolated or synthetic oligonucleotide analogue is provided which 
comprises, 2 or more copies of a dinucleotide analogue having the general formula: 

15 -Z-L-G—, or-G-L-Z—, 
wherein Z is 5-aza-cytosine; G is guanine; and L is a chemical linker covalently linking Z and G. 
[0090] Optionally, the oligonucleotide analogue comprises less than 10, 8, 6, or 4 copies of the dinucleotide 

analogue —Z-L-G—, or —G-L-Z—. 
__[0091J In particular Embodiments,-the oligonucleotide analoguecomprises" a segment selected ffoin the group 

20 consisting of 5'-DpG-3\ 5'-GpD-35'-DpGpD-3', 5'-GpGpD-3'; 5'-GpDpG-3', 5'-GpDpD-3', 5'-DpDpG-3', 5'-
DpGpG-3', 5'-GpDpD-35'-DpGpA-3\ 5'-DpGpDpG-3\ 5VDpGpGpD-3\ 5'-GpDpGpD-3', 5'-GpDpDpG-3', 
5:-E>pGpDpGpA-3wherein D is decitabine; p is a phospholinker; A is 2"-deoxyadenosine, and G is 2'-
deoxyguanosine. 
[0092] In yet another aspect of the invention, an isolated or synthetic oligonucleotide analogue having at least 6 

25 bases in length is provided, which comprises one or more 5-aza-cytosine residues in the sequence of the 
oligonucleotide analogue and has at least 75% sequence homology with a segment of a gene, preferably the 5'-
untranslated region of a gene, such as the promoter of the gene. 
[0093] In an embodiment, the oligonucleotide analogue has a general formula: 

—Z-L-G—, or •—G-L-Z—, 
30 wherein Z is 5-aza-cytosine; G is guanine; and L is a chemical linker covalently linking Z and G. The 

oligonucleotide analogue optionally has more than 30%, 35%, or 40% guanine residues in the sequence of the 
oligonucleotide analogue. 
[0094] In particular embodiments, the oligonucleotide analogue comprises a segment selected from the group 
consisting of5'-DpG-3\ 5'-GpD-3', 5'-DpGpD-3', 55-GpGpD-3', 5'-GpDpG-3', 5'-GpDpD-3', 5'-DpDpG-3', 5'-

35 DpGpG-3', 5'-GpDpD-3\ 5'-DpGpA~3', 5'-DpGpDpG-3', 5'-DpGpGpD-3% 5'-GpDpGpD-3\ 5'-GpDpDpG-3', 
5* DpdpEpGpki-S*,- where-j? D is decitabine; p Is e phospholinker; A.is 2'-deoxyadeaosme. and G is 2'-, 
deoxyguanosine. 
[0095] The gene is preferably a mammalian gene, and more preferably a human gene, and most preferably a 
Tinman tumor suppressor gene. Examples of the human gene include, but are not limited to, VHL (the Von Hippon 

40 T.ifflrwi gene involved in Renal Cell Carcinoma); P X 6/ENK4A (involved in lymphoma); E-cadherin (involved in 
metastasis of breast, thyroid, gastric cancer); hMLHl (involved in DNA repair in colon, gastric, and endometrial 
cancer); BRCA1 (involved in DNA repair in breast and ovarian cancer); LKB1 (involved in colon and breast 
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cancer);f 15/SNK.4B (involved such as AML and ALL); £R (estrogen receptor, involved in breast, 

colon cancer and leukemia); 06-MGMT (involved in DNA repair in brain, colon, lung cancer and lymphoma); 
GST-pi (involved in breast^ prostate, and renal cancer); UMP-3 (tissue metalloprotease, involved in colon, renal, 
and brain cancer metastasis); DAPK1 (DAP kinase, involved in apoptosis of B-cell lymphoma cells); P73 (involved 

5 in apoptosis of lymphomas cells); AR (androgen receptor, involved in prostate cancer); RAR-beta (retinoic acid 
receptor-beta, involved in prostate cancer); Endothelin-B receptor (involved in prostate cancer); Rb (involved in cell 
cycle regulation of retinoblastoma); P14ARF (involved in cell cycle regulation); RASSF1 (involved in signal 
transduction); APC (involved in signal transduction); Caspase-8 (involved in apoptosis); TERT (involved in 
senescence); TERC (involved in senescence); TMS-1 (involved in apoptosis); SOCS-1 (involved in growth factor 

10 response of hepatocarcinoma); PITX2 (hepatocarcinoma breast cancer); MINT1; MINT2; GPR37; SDC4; MYOD1; 
• MDR1; THBS1; PTC1; and pMDRl, as described in Santini et a. (2001) Ann. of Intern. Med 134:573-586, which 

is herein incorporated by reference in. its entirety. Nucleotide sequences of these genes can be retrieved from the 
website of the National Center for Biotechnology Information (NCBI). 
[0096] As examples, the promoter sequences of fee tumor suppressor genes, pl5, pl6, and BRCA1, are shown in 

15 Figure 27,28, and 29, respectively. Examples of oligonucleotide analogues with at least 75% sequence homology 
with a segment of pl5, pl6, and BRCA1 are shown in Figure 27,28, and 29, respectively. 
[0097] It is appreciated by skilled artisans in the field of nucleic acids that the higher degree of sequence 
homology of a tester polynucleotide with its target polynucleotide, the higher stringency of the condition which the 
tester poljmucleotide.canxemam hybridized to thetargetpolynucleotide; "Thus,""the oligonucleotide aialS^e^ftEe 

20 present invention that are designed to target a specific gene are those oligonucleotide analogues that hybridize to the 
target gene under very low to very high stringency conditions. 
[0098] For oligonucleotide analogues of at least about 100 nucleotides in length, very lowto very high stringency 
conditions are defined as prehybridization and hybridization at 42° C. in 5* SSPE, 0.3% SDS, 200 fig/ml sheared 
and denatured salmon sperm DNA and either 25% forxnainide for very low and low stringencies, 35% fonnamide 

25 for medium and medium-high stringencies, or 50% fonnamide for high and very high stringencies, following 
standard Southern blotting procedures. The carrier material is finally washed three times each for 15 minutes using 
2x SSC, 02% SDS preferably at least at 45° C (very low stringency), more preferably at least at 50° C (low 
stringency), more preferably at least at 55° C (medium stringency), more preferably at least at 60° C (medium-high 
stringency), even more preferably at least at 65° C. (high stringency), and most preferably at least at 70° C(very high 

30 stringency). 
[0099] For shorter oligonucleotide analogues which are about 50 nucleotides to about 100 nucleotides in length, 
stringency conditions are defined as prehybridization, hybridization, and washing post-hybridization at 5° C to 10° 
C below the calculated T^, using the calculation according to Bolton and McCarthy (1962, Proceedings of the 
National Academy of Sciences USA 48:1390) in 0.9 MNaCI, 0.09 MTris-HClpH 7.6, 6mMEDTA, 0.5%NP-40, 

35 IxDerihardt's solution, 1 aM sodium pyrophosphate, 1 wM sodium monobasic phosphate, 0.1 mM ATP, and 0.2 
mg of yeasi RNA pes. ml following sutndaiu Suiiihuoa blotting procedures. The carrier material is washed once in •' 
6y- SCC phis 0.1% SDS for 15 minutes and twice each for 15 minutes using 6* SSC at 5° Cto 10° C below the 
calculated Tm. 
[00100] Another non-limiting examples of high stringency conditions include a hybridization solution containing, 

40 e.g., about 5X SSC, 0.5% SDS, 100 p.g/ml denatured salmon sperm DNA and 50% fonnamide, at 42° C. Blots can 
be washed at high stringency conditions that allow, e.g., for less ton 5% bp mismatch (e.g., wash twice in 0.1% 
SSC and 0.1% SDS for 30 min at 65° C), i.e., selecting sequences having 95% or greater sequence identity. 
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buffer containing 30 mM NaCl and 0.5% SDS. Another example of high stringent conditions is hybridization in 7% 
SDS, 0.5 M NaPCX), pH 7,1 mM EDTA at 50° C, e.g., overnight, followed by one or more washes -with a 1% SDS 
solution at 42° C. Whereas high stringency washes can allow for less than 5% mismatch, reduced or low stringency 
conditions can permit up to 20% nucleotide mismatch. Hybridization at low stringency can be accomplished as 
above, but using lower formaicide conditions, lower temperatures and/or lower salt concentrations, as well as longer 
periods, of incubation time. 
[00102] In a preferred embodiment, the oligonucleotide analogue is capable of hybridizing with the target gene 
under low stringency conditions, in a more preferred embodiment, the oligonucleotide analogue is capable of 
hybridizing with the target gene under medium stringency conditions. In a most preferred embodiment, the 
oligonucleotide analogue is capable of hybridizing with the target gene under high stringency conditions. 
[00103] in yet another aspect of the invention, an oligonucleotide analogue is provided that binds an allosteric site 
on DNA methyltransferase thereby inhibiting DNA methyltransferase. The inhibition of DNA methyltransferase 
prevents fee methylation of DNA thereby treating the disorder associated with aberrant DNA methylation, such as 
cancer and hematological disorders. 
[00104] In one embodiment, the oligonucleotide analogue has a sequence of 
[00105] S'-CTGGATCGTTGCCCCGCCCCTTGAATTCCC-B' (SEQTD NO:25); 
[00106] 5'-G GGAATTCAAATGACGTCAAAAGGATCCAG-3' (SEQ ID NO:26); 
[00107]. 5'-CGTACCCACCCTGGATGGTTGGCGGGGCeeTTGAATTCCCAA 
[00108] CCCTCCAC-3' (SEQ ID NO:27); 
[00109] 5'-ATCCTTGCCCCGCCCCTTGAAT-3' (SEQ ID NO:28); or 
[00110] 5'-TTGCCCCGCCCCTT (SEQ ID NO:29), wherein at least one of the cytosine residues in SEQ ID NOs: 
25-28 is substituted with 5-aza-cytosine. For example, the oligonucleotide analogue may be 
[00111] 5CTGGATCCTT GCCCD GCCCCTTGA ATTCCC-3' (SEQ ID N0:30) 
wherein one of the 14 cytosine residues in SEQ ID NO:25 at nucleotide position 15 is substituted with 5-aza-
cytosine. Other examples of oligonucleotides that bind to DNA methyltransferase can be modified according to the 
present invention by substituting at least one of the cytosine residues can be found in WO 99/12027, which is herein 
incoiporated by reference in its entirety. The assays for testing the activity of the oligonucleotide analogues of the 
present invention in binding and inhibiting activity of DNA methyltransferase can also be found in WO 99/12027. 
[00112] In yet another aspect of the invention, an oligonucleotide analogue is provided that is at least 6 nucleotide 
long, has at least one 5-aza-cytosine as a base residue and adopts a hairpin conformation at ambient temperature, 
such as 20-25oC, in aqueous solution, such as water, saline, or a buffer comprising 20 mM HEPES (pH 7), 12% 
glycero, 1 mM EDTA 4mM dithothreitol, 0.1% Nonidet P-40, and 3 mM MgCl2. It is believed that by adopting a 
hairpin conformation, the oligonucleotide analogue better mimics fee double-stranded DNA substrate for DNA 
methyltransferase than a single-stranded oligonucleotide, thus inhibiting the activity of DNA methyltransferase 
more effectively. - - . 
[00113] In one embodiment, the oligonucleotide analogue has the following general secondary structure: 
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51—Nn G—Nm Nj 
3L„N.n z—N'rrr-v ) 

wherein N is any nucleotide; N' is a nucleotide complementary to N; Z is 5-aza~cytosine as a base residue; G is 
guanine as a base residue; 1, n, or m is an integer; nucleotide Nn, Nm, N'n, and N'm are positioned in the stem 
region of the hairpin; and Nj is positioned in the loop region of the hairpin. Preferably, 1, n, or m is an integer 

5 greater than 2,3,4, or 5. Optionally, 1 is 2,3, 4,5, or 6. Also optionally, if Nn, Nm, or N) has one or more cytosine 
residues, the cytosine residue is substituted with 5-aza-cytosine. 
i00114J In a particular embodiment, the oligonucleotide analogue has the following general secondary structure: 

5>—Nn—ZG-
3'— N'n—GC 

or 

5'—Nn—C'G Nm 
3'—N'n—G2 N'm 

10 wherein C' is 5-methyl-cytidme. 
[00115} In another particular embodiment, the oligonucleotide analogue (SBQ ID NO:31) has the following hahpin 

wherein D is decitabine A is adenosine or 2'~deoxyadenostae, T is thymidine or 2'-deoxyihymidine, and C at 
15 nucleoiidic position 21 is optionally substituted with 5-meihyl-2'-deoxycytidine. 

[O0116J In any of above embodiments, the oligonucleotide analogue can be single-stranded or double-stranded. 
When the oligonucleotide analogue is double-stranded, the first strand is the oligonucleotide analogue, and the 
second strand may be an oligonucleotide with sequence complementary to that of lie first strand without the 
cytosine residue being replaced with 5-aza-cytosine. For example, the first strand may be 5'-TTDGI>GAA3' (SEQ 

20 ID NO: 32) wherein D is decitabine; whereas the second strand maybe 5'-TTCGCGAA-3' (SEQ ID NO: 33). 
Optionally, at least one of the cytosine residues in either the first or second strand may be substituted with 5-methyl-
cytosine, 
[00117] In any of above embodiments, the linker between 2 and G residues or between any two of the base residues 
in the oligonucleotide analogue is preferably a sugar phosphorpdiester linkage. Preferably the linker is a 

25 phosphorodiester linkage via 2'-deoxyribose or ribose, as in the natural sugar phosphorodiester backbone in DNA 
and UNA, respectively. Optionally, to enhance the resistance to nuclease degradation in vivo, the natural 
phosphorodiester linker —0-P(=0)(0")-0-CH2— can be modified to be a phosphorothioate linker —0-P(=0)(S')-
Q-CEfe-—, bemophcrphe-te or meth.yipliCFphon2.te +V 2'-.by<hBxyI groi>p of ribose cm be modified to be a 2'-
methoxy group, 2'-methoxyethyl group, or 2'-£luoro group. Examples of such oligonucleotide analogues with 

30 unnatural backbones are shown Figure 24A where decitabine is linked to guanosine through ribose phosphate • 
backbone. Also optionally, the natural sugar phosphorodiester backbone can be replaced with a protein nucleotide 
(PNA) backbone where the backbone is made from repeating N-(2-atninoethyl)-glycine unite linked by peptide 
bonds. An example of such an oligonucleotide analogue with PNA backbone is shown in Figure 24B where 5-aza-
cytosine is linked to guanine via a PNA backbone. Other types of linkers for oligonucleotides designed to be more 

conformation: 
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resistant to nuclease degradation than the natural are described US Patent Nos. 6,900,540 and 6,900,301, which are 

herein incorporated by reference, 
[00118] The oligonucleotide analogues of the present invention may be ones isolated from biological sources, such 
as tissues, cells and bod}' fluid, and preferably purified to a substantial degree of purity, more preferably of at least 
80% purity, and most preferably of at least 95% of purity. The oligonucleotide analogues may also be synthetic 
ones that are non-natuially occurring oligonucleotide comprising a 5-aza-cytidine, e.g., chemically or enzymaiically 
synthesized in vitro. 
{00119] The oligonucleotide analogues of the present invention encompass any phannaceutically acceptable salts, 
esters, or salts of such esters, or any other compound which, upon administration to an animal including a human, is 
capable of providing (directly or indirectly) the biologically active metabolite or residue thereof. Accordingly, for 
example, the disclosure is also drawn to prodrugs and phaxmaceutically acceptable salts of the compounds of the 
invention, pbarroaceuticaliy acceptable salts of such prodrugs, and other bioequivalents. 
{00120} The term "prodrug" indicates a therapeutic agent that is prepared in an inactive form that is converted to an 
active form (i.e., drug) within the body or cells thereof by the action of endogenous enzymes or other chemicals 
and/or conditions, in particular, prodrug versions of the oligonucleotide analogues of the invention may be prepared 
by forming one or more ester bond with any of the hydroxyl groups in the sugar ring using an organic compound 
containing a carboxyl group, or as SATE [(S-acetyl~2~thi6eth,yl) phosphate] derivatives according to the methods 
disclosed in WO 93/24510 to Gosselin et al., published Dec. 9,1993 or in WO 94/26764 and U.S. Pat No. 

_ 5,770,7T3. to Imbach f-'~ "•L-. . - - • 
{00121] The term "phannaceutically acceptable Salts" refers to physiologically and phaimaceuidcally acceptable 
salts of the compounds of the invention: Le., salts that retain the desired biological activity of the parent compound 
and do not impart undesired toxicological effects thereto. 
[00122] Pharmaceutically acceptable base addition salts are formed with metals or amines, such as alkali and 
alkaline earth metals or organic amines: Examples of metals used as cations are sodium, potassium, magnesium, 
calcium, and the like. Examples of suitable amines are NSN-dibenzylethylenediamine, chloroprocaine, choline, 
dicthanolaxnine. dicyclohexylamine, eihylenediamine, N-methylglucamine, and procaine (see, for example, Berge et 
al., "Pharmaceutical Salts," J. of Pharma Sci., 1977, 66,1-19). The base addition salts of said acidic compounds are 
prepared by contacting the free acid form with a sufficient amount of the desired base to produce the salt in the 
conventional manner. The free acid form may be regenerated by contacting the salt form with an acid and isolating 
the free acid in the conventional manner. The firee acid forms differ from their respective salt forms somewhat in 
certain physical properties such as solubility its polar solvents, but otherwise the salts are equivalent to their 
respective free acid for purposes of the present invention. 
[00123] As used herein, a "pharmaceutical addition salt" includes a phannaceutically acceptable salt of an acid form 
of one of the components of the compositions of the invention. These include organic or inorganic acid salts of the 
amines. Preferred acid salts are the hydrochlorides, acetates, salicylates, nitrates and phosphates. Other suitable 
phannaceutically acceptable salts ate \^'laa0wntO'diiuse'skilled i&'ilte'ait aid include basic salts of a variety of' 
inorganic and organic acids, such as, for example, with inorganic acids, such as for example hydrochloric add, 
hydrobromic acid, sulfuric acid or phosphoric acid; with organic carboxylic, sulfonic, sulfo orphospho acids or N-
substituted sulfamic acids, for example acetic acid, propionic acid, glycolic acid, succinic acid, maleic acid, 
hydroxymaleic acid, mefeylmaleic acid, fomaric acid, malic acid, tartaric acid, lactic acid, oxalic acid, gluconic acid, 
glucaric acid, glucuronic acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, salicylic acid, 4-
amiuosalicylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic acid, embonic acid, nicotinic acid or isonicotmic 
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acid; ana wax ammo acids, such as the 20 alpha-ammo acids involved m the synthesis of protems in nature, for 
example glutamic acid or aspartic acid, and also with phenylacetic acid, methanesulfonic acid, ethane sulfonic acid, 
2-hydroxyethanesulfonic acid, ethane-l,2-disuifonic acid, benzenesulfbnic acid, 4-methylbenzenesulfomc acid, 
naphthalerie-2-sulfonic acid, naphthalene-l,5-disulfonic acid, 2- or 3-phosphoglycerate, gluco s e - 6-phosphate, N-
cyclohexylsulfaniic acid (-with the formation of cyclamates), or with other acid organic compounds, such as ascorbic 
acid. Pharmaceutically acceptable salts of compounds may also be prepared -with a pharmaceutically acceptable 
cation. Suitable phannaceutically acceptable cations are well known to those skilled in the art and include alkaline, 
alkaline earth, ammonium and quaternary ammonium cations. Carbonates or hydrogen carbonates are also possible: 
[00124] Fox oligonucleotide analogues of the present invention, preferred examples of pharmaceutically acceptable 
salts include; but are not limited to (a) salts formed with cations such as sodium, potassium, ammonium, mngnftsiiim, 
calcium, polyamines such as spermine and spermidine, etc.; (b) acid addition salts formed with inorganic acids, for 
example hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; (c) salts 
formed with organic acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, 
fiiroaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic acid, palmitic acid, alginic 
acid, polyglutamic acid, naphthalenesulfonic acid, methanesul&riic acid, p-toluenesulfonic acid, 
naphthalenedisulfonic acid, polygalacturonic acid, and the like; and (d) salts formed from elemental anions such as 
chlorine, bromine, and iodine. 
[00125] The invention also embraces isolated compounds. An isolated compound refers to a compound which 

_ represents.atjeast i0%, preferably 20%,- more-preferably 50%-and most preferably 80% of the- compound present in 
the. mixture, and exhibits a detectable (ie. statistically significant) inhibitory activity of DNA methylation when 
tested in biological assays such as the combined bisulfite restriction analysis or COBRA (Xiong, Z.; Laird, P. W. 
Nucleic Acids Res. 1997,25,2532-2534) and radiolabeled methyl incorporation assay (Francis, K. T.; Thompson, 
R. W.; Krumdieck, C. L. Ant J. Clin. Nutr. 1977,30,2028-2032). 

2. Pharmaceutical Formulations of the Present Invention 
[00126] According to the present invention, the oligonucleotide analogues or compounds of the present invention 
can be formulated into pharmaceutically acceptable compositions for treating various diseases and conditions. 
[00127] The phannaceutically-acceptable compositions of the present invention comprise one or more compounds 
of the invention in association with one or more nontoxic, phannaceutically-acceptable carriers and/or diluents 
and/or adjuvants and/or excipients, collectively referred to herein as "carrier" materials, and if .desired other active 
ingredients. 
[00128] The compounds of the present invention are administered by any route, preferably in the form of a 
pharmaceutical composition adapted to such a route, as illustrated below and are dependent on the condition being 
treated. The compounds and compositions can be, for example, administered orally, parenterally, intraperitoneally, 
intravenously, intraarterialy, transdennally, sublingually, intramuscularly, rectally, transbuccaEy, intranasally, 
liposomaliyj-via inhalation, vagimllyj-iaJiaoccula-iy, via-IocddsEvsry^&r-cxaispie by a csthstcr cr ctai), 
subcutaneousiy, intraadiposally, intraarticularly, or iatrathecally. 
[00129] The pharmaceutical formulation .may optionally further include an excipient added in an amount sufficient 
to enhance the stability of the composition, maintain the product in solution, or prevent side effects (e.g., potential 
ulceration, vascular irritation or extravasation) associated with the administration of the inventive formulation. 
Examples of excipients include, but are not limited to, mannitol, sorbitol, lactose, dextrox, cyclodextrin such as, a-, 

and y-cyclodextrin, and modified, amorphous cyclodextrin such as hydroxypropyl-, hydroxyefhyl-, glucosyl-, 
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maltosyF, maltotriosyl-, carboxyamidomeihy.l-, carboxymeftyl-, sulfobutylether-, ana diethylamino-subsntuted a, 
jS-, and y-cyclodextrin. Cyclodextrins such as Encapsin® from Janssen Pharmaceuticals or equivalent may be used 
for this purpose. 
[00130] For oral administration, the pharmaceutical compositions can be in the form of, for example, a tablet, 
capsule, suspension or liquid. The pharmaceutical composition is preferably made in the form of a dosage unit 
containing a therapeutically-effective amount of the active ingredient Examples of such dosage units are tablets 
and capsules. For therapeutic purposes, the tablets and capsules which can contain, in addition to the active 
ingredient, conventional c'aniers such as binding agents, for example, acacia gum, gelatm^olyvinylpyrroMone, 
sorbitol, or iragacanth; fillers, for example, calcium phosphate, glycine, lactose, maize-starch, sorbitol, or sucrose; 
lubricants, for example, magnesium steaiate, polyethylene glycol, silica, or talc; disintegrants, for example, potato 
starch, flavoring or coloring agents, or acceptable wetting agents. Oral liquid preparations generally are in the form 
of aqueous or oily solutions, suspensions, emulsions, syrups or elixirs may contain conventional additives such as 
suspending agents, emulsifying agents, non-aqueous agents, preservatives, coloring agents and flavoring agents. 
Examples of additives for liquid preparations include acacia, almond oil, ethyl alcohol, fractionated coconut oil, 
gelatin, glucose syrup, glycerin, bydrogenated edible fats, lecithin, methyl cellulose, methyl or propyl para­
hydroxybenzoate, propylene glycol, sorbitol, or sorbic acid. 
100231] For topical use the compounds of the present invention can also be prepared in suitable forms to be applied 
to the skin, or mucus membranes of the nose and throat, and can take the form of creams, ointments, liquid sprays or 
inhalants, lozenges, or throat paints. Such topical f'^rrnlations further can include diemcff compounds such as 
dimethylsulfoxide (DMSO) to facilitate surface penetration of the active ingredient 
[00132] For application to the eyes or ears, the compounds of the present invention can be presented in liquid or 
semi-liquid form formulated in hydrophobic or hydropbilic bases as ointments, creams, lotions, paints or powders. 
[00133] For rectal administration fee compounds of fee present invention can be administered in the form of 
suppositories'admixed "with, conventional carriers such as cocoa butter, wax or other glyceride. 
[00134] Alternatively, the compounds of the present invention can be in powder form for reconstitntion in the 
appropriate phannaceutically acceptable carrier at the time of delivery. . . 
[00135] The pharmaceutical compositions can be administered via injection. Formulations for parenteral 
administration can be in the form of aqueous or non-aqueous isotonic sterile injection solutions or suspensions. 
These solutions or suspensions can be prepared from sterile powders or granules having one or more of the carriers 
mentioned for use in the formulations for oral administration. The compounds can be dissolved in polyethylene 
glycol, propylene glycol, ethanol, corn oil, benzyl alcohol, sodium chloride, and/or various buffers. 
[00136] The oligonucleotide analogues of the present invention may be prepared and formulated as emulsions. 
Emulsions are typically heterogenous systems of one liquid dispersed in another in the form of droplets usually 

exceeding 0.1 fj.m in diameter. (Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 
19SS, Marcel Deldcer, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman^ Rieger and Banker (Eds.), 1988,! Marcel Bskfcer, lac., New YorkjH.Y., Volume!,'p. 245:Blockin 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 2, p. 335; Higuchi et al, in Remington's Pharmaceuflcal Sciences, Mack Publishing Co., Easton, Pa., 1985, 
p. 301). Emulsions are often Diphasic systems comprising of two immiscible liquid phases intimately mixed and 
dispersed with each other, in general, emulsions may be either water-in-oil (w/o) or of the oil-in-water (o/w) variety. 
When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk oily phase the resulting 
composition is called a water-in-oil (w/o) emulsion. Alternatively, when an oily phase is finely divided into and 
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emulsion. Emulsions may contain additional components in addition to the dispersed phases and the active drug 
which may be present as a solution In either the aqueous phase, oily phase or itself as a separate phase. 
Pharmaceutical excipients such as emulsifiers, stabilizers, dyes, and aati-oxidants may also be present in emulsions 

5 as needed. Pharmaceutical emulsions may also be multiple emulsions that are comprised of more man two phases 
such as, for example, in the case of oil-in-water-in-oil (o/w/b) and water-in-oil-m-water (w/o/w) emulsions. Such 
complex formulations often provide certain advantages that simple binary emulsions do not. Multiple emulsions in 
which individual oil droplets of an o/w emulsion enclose small water droplets constitute a w/o/w emulsion. Likewise 
a system of oil droplets enclosed in globules of water stabilized in an oily continuous provides an o/w/o emulsion. 

10 [00137] Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or discontinuous 
phase of the emulsion is well dispersed into the external or continuous phase and maintained in this form through 
the means Of cmulsifiers or the viscosity of the formulation. Either of the phases of the emulsion may be a semisolid 
or a solid, as is the case of emulsion-style ointment bases and creams. Other means of stabilizing emulsions entail 
the use of emulsifiers that may be incorporated into either phase of the emulsion. Emulsifiers may broadly be 

15 classified into four categories: synthetic surfactants, naturally occurring emulsifiers, absorption bases, and finely 
dispersed solids (Idson, in Pharmaceutical Dosage Forms, Lieberrnati, Rieger and Banker (Eds.), 1988, Marcel 
Deldcer, Inc., New York, NY., volume 1, p. 199). -
[00138] Synthetic surfactants, also known as surface active agents, have found wide applicability in the formulation 

. .. of.emulsions .ahd-have been reviewed in-the-literature-'Tieger, in Pharmaeetttfc&i Dosage Forms," lieberman, Rieger 
20 and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285; Idson, in Pharmaceutical Dosage 

Forms, Lieberman, Rieger and Banker (Eds.), Marcel Deldcer, lac., New York, N.Y., 1988, volume 1, p. 199). 
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion. The ratio of the 
hydrophilic to the hydrophobic nature of the surfactant has been termed the hydrophile/lipopbile balance (EELB) and 

. is a valuable tool in categorizing and selecting surfactants in the preparation of formulations. Surfactants may be 
25 classified into different classes based on the nature of the hydrophilic group: nonionic, anionic, cationic and 

amphoteric (Rieger, in Pharmaceutical Dosage Forms, Lieberman," Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 285). 
[00139] Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax, phosphatides, 
lecithin and acacia. Absorption bases possess hydrophilic properties such that they can soak up water to form w/o 

30 emulsions yet retain their semisolid consistencies, such as anhydrous lanolin and hydrophilic petrolatum. Finely 
divided solids have also been used as good enmlsrfiers especially in combination with surfactants and in viscous 
preparations. These include polar inorganic solids, such as heavy metal hydroxides, nonswelling clays such as 
bentonite, attapulgite, hectorite, kaolin, montmorillonite, colloidal aluminum silicate and colloidal magnesium 
ahraainum silicate, pigments and nonpolar solids such as carbon or glyceryl tristearate. 

35 [00140] A large variety of non-emulsifying materials are also included in emulsion formulations and contribute to 
fc properties of emnlsians. These include fats,' oils, waxes, fatty acids, fetty alcohols, fatty esters, humcstanb, 

• hydrophilic colloids, preservatives and antioxidants (Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Bds.), 198S, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage 
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume l,p. 199). 

40 [00141] Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic polymers such as 
polysaccharides (for example, acacia, agar, alginic acid, cairageenan, guar gum, karaya gum, and tragacanth), 
cellulose derivatives (for example, carboxymethylcellulose and carboxypropylcellulose), and synthetic polymers 
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colloidal solutions that stabilize emulsions by forming strong interfacial films around the dispersed-pliase droplets 

and by increasing the viscosity of the external phase. 
[00142] Since emulsions often contain a number of ingredients such as carbohydrates, proteins, sterols and 
phosphatides that may readily support the growth of microbes, these formulations often incorporate preservatives. 
Commonly used preservatives included in emulsion formulations include methyl paraben, propyl paraben, 
quaternary ammonium salts, benzalfconinm chloride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants 
are also commonly added to emulsion formulations to prevent deterioration of the formulation. Antioxidants used 
may be free radical scavengers such as tocopherols, alkyl gallates, butylated faydroxyamsole, butylated 
hydroxytoluene, or reducing agents such as ascorbic acid and sodium mctabisulfite. and antioxidant synergists such 
as citric acid, tartaric acid, and lecithin. 
[00143] The application of emulsion formulations via dermatological, oral and parenteral routes and methods for 
their manufacture have been reviewed in the literature (Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), 1988, Marcel Deldcer, inc., New York,'N.Y., volume 1, p. 199). Emulsion formulations for oral 
delivery have been very widely used because of reasons of ease of formulation, efficacy from an absorption, and 
bioavailability standpoint. (Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,. 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; Idson, in Pharmaceutical Dosage Forms, Lieberman, 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199). Mineral-oil base 
laxatives, pflTsolubie .vitamins and-high fetnutritive preparations are amonglhelxtatefials thSflave "commonly been" 
administered orally as o/w emulsions. 
[00144] In one embodiment of the present invention, the oligonucleotide analogues are formulated as 
xnicroermilsions. A microemulsion maybe defined as a system of water, oil and amphiphile which is a single 
optically isotropic and thermodynamically stable liquid solution (Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). Typically 
microemulsions are systems that are prepared by first dispersing an oil in an aqueous surfactant solution and then 
adding a sufficient amount of a fourth, component, generally an intermediate chain-length alcohol to form a 
transparent system. Therefore, microemulsions have also been described as fcermodynamically stable, isotcopically 
clear dispersions of two immiscible liquids that are stabilized by interfecial films of surface-active molecules (Leung 
and Shah, in: Controlled Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed., 1989, VCH 
Publishers, New York, pages 185-215). Microemulsions commonly are prepared via a combination of three to five 
components that include oil, water, surfactant, cosurfactant arid electrolyte. Whether the microemulsion is of the 
water-in-oil (w/o) or an oil-in-water (o/w) type is dependent OIL the properties of the oil and surfactant used and on 
the structure and geometric packing of the polar heads and hydrocarbon tails of the surfectant molecules (Schott, in 
Remington's Pharmaceutical Sciences, Mack Publishing Co., Eastern, Pa., 1985, p. 271). 
[00145] Hie piienomenological approach utilizing phase diagrams has been extensively studied and has yielded a 
comprehensive knowledgs, te-orjeslrilledii the art, of how to formrdate. microemulsions (Roso££ in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 
245; Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., 
New York, N.Y., volume 1, p. 335). Compared to conventional emulsions, microemulsions offer the advantage of 
solubffizing water-insoluble drugs in a formulation of thermodynamically stable droplets that are formed 
spontaneously. 
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[00X46] Surfactants used in the preparation of microemulsions include, but are not limited to, ionic surfactants, non-
ionic surfactants, Brij 96, polyoxyethylene oleyi ethers, polyglycerol fatty acid esters, tetraglycerol monolaurate 
(ML310), tetraglycerol monooleate (M0310), hexaglycerol monooleate (BOB 10), hexaglycerol pentaoleate 
(P0500), decaglycerol monocaprate (MCA750), decaglycerol monooleate (M0750), decaglycerol sequioleate 

5 (S0750), decaglycerol decaoleate (DA0750), alone or in combination with cosurfactants. The cosurfactant, usually 
a short-chain alcohol such as ethanol. 1-propanol, and 1-butanol, serves to increase file interfacial fluidity by 
penetrating into fee surfactant film and consequently creating a disordered film because of the void space generated 
among surfactant molecules. Microemulsions may, however, be prepared without the use of cosurfactants and 
alcohol-free self-emulsifying microemulsion systems are known in the art The aqueovi phase may typically be, but 

10 is not limited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400, polyglycerols, propylene 
glycols, and derivatives of ethylene glycol. The oil phase may include, but is not limited to, materials such as Captex 
300, Captex 355, Capinul MCM, fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides, 
polyoxyetliylated glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycolized C8-
C10 glycerines, vegetable oils and silicone oil. 

15 [00147] Microemulsions are particularly of interest from the standpoint of drug solubilization and the enhanced 
absorption of drugs. Lipid based microemulsions (both o/w and w/o) liave been proposed to enhance the oral 

. bioavailability of drugs, including peptides (Constantinides et ai, Pharmaceutical Research, 1994,11,1385-1390; 
Ritschel, Meth. Find. E>qp. Clin. Pharmacol., 1993, 13,205). Microemulsions afford advantages of improved drug 
solubilization,_protectioiLofdrug from-enzymatic-hydrolysis, possible" enhancemeP «T drug absorption due to 

20 surfactant-induced alterations in membrane fluidity and permeability, ease of preparation,, ease of oral 
administration over solid dosage forms, improved clinical potency, and decreased toxicity (Constantinides et al., 
Pharmaceutical Research, 1994, 11,1385; Ho et al.. J. Pkaim. Sei., 1996,85,138-143). Often microemulsions may 
form spontaneously when their components are brought together at ambient temperature. This may be particularly 
advantageous when formulating fhermolabile drugs, peptides or oligonucleotides. Microemulsions have also been 

25 effective in the transdermal delivery of active components in "both cosmetic and pharmaceutical applications. It is 
expected that the microemulsion compositions and formulations of the present invention will facilitate the increased 
systemic absorption of oligonucleotides and nucleic acids from the gastrointestinal tract, as well as improve the local 
cellular uptake of oligonucleotides and nucleic acids within the gastrointestinal tract, vagina, buccal cavity and other 
areas of administration. 

3 0 [OOX48J Microemulsions of the present invention may also contain additional components and additives such as 
sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the properties of the formulation 
and to enhance the absoiption of the oligonucleotides and nucleic acids of the present invention. Penetration 
enhancers used in the microemulsions of the present invention may be classified as belonging to one of five broad 
categories-surfactants, fatty acids, bile salts, chelating agents, and non-chelatmg non-surfactants (Lee et al., Critical 

3 5 . Reviews in Therapeutic Drug Carrier Systems, 1991, p, 92). Each of these classes has been discussed above. 
there are maiy organized surfactant structures that have been studied and-used fop1-

the formulation of drugs. These include monolayers, micelles, bilayers and vesicles. Vesicles, such as liposomes, 
have attracted great interest because of their specificity and the duration of action they offer from the standpoint of 
drag delivery. As used in the present invention, the term "liposome" means a vesicle composed of amphophilic lipids 

40 arranged in a spherical bilayer or bilayers. 
[00150] Liposomes are unilamellar or multilamellar vesicles which have a membrane formed from a lipophilic 
material and an aqueous interior. The aqueous portion contains the composition to be delivered. Catiomc liposomes 
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efficiently with the cell wall, are taken up by macrophages in vivo. 
[00151] In order to cross intact mammalian skin, lipid vesicles must pass through a series of fine pores, each with a 

• diameter less than 50 DID, under the influence of a suitable transdermal gradient Therefore, it is desirable to use a 
liposome which is highly defoimable and able to pass through such fine pores. 
[00152] Further advantages of liposomes include; liposomes obtained from natural phospholipids are biocompatible 
and biodegradable; liposomes can incoiporate a wide range of water and lipid soluble drugs; liposomes can protect 
encapsulated drugs in their internal compartments from metabolism and degradation (Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 
245). Important considerations in the preparation of liposome formulations are the lipid surface charge, vesicle size 
and the aqueous volume of the liposomes. 
[00153] Liposomes are useful for the transfer and delivery of active ingredients to the site of action. Because the 
liposomal membrane is structurally similar to biological membranes, when liposomes are applied to a tissue, the 
-liposomes start to merge with die cellular membranes. As the merging of the liposome and cell progresses, the 
liposomal contents are emptied into the cell where the active agent may act. 
[001541 Liposomal formulations have been fee focus of extensive investigation as the mode of delivery for many 
drugs. There is growing evidence that for topical administration, liposomes present several advantages over other 
formulations. Such advantages include reduced side-effects related to high systemic absoiption of the administered 
drug, increased accumulation ofthe administered-drug-atthe desired target, and tbB ability to administer a wi% 
variety of drugs, both hydrophilic and hydrophobic, into the skin. 
[00155] Liposomes fall into two broad classes. Catiaoic liposomes are positively charged liposomes which interact 
with the negatively charged DNA molecules to form a stable complex. The positively charged DNA/liposome • 
complex binds to the negatively charged cell surface and is internalized in an endosome. Due to the acidic pH within 
the endosome, the liposomes are ruptured, releasing their contents into the cell cytoplasm (Wang et al., Biochem. 
Biophys. lies. Commun., 1987,147,980-985). 
[00156] Liposomes which are pH-sensitive or negatively-charged, entrap DNA rather than complex with it Since 
both the DNA and the lipid are similarly charged, repulsion rather than complex formation, occurs. Nevertheless, 
some DNA is entrapped within the aqueous interior of these liposomes. pH-sensitive liposomes have been used to 
deliver DNA encoding the thymidine kinase gene to cell monolayers in culture. Expression of the exogenous gene 
was detected in the target cells (Zhou et aL, Journal of Controlled Release, 1992,19, 269-274). 
[00157] One major type of liposomal composition includes phospholipids other than naturally-derived 
phosphatidylcholine. Neutral liposome compositions, for example, can be formed from dimyristoyl 
phosphatidylcholine (DMPC) or dipaharitoyl phosphatidylcholine (DPPC). Anionic liposome compositions generally 
are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic liposomes are formed primarily from 
dioleoyl phosphatidyletbanolamine (DOPE). Another type of liposomal composition is formed from 
phosphatidylcholine (PCJsush as, far example,- soybean PO,-and egg PC; Another type is formed from mixtures of 
phospholipid and/or phosphatidylcholine and/or cholesterol. 
[0015S] Non-ionic liposomal systems have also been examined to determine their utility in the delivery of drugs to 
the skin, in particular systems comprising non-ionic surfactant and cholesterol. Non-ionic liposomal formulations 
comprising. Novasome.TM. I (glyceryl dilaurate/cholesteroI/polyoxyeth.ylene-10-stearyl ether) and Novasome.TM. 
II (glyceryl distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver cyclosporin-A into the 
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deposition of cyclosporin-A into different layers of the skin (Hu et al. S.T.P.Phamm. Sci., 1994,4,6,466). 

[00159] Liposomes also include "sterically stabilized" liposomes, a term which, as used herein, refers to liposomes 
. comprising one or more specialized lipids that, when incorporated into liposomes, result in enhanced circulation 
lifetimes relative to liposomes lacking such specialized lipids. Examples of sterically stabilized liposomes axe those 
in which part of the vesicle-forming lipid portion of the liposome (A) comprises one or more glycolipids, such as 
monosialoganglioside G.sub.Ml, or (B) is derivatized with one or more hydrophilic polymers, such as a 
polyethylene.glycol (PEG) moiety. While not wishing to be bound by any particular theory, it is thought in the art 
that, at least for sterically stabilized liposomes containing gangliosides, sphingomyelin, or PEG-derivatized lipid?, 
the enhanced circulation half-life of these sterically stabilized liposomes derives from a reduced uptake into cells of 
the reticuloendothelial system (RES) (Allen et al., FEBS Letters, 1987,223,42; Wu et al., Cancer Research, 1993, 
53, 3765). 
[00160] Various liposomes comprising one or more glycolipids are known in the art Papahadjopoulos et al. (Ann. 
ICY. Acad, Sci., 1987,507,64) reported the ability of monosialoganglioside G.sub.Ml, galactocerebroside sulfate 
andphosphatidyiinositol to improve blood half-lives of liposomes. These findings were expounded upon by 
Gabfcon et al. (Proc. NM. Acad. Sci. U.S.A., 1988,85,6949). U.S. Pat. No. 4,837,028 and WO 88/04924, both to 
Allen et al., disclose liposomes comprising (1) sphingomyelin and (2) the ganglioside G.sub.Ml or a 
galactocerebroside sulfate ester. U.S. Pat No. 5,543,152 (Webb et al.) discloses liposomes comprising 
splmgomyelm. Liposomes comprising-O-sn-diim'ristoylphosphatidylcho'lme are disclosed in WO~97/i349§~ dim 
etal.). 
[00161] Many liposomes comprising lipids derivatized with one or more hydrophilic polymers, and methods of 
preparation thereof, are known in the ait. Sunamoto et al. (Bull. Chem. Soc. Jpn., 1980, 53,2778) described 
liposomes comprising a nonionic detergent, 2C.sub.12 15G, that contains a PEG moiety. Illmn et aL (FEBS Lett., 
1984,167,. 79) noted that hydrophilic coating of polystyrene particles with polymeric glycols results in significantly 
enhanced blood half-lives. Synthetic phospholipids modified by the attachment of carboxylic groups of polyalkylene 
glycols (e.g., PEG) are described by Seais (U.S. Pat Nos. 4,426,330 and 4,534,899). Klibanov et aL (FEBS Lett, 
1990,268,235) described experiments demonstrating that liposomes comprising phosphatidylethanolamine (PE) 
derivatized with PEG or PEG stearate have significant increases in blood circulation half-lives. Blume et al. 
(Biochimica et Biophysica Acta, 1990,1029,91) extended such observations to other PEG-derivatized 
phospholipids, e.g., DSPE-PEG, formed from the combination of disteaioylphosphatidyletaaijolarnioe (DSPE) and 
PEG. Liposomes having covalently bound PEG moieties on their external surface are described in European Patent 
No. EP 0 445 131 B1 and WO 90/04384 to Fisher. Liposome compositions containing 1-20 mole percent of PE 
derivatized with PEG, and methods of use thereof, are described by Woodle et al. (U.S. Pat Nos. 5,013,556 and 
5,356,633) and Martin et al. (U.S. Pat No. 5,213,804 and European Patent No. EP 0 496 813 Bl). Liposomes 
comprising a number of other lipid-polymer conjugates are disclosed in WO 91/05545 and U.S. Pat No. 5,225,212 
(both to MSBSS* et W9-94/20073- (zdiprky st al.) I ipasomes- comprisingPEG-modified ceramide lipids • 
are described in WO 96/10391 (Choi et al.). U.S. Pat Nos. 5,540,935 (MiyazaM et al.) and 5,556,948 (Tagawa et 
al.) describe PEG-containing liposomes that can be further derivatized with functional moieties on their surfaces. 
[00162] A limited number of liposomes comprising nucleic acids are known in the ait. WO 96/40062 to Thierry et 
al. discloses methods for encapsulating high molecular weight nucleic acids in liposomes. U.S. Pat. No. 5,264,221 to 
Tagawa et al. discloses protein-bonded liposomes and asserts that the contents of such liposomes may include an 
antisense KNA. U.S. Pat No. 5,665,710 to Rahman et al. describes certain methods of encapsulating 
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oligodeoxynucleotides in liposomes. WO 97/04787 to Love et al discloses liposomes comprising antisense 
oligonucleotides targeted to the raf gene. 
[00163] Transfersomes are yet another type of liposomes, and are highly defoimable lipid aggregates which are 

. attractive candidates for drug delivery vehicles. Transfersomes maybe described as lipid droplets which are so 
highly defoimable that they are easily able to penetrate through pores which are smaller than the droplet 
Transfersomes are adaptable to the environment in which they are used, e.g. they are self-optimizing (adaptive to the 
shape of pores in the skin), self-repairing, frequently reach their targets without fragmenting, and often self-loading. 
To make transfersomes it is possible to add surface edge-activators, usually surfactants, to a standard liposomal 
composition. Transfersomes have been used to deliver serum albumin to the skin. Hie transfersome-mediated 
delivery of serum albumin has been shown to be as effective as subcutaneous injection of a solution containing 
serum albumin. 
[00164] Surfactants find wide application in formulations such as emulsions (including,microemulsions) and 
liposomes. The most common way of classifying and ranking the properties of the many different types of 
surfactants, "both natural and synthetic, is by the use of the liydrophile/lipophile balance (HLB). The nature of the 
hydrophilic group (also known as the "head") provides the most useful means for categorizing the different 
surfactants used in formulations (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y., 
1988, p. 285). " ' -
[00165] If the surfactant moieculc is not ionized, it is classified as a nonionic surfactant. Nonionic surfactants find 
wide application.in pharmaceutical and^cosmetie-products and-are: usable overs wide range' of pH values.' In general 
their HUB values range from 2 to about 18 depending on their structure. Nonionic surfactants-include nonionic 
esters such as ethylene glycol esters, propylene-glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters, 
sucrose esters, and ethoxylated esters. Nonioitic alkanolamides and ethers sucb as fatty alcohol ethoxylates, 
propoxylated alcohols, and ethoxylated/propoxylated block polymers are also included in this class. The 
polyoxyethylene surfactants are the most popular members of the nonionic surfactant class. 
[00166] If the surfactant molecule carries a negative charge when it is dissolved or dispersed in water, the surfactant 
is classified as anionic. Anionic surfactants include carboxylates such as soaps, acyl lactylates, acyl amides of amino 
acids, esters of sulfuric acid such as alkyl sulfates and ethoxylated alkyl sulfates, sulfonates such as alkyl benzene 
sulfonates, acyl isetMonates, acyl tauiates and sulfosuccinaies. and phosphates. The most important members of the 
anionic surfactant class are the alkyl sulfates and the soaps. 
[00167] -If tie surfactant molecule carries a positive charge when it is dissolved or dispersed in water, the surfactant 
is classified as cationic. Cationic surfactants include quaternary ammonium salts and ethoxylated amines. The 
quaternary ammonium salts are the most used members of this class. . 
[00168] If the surfactant molecule has the ability to cany either a positive or negative charge, the surfactant is 
classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives, substituted alkylamides, N-
alkylbetaines and phosphatides. 
[00169] The use of snrft,ctetsja-fagi|rot^J%>fiinngfettions and m emuMoas fcas beeai reviewed^Biegeri in »*... 
Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285). 
[00170] In a particular embodiment, the compounds of the present invention can be formulated into a 
pharmaceutically acceptable composition comprising the compound solvated in non-aqueous solvent that includes 
glycerin, propylene glycol, polyethylene glycol, or combinations thereof It is believed that the compounds will be 
stable in such pharmaceutical formulations so that the pharmaceutical formulations may be stored for a prolonged 
period of time prior to use. 
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[00171] in current clinical treatment with. decitabine, to minimize arug decomposition decitabine is supplied as 
lyophiiized powder and reconstituted in a cold aqueous solution containing water in at least 40% vol of the solvent, 
such as WFI, and diluted in cold infusion fluids prior to administration. Such a formulation and treatment regimen 
suffers from a few drawbacks. First, refrigeration of decitabine in cold solution becomes essential, which is 
burdensome in handling and economically less desirable than a formulation feat can sustain storage at higher 
temperatures. Second, due to rapid decomposition of decitabine in aqueous solution, the reconstituted decitabine 
solution may only be infused to a patient for a maximum of 3 hr if the solution has been stored in the refrigerator for 
less than 7 hr. In addition, infusion of cold fluid can cause great discomfort and pain to the patient, which induces 
the patient's resistance to such a regimen. 
[00172] By modifying fee triazrns ring and/or fee ribose ring of decitabine and by formulating the compound with 
non-aqheous solvent, the pharmaceutical formulations can circumvent the above-listed problems associated with the 
current clinical treatment with decitabine. These formulations of the inventive confounds are believed to be more 
chemically stable than decitabine formulated in aqueous solutions containing water in at least 40% vol. of the 
solvent. 
[00173] hi a preferred embodiment, the inventive formulation contains less than 40% water in the solvent, 
optionally less than 20% water in the solvent, optionally less than 10% water in the solvent, or optionally less than 
1% water in the solvent, hi one variation, the pharmaceutical formulation is stored in a substantially anhydrous 
form. Optionally, a drying agent may be added to the pharmaceutical formulation to absorb water. 

. [00174] O^gtoJheenhanced stabiHtyi&e inventive formulation may1>estomdmd'transpbrted at ambient 
temperature, thereby significantly reducing the cost of handling the drug. Further, the inventive formulation may be 
conveniently stored for a long time before being administered to the patient. In addition, the inventive formulation 
may be diluted with regular infusion fluid (without chilling) and administered to a patient at room temperature, 
thereby avoiding causing patients' discomfort associated with infusion of cold fluid. 
[00175] In another embodiment, fee inventive compound is dissolved in glycerin at different concentrations. For 
example, the formulation, may optionally comprise between 0.1 and 200; between 1 and 100; between 1 and 50; 
between 2 and 50; between 2 and 100; between'5 and 100; between 10 and 100 or between 20 and 100 mg inventive 
compound per ml of glycerin. Specific examples of the inventive compound per glycerin concentrations include but 
are not limited to 2,5,10,20,22,25,30,40 and 50 mg/inl. 
[00176] Different grades of glycerin (synonyms: 1,2,3-propanetriol; glycerol; glycol alcohol; glycerol anhydrous) 
may be used to prepare the formulations. Preferably, glycerin with chemical purity higher than 90% is used to 
prepare the formulations. 
[00177] Ih another embodiment, fee inventive compound is dissolved in propylene glycol at different 
concentrations. For example,the formulation may optionally comprise between 0.1 and 200; between 0.1 and 100; 
between 0.1 and 50; between 2 and 50; between 2 and 100; between 5 and 100; between 10 and 100 or between 20 
and 100 mg inventive compound per ml of propylene glycol. Specific examples of decitabine per propylene glycol 
concenixaticiis'-mcludeb^t-arenst lirmtodio 2; 5;-rCi:»0,-2-2'i'25v:''3&j4S'snd 59 xngj'ml.^ 
[00178] In yet another embodiment, the inventive compound is dissolved in a solvent combining glycerin and 
propylene glycol at different concentrations. The concentration of propylene glycol in the solvent is between 0.1-
99.9%, optionally between 1-90%, between 10-80%, or between 50-70%. 
[00179] In yet another embodiment; the inventive compound is dissolved at different concentrations in a solvent 
combining glycerin and polyethylene glycol (PEG) such as PEG300, PEG400 and PEG1000. The concentration of 



WSGR 2007/041071, PCT/US2006/037313 
P C TV U Si 01G / 3 7 31J 

polyethylene glycol in the solvent is between 0.1-99.9%, optionally between 1-90%, between 10-80%, or between 

50-70%. 
[00180J In yet another embodiment, the inventive compound is dissolved at different concentrations in a solvent 
combining propylene glycol, polyethylene glycol and glycerin. The concentration of propylene glycol in the solvent 
is between 0.1-99.9%, optionally between 1-90%, between 10-60%, or between 20-40%; and the concentration of 
polyethylene glycol in the solvent is between 0.1-99.9%, optionally between 1-90%, between 10-80%, or between 
50-70%. 
[00181] It is believed and experimentally proven that addition of propylene glycol can fbrihar improve chemical 
stability, reduce viscosity <jf the formulations and facilitate dissolution of the inventive compound in the solvent. 
[00182] The pharmaceutical formulation may farther comprise an acidifying agent added to the formulation in a 
proportion such that the formulation has a resulting pH between-about 4 and 8. The acidifying agent may be an 
organic acid: Examples of organic acid include, but are not limited to, ascorbic acid, citric acid, tartaric acid, lactic 
acid, oxalic acid, formic acid, benzene salphonic acid, Benzoic acid, maleic acid, glutamic acid, succinic acid, 
aspartic acid, diatrizoic acid, and acetic acid. The acidifying agent nay also be an inorganic acid, snch as 
hydrochloric acid, sulphuric acid, phosphoric acid, and nitric acid. 
[00183] It is believed that adding an acidifying agent to the formulation to maintain a relatively neutral pH (e.g., 
within pH 4-8) facilitates ready dissolution of the inventive compound in the solvent and enhances long-term 
stability of the formulation. In alkaline solution, there is a rapid reversible decomposition of decitabine to N-

. (foimyIamidino)-N'-^ T>r2~deoxyribofmanosylare% which-decomposcs irreversibly to form l-jHJ-2'-
deoxyriboferanosyl-3-guariylirrea. The first stage of the hydrolytic degradation involves the formation of N-
aiiiidimxim-N*-(2-deoxy-/3-D-erytiiropento&ranosyI)tirea formate (AIJF). The second phase of the degradation at an 
elevated temperature involves formation of guanidine. In acidic solution, N-(fomylaTOidmo)-N'-jS-D-2-
deoxyribofuranosylurea and some unidentified compounds axe formed. In strongly acidic solution (at pH <2.2) 5-
azacytosme is produced. Thus, maintaining a relative neutral pH may be advantageous for the formulation 
comprising the analogs and derivatives of decitabine. 
{00184) In a variation, the acidifying agent is ascorbic acid at a concentration of 0.01-0.2 mg/ml of the solvent^ 
optionally 0.04-0.1 mg/ml or 0.03-0.07 mg/ml of the solvent 
[00185] The pH of the pharmaceutical formulation may be adjusted to be between pH 4 and pH S, preferably 
between pH 5 and pH 7, and more preferably between pH 5.5 and pH 6.8. 
[00186] The pharmaceutical formulation is preferably at least 80%, 90%, 95% or more stable upon storage at 25DC 
for 7,14,21,28 or more days. The pharmaceutical formulation is also preferably at least 80%, 90%. 95% or more 
stable upon storage at 40°C for 7,14, 21,28 or more days. 
[00187] In one embodiment, lie pharmaceutical formulation of the present invention is prepared by taking glycerin 
and dissolving the inventive compound in the glycerin. This may be done, for example, by adding the inventive 
compound to the glycerin or by adding the glycerin to decitabine. By their admixture, the pharmaceutical 
formulation is formed. ,, 
[00188] Optionally, the method further comprises additional steps to increase the rate at which the inventive 
compound is solvated by the glycerin. Examples of additional steps that may be performed include, but are nor 
limited to, agitation, heating, extension of solvation period, and application of micronized inventive compound and 
the combinations thereof. 
[00189] In one variation, agitation is applied Examples of agitation include but are nor limited to, mechanical 
agitation, sonication, conventional mixing, conventional stirring and fixe combinations thereof. For example, 

22 



WSGRW0 2007/041071601 ' ' PCT/US2006/037313 
PCT/U506y373;iL3 „ , .. _ , t 5 . on mecBaracal agitation of the formulations may be performed according to manufacturer s protocols by Silvereon 

homogenizer manufactured by Silverson Machines Inc., (East Longmeadow, MA). 
[00190J In another variation, beat may be applied. Optionally, the formulations may be heated in a water bath. 
Preferably, the temperature of the heated formulations maybe less' than 70°C, more preferably, between. 25 °C and 
40°C. As an example, the formulation may be heated to 37°C. 
[00191] In yet another variation, the inventive compound is solvated in glycerin over an extended period of time. 
[00192] In yet another variation, a microiiized form'of the inventive compound may also be employed to enhance 
solvation kinetics. Optionally, micronization may be performed by a milling process. As an example, micronization 
may be performed by milling process performed Mastersizerusing an Air Jet Mill, manufactured by IncFluid Energy 
Aljet Inc. (Boise, EDTelford, PA). 
[00193] Optionally, the method further comprises adjusting the pH of the pharmaceutical formulations by 
commonly used methods. In one variation, pH is adjusted by addition of acid, such as ascorbic acid, or base, such as 
sodium hydroxide. In another variation, pH is adjusted and stabilized by addition of buffered solutions, such as 
solution of (Ethylenedmitrilo) tetraacetie add disodium salt (EDTA). As decitabine is known to be pH-sensitive, 
adjusting thepH of the pharmaceutical formulations to approximately pH 7 may increase the stability of therapeutic 
component. 
[0Q194] Optionally, the method further comprises separation of non-dissolved inventive compound from the 
pharmaceutical formulations. Separation may be performed by any suitable technique. For example, a suitable -
separation method.may i""lude one or more of filtration, sedimentation, and centrifugatiori. of the pharmaceutical 
formulations. Clogging that may be caused by non-dissolved particles of the inventive compound, may become ail 
obstacle for administration of the pharmaceutical formulations and a potential hazard for the patient The separation 
of non-dissolved inventive compound from the pharmaceutical formulations may facilitate administration and 
enhance safety of the therapeutic product. 
[00195] Optionally, the method further comprises sterilization of the pharmaceutical formulations. Sterilization 
may be performed by any suitable technique. For example, a suitable sterilization method may include one or more 
of sterile filtration, chemical, irradiation, heat, and addition of a chemical disinfectant to the pharmaceutical 
formulation. 
[00196] As noted, decitabine is unstable in water and hence it may be desirable to reduce the water content of the 
glycerin used for formulating the inventive compound. Accordingly, prior to the dissolution and/or sterilization 
step, fhe glycerin may be dried. Such drying of glycerin or fhe solution of the inventive compound in glycerin may 
be achieved by the addition of a pharmaceutically acceptable drying agent to the glycerin. The glycerin or the 
inventive formulations may be dried, for example by filtering it through a layer comprising a drying agent. 
[00197] Optionally, the method may further comprise adding one or more members of fhe group selected from 
drying agents, buffering agents, antioxidants, stabilizers, antimicrobials, and pharmaceutically inactive agents. In 
one variation, antioxidants such as ascorbic acid, ascorbate salts and mixtures thereof may be added. In another 
variation stabilizers like •glycols liwy bo- &ld&d. = ' 

3. Vessels or Kits Containing Inventive Compounds or Formulations 
{00198] The pharmaceutical formulations, described in tins invention, may be contained in-a sterilized vessel such 
as syringes, vials or ampoules of various sizes and capacities. The sterilized vessel may optionally contain between 
1-50 ml, 1-25 ml or 1-20 ml or 1-10 ml of the formulations. Sterilized vessels maintain sterility of the 
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formulations without prior sterilization step. 
[00199] The present invention also provides a kit for administering the inventive compound to a host in need 
thereof. In one embodiment, fee kit comprises the inventive compound in a solid, preferably powder form, and a 
non-aqueous diluent that comprises glyercin, propylene glycol, polyethylene glycol, or combinations thereof. 
Mixing of the solid decitabine and the diluent preferably results in fhe formation of a pharmaceutical formulation 
according to the present invention. For example, fhe kit may comprise a first vessel comprising the inventive 
compound in a solid form; and a vessel container comprising a diluent that comprises glyercin; wherein adding the 
diluent to the solid inventive compound results in the fjrmation of a pharmaceutical formulation for administering, 
the inventive compound. Mixing the solid the inventive compound and diluent may optionally form a 
pharmaceutical formulation that comprises between 0.1 and 200 mg of the inventive compound per ml of the 
diluent, optionally between 0.1 and 100, between 2 mg and 50 mg, 5 mg and 30 mg, between 10 mg and 25 mg per 
ml of the solvent. 
[00200] According to the embodiment, the diluent is a combination of propylene glycol and glycerin, wherein the 
concentration of propylene glycol in die solvent is between 0.1-99.9%, optionally between 1-90%, between 10-60%, 
or between 20-40%. 
[00201] Also according to the embodiment, the diluent is a combination of polyethylene glycol and glycerin, 
wherein the concentration of polyethylene glycol in the solvent is between 0.1-99.9%, optionally between 1-90%, 
between. 10-6Q%„ or between.20-40%. - -
[00202] Also according to the embodiment, the diluent is a combination of propylene glycol, polyethylene glycol 
and glycerin, wherein the concentration of propylene glycol in fee solvent is between 0.1-99.9%, optionally between 
1-90%,between 10-60%, or between 20-40%; and the concentration of polyethylene glycol in the solvent is between 
0.1-99.9%, optionally between 1-90%, between. 10-60%, or between 20-40%. 
[00203] The diluent also optionally comprises 40%, 20%, 10%, 5%, 2% or less water. In one variation, the diluent 
is anhydrous and may optionally further comprise a drying agent The diluent may also optionally comprise one or 
more drying agents, glycols, antioxidants and/or antimicrobials. 
[00204J The Mt may optionally further include instructions. The instructions may describe how fhe solid the 
inventive compound and the diluent should be mixed to form a pharmaceutical formulation. The instructions may 
also describe how to administer the resulting pharmaceutical formulation to a patient It is noted that the 
instructions may optionally describe fee administration methods according to the present invention. 
[00205] The diluent and the inventive compound maybe contained in separate vessels. The vessels may come in 
different "sizes. For example, the vessel may comprise between 1 and 50,1 and 25,1 and 20, or 1 and 10 ml of the 
diluent 
[00206] The pharmaceutical formulations provided in vessels or kits may be in a form that is suitable for direct 
administration or may be in a concentrated form that requires dilution relative to what is administered to the patient 
I?or:ejiampls,'pfcaEmaceutical formulations,'dcscribcdfia this inventic^-maybe m a fcnathat is suitable for direct - < 
administration via infusion. ~ 
[00207] The methods and kits described herein provide flexibility wherein stability and therapeutic effect of the 
pharmaceutical formulations comprising the inventive compound may be further enhanced ox complemented. 

24 



WSGRwo 2007/041071 •S03 PCT/US2006/037313 
pCT"/USD6y'373'13 

4. Methods for Administrating Inventive Compounds/Compositions 
[00208] The compoimds/foimulations of fhe present invention can be administered by any route, preferably in the 
form of a pharmaceutical composition adapted to such a route, as illustrated, below and are dependent on the 

condition being treated. Trie compounds or formulations can be, for example, administered orally, parenterally, 
5 topically, intraperitoneally, intravenously, ktraarterially, transdermally, sublingually, intramuscularly, rectally, 

transbuccally, intranasally, liposomally," via inhalation, vaginally, intraoccularly, via local delivery (for example by' 
catheter or stent), subcutaneously, intraadiposally, intraarticularly, or mtfa&ecally. The compounds and/or 
compositions according to tie invention may also be administered or co-administered in slow release dosage forms. 
[00209] The compounds and/or compositions of this invention may be administered or co-administered in any 

10 conventional dosage form. Co-administration in the context of this invention is defined to mean the administration 
of more than one therapeutic agent in the course of a coordinated treatment to achieve an improved clinical 

" outcome. Such co-administration may also be coextensive, that is, occurring during overlapping periods of time. 
[00210] The inventive compound or the composition containing the inventive compound may be administered into 
a host such as a patient at a dose of0.1-1000 mg/ m2, optionally 1-200 rng/m2, optionally 1-50 mg/mz, optionally 1-

15 40 mg/nr, optionally 1-30 rog/m2, optionally 1-20 mg/m2, or optionally 5-30 mg/m2. 
[00211] For example, the compound/composition of the present invention may be supplied as sterile powder for 
injection, together with buffering salt such as potassium dihydrogen and pH modifier such as sodium hydroxide. 
This formulation is preferably stored at 2 8°C, which should keep the drug stable for at least 2 years. This powder 
fonnulatiori may be reconstituted with 10 ml-of sterite water-for injection. ' Ttris Solution"may be further diluted -with 

20 infusion fluid known in the art, such as 0.9% sodium chloride injection, 5% dextrose injection and lactated ringer's 
injection. It is preferred that the reconstituted and diluted solutions be used within 4-6 hours for delivery of 
maximum potency. 
[00212] In a preferred embodiment, the inventive compound/composition is administered, to a patient by injection, 
such as subcutaneous injection, bolus i.v. injection, continuous i.v. infusion andi.v. infusion over 1 hour. . 

25 Optionally the inventive compound/composition is administered to a patient via an 1-24 hour i.v. infusion per day 
for 3-5 days per treatment cycle at a dose of 0.1-1000 mg/m2 per day, optionally at a dose of 1-100 mg/m2 per day, 
optionally at a dose of 2-50 mg/m2 per day, optionally at a dose of 10-30 mg/m2 per day, or optionally at a dose of 5-
20 mg/m2 per-day, . 
[00213] For decitabine or azacitidine, the dosage below 50 mg/m2 is considered to be much lower than that used in 

3 0 conventional chemotherapy for cancer. By using such a low dose of fee analog/derivative of decitabine or 
azacitidine, transcriptional activity of genes silenced in the cancer cells by aberrant methylation can be activated to 
trigger downstream signal transduction, leading to cell growth arrest, differentiation and apoptosis, which eventually 
results in death of these cancer cells. This low dosage, however, should have less systemic cytotoxic effect on 
normal cells, and thus have fewer side effects on the patient being treated. 

35 [00214] The pharmaceutical formulations may be co-administered in any conventional form with one or more 
inenifce.-F£3lectsd.Src!m-the:,groQp' coa^jrisinginfusion fluids,-iherapeuti&.coirpounds^-nutritiQv^ fluids, antimicrobial. 
fluids, buffering and stabilizing agents. 

• [00215] As described above, the inventive compounds can be formulated in a liquid form by solvating the inventive 
compound in a non-aqueous solvent such as glycerin. The pharmaceutical liquid formulations provide the further 

40 advantage of being directly administrable, (e.g., without further dilution) and thus can be stored in a stable form 
until administration. Further, because glycerin can be readily mixed with water, the formulations can be easily and 
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readily further diluted just prior to administration. For example, the pharmaceutical formulations can be diluted 

with water 180, 60,40,30,20,10,5,2,1 minute or less before administration to a patient. 
[00216] Patients may receive fhe pharmaceutical formulations intravenously. The preferred route of administration 
is by intravenous infusion. Optionally, the pharmaceutical formulations of the current invention may be infused 
directly, -without prior reconstitution. 
[00217] In one embodiment, the pharmaceutical formulation is infused through a connector, such, as a Y site 
connector, that has three aims, each connected to a tube. As an example, Baxter® Y-cormeotors of various sizes can 
be used. A vessel containing the pharmaceutical formulation is attached to a tube further attached to one arm of the 
connector. Infusion fluids, such as 0.9% sodium chloride, or 5% dextrose, or 5% glucose, or Lactated Ringer's, are 
infused through a tube attached to fhe other arm of the Y-site connector. The infusion fluids, and the pharmaceutical 
formulations are mixed inside the Y site connector. The resulting mixture is infused into the patient through a tube 
connected to fhe third arm of the Y site connector. The advantage of this administration approach over the prior art 
is that the inventive compound is mixed with infusion fluids before it enters the patient's body, thus reducing the 
time when decomposition of the inventive compound may occur due to contact with water. For example, the 
inventive compound is mixed less than. 10,5, 2 or 1 minutes before entering the patient's body. 
[00218] Patients may be infused with the pharmaceutical formulations for 1,2, 3,4,5 or more tours, as a result of 
the enhanced stability of the formulations. Prolonged periods of infusion enable flexible schedules of administration 
of therapeutic formulations. 
[00219J .Alternatively or in.additionj speed and volume ofthe infusion can be reflated according to'tfis patient's 
needs. The regulation of the infusion of the pharmaceutical formulations can be performed according to existing 
protocols. 
[00220] The pharmaceutical formulations may be co-infused in any conventional form with one or more member 
selected from the group comprising infusion fluids, therapeutic compounds, nutritious fluids, anti-microbial fluids, 
buffering and stabilizing agents. Optionally, therapeutic components including, but axe not limited to, anti­
neoplastic agents, alkylating agents, agents that are members of the retinoids superfamily, antibiotic agents, 
hormonal agents, plant-derived agents, biologic agents, interleukins, interferons, cytokines, iinmuno-modulating 
agents, and monoclonal antibodies, may be co-infused with the inventive formulations. 
[00221] Co-infusion in the context of this invention is defined to mean the infusion of more than one therapeutic 
agents in a course of coordinated treatment to achieve an improved clinical outcome. Such co-infusion may be 
simultaneous, overlapping, or sequential. In one particular example, co-infusion of the pharmaceutical formulations 
and infusion fluids may be performed through Y~type connector. 
[00222] The pharmacokinetics and metabolism of intravenously administered the pharmaceutical formulations 
resemble the pharmacokinetics and metabolism of intravenously administered the inventive compound. 
[00223] In humans, decitabine displayed a distribution phase with a half-life of 7 minutes and a terminal half-life on 
the order of 10-35 minutes as measured by bioassay. The volume of distribution is about 4.6 L/kg. The short 
plasma half-life is'-clue to rapid iaactivation ofdecifabinebyideamixiatioaby livercytidine deaminase'. Clearance in 
huxnans is-high, on the order of 126 mL/min/kg. The meaH! area Trader, the. plasma curve'iff a total of 5 patients was 
408 figfhfL with a peak plasma concentration of 2.01 iiM. In patients decitabine concentrations were about 0.4 
/ig/ml (2 jzM) when administered at 100 mg/m2 as a 3-hour infusion. During a longer infusion time (up to 40 hours}" . 
plasma concentration: was about 0.1 to 0.4 fig/mL. With infffiion times of 40-60'hours, at an Mision rate of 1 
mg/kg/h, plasma concentrations of0.43-0.76 fig/mL were achieved The • -1 

infusion rate of I mg/kg/h is. estimated to be 0.2-0.5 /zg/mL. The half-life after discontinuing, the infusion is 12-20. , • 
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mm. Tne steady-state plasma concentration 01 deratabme was estimated to be 0.31-0.39 /ig/roL durmg a 6-hour 
infusion of 100 mg/m2.' The range of concentrations during a 600 mg/m2 infusion was 0.41-16 /ig/roL. Penetration 
of decitabine into the cerebrospinal fluid in man reaches 14-21 % of the plasma concentration at the end of a 36-hour 
intravenous infusion. Urinary excretion of unchanged decitabine is low, ranging from less than 0.01% to 0.9% of 
the total dose, and there is no relationship between excretion and dose or plasma drug levels. High clearance values 
and a total urinary excretion of less than 1% of fhe administered dose suggest that decitabine is eliminated rapidly 
and largely by metabolic processes. 
[00224] Owing to their enhanced stability in comparison with decitabine, the inventive compounds/compositions 
can enjoy longer shelf life when stored and circumvent problems associated with clinicil use of decitabine. • For 
example, the inventive compounds maybe supplied as.lyophilized powder, optionally with an excipient (e.g., 
cyclodextrin), acid (e.g., ascorbic acid), alkaline (sodium hydroxide), or buffer salt (monobasic potassium 
dihydrogen phosphate). The lyophilized powder can be reconstituted with sterile water for injection, e.g., i.v., i.p., 
i.m., or subcutaaeously. Optionally, the powder can be reconstituted with aqueous or non-aqueous solvent 
comprising a water miscible solvent such as glycerin, propylene glycol, efhanol and PBG. The resulting solution 
may be administered directly to the patient, or diluted further with infusion fluid, such as 0.9% Sodium Chloride; 
5% Dextrose;,5% Glucose; and Lactated Ringer's infusion fluid. 
[00225] The inventive compounds/compositions may be stored under ambient conditions or in a controlled 
environment, such as under refrigeration (2-8°C; 36-46°F). Due to their superior stability in comparison with 
decitabine, the incentive compounds/compositions can be stored at room temperati'wfreconstifated' mtli injectfon 
fluid, and administered to the patient without prior cooling of the drug solution. 
[00226] In addition, due to their enhanced chemical stability, the inventive compound/composition should have a 
longer plasma half-life compared to that of decitabine. Thus, the inventive compound/composition may be 
administered to the patient at a lower dose and/or less frequently than'thatfor decitabine. 

5. Combination Therapy with Inventive Pharmaceutical Compositions 
[00227] The compounds or pharmaceutical formulations of the present invention may be used in conjunction with 
inhibitors of histone deacetylase (HDAC) to further modulate transcription of genes, e.g., to reestablish transcription 
of genes silenced by. hypermethylation and acetylation of histones, ma synergistic manner. 
[00228] HDAC plays important roles in transcription silencing of genes. The amount of acetylation on the histones 
is controlled by the opposing activities of two types of enzymes, histone acetyl transferase (HATs) and histone 
deacetylases (HDACs). Substrates for these enzymes.inchide e-amino groups of lysine residues located in the 
amino-tenriinal tails of the histones H3, H4, H2A, and H2B. These amino acid residues are acetylated by HATs and 
deacetylated by HDACs. With the removal of the acetyl groups from the histone lysine by HDACs, a positive 
charge is restored to the lysine residue, thereby condensing the structure of nucleosome and silencing the genes 
contained within. Thus, to activate these genes silenced by deacetylase of histones, the activity of HADCs should 
be phSstsi Wife-tha i^Mbitien Ef llEJAC,' histones esre acstylated and te DNA that is .tightly wrapped around a 
deacetylated histone core relaxes. The opening of DNA conformation leads.to expression of specific genes. 
[00229] In addition to deacelation of histones, HDACs may also regulated gene expression by deacetylating 
transcription factors, such as p53 ( a tumor suppressor gene), GATA-1, TEUE, and TFIIF. Gu and Roeder (1997) 
Cell 90:595-606 (p53); and Boyes et aL (1998) Nature 396:594-598 (GATA-1).. HDACs also participate in cell 
cycle regulation, for example, by transcription.repression whicim mediated ' by KB tumor suppressor proteins 
recruiting HDACs. Brehm et al. (1998) Nature 391:597-601. Thusf inhibition of HDACs should activate expression 
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of tumor suppressor genes such as p53 and RB ana as a result promote cell growth arrest, differentiation and 

apoptosis induced by these genes. 
[00230] As described above, aberrant transcriptional silencing of a number of genes, such as tumor suppressor 
genes, is directly related to pathogenesis of cancer and other diseases. Methylation of cytosine residues in DNA and 
removal of acetyl groups from histones are the two primary mechanisms for gene silencing. Due to methylation 
and/or histone deacetylase of cancer-related genes, expression of these genes is suppressed or completely silenced. 
Meanwhile, expression of these genes is required for induction of growth arrest, differentiation, and/or apnptotic cell 
death of transformed cells. Inaction of these genes in the transformed cells leads to uncontrolled proliferation of 
these cells, which eventually results in cancer. 
[00231] By combining fee inventive compounds/compositions with HDAC inhibitors, genes required for induction 
of-growth arrest, differentiation and cell death of transformed cells can be reactivated effectively. The inventive 
compounds/compositions inhibit-methylation of DNA for fire genes, especially in the regulatory region, thus 
resulting in activation of transcription of the gene. Meanwhile, HDAC inhibitors inhibit deacetylase of the histones 
in the nucleosomal core of the gene, thus resulting in net increase of the acetylation of histones, which, in tarn, 
activates transcription of the gene. By exploiting these two complementary mechanisms, the combination therapy 
may reestablish gene transcription more effectively and, ideally, in a synergistic manner. A combination therapy 
having synergistic effects should require a less amount of each inhibitor than it being used alone, thus reducing 
potential side effects associated systemic administration of high dosages of the inhibitors and improving therapeutic 
index. .. ... ...... - -

: [00232] Many anticancer agents exert their anti-cancer effects by triggering signal transduction cascades involving 
. proteins encoded by these tumor suppressor genes. With insufficient expression of these genes in cancer cells, the 

anti-cancer effects of these anti-neoplastic agents may be severely reduced or completely eradicated. Through 
reactivation or re-expression of these gehe's that are epigenetically silenced by DNA methylation and histone 
deacetylase, the intrinsic defense mechanisms of the body are mobilized to combat the disease by restoration of the 
tumor-suppressing functions to cancer cells in response to signals sent by the anti-cancer agent administered. Such 
stimulation of the intrinsic tumor suppressing .functions of the body should lead to fhe requirement of lower dosage 
of fhe anticancer agent, thus resulting in a higher therapeutic index (he., greater efficacy and lower toxicity) of the 
agent. 
[00233] Inhibitors of HDACs include, but are not limited to, the following structural classes: 1) hydroxamic acids, 
2) cyclic peptides, 3) benz amides, and 4) short-chain fatty acids. 
[00234] Examples of hydroxamic acids and hydroxamic acid derivatives, but are not limited to, trichostatin A 
(TSA), suberoylanilide hydroxamic acid (SAHA), oxamflatin, suberic bishydroxamic acid (SBHA), m-carboxy-
cinnamic acid bishydroxamic acid (CBHA), andpyroxamide. TSA was isolated as an antifungi antibiotic (Tsuji et 
al(1976) J. Antibiot (Tokyo) 29:1-6) and found to be a potent inhibitor of mammalian HDAC (Yoshida etal (1990) 
J. Biol. Cheni. 265:17174-17179). The finding that TSA-resistant cell lines have an altered HDAC evidences that 
this CEzyms is an important target for TSA.': Other hydroxamic acid-based HDAC inhibitors, SAHA, SBHA,. and-

• CBHA are synthetic compounds that are able to inhibit HDAC at micromolar concentration or lower in vitro or in • 
vivo; Glide et al. (1999) CancCr lies. 59:4392-4399. These hydroxamic acid-based HDAC inhibitors ail possess an 

.. essential structural feature: a polar hydroxamic terminal linked through a hydrophobic methylene spacer, (e.g. 6 
; carbon at length) to toother polar site which is attached to a terminal hydrophobic moiety (e.g., benzene ting). 

Compounds developed having such essential features also fyi within the scope of the hydroxamic acids'fliat maybe. 
. used as HDAC inhibitors. 
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[00235] Cyclic peptides used as HDAC inhibitors are mainly cyclic teirapeptides. Examples of cyclic peptides 
include, but are not limited to, txapoxin A, apicidin and ER901228. Trapoxin A is a cyclic tetrapeptide that contains 
a 2-amino-8-6xo-9,10-epoxy-decanoyl (AOE) moiety. Kijima et al. (1993) J. Biol. Chem. 268:22429-22435. 
Apicidin is a fungal metabolite that exhibits potent, broad-spectrum antiprotozoal activitity and inhibits HDAC 
activity at nanomolar concentrations. Darkin-Rattray et al. (1996) Proc. Natl. Acad, Sci. USA. 93;I3143-I3147. 
ER901228 is a depsipeptide that is isolated from Chromobacterium violaceum, and has been shown to inhibit 
HDAC activity at irricromolar concentrations. 
[00236] Examples of benzamides include but are not limited to MS-27-275. Saito et aL (1990) Proc. Natl. Acad. 
Sci. USA. 96:4592-4597. Examples of short-chain fatty acids include but are not limited to butyrafes (e.g., butyric . 
acid, arginine butyrate and phenylbutyrate (PB)), Newmark et al. (1994) Cancer Lett 78:1-5; and Carducci et al. 
(1997) Anticancer Res. 17:3972-3973. In addition, depudecin which, has been shown to inhibit HDAC at 
micromolar concentrations (Kwon et aL (1998) Proc. Nail. Acad. Sci. USA, 95:3356-3361) also fells within the 
scope of Ms tone deacetylase inhibitor of the present invention. 
[00237] The compounds or pharmaceutical formulations of fhe present invention may also be used in conjunction 
witii other therapeutic components including but not limiting to anti-neoplastic agents, alkylating agents, agents that 
are members of the retinoids superferaily, antibiotic agents, hormonal agents, plant-derived agents, biologic agents, 
interleukins, interferons, cytokines, irnmimo-modulating agents, and monoclonal antibodies. 
[00238] hi one embodiment, an alkylating agent is used in combination with and/or added to the inventive 
comppi^d/formulation. Examples of all^kting agents-include,-but are not IiiHited to bischloroefSylsmines 
(nitrogen mustards, e.g. chlorambucil, cyclophosphamide, ifosfamide, mecHoretharoine, melphalan, uracil mustard), 
aziridines (e.g. thiotepa), alkyl alkone sulfonates (e.g. busulfan), nitrosoureas (e.g. carmustine, lomusrme, 
streptozocin), nonclassic alkylating agents (altretamine, dacarbazine, and procarbazine), platinum compounds 
(carboplastin and cisplatin). 

- [00239] In another embodiment, cisplatin, cafboplatin or cyclophosphamide is used in combination with and/or 
added to the inventive compound/forrrmlation-
[00240] la another embodiment, a member of lie retinoids superfamily is used in combination with and/or added"to 
file inventive compcund/formulatioiL Retinoids are a family of structurally and functionally related molecules that 
are derived or related to vitamin A (all-trans-retinol). Examples of retinoid include, but are not limited to, all-trans-
retinol, all-trans-retinoic acid (tretinoin), 13-cis retinoic acid (isotretinoin) and 9-cis-retinoic acid. 
[00241] In yet another embodiment, a hormonal agent is used in combination with and/or added to (he inventive 
compoimd/formnlatkm. Examples of such a hormonal agent are synthetic estrogens (e.g. dieihylstibestrol), 
antiestrogens (e.g. tamoxifen, toremifene, fhioxymesterol and raloxifene), antiandrogens (bicalutamide, nilutamide, 
fhitamide), aromatase inhibitors (e.g., aminoglutettemide, anastrozole and tetrazole), lcetoconazole, goserelin 
acetate, leuprolide, megestrol acetate and mifepristone. 
[00242] In yet another embodiment, "a plant-derived agent is used in combination with and/or added to the inventive 

vincristine, vinblastine, vindesihe, vinzolidine and vinorelbine^ camptothecin (20(S)-camptothecm, 9rmtro-2G(S)r . 
camptothecin, and9-amino-20(S)-camptothecni), podophyllotoxins (e.g., etoposide (VP-16) andteniposide (VM-
26)), and taxanes (e.g., paclitaxsl and doceiaxel). 

, [00243] In yet another embodiments a biologic .agent is used in combination with and/or added to the inventive 
cor^PTiad/fonnulation;, such as ijamtmo-modulating proteins such as cytokines, mdiioclonad antibodies against 
tumor antigens, tumor suppressor genes, and cancer vaccines. 
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compound/formulation include, but are not limited to, inter! cukin 2 (IL-2), and interleuldn 4 (IL-4), interleukin 12 
(IL-12).- Examples of interferons flat may be used in conjunction wife, decitabine - glycerin formulations include, 
but are not limited to, interferon a, interferon j3 (fibroblast interferon) and interferon 7 (fibroblast interferon). 

5 Examples of such cytokines include, but are not limited to erythropoietin .(epoietin), granulocyte-CSF (filgrastim), 
and granulocyte, macrophage-CSF (sargramostirn). Iramuno-modulating agents other than cytokines include, but 
are not limited to bacillus Calmetie-Guerin, levamisole, and octreotide, 
[00245] Example ofmonoclonal antibodies against tumor antigens that can be used in conjunction wife fee 
inventive formulations include, but are not limited to, HERCEPTIN® (Trastruzumab), RITUXAN® (Rituximab), 

10 MYLOTAR.G® (anti-CD33), and CAMPATH® (anti-CD52). 

6. Indications for Compounds or Pharmaceutical Compositions of ifae Present Invention 
[00246] The pharmaceutical formulations according to the presentinvention may be used to treat a wide variety of 
diseases that are sensitive to the treatment with decitabine. 

15 [00247J Preferable indications feat may be treated using fee pharmaceutical formulations of the present invention 
include those involving undesirable or uncontrolled cell proliferation. Such indications include benign tumors, 
Various types of cancers such, as primary tumors and tumor metastasis, restenosis (e.g. coronary, carotid, and 
cerebral lesions),-hematological disorders, abnormal stimulation of endothelial cells (atherosclerosis), insults to 
bodytissue due tp.surgeiy, abnormal wound healing; abnormal angiogenesfe, diseases that produce fibrosis of tissue, 

20 repetitive motion disorders, disorders of tissues that are not highly vascularized, and proliferative responses 
associated wife organ transplants. 
[00248] Generally, cells in a benign tumor retain feeir differentiated features and do not divide in a completely 
uncontrolled manner. A benign-tumor is usually localized and nonmetastatic. Specific types benign, tumors that can 
be treated using the present invention include hemangiomas, hepatocellular adenoma, cavernous haemangioma, 

25 focal nodular hyperplasia, acoustic neuromas, neurofibroma, bile duct adenoma, bile duct cystanoma, fibroma, 
Kpomas, leiomyomas, mesotheliomas, teratomas, myxomas, nodular regenerative hyperplasia, trachomas and 
pyogenic granulomas. 
[00249] In a malignant tumor cells become undifferentiated, do not respond to the body' s growth control signals, 
and multiply in an uncontrolled manner. The malignant tumor is invasive and capable of spreading to distant sites 

30 (metastasizing). Malignant tumors are generally divided into two categories: primary and secondary. Primary 
tumors arise directly from the tissue in which they are found. A secondary tumor, or metastasis, is a tumor which is 
originated elsewhere in fee body but has now spread to a distant organ. The common routes for metastasis are direct 
growth into adjacent structures, spread through the vascular or lymphatic systems, and tracking along tissue planes 
and body spaces (peritoneal fluid, cerebrospinal fluid, etc.) 

35 [00250] Specific types of cancers or malignant tumors, either primary or secondary, feat can be treated using this 
izvsjgicz include-breast cancel;? sldn cancer, bone cancer,-prostate cancer/liver cancer,"Irnig cmcer,-brain cancer, 
cancer Of the larynx, gall bladder, pancreas, rectum, parathyroid, thyroid, adrenal, neural tissue,- head and neci; 
colon, stomach, bronchi, kidneys, basal cell cfeinoma, squamous cell carcinoma of both ulcerating and papillary 
type, metastatic skin carcinoma, osteo sarcoma, Swing's sarcoma, vcticujuin cell sarcoma, myeloma, giaritcell . 

.. 40 tumor, small-cell lung tumor, gallstones, islet cell tumor, primary brain tumor, acute ami chronic'lymphocytic and 
granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia, medullary carcinoma, pheochromocytoina, mucosal 
neuronms, intestinal ganglioneuromas, hyperplastic corneal nerve tumor, marfanoid habitus tumor, Wilm's tumor, 
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retinoblastoma, soft tissue sarcoma, malignant carcinoid, topical skin lesion, mycosis fungoide, rhabdomyosarcoma, 

Kaposi's sarcoma, osteogenic and other sarcoma, malignant hypercalcemia, renal cell tumor, polycythemia vera, 
adenocarcinoma, glioblastoma moltiforma, leukemias, lymphomas, malignant melanomas, epidermoid carcinomas, 

5 and other carcinomas and sarcomas. 
[00251] Hematologic disorders include abnormal growth, of blood cells which can lead to dysplastic changes in 
blood cells and hematologic malignancies such as various leukemias. Examples of hematologic disorders include 

• but are not limited-to acute myeloid leukemia, acute promyelocytic leukemia, acute lymphoblastic leukemia, chronic 
myelogenous leukemia, the myelodysplasia syndromes, and sickle cell anemia. 

10 |00252] Acute myeloid leukemia (AML) is the most common type of acute leukemia that occurs in adults. Several 
inherited genetic disorders and immunodeficiency states are associated with an increased risk of AML. These 
include disorders with defects in DNA stability, leading to random chromosomal breakage, such as Bloom's 
syndrome, Fanconi's anemia, Li-Framneni kindreds, ataxia-telangiectasia, and X-licked agammaglobulinemia. 
[00253] Acute promyelocytic leukemia (APML) represents a distinct subgroup of AML. This subtype is 

15 characterized bypromyelocytic blasts containing the 15;17 chromosomal translocation. This translocation leads to 
the generation of the fusion transcript comprised of the retinoic acid receptor and a sequence PML. 
[00254} Acute lymphoblastic leukemia (ALL) is a heterogenerous disease with distinct clinical features displayed 
by various subtypes. Reoccurring cytogenetic abnormalities have been demonstrated in ALL; The most common 

_pytograeticabnormaHtyisthe9;22trajaslocation. The cesidtant-Phifedelphia'titaomosome'repies&tepdor'prognosis 
20 of the patient 

[00255] Chronic myelogenous leukemia. (CML) is a clonal myeloproliferative disorder of a pluripotent stem. cell. 
CML is characterized by a specific chromosomal abnormality involving the translocation of chromosomes 9 and 22, 
creating the Philadelphia chromosome. Ionizing radiation is associated with the development of CML. 
[00256] The myelodysplasia syndromes (MDS) are heterogeneous clonal hematopoietic stem cell disorders 

25 grouped together because of the presence of dysplastic changes in one or more of the hematopoietic lineages 
including dysplastic changes in the myeloid, erythroid, and megakaryocyte series. These changes result in 
cytopenias in one or more of the three lineages. Patients afflicted with MDS typically develop complications related 
to anemia, neutropenia (infections), or thrombocytopenia (bleeding). Generally, from about 10% to about 70% of 
patients with MDS develop acute leukemia. 

30 [00257] Treatment of abnormal cell proliferation due to insults to body tissue during surgery may be possible for a 
variety of surgical procedures, including joint surgery, bowel surgery, and cheloid scarring. Diseases that produce 

. fibrotic tissue include emphysema. Repetitive motion disorders that may be treated using the present invention 
include carpal tunnel syndrome. An example of cell proliferative disorders that may be treated using the invention 
is a bone tumor. 

35 [00258] The proliferative responses associated with organ transplantation that may be treated using this invention 
> • include fcossprolifsirfTOiespcnseE.-coctribiifeg..to^ot'!^^lG^g?afeje5tipn? or ®.<M>ciste^5pr®lca.ti.t)ns. ... . 

Specifically, these proliferative responses may occur during transplantation of the heart, lung, liver, kidney, ana 
other body organs or organ systems. 
[00259] Abnormal angiogenesis that may be may be treated using this invention include those abnormal 

40 angiogenesis accompanying rheumatoid arthritis, ischemic-reperfusion related brain edema and injury, cortical 
ischemia, .ovarian hyperplasia and hypexvascularity, (polycystic ovary syndrome)^ endometriosis, psoriasis, diabetic 
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angiogemcoiseases such as retinopathy of prematurity (retxolental fibroplastic), 
mnscfllar degeneration, corneal graft rejection, neuroscular glaucoma and Oster "Webber syndrome. 
[00260] Diseases associated with abnormal angiogenesis reqnire or induce vascular growth. For example, corneal 
angiogenesis involves three phases: a pre-vascular latent period, active neovascularization, and vascular maturation 
and regression. The identity and mechanism of various angiogenic factors, including elements of fhe inflammatory 
response, such as leukocytes, platelets, cytokines, and eicosanoids, or unidentified plasma constituents have yet to 
be revealed. 
[00261] In another embodiment, the pharmaceutical formulations of fhe present invention may be used for treating 
diseases associated with radesired or abnormal angiogenesis. The method comprises administering to a patient 
suffering from undesired or abnormal angiogenesis the pharmaceutical formulations of the present invention alone, 
or in combination with anii-neopkstic agent whose activity as an anti-neoplastic agent in vivo is adversely affected 
by high levels of DNA methylation. The particular dosage of these agents required to inhibit angiogenesis and/or 
angiogenic diseases may depend on the severity of the condition, the route of administration, and related factors that 
can be decided by fhe attending physician. Generally, accepted and effective daily doses are the amount sufficient 
to effectively inhibit angiogenesis and/or angiogenic diseases. 
[00262] According to this embodiment, the pharmaceutical formulations of the present invention may be used to 
treat a variety of diseases associated "with undesirable angiogenesis such as retinal/choroidal neuvascularization and 

• corneal neovascularization. Examples of retinal/choroidal neuvasralarization include, but are not limited to, Bests 
diseases, myopia,.optic pits, Stargarts diseases; Pagets disease, vera occlusion,"artery^bcduMbi^'sicMe'cell'knemia, 
sarcoid, syphilis, pseudoxanthoma elasticum carotid abostructive diseases, chronic uveitxs/vitritis, mycobacterial 
infections, Lyme's disease, systemic lupus erythematosis, retinopathy of prematurity, Eales disease, diabetic 
retinopathy, macular degeneration, Bechets diseases, infections causing a retinitis or chroiditis, presumed ocular 
histoplasmosis, pars planitxs, chronic retinal detachment, hyperviscosity syndromes, toxoplasmosis, trauma and post-
laser complications, diseases associated with rubesis (neovascularization of fhe angle) and diseases caused by the 
abnormal proliferation of fibrovascukr or fibrous tissue including all forms of proliferative vitreoretmbpathy. ' 
Examples of corneal neuvasculaiization include, but are not limited to, epidemic keratoconjunctivitis, Vitamin A 
deficiency, contact lens overwear, atopic keratitis, superior limbic keratitis, pterygium keratitis sicca, sjogrens, acne 
rosacea, phylectenulosis, diabetic retinopathy, retinopathy of prematurity, corneal graft rejection, Mooren ulcer, 
Texrien's marginal degeneration, marginal keratolysis, polyarteritis, Wegener sarcoidosis, Scleritis, pemphigoid 
radial keratotomy, neovascular glaucoma and retrolental fibroplasia, syphilis, Mycobacteria infections, lipid 
degeneration, chemical burns, bacterial ulcers, fungal ulcers, Herpes simplex infections, Heipes zoster infections, 
protozoan infections and Kaposi sarcoma. 
[00263] In yet another embodiment, the pharmaceutical formulations of the present invention may be used for 
treating chronic inflammatory diseases associated with abnormal angiogenesis. The method comprises 
administering to a patient suffering from a chronic inflammatory disease associated with abnormal angiogenesis the 
pharmaceutical formulations of ths present invention {done*' er :in; comfcinatioii^th aii asti-ne'oplastic agtsht "whose 
activity as an anti-neoplastic agent in vivo is adversely affected by high levels of DNA methylation. The chronic 
inflammation-depends on continuous formation of capillary sprouts to maintain an influx of inflammatoiy cells. The 
influx and presence of the inflammatory cells produce granulomas and thus, maintains fhe chronic inflammatory 
state. Inhibition of angiogenesis using the pharmaceutical formulations of fhe present invention may prevent the ' 
formation of the grarrolosmas, thereby alleviating the disease^ Examples of chronic inflammatory disease include, 
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but are not Bmrted to, such as Crohn's disease and ulcerative colitis, psoriasis, 

sarcoidois, and rheumatoid arthritis. 
[00264] Inflammatory bowel diseases such as Crohn's disease and ulcerative colitis are characterized by chronic 
inflammation and angiogenesis at various sites in the gastrointestinal tract For example, Crohn's disease occurs as 
a chronic transmural inflammatory disease that most commonly affects the distal ileum and colon but may also 
occur' in any part of the gastrointestinal tract from the mouth to the anus and perianal area. Patients with Crohn's 
disease generally have chronic diarrhea associated with abdominal pain, fever, anorexia, weight loss and abdominal 
swelling. Ulcerative colitis is also a chronic, nonspecific, inflammatory and ulcerative disease arising in the colonic 
mucosa and is characterized by the presence of bloody diarrhea. These inflammatory bowel diseases are generally 
caused by chronic granulomatous inflammation throughout the gastrointestinal trad; involving new capillary sprouts 
surrounded by a cylinder of inflammatory cells. Inhibition of angiogenesis by the pharmaceutical formulations of 
the present invention should inhibit the formation of the sprouts and prevent the formation of granulomas. The 
inflammatory bowel diseases also exhibit extra intestinal mamfectations, such as skin lesions. Such lesions are 

Inhibition of angiogenesis by the pharmaceutical formulations of the present invention should reduce the influx of 
inflammatory cells and prevent the lesion formation. 

disorder. The granulomas of this disease can form anywhere in the body and, thus, the symptoms depend on the site 
of die 'grapilomas.and whtt+herihe disease is- active.- The granulomas are created bythe angiogenic capillary sprouts 
providing a constant supply of inflammatory cells. By using the pharmaceutical formulations of the present 
invention to inhibit angionesis, such granulomas formation can be inhibited. Psoriasis, also a chronic and recurrent 
inflammatory disease, is characterized bypapules and plaques of various sizes. Treatment using the pharmaceutical 
formulations of the present invention should prevent the. formation of new blood vessels necessary to maintain the 
characteristic lesions and provide the patient relief from fhe symptoms. 
[00266] Rheumatoid arthritis (RA) is also a chronic inflammatoxy disease characterized by non-specific 
inflammation of the peripheral joints. It is believed that the blood vessels in the synovial lining of the joints undergo 
angiogenesis. In addition to forming mew vascular networks, the endothelial cells release factors and reactive 
oxygen species that lead to pannus growth and cartilage destruction. The factors involved in angiogenesis may 
actively contribute to, and help maintain, the chronically inflamed state of rheumatoid arthritis. Treatment using the 
pharmaceutical formulations of the present invention alone or in conjunction with other anti-RA agents may prevent 
fhe formation of new blood vessels necessary to maintain the chronic inflammation and provide fee RA patient relief 
from the symptoms. 
[00267] In yet another embodiment, the pharmaceutical formulations of the present invention may be used for 
treating diseases associated with abnormal hemoglobin synthesis. The method comprises administering the 
pharmaceutical formulations of the present invention to a patient suffering from disease associated with abnormal 
hemoglobin synthesis.-. Decitabine -cOatais^gtforiaul&iiGiis stkiiulate ^yx^tUesis-oecimbc the - >• '• 
mechanism of incorporation into DNA is associated with DNA hypornetbylation. Examples of diseases associated 
with abnormal hemoglobin synthesis include, but axe not limited to, sickle cell anemia and ^-thalassemia. 
[00268} In yet another embodiment, the pharmaceutical formulations of the present invention maybe used to 
control intracellular gene expression. The method comprises administering th&phaxmaceutical formulations of the 
present invention to a patient suffering from disease associated with abnormal levels of gene egression. DNA 
methylation is associated with the control of gene expression. Specifically, methylation in or near promoters inhibit 

can occur at many sites other the gastrointestinal tract 
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transcription while demethylation restores egression. Examples of the possible applications of fhe described 

mechanisms include, tot are not limited to, therapeutically modulated growth inhibition, induction of apoptosis, and 
cell differentiation. 
[00269] Gsrte activation facilitated by the pharmaceutical formulations of the present invention may induce 

5 differentiation of cells for therapeutic purposes. Cellular differentiation is induced through fhe mechanism of 
hypomeihylation. Examples of morphological and functional differentiation include, bat are not limited to 
differentiation towards formation of muscle cells, myotubes, cells of erythxoid and lymphoid lineages. 
[00270] Although exemplary embodiments of fee present invention have been described and depicted, it will be 
apparent to the artisan of ordinary skill that a number of changes, modifications, or alterations to the invention as 

10 described herein may he made, none of which depart from the spirit of the present invention. All such changes, 
modifications, and alterations should therefore be seen as within" the scope of the present invention. 

EXAMPLES 

15 1. Synthesis of phosphoramidite building blocks and 3'-£>-capped derivatives 
[00271] The present invention also provides effective chemical methods for synthesis of the following novel 
phosphoramidite building blocks (Figure 2A). 
[0.0272] The 4-amine functional group of la can be protected via transformation into various protective groups (Ri), 
such ascarbamates with methyl,, ethyl, P-fluorenyh-^hyl, 9-(2-su]fo)fluorenylmetliyl, 9-(2,7-

20 dibromo)fluorenyImethyI, 17-tetraberffio[<z,e,g',i]fiuorenyhnethyl, 2-chloro~3~indenylmethyl, benz[/]inden-3-
ylmethyl, 2,7-di-Zert-[9-(10,10-dioxo-10,10,10,10-tetrahydrothioxanihyl)methyl, 1 ,l-dioxobenzo[Z>]tbiophene-2-
ylmefhyl, 2.2,2-trichloroethyI, 2-trimetiiylsilyIeiiiyl, 2-phenylethyl, 1 -{1 -adamantyl)-1 -methylethy 1. 2-chloroethyl, 
l,l,-dimefliyl-2-haIoethyl, l,l-dimethyl-2,2-dibromethyl, Ll-dimethyl-2.,2.2-trichhr>ethyl, 1-methyl-1-{4-
biphenylyl)ethyl, 1 -(3,5~di-fcr/-biitylphenyl)-1 -methylethyl, 2-(2'- and 4'-pyridyl)ethyl, 2,2-bis(4'-

25 nitrophenyl)ethyl, N-(2 -pivaloylamino)-1,1 -dimsthylethyl, 2-[(2~nitrophenyl)difhio]-l-phenylethyl, 
dicyclohexylcarbbxamido)ethyl, Z-butyl. 1 -adamantyl, 2-adamantyl, vinyl, allyl, 1-isopropylallyl, cinnayl, 4-
nitroeinnamyl, 3-(3'-pyridyl)prop-2-enyl, 8-quinolyl, ALhydroxypiperidinyL alkyldithio, benzyl _p-methoxybenzyl, 
_p-nitrobenzyl, />-bromobenzy3, j>-chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl, 9-anthrylmethyl, 
diphenylmethyl. 2-methylthioethyl, 2-methylsulfonylethyl, 2-(p-toluenesulfonyl)elhyl, [2-( 1,3-dithianyl)]methyl, 4-

30 methylthiphenyl, 2,4-dimefaylthiphenyl, 2-phosphonioethyl, 1 -methyl-1 -(triphenylphosphonio)ethyl, 1,3-dimethyl-
2-cyanoetiiyl, 2-dansylethyl, 4-phenylacetoxybenzyl, 4-azidobenzyl, 4-azidomethoxyben2yI, m-cMoro-p-
acyloxybenzyl, p-(dihydroxyboiyl)henzyl, S-benzisoxazolylmethyl, 2-(trifiuoroe1hyl)-6-ctaomonyhne1hyl, m-
nitrophenyl, 3,5-dimethoxybenzyI, 1 rrnethyl-l-(3,5-dimethoxyphenyl)efiiyl, ct-methylnitropiperonyl, o-nitrophenyl, 
3,4-dimethoxy-6-mtrobenzyl, pheaiyl(o-mtrophenyl)ethyl, 2-(2-nitrophenyl)e£hyl, 6-nitroveratryl. 4-

35 methoxypbenacyl, 3 ',5 '-diniethoxybenzoin, ?-amyl, S'-benzylthio, butynyl, j?-cyanobenzyI, eyclohexyl, cyclopsntyL 
cyclcprcpyi^feyl,p-decyloxybenzyli'diisopropylme&yl, 2,i2^JiiiieftiG3ycarl50i3ylvmyl,>«)-(JV;,J¥- - '* • • -
dimethylcarboxamido)bsnzyl, l,l-dirnethyI-3-(A',Ar-dimethycarboxaroido)propy], 1,1 -dimettylpropynyL 2-
furanylmethyl, 2-iodoetbyI, isobornyl, isobutyl, isonicotinyl,p-(p'-methoxyphenylazo)beiizj'l, 1-methylcyclohutyl, 

• 1 -methylcyclohexyl, 1 -methyl-1 -cyclopropylmethy!, l-methyl-l-(p-phenylazophenyl)ethyl, 1 -methyl-1 -ph.enyleft.yL 
40 l-methyl-l-(4'-pyridyl)ethyl, phenyl, /j-(phenylazo)benzyL 2,4,6-tri-r-butylphenyl. 4-(tcimethylarnmoniiim)benzyl, 

2,4,6-trimethyIbenzyl; ureas with phcnothiazinyl-( 10)-carbonyl, jV'^-toluenesulfonylaminocarbonyi N'-
phenylaminothioeaibonyl; amides such as fonnamide, acetamide; phenoxyacetamide, trichloroacetarmde, 
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nitrophenoxyacetamide, 3-(o-nitroplienyl)propanamide, 2-mefeyl-2-{0-nitrophenoxy)propaiiamide, 3-methy]-3-
nitrobutanainide, o-mtrocirmamide, 3-(4^butyI-2,6-dinitrophenyl)-2,2-dimethylpropanamide, o-

- (beiizoyioxjmsfiiyl)be)Kaimde, Z-Kt-butyldipiieiiylsiloxy^stiLy^inetliyybenzairiide, 3-(3\6'-dioxo-2\4',5'-
5 trmethylcyclohexa-1^4'-diene)-3,3-dimethylpropiona;mide, o-hydroxy-toms-cinnainide., acetoacetamide,/?-

toluenesulfonamide, and benzesulfonamide. The 4-0-methoxy (lb) and 4~&-methylthio (lc) analogs of decitabine 
can be obtained by modifying the published procedure for decitabine synthesis by separating the a and & anomsrs of 
l-(2-deoxy--3,5-di-0~p~cMombenzayt or benzoyl-D-ribofuranosyl)-4-metiioxy or methylthio-1,3,5-triazin-2(i/)-one 
and removing the 3,5-protective groups without treatment with methanolic ammonia. Pliml and Sorm (1964) 

10 Collect. Czech. Chem. Commun. 29:2576-2577; Piskala and Sorm(1978) Nucleic Acid Chemistry (by Towsend 
and Tipson, Wiley, 1978), pp.443-449. 
[00273] Protection of fee 5'-OH is achieved by dissolving the 4-amino protected decitabine and 4-rnefeoxy and 4-
methylthio analogs (lb, lc) in anhydrous pyridine (5mL/mmo3) before adding dimethoxytrityl chloride (1.1 
equivalents). 

15 [00274] For example, decitabine (1.2 g) was twice co-distilled with anhydrous pyridine and dissolved in 20 ml dry 
DMF. Hexamefeyldisilazane (2.8 mL) was added. The solution was stirred and left overnight The solvent was 
evaporated in vacuo, and Hie remaining residue was dissolved in toluene and evaporated twice. The 3 ',5'-di 
trimethylsilyl 5~aza-2'-deoxycytidine (Rf- 0.67,4:1 dichloromefhane/methanol) was co-distilled twice with dry 
pyridine (~10 mL). and dissolved in dry-pyridine-(20 jr?-V Phenoxyacetic anhydride (.1.5 g) was adcied, 'and the 

20 resulting solution was stirred for 1 hour. A further 0.18g phenoxyacetic anhydride (0.18 g) was added and stirred 
for another hour. The reaction mixture was evaporated in vacuo to dryness and co-distilled (3x) with toluene. The 
residue was dissolved in dicliloromeiliaxie (-50 mL) and extracted wife 1M aqueous NaHC03 solution (~50 mL), 
which was re-extcacted with dicHoromeihane (-20 mL). The combined organic phases were dried over sodium 
sulfate and reduced in vacuo to yield crude 3' ,5 '-di trimethyIsilyl-N-pb.enoxyacetyl 5-aza-2'-deoxycytidine (3g; Rf = 

25 0.82,9:1 dichloromethane/methanol). The Crude material -was dissolved in anhydrous DMF (20 mL) and transferred 
to a 50 raL plastic falcon tube, and TAS-F (2.4 g) -was added (gas evolved). The reaction proceeded for 4 hours at 
22 *C (fee vial was not fully closed to reduce pressure built up). The DMF was evaporated in vacuo and the 
remaining residue was subjected to column chromatography (30 g silica gel, 2.5 cm column, 99:1 to 9:1 
dichloromethane/methanol). A white solid N-phenoxyacetyl 5-aza-2'-deoxycytidine (0.81 g; Rf= 0.26, 9:1 

30 dichloromethane/methanol) was obtained. This compound (0.6 g) was twice co-distilled with anhydrous pyridine 
and dissolved in anhydrous pyridine (20 mL) before dimethoxytrityl chloride (0.9 g) was added and stirred for 2 
hours at 22 "C. Solvents were removed in vacuo and co-distilled (3x) wife toluene. The residue was dissolved in 
dicbloromefhane (50 mL) and extracted wife 1M aqueous NaHC03 solution (~50 mL), which was re-extracted with 
dichloromethane (-20 mL). The combined organic phases were dried over sodium sulfate and reduced in vacuo. 

35 The residue was subjected to silica gel chromatography (dichloromethane-100% to 95:5 dichloromethane/methanol), 
' • yielded 59~din'iet[ioxytQtyl-N~phen6xyacetyl:5~&za-2.5-d£OAycyLidi£ie\G:35 ^0.531 &le','r32%, Rf ™ 0:49, "9:1 

dicMoron^thane/mefeanol). This intermediate (0.3 g) was dissolved in dry acetonitrile (2 mL) before 0.3 M 
ben2ylthiotetrazole (0.9 mL) solution in dry acetonitrile and cyanoethyltetraisopropyl phosphorodiamidite (0.17 mL) 
were added. The mixture was stiiredat 22 "C for 1.5 hours. TLC (2:1 ethyl acetate/hexanes + 2% TEA) showed a 

40 diastereoisomeric mixture wifeRf= 0.27 and 0.36. Solvent .was removed in vacuo and fee remaining residue 
subjected to column chromatography (20 g silica gel, 2.5 an column, 9:1 hexanes/ethyl acetate +2% TEA (300 mL), 
1:1 hexanes/ethyl acetate +1% TEA (200 mL), 1:2 hexanes/efeyl acetate +0% TEA (250 mL). The decitabine 
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pho^horarnidite bui STdjug Id* wEere Rj ==phenoxyacetyI (0.297 g, 0.34 mniol, 76%) eluted with the 1:2 

hexanes/eihyl acetate. ESI-MS of Id (calculated exact mass for C^HJJNSOSP is 86436) exhibited m/z 864.1 and 
966.4 [M+NEta+Htf; 31P NMR (CDCij, 500MHz) exhibited 149.17 and 149.0 ppra; JH NMR (QDCI3,500MHz) 
exhibited chemical shifts (ppm) 8.63 & 8.59 (1H, doublet, H-6), 7.4-6.6 (18H, multiplet, aromatic DMTr/Pac), 6.05 
(1H, triplet,H-l'), 4.79 (2H, singlet, CH2ofPac), 4.59 (IB, singlet, H-4'), 4.25 to4.20 (1H, doublet, H-3"), 3.8-3.7 
(IB, multiplet, P-O-CH,), 3.70 (3H, singlet, CH:,0 of DMTr), 3.68 (3H, singlet, CHsO of DMTr), 3.6-3.48 (3H, 
multiplet, two CH's of isopropyl and one P-O-CIL), 3.36-3.27 (2H, ruuliiplet, H-5'), 2,80 (1H, singlet, H-2')> 2.53 
(1H, singlet, H-2'), 2.40 (2H, multiplet, CH2CN), 1.1 (12H, CH3 of isopropyl). 
|0027S] Iii addition, minor modification of published procedures allow access to 3'- and 5'-0-capped derivatives' 
(Figure 3 A, lg, 111, li, Ij, lk, II) (Bagnall, Bell and Pearson (1978) J. of Fluorine Chem. 11: 93-107), where the cap 
can be allcyl groups, esters and fatty acid esters, glycol derivatives such as ethylene and propylene glycols; and 
protected decitabine 3'-linked onto controlled-pore glass support (Figure 3B, 1m, In, lo). AM, Singman, Zhan and 
Letsinger (1991) 19:1527-1532. 
[00276] Other decitabine derivatives have fhe 3'~QH protected •with esters (which include but are not limited to 
acetyl, benzoyl, and halobenzoyl; and fatty acids) and ethers (which include but are not limited to p-
mtrophenyletbyl, methoxymefhyl, methylthiomethyl, (phenyldimetfrylsiIyl)inetlioxymethyl, benzyfoxyxaethyl, p-
methoxybenzyloxymethyl,^nitrobenzyloxymethyl, o-nitrobenzyloxymethyl, (4-xnethoxyphenoxy)xnethyI, i-
birtoxymefhyl, 4-pentenyloxymethyl, siloxymefhyl, 2-methbxyefhoxymethyl, 2,2,2-trichloroethoxymelhyl, bis(2~ 
cMoroeAoxy)methyl, 2r(trimethy3silyl)cthoxymethylrmentiioxymothyl, tetrahy^pyranyl; fetfaliydrofuraixyl,' and 1-
(2-fi'aorophonyl)^-raethoxypiperidin-4-yi), glycol derivatives such as ethylene and propylene giycos, as shown in 
Figure 4. 

2. Synthesis of DpG and GpD dinucleotides and tetranucleotides on solid support 
[00277] The DpG and GpD dimicleotides and tetranucleotides can be synthesized by standard procedures (Figure 5) 
with slight modification for increased coupling times (>2 minutes). Beaucage and Caruthers (1981) Tet Lett 22: 
1859-1862; McBride and Caruthers (1983) Tet Lett. 24: 245-248. Synthesis of GpD dinucleotide 2a and 
DpGpGpD tetranucleotide 3a can be initiated with, the coupling of Ira, In or lo with similarly based protected 5'~ 
0~DM.Tr 2'-deoxyguanosine-3'-0-cyanoethyl-AyV-diisopropylphosphoxamidite and 5'-0-DMTr 2'-deoxy-5-aza~ 
eytidine-3'-<>cyaaoethyl~jV^~diisopropylphosphorarmdites (Id, le or If), as shown in Figure 6A Subsequent 
release from the solid support (such as controlled pore glass, CPG) and removal of carbamate protective groups with 
bases such as DBU/pyridine (or acetonitrile), and methanolic ammonia for removal of the 4-0-mefhoxy and 4-O-
methylthio protective groups, yield the desired oligonucleotides with the last DMTr group on or off. DpGpGpD 
(3b) can be similarly obtained (Figure 7). 
[00278] For example (Figure 6A and 6B), an Amersham AKTA Oligopilot 10 system is loaded with a protected 
decitebine-iitiked CPG solid support lm (where S.i — phenoxyacetyl), which is coupled with 2-2.5 equivalents of 
fert-bntylphe.noxjacetyl^'-deoxygiTanosinephosphoramiditeiapresence'of 60%'of 0.3 Mbenzyithiotetrazole ' 

activator (in acetonitrile) for 2.5 minutes. The CPG solid support containing protected GpD dinucleotide is treated 
with 20 mL of 50 mM K2C03 in methanol for 1 hour and 20 minutes. The coupled product is oxidized with 2 M 
ferf-butylhydroperoxide in dry acetonitrile (prepared by dissolving fen-butylhydroperoxide in 80% tert-
butylperoxide) for 5 minutes. The dimethoxy trityl protective group is removed with 3% dichloroacetic acid in 
toluene.( Hie CPG solid support is washed with dry methanol; fhe filtrate is neutralizedby addition of 2 inL of 1 M 
acetic acid in methanol The solution is concentrated.by rotary evaporation; the residue is taken up in 200 mM 
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tri stnylammonium acetate (p'H 6.9), washed with acetonitrile (500 ;zL of 50% aqueous acetonitrile), and filtered 
through a syringe filter. The GpD dinucleotide is subsequently purified by the AKTA Explorer 100 HPLC with a 

Gemini C18 preparative column (Phenomenex), 250x21.2 mm, 10/xm with guard column (Phenomenex), 
50x212mm, 10/i.m, with 50 mM triethylaimnonium acetate (pH 7) in MiBiQ water (Mobile Phase A) and 80% 
acetonitrile in MilliQ water (Mobile Phase B), with 2% to 20/25% Mobile Phase B hi column volumes. The ESI-
MS (-ve) of GpD dinucleotide 2a, where X1" = triethylammonium (calculated exact mass for the neutral compound 
QsBySfsOioP is 557.14), exhibited m/z 556.1 [M-H]" and 1113.1 for [2M-H]" (see mass spectrum in Figure 30). 
[00279] When the cycle is repeated three times with 2-2.5. equivalents of ierf-buiyl phenoxyacetyl 2'-
deoxyguanosine or phenoxyacetyl 5 -aza-2'-deoxycytidine phosphoramidite in preset) x of 60% of 0,3 M 
bensylthiotetrazofe activator (in acetonitrile) for 2.5 minutes and 10 minutes, respectively, (Figure 6b and 7), the 
DpGpGpD tetranucleotide 3b is obtained, where X1, = triethylammonium (calculated exact mass for the neutral 
compound C^NuAaPs is 1176.23), exhibited m/z 587.2 for {M-2Hf" and 1175.2 [M.-HI (Figure 32). 
[00280] In addition, DpG dinucleotide 2b and GpDpGpD 3c can be synthesized by coupling Is (where Ri = 
carbamate protective group) with phosphoramidite building blocks Id, le or If (Figure 8). GpDpDpG and GpDpG 
(3c5) can. likewise be obtained (Figure 9). 
[00281], For example, when a protected 2'-deoxyguanosine-Iinked CPG solid support Is (where Rj — ferZ-butyl 
phenoxyacetyl), which is coupled with 2-2.5 equivalents of phenoxyacetyl decitabine phosphoramidite (Figure 2A, 
Id, where Rj = phenoxyacetyl; see mass spectrum in Figure 38) in fhe presence of 60% of 0.3 M benzylthiotetrazole 
actiTOtor (in, acetonitrilej.for. 10.minu.tes.- The CPG solid support containing prote.w"d DpG dinuclcotidels treated 
with 20 mL of 50 itiM K.2CO3 in methanol fox 1 hour and 20 minutes. The coupled product is oxidized, protective 
group removed, washed, filtered, and purified as described for GpD dinucleotide. The ESI-MS (-ve) of DpG 
dinucleotide 2b, where X* = triethylammonium (calculated exact mass for the neutral compound CigB^NsO^P is 
557.14), exhibited m/z556.1 [M-ITj" and 1113.1 for [2M-H]" (see mass spectrum in Figure 31). The DpG 
dinucleotide 2b, where X* = sodium, is obtained by re-dissolving the triethylammonium salt in 4 ml water, 0.2 ml 
2M NaQ.04 solution. When 36 mL acetone is added, the dinucleotide precipitates. The solution is kept at -20°C for 

. several hours and centrifugated at 4000 ipm for 20 minutes. The supernatant is discarded and the solid is washed 
with 30 mL acetone followed by an additional ccntrifugation at 4000 ipm for 20 minutes. The precipitate is 
dissolved in water and freeze dried, which exhibited m/z 556.0, JM-H]" (see mass spectrum in Figure 36). 
[00282] "When the cycle is repeated twice with 2-2.5 equivalents of tert-butyl phenoxyacetyl 2 '-deoxyguanosine or 
phenoxyacetyl 5~aza-2'-deoxycytidine phosphoramidite in presence of 60% of 0.3 M benzylthiotetrazole activator 
(in acetonitrile) for 2.5 minutes and 10 minutes, respectively, the GpDpG trinucleotide 3c* is obtained, where X4" -
triefhylamtnonium (calculated exact mass for the neutral compound C2SH3gNw016P2 is 886.2), which exhibited m/z 
885.16 [M-HJ (see mass spectrum Figure 33). 
[00283] When cycle is repeated three times, the DpGpDpG tetranucleotide 3c is obtained, where X1" = 
iriethylammonium (calculated exact mass for the neutral compound QsR-yNigC^Ps is 1176.23), which exhibited 
m/z.587-4 for [M-2H12" at>d 1175.4 ,pvf-Ji^^(see nsssspettei£i in Figure 34);'•• • " 
[00284] When the phosphite triester, newly formed during the coupling step, is converted to the corresponding 
phosphorothioate triester with 5% phenylacetyl disulfide (PADS) in dichloroethane/sym collidme 4/1 (v/v), 4.3 mL 
solution (3.6 column volumes), flow rate 50cm/h.(contact time 3 column volumes), the phosphorothioate derivative 
of 2b can be obtained. The sulfurizatioii is completed within 3 minutes, at which time excess reagent is removed 
from the reaction vessel by washing with acetonitrile. Subsequent deprotectibn and purification, as described for 2a, 
gives phosphorothioate DpG (Sp & Rp, Figure 13,2e), where JC = triethylammonium (calculated exact mass.for the 
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nisatraJ fenlioWii^^ijNpdsPSis 57H.12), which exhibited m/z 571.9 for [M-Bf]" (see mass spectrum in Figure 

35). 
[00285] When cycle is repeated once with DMT hexaeihylenglycol phosphoramidite (60% activator, 7 min 
coupling time), followed by standard oxidation and purification as described for 2a, the HBG-DpG dinucleotide 2d 
is obtained (Figure 12), where X* = triethylammonium and Cap = hexaethyleneglycol phosphate (calculated exact 
mass for the neutral compound C3oH49N5sOI9P2 is 901.71), which exhibited m/z 900.4 [M-H]" (see mass spectrum in 
Figure 37). 

3. Inhibition of DNA Methylation by DpG and GpD di-, tri- and tetranucleotides 
[00286] The demethylating activity of DpG and GpD di-, tri-, and tetranucleotides were tested in a cell-based GFP 
(green fluorescent protein) assay. This assay, which is schematically illustrated in Figore 25, has a GFP gene 
regulated by the CMV promoter and is sensitive to the methylation of CpG sites within the promoter. A decrease in 
methylation resulting from exposure to a methylation inhibitor leads to GEP expression and is readily scored. 
Specifically, the CMV-EE210 cell line containing the epigenetically silenced GFP transgene was used to assay for 
reactivation of GEP expression by flow cytometry, CMV-EE210 was made by transfecting NTH 3T3 cells with the 
pTO-UF/OFl/UF2 plastnid (Zolotuhin et al., 1996), which is comprised ofpBS(+) (Stratagene, Inc.) containing a 
cytomegalovirus (CMV) promoter driving a humanized GFP gene adapted for expression in mammalian cells. After, 
trarisfeetion, high-level GFP expressing cells were initially selected by FACS analysis and sorting using a MoFlo 
cytometer (Cytomation, Inc.)., Decitabine, potent inhibitor of mammalian DNMTl; Was Wedlas a positive c ^ol. 

To screen for reactivation of CMV-EE210; decitabine (at 1 |iM) or a test compound (at a concentration of30-50 jtM) 
was added to complete medium (phenol red free DMEM (Gibco, Life Technologies) supplemented with 10% fetal 
bovine serum (Hyclone)). Cells were then seeded to 30% confluence (~ 5000 cell/well) in 96 well plate containing 
the test compounds and grown for three days in* at 37°C in 5% C02. The plates were examined under a fluorescent 
microscope using a 450-490 excitation filter (13 filter cube, Leica, Deerfield IL). Wells were scored gl positive if 
(10%) of viable cells express GFP, g2 positive if 30% of viable cells express GFP andg3 if >75% of the viable cells 
express GFP. GEP 50 is fhe concentration of an inhibitor that (like an XC50) is the dose at which the GFP expression 
level goes from g3 to gl/2. Table 1 lists the results of the test for decitabine, DpG, GpD, GpDpG, DpGpGpD and 
DpGpDpG as DNA methylation inhibitors. As shown in Table, 1, all of the 5 oligonucleotide analogues tested were 
able to inhibit DNA methylation effectively at low concentrations, resulting in reactivation of the transcription of the 
GFP gene. 

Compound 
GFP 

Expression 
Level 

IC 50 
(nM) 

Decitabine g3 500 
DpG g3 400 

•v - Gfj~D ' ' "" ' " 700 
GpDpG g3 1800. 

DpGpGpD g3 1100 
DpGpDpG g3 1400 
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4. F ̂SyitlieM IMpif'an'dSpDinicSotides and tetranucleotides in solution 

[00287] For the synthesis of these oligonucleotides in large scale, the use of soluble polymeric supports is desirable. 
Bayer and Mutter, (1972) Nature 237: 512-513; Bonora (1995) Appl. Biochem. BiotecbnoL 54:3-17. The polymer 
support poly (ethylene glycol) or PEG allows synthetic process to be carried out in a homogeneous phase and 

. _ 5 assures an easy intermediate purification step through simple precipitation-and-filtration procedures. Harris 
Poly(ethylme glycol) Chemistry. Biotechnical and Biomedical Applications, J. M. Harris (Ed.), Plenum Press, New 
York (USA), 1992, pp. 1-14 (book citation]. For example, 3'-linked derivatives such as It, lu, or lv (Figure 10) 
can be easily adapted to the standard phosphoraxnidite-based chemistry employed in the preceding solid-phase 
procedures to give the DpG and GpD di- and tetranucleotides 2a, 2b, 3a, 3b, 3c, 3d, 

10 [00288] Alternatively, the novel DpG dinucleotide 2a can be prepared in solution by coupling derivatives lp, Iq, or 
lr wife similarly based protected S'-O-DMTr 2'-deoxyguanosine-3'-0~cyanoe£hyI-i^W-diisopropylphosphoramidite 
and GpD from the coupling of similarly 3 '-protected 2'-deoxyguanosme with 5 '-O-DMTr 2'-deoxy-5-aza-cytidine-
3'- O-cyanoethyl-F,N-dii sopropylphosphoramidites (Id, le or If) in acetonitrile and/or dichloromethane, followed 
by oxidation with iodine/water, deprotection of the base protective groups, and removal of the DMTr group (as in 

15 the standard cycle for oligonucleotide synthesis). 
[00289] in additions the novel DpG (2c) dinucleotide with the terminal 3'-OH and 5'-OH capped with methyl group 
can be prepared by coupling 3'-O-methyl derivative Ig, 111 or li with a 5'-0-methyl derivative of2'-
deoxyguanosin6-3'-0-cyanoethyl-AyV-diisoprqpylphosphoramidite lw (Figure 11), followed by oxidation with 

. ... iodinp/waterjdeprotectionofthebaseprbtedivegroupSj'andremovaloftheDMTtgroupXasmthestanc&rdcyr.le 
20 for oligonucleotide synthesis). Dinucleotide GpD (2d) can likewise be prepared by coupling 3'~0-methyl 2'-

deoxyguanosine derivative lx with 5'-0-methyl derivative of 2'-5-azacytidme-3 '-O-cyanoethyl-.AyV-
diisopropyiphosphoramidite lj, Ik or 11 (Figure 12). 

5. Synthesis of DpG and GpD oligonucleotides resistant to cytidine deaminases and nucleases 
25 [00290} In general, oligonucleotides in biological fluids are subject to nuclease degradation. Stein and Cheng 

(1993) Science 261: 1004-1012: Cohen (1994) Adv. Pharmacol 25:319-339. To increase stability and resistance to 
nuclease degradation phosphothioate dinucleotide and tetranucleotide derivatives such as 2e, 2f, 3e, 3f, 3g, and 3h 
(Figure 13, 14 and 15) are also made, where the intemucleotide non-bridging oxygen is replaced with sulfur. 
Standard phosphoramidite protocols are used, except for the substitution of bis(0,0-diisopropoxy pbosphinothioyl) 

30- ~ disulfide (S-tetra) for iodise dining fhe oxidation step. Zon and Stiec (1991) In Eckstein, F. (ed.), "Phosphorothioate 
Analogues' in Oligonucleotides and Their Analogs: A Practical Approach. IRL Press, pp. 87-108; Zon, G. (1990) In 
Hancock, W.S. (ed.), High Performance Liquid Chromatography in Biotechnology. Wiley, New York, Ch.14, pp. 
310-397 [book citations]; Stec, Uzmmski, Wilk, Hirschbein, Fearon, andBergot (1993) Tet Lett 34:5317-5320; 
Iyer, Phillips, Egan, Regan, andBeaucage (1990) J. Org. Chem. 55:4693-4699. 

35 [00291] Another potential hindrance to the application of these oligonucleotides as pharmaceuticals is the 
ubiLjWLuus cytsihiz disasfiass (SKA) since dssraasatioB. of dceitabine jfeEOlts ia total loss of activity. 
Momparler, Cote and Eliopcmlos (1997) Leukemia 11 (Suppl.l): 1-6; Chabot, Bouchard and Momparler (1983) 
Biochem. Pharmacol. 32:1327-1328; Laliberte, Marquez and Momparler (1992) Cancer Chemother. Pharmacol. 
30: 7-11. To address this problem, the oligonucleotides containing decitabine derivatives with the 4-NH2 is 

40 replaced by 4-NR3R4 (where R3 and R4 cm be alkyl, alkyl amine, and alkylalcohol) axe also prepared to give 
derivatives such as 2g, 2b, 2£, 2j, 2k, 21,2m, 2n, 3i, 3j, 3k, 31,, 3m, 3K, 3O, and 3p (Figure 16,17,18,19,20 and 
21). Standard phosphoramidite protocols are used, except for the substitution of alkyl amines, alkyl diamines, and 
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hydroxy! amines for ammorua in methanol during the removal of 4-mefhoxy and 4-memylthio. Since secondary and 
tertiary amines, diamines, and bydroxyl amines make worse leaving groups than ammonia, these derivatives are 
more difficult to deaminate. 

6. Synthesis of DpG and GpD-rich oligonucleotides based on the CpG islands of the promoter regions 
of cancer related genes such as P15 (CDKN2B), BRCA1, and P16 (CDKN2A) 

[00292] Oligonucleotide analogues rich in DpG and GpD islets that range in length from 5 to 100 bases can be 
prepared, where D can be decitabine or decitabine analogues. Unlike the above described DpG and GpD 
dimicleotides and tetranucleotides, these relatively longer DpG and GpD-rich oligonucleotide analogues not only 
function restrictively within the CpG islands of the promoter regions but specific to a segment within tie promoter 
region sequence for cancer related genes such as P15 (CDKN2B), P16 (CDKN2A) and BRAC1. For examples, 8-
mer, 10-mer, and 12-merDpG and GpD-rich oligonucleotide analogues (Figure 26) based on the P15, P16, and 
BRCA1 promoter region sequences (Figure 27,28 and 29, respectively) can be prepared by using phosphoramidite 
building block Id, le or If in a standard solid phase oligonucleotide synthesis. More examples of oligonucleotides 
that can be modified to incorporate 5-aza-cytosine therein are listed in Figurcs27,28 and 29. These oligonucleotide 
analogues can functionlike primers and get incorporated into replicating DNA only at that specific segment of the 
promoter region sequence of P15, P16 or BRAC1, thus effectively and selectively inhibiting methylation of the 
promoter region. 
[00293] '-WMe' pfefsffeil embodiments of the present invention have been shown and described herein, it will be 

•obvious to those skilled in the art that such, embodiments are provided by way of example only. Numerous 
variations, changes, and substitutions will now occur to those skilled in the art without departing from the invention. 
It should be understood that various alternatives to the embodiments of the invention, described herein may be 
employed in practicing the invention. It is intended that the following claims define the scope of the invention and 
that methods, and structures within the scope of these claims and their equivalents be covered thereby. 
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CLAIMS 

1. An isolated or synthetic dinucleotide analogue, its salt or ester, comprising one 5-aza-cytosine as a base 

residue in the sequence of the dinucleotide analogue, wherein the dinucleotide is linked with a phospholinker 

consisting of one phosphorus and wherein the dinucleotide analogue has a general formula of: 

5'-DpG-3' or 5'GpD-3', wherein D is decitabine; p is a phospholinker; and G is deoxyguanosine. 

2. The dinucleotide analogue of claim 1, wherein the phospholinker p is a sugar phosphorodiester linker. 

3. The dinucleotide analogue of claim 1, wherein the phospholinker p is a 2'-deoxyribose phosphorodiester 

linker. 

4. The dinucleotide analogue of claim 1, wherein the phospholinker p is a 2'-deoxyribose phosphorothioate 

linker. 

5. The dinucleotide analogue of claim 1, wherein the phospholinker p is a 2'-deoxyribose boranophosphate 

linker. 

6. The dinucleotide analogue of claim 1, wherein the phospholinker p is a 2'-deoxyribose 

methylphosphonate linker. 
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7. The dinucleotide analogue of claim 1, wherein the salt is formed with an acid selected from the group 
consisting of hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, carboxylic, sulfonic, sulfo or 
phospbo acids, acetic acid, propionic acid, glycolic acid, succinic acid, maleic acid, hydroxymaleic acid, 
methylmaleic acid, fumaric acid, malic acid, tartaric acid, lactic acid, oxalic acid, gluconic acid, glucaric acid, 
glucuronic acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, salicylic acid, 4-aminosalicylic acid, 2-
phenoxybenzoic acid, 2-acetoxybenzoic acid, embonic acid, nicotinic acid, isonicotinic acid, amino acid, glutamic 
acid, aspartic acid, phenylacetic acid, methanesulfonic acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, 
ethane- 1,2-disuffonic acid, benzenesulfonic acid, 4-methylbenzenesulfonic acid, naphthalene-2-suifonic acid, 
naphthalene-l,5-disulfonic acid, 2- or 3-phosphogiycerate, glucose-6-phosphate, N-cyclohexylsulfamic acid, and 
ascorbic acid. 

8. The dinucleotide analogue of claim 1, wherein the salt is hydrochloride, mesylate, EDTA, sulfite, L-
Aspartate, maleate, phosphate, L-Glutamate, (+)-L-Tartrate, citrate, L-Lactate, succinate, acetate, hexanoate, 
butyrate, or propionate salt. 

9. The dinucleotide analogue of claim 1, wherein the salt is a sodium, calcium, lithium, potassium, 
ammonium, or triaikyiammonium salt. 

10. The dinucleotide analogue of claim 9, wherein the triaikyiammonium salt is trimethylammonium, 
triethylammonium or tripropylammonium salt. 
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11. A pharmaceutical composition comprising a dinucleotide analogue of claim 1 or its pharmaceutically 
acceptable salt or ester, and a pharmaceutically-acceptable carrier. 

12. The pharmaceutical composition according to claim 11, the dinucleotide analogue of claim 1 or its 
pharmaceutically acceptable salt or ester is in solid form. 

13. The pharmaceutical composition according to claim 11, wherein the pharmaceutically-acceptable carrier 
is an aqueous solution. 

14. The pharmaceutical composition according to claim 13, wherein the aqueous solution comprises a water 
miscible non-aqueous solvent selected from the group consisting of ethanol, glycerin, propylene glycol, 
polyethylene glycol, and combinations thereof. 
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15. The pharmaceutical composition according to claim 11, wherein the pharmaceutically-acceptable carrier 
is a solution that has less than 40% of water. 

16. The pharmaceutical composition according to claim 11, wherein the pharmaceutically-acceptable carrier 
is a solution that has less than 5% of water. 

17. The pharmaceutical composition according to claim 16, wherein the pharmaceutically-acceptable carrier 
is a solution comprising ethanol, glycerin, propylene glycol, polyethylene glycol, or a combination thereof. 

18. The pharmaceutical composition according to claim 11, wherein the pharmaceutically-acceptable carrier 
is liposome. 

19. The pharmaceutical composition according to claim 18 wherein the liposome is cationic liposome. 

20. The pharmaceutical composition according to claim 11, wherein the pharmaceutical composition is in a 
form of emulsion. 

21. The pharmaceutical composition according to claim 11, wherein the emulsion comprises cationic 
emulsifier. 

22. A kit, comprising: a first vessel containing a dinucleotide analogue of claim 1 its salt or ester thereof. 

23. The kit of claim 22, further comprising: a second vessel containing a diluent comprising water, glycerin, 
propylene glycol, polyethylene glycol or combinations thereof. 

24. The kit of claim 23, further comprising: a written instruction describing how to administer the dinucleotide 
analogue, its salt or ester thereof to a host in need thereof. 

25. A method for inhibiting DNA methylation in a cell in vitro, comprising: contacting the cell with the 
dinucleotide analogue, its salt or ester thereof of claim 1, such that DNA methylation activity of the cell is 
inhibited. 

26. The method of claim 25, wherein the cell resides in a cell culture in vitro. 

27. The method of claim 25, wherein the celi resides in a tissue section in vitro. 
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28. The method of claim 25, wherein the step of contacting includes contacting the cell with a biologically 
effective amount of the dinucleotide analogue, its salt or ester thereof of claim 1 such that at least 50% of the 
DNA methylation activity of the cell is inhibited. 

29. Use of a pharmaceutical composition comprising a therapeuticaliy-effective amount of the dinucleotide 
analogue, its salt or ester thereof of claim 1, and a pharmaceutically-acceptable carrier, in the manufacture of a 
medicament for treating a disease associated with aberrant DNA methylation. 

30. The use according to claim 29, wherein the medicament is to be administered orally, parenterally, 
topically, intraperitonealiy, intravenously, intraarterialiy, transdermally, subiingually, intramuscularly, rectally, 
transbuccally, intranasally, liposomally, via inhalation, vaginally, intraoccularly, via local delivery, subcutaneousiy, 
intraadiposal)y, intraarticular^, or intrathecal^. 

31. The use according to claim 29, wherein the medicament is to be administered intravenously. 

32. The use according to claim 29, wherein the medicament is to be administered subcutaneousiy. 

33. The use according to claim 29, wherein a second therapeutic agent is to be administered in 
combination with the medicament. 

34. The use according to claim 33, wherein the second therapeutic agent is selected from the group 
consisting of histone deacetylase inhibitors, antibiotic agents, alkylating agents, retinoids, hormonal agents, plant-
derived agents, biologic agents, interleukins, interferons, cytokines, immuno-modulating agents, and monoclonal 
antibodies. 

35. The use according to claim 34, wherein the histone deacetylase inhibitor is selected from the group 
consisting of tric-hostatin A, suberoylanilide hydroxamic acid, oxamflatin, suberic bishydroxamic acid, m-carboxy-
cinnamic acid bishydroxamic acid, pyroxamide, trapoxin A, apicidin, depsipeptide, N-(2-amimophenyl)-4-[N-
{pyridin-3-ylmethoxycarbonyl)aminomethyl] benzamide, butyric acid, phenylbutyrate and arginine butyrate. 

36. The use according to claim 29, wherein the disease associated with aberrant DNA methylation is 
selected from the group consisting of hematological disorders, benign tumor and cancer. 

37. The use according to claim 36, wherein the hematological disorder is selected from the group 
consisting of acute myeloid leukemia, acute promyelocyte leukemia, acute lymphoblastic leukemia, chronic 
myelogenous leukemia, myelodysplastic syndromes, and sickle cell anemia. 
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38. The use according to claim 36, wherein the cancer is selected from group consisting of breast cancer, 
skin cancer, bone cancer, prostate cancer, fiver cancer, lung cancer, non-smafi ceil iung cancer, brain cancer, 
cancer of the larynx, gall bladder, pancreas, rectum, parathyroid, thyroid, adrenal, neural tissue, head and neck, 
colon, stomach, bronchi, and kidney cancer, basal cell carcinoma, squamous ceil carcinoma of both ulcerating 
and papillary type, metastatic skin carcinoma, osteo sarcoma, Ewing's sarcoma, veticulum cell sarcoma, 
myeloma, giant ceil tumor, smalf-cell iung tumor, gallstones, islet cell tumor, primary brain tumor, acute and 
chronic lymphocytic and granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia, medullary carcinoma, 
pheochrornocytoma, mucosal neuronms, intestinal ganglioneuromas, hyperplastic corneal nerve tumor, 
marfanoid habitus tumor, Wilm's tumor, seminoma, ovarian tumor, leiomyomater tumor, cervical dysplasia and in 
situ carcinoma, neuroblastoma, retinoblastoma, soft tissue sarcoma, malignant carcinoid, topical skin lesion, 
mycosis fungoide, rhabdomyosarcoma, Kaposi's sarcoma, osteogenic sarcoma, malignant hypercalcemia, renal 
cell tumor, polycythemia vera, adenocarcinoma, glioblastoma multiforma, leukemias, lymphomas, malignant 
melanomas, and epidermoid carcinomas. 

39. The dinucleotide analogue of claim 1, wherein the dinucleotide analogue is 5'-DpG-3', wherein D is 
decitabine; p is a phospholinker; and G is deoxyguanosine. 
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SEQUENCE LISTING 

<110> SUPERGEN, INC. 
Phiasivongsa, Pasit 
Redkar, Sanjeev 

<120> OLIGONUCLEOTIDE ANALOGUES INCORPORATING 5-AZA-CYTOSINE THEREIN 

<130> 12636-350.601 

<160> 33 -

<170> Patentln version 3.1 

<210> 1 
<21i> 8 
<212> DNA 
<213> Artificial Sequence 

<220> . 
<223> Oligonucleotide analogue targeting a segment of P15 promoter regi 

on 

<220> . - -
<22i> misc_feature 
<222> (5)..{5) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221> misc_feature 
<222> (3)..(3) 
<223> n = 5-aza-cytosine as base residue 

<400> 1 
ttngngaa 8 

<210> 2 
<211> 8 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oligonucleotide analogue targeting a segment of P15 promoter regi 

on 

<220> 
<221> misc_feature 
<222> (6)..(6) 
<223> n = 5-aza-cytosine as base residue 

<400> 2 
tgcctngt ' 8 

<210> 3 
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<211> 10 
<212> DNA 
<213 > Artificial Sequence 

<220 > 
<223> Oligonucleotide analogue targeting a segment of BRCA1 promoter re 

gion 

<220> 
<221 > misc_feature 
<222> (4)..(4) 
<223> n - 5-aza-cytosine as base residue 

<220> 
<221> misc_feature 
<222> (9)..(9) 
<223> n = 5-aza-cytosine as base residue 

<400 > 3 
aggnacagna 10 

<210> 4 
<211> 8 

'<2I2>"DRA' -
<213> Artificial Sequence 

<220 > 
<223> Oligonucleotide analogue targeting a segment of BRCA1 promoter re 

gion 

<220> • 
<221> miscjeature 
<222> (4)..(4) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221> misc_feature 
<222> (7)i.(7) 
<223> n = 5-aza-cytosine as base residue 

<400> 4 
gtgnagna 8 

<210> 5 
<211> 12 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oligonucleotide analogue targeting a segment of P16 promoter regi 

on 

<220> 
<221 > misc_feature 
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<222> (3)..(3) 
<223> ri = 5-aza-cytosine as base residue 

<220> 
<Z2l> misc_feature 
<222> (7)..(7) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221> miscjeature 
<222> (10)..(10) 
<223> n = 5-aza-cytosine as base residue 

. <40G> 5 
aangggnggn gg 12 

<210> 6 
<211> 10 
<212> DNA. 
<213> Artificial Sequence 

<220> 
<223> Oligonucleotide analogue targeting a segment of P16 promoter regi 
' ' on " "" "" 

<220> 
<221 > misc_feature 
<222> (3)..(3) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221> misc_feature 
<222> (6)..(6) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221 > misc_feature 
<222> (8)..(8) 
<223> n = 5-aza-cytosine as base residue 

<400> 6 
canggngngg 10 

<210> 7 
<211> 2144 -
<212> DNA 
<213> horno sapien 

<400> 7 
ti±ttcattc agtcaacttg cttcgcgaag ctcacacatc tgcctcgtgc aagaitetca 60 

gtcattttac ttagtcattg gttctttccc tatcaccatt ctttatgtcc ccctcaaaga 120 

aaaacattat cttccatttc citatcaact ccaaacagct ttcatttttc tgacatattt 180 ' 
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actacctaag aaaatggctc aagaattggg tagactatct tgtcdaact tttctgataa 240 

gtttcagaga aactcaaagg tcaaaacaag agcataagag taaaggtaga gaaattaaga 300 

aactgaagac taggaaatgg gggttgggat gggaaagaaa aagaaattgt tataatgcta 360 

cccggttccc ttccctgtcc aggtggattt cagctctgtt gaggctctgt cagtagatat 420 

tcagccctaa ccagcacttc catggtggtg gcacttccac tgccctttaa aagaaagagc 480 

tttttttaat tctacaggga tttgggggat gaggagtcag agctaaggta tcctaaaaaa 540 

aacatgtgaa gactctcatt ttgcaataca caagcaattg ccctcctgtt aagactftgt 600 

cttcctcagc actccgaacc aaaatgatte tgtaaacaaa aattgttcac ttttaggaga 660 

ggtccactta tgcagttcct caccaaagtt tttaggcaac aaatccataa cttgcggttc 720 

tcttcctatc caatgtagca tccgctgaaa tgttttaaat attttaagta ataaatgttg 780 

attcaaactc acctaggaag attaggaagg ggaaaaaaag cacttggcat ttaaatcttc 840 

agaagagaat ttaatgacag gttcagcctg tttaatgaca agcccagcac cacacccctc 900. . .... 

tcttatgatg tttcattatt actgcataaa tttcettiat tactcatgat aaataaaaat 960 

aagatacctg acaaagtggg tttaaatagg taaqagtgca aacaaagatt tacfcgiacaa 1020 

atatgatgaa actgggatct cagattctta aagtataatt ttttttgtcttatgtgtgcc 1080 

aggttgccac tctcaatctc gaactagttt ttttctcttt taagggttgt atccataatg 1140 

caaaaatgga aagaattaaa aagcacacgc aaaacatgat tctcgggatt tttctctatt 1200 

tttatggttg actaatfccaa acagaaagac acatccaaga gaaaattgct aaglttgata 1260 

caagttatga aacttgtgaa gcccaagtac tgcctgggga tgaatttaac ttgtatgaca 1320 

ggtgcagagc tgtcgctitc agacatctta agaaagacgg agttattttg aatgactttc 1380 

tctcggtcac aagggagcca ccaacgfcctc cacagtgaaa ccaactggct ggctgaagga 1440 

acagaaatcc tctgctccgc ctacfcgggga ttaggagctg agggcagtgg tgaacattec 1500 

caaaatatta gccttggctt tactggacat ccagcgagca gtgcagccag cattcctggc 1560 

ggctccctgg cccagtctct ggcgcatgcg tectagcatc tttgggcagg cttccccgcc 1620 

ctcgtgacgc gtcggcccgg gcctggcctc ccggcgatca cagcggacag ggggcggagc 1680 

ctaagggggt ggggagacgc cggccccttg gcccagctga aaacggaatt ctttgccggc 1740 

tggctcccca ctctgccaga gcgaggcggg gcagtgagga ctccgcgacg cgtccgcacc 1800 

ctgcggccag agcggctttg agctcggctg cgtccgcgct aggcgctttt tcccagaagc 1860 
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aatcraggcg cgcccgctgg ttcttgagcg ccaggaaaag cccggagcta acgaccggcc 1920 

gctcggccac tgcacggggc cceaagccgc agaaggacga cgggagggta atgaagctga 1980 

gcccaggtct cctaggaagg agagagfcgcg ccggagcagc gtgggaaaga agggaagagt 2040 

gtcgttaagt ttacggccaa cggtggatta tccgggccgc tgcgcgtctg ggggctgcgg 2100 

aatgcgcgag gagaacaagg gcatgcccag tgggggcggc agcg 2144 

<210> 8 
<211> 8 
<212> DNA 
<213> homo sapien 

<400> 8 
ttcgcgaa 8 

<210> 9 
<211> 8 
<212> DNA 
<213> homo-sapien-

<400> 9 
tgcctcgt 8 

<210> 10 
<211> 8 
<212> DNA 
<213> homo sapien<400> 10 
tgccggct 8 

<210> 11 
<211> 8 
<212> DNA 
<213> homo sapien<400> 11 
cggcccgg 8 

<210> 12 
<211> 8 
<212> DNA 
<213> homo sapien<400> 12 
gctcggct 8 

<210^ 13 
<211> 987 
<212> DNA 
<213> homo sapien 
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<400> 13 
cggagagggg gagaacagac aacgggcggc ggggagcagc atggagccgg cggcggggag 60 

. cagcatggag ccttcggctg actggctggc cacggccgcg gcccggggtc gggtagagga 120 

ggtgcgggcg ctgctggagg cgggggcgct gcccaacgca ccgaatagtt acggtcggag 180 

gccgatccag gtcatgatga tgggcagcgc ccgagtggcg gagctgctgc tgctccacgg 240 

cgcggagccc aactgcgccg accccgccac tctcacccga cccgtgcacg acgctgcccg 300 

ggagggcttc ctggacacgc tggtggtgct gcaccgggcc ggggcgcggc tggacgtgcg 360 

cgatgcctgg ggccgtetgc ccgtggacct ggctgaggag ctgggccatc gcgatgtcgc 420 

• acggtacctg cgcgcggctg cggggggcac cagaggcagt aaccatgccc gcatagatgc 480 

cgcggaaggt ccctcagaca tccccgattg aaagaaccag agaggctctg agaaacctcg 540 

ggaaacttag atcatcagtc accgaaggtc ctacagggcc acaactgccc ccgccacaac 600 

ccaccccgct ttcgtagttt tcatttagaa aatagagctt ttaaaaatgt cctgcctttt 660 

aacgtagata taagccttcc cccactaccg taaatgtcca tttatatcat tttttatata 720 

ttcttataaa aatgtaaaaa agaaaaacac cgcttctgcc ttttcactgt gttggagttt 780 

tctggagtga gcactcacgc crtaagcgca cattcatgtg ggcatttctt gcgagcctcg 840 

cagcctcqjg aagctgtcga rttcatgaca agcattttgt gaactaggga agctcagggg 900 

ggttactggc ttctcttgag tcacactgct agcaaatggc agaaccaaag ctcaaataaa 960 

aataaaataa ttttcattca ttcactc 987 

<210> 14 
<211> 12 
<212> DNA 
<213 > homo sapien 

<400> 14 
aacgggcggc gg 12 

<210> 15 
<21i> 10 
<212> DNA 
<213> homo sapien 

<400> 15 
cacggcgcgg 10 

<210> 16 
<211> 8 
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•<212> DNA 

<213> homo sapien<400> 16 
cgggcggc 8 

<210> 17 
<211 > 8 
<212> DNA 
<213> homo sapien<400> 17 
agcagcat 

<210> 18 
<211> 8 
<212> DNA 
<213> homo sapien 

<400> 18 
gcgccgac 

<210> 19 
<2ll> 649 
<212> DNA 
<£13>-homo sapien- •• ~ " 

<400> 19 
ccacctaatt gtactgaatt gcaaattgat agltgttcta gcagtgaaga gataaagaaa 60 

aaaaagtaca accaaatgcc agtcaggcac agcagaaacc tacaadtcat ggaaggtaaa 120 

gaacctgcaa ctggagccaa gaagagtaac aagccaaatg aacagacaag taaaagacat 180 

gacagcgata ctttccraga gctgaagtta acaaatgcac cbggttcttt tactaagtgt 240 

tcaaatacca gtgaacttaa agaatttgteaatcctagcc ttccaagaga agaaaaagaa 300 

gagaaacfcag aaacagttag tgtdaataa tgctgaagac cccaaagatc tcatgttaag 360 

tggagaaagg gttttgcaaa ctgaaagatc tgtagagagt agcagtattt cattggtacc 420 

tggtactgat tatggcactc aggaaagtat ctcgttactg gaagttagca ctatagggaa 480 

ggcaaaaaca gaaccaaata aatgtgtgag tcagtgtgca gcatftgaaa accccaBggg 540 

actaattcat ggttgttcca aagataatag aaatgacaca qaaggcttta agtatccatt 600 

gggacatgaa gttaaccaca gtcgggaaac aagcatagaa atggaagaa 649 

<210> 20 
<211> 10 
<212> DNA 
<213> homo sapien 

<40Q> 20 
Page 7 



. WO 2007/04107! PCT/US2006/037313 
mi 

12636-350.601 Sequence Listing.txt 
aggcacagca 10 

<210> 21 
<211> 8 
<2ll> DNA 
<213> homo sapien 

<400> 21 
gtgcagca 

<210> 22 
<211> 8 
<212> DNA 
<213> homo sapien 

<400> 22 
cagcgata 

<210> 23 
<211> 8 
<212> DNA 
<-21 -homo-sapien 

<400> 23 
tagcagtg 

<210> 24 
<211> 8 
<212> DNA 
<213> homo sapien 

<400> 24 
aggcttta 

<210> 25 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence template for oligonucleotide analogue as DNA methyltrans 

ferase inhibitor 

<400> 25 
ctggatcctt gccccgcccc ttgaattccc 30 

<210> 26 
<211> 30 
<212> DNA 
<213> Artificfa! Sequence 
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<220> 
<223> Sequence template for oligonucleotide analogue as DNA methyltrans 

ferase inhibitor 

<400> 26 
gggaattcaa atgacgtcaa aaggatccag 30 

<210> 27 
<211> 50 
<212> DNA 
<213> Artificial Sequence 

<220> , • 
<223> Sequence template for oligonucleotide analogue as DNA methyltrans 

ferase inhibitor 

<40Q> 27 
cctacccacc ctggatcctt gccccgcccc ttgaattccc aaiccctccac 50 

<210> 28 
<211> 22 
<242->-DNA-:- - /— 
<213> Artificial Sequence 

<220> 
<223> Sequence template for oligonucleotide analogue as DNA methyltrans 

ferase inhibitor 

<400> 28 
atccttgccc cgccccttga at 22 

<210> 29 
<211> 14 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence template for oligonucleotide analogue as DNA methyltrans 

ferase inhibitor 

<400> 29 
ttgccccgcc cctt 14 

<210> 30 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oligonucleotide analogue as DNA methyltransferase 
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<220> 
<221> misc_feature 
<222> (15)..(15) 
<223> n ~ 5-aza-cytosine as base residue 

<400> 30 
ctggatcctt gcccngcecc ttgaattccc 30 

<210> 31 
<211> 27 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oligoriudeotide analogue with hairpin conformation 

<220> 
<221> miscjeature 
<222> (6)..(6) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221> miscjeature 
<-222>' ("li")'..(ll)'~ " 
<223 > n = 5-aza-cytosine as base residue 

<400> 31 
ctgaanggat ngtttcgatc cgttcag 27 

<210>r 32 
<211> 8 
<212> DNA-
<213> Artificial Sequence 

<220> • 
<223> Oligonucleotide, analogue 

<220> 
<221> misc_feature 
<222> (3)..(3) 
<223> n = 5-aza-cytosine as base residue 

<220> 
<221 > misc_feature<222> (5)..(5) 
<223> n = 5-aza-cytosine as base residue 

<400> 32 
ttngngaa 

<210> 33 
<211> 8 
<212> DNA 
<213> Artificial Sequence 
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<220> 
<223> Complementary strand of SEQ ID:30 

<400> 33 
ttcgcgaa 8 
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P15 PROMOTER REGION SEQUENCE (SEQ ID NO:7) 

tttttcattcagteaacttgcttegcgaagcteacacatctgcctcgtgcaagattctcagtcattttac 
. ttagtcattggttctfctecctatcaccattctttatgtecccetcaaagaaaaacattatcttcaatttactfcafccaact 
ceaaacagctttcatttttctgacatatttactaoctaagaaaatggctcaagaattgggtagaatatcttgtccfcaact 
tttctgataagtttcagagaaacteaaaggtcaaaacaagagcataagagtaaaggtagagaaattaagaaactgaagac 
taggaaatgggggttgggatgggaaagaaaaagaaattgttataatgctacccggttcccttccctgtccaggtggattt 
cagctctgttgaggctctgtcagtagatattcagccctaaccagcacttceatggtggtggcacttccactgccctttaa 
aagaaagagctttttttaattctacagggatttgggggatgaggagtcagagctaaggtatcctaaaaaaaacatgtgaa 
gactctcattttgcaatacacaagcaattgccctcctgttaagactttgtcttcctcagcactccgaaccaaaatgattc 
tgtaaaeaaaaattgttcactt.ttaggagaggtccacttatgcagttcctcaccaaagttttfcaggcaacaaatccataa 
cttgeggttctcttcctatccaatgtagcatccgctgaaatgttttaaatattttaagtaataaatgttgattcaaactc 
acctaggaagattaggaaggggaaaaaaagcacttggcatttaaatcttcagaagagaatttaatgacaggttcagcctg 
tttaatgacaagcccagcaccacacccctctcttatgatgtttcattattactgcataaatttcctttattactcatgat 
aaataaaaataagatacctgacaaagtgggtttaaataggtaagagtgcaaacaaagatttactgtacaaatatgatgaa 
actgggatctcagattcttaaagtataattttttttgtcttatgtgtgccaggttgccactctcaatctcgaactagttt 
ttttctcttttaagggttgtatccataatgcaaaaatggaaagaattaaaaagcacacgcaaaacatgattctcgggatt 
tttctctatttttatggttgactaattcaaacagaaagacacatccaagagaaaattgctaagtttgatacaagttatga 
aacttgtgaagcccaagtactgcctggggatgaatttaacttgtatgacaggtgcagagctgtcgctttcagacatctta 
agaaagacggagttat.tttgaatgactttctctcggtcacaagggagccaccaaGg-bGteeacagtgaamccaactggcC 
ggctgaaggaacagaaatcctctgctccgcctactggggattaggagctgagggcagtggtgaacattcccaaaatatta 
gccttggctttactggacatccagcgagcagtgcagccagcattcctggcggctccctggcccagtctctggcgcatgcg 
tcctagcatctttgggcaggcttccccgccctcgtgacgcgtcggcccgggcctggcctcccggcgatcacagcggacag 
ggggcggagcctaagggggtggggagacgccggccccttggcccagctgaaaacggaattctttgccggctggctcccca 
ctctgccagagcgaggcggggcagtgaggactccgcgacgcgtccgcaccctgcggccagagcggctttgagctcggctg 
cgtccgcgctaggcgctttttcccagaagcaatccaggcgcgcccgctggttcttgagcgccaggaaaagcccggagcfca 
acgaccggccgctcggccactgcacggggccccaagccgcagaaggacgacgggagggtaatgaagctgagcccaggtct 
cctaggaaggagagagtgcgccggagcagcgtgggaaag'aagggaagagtgtcgttaagtttacggccaacggtggatta 
tccgggccgctgcgcgtctgggggctgcggaatgcgcgaggagaacaagggcatgcccagtgggggcggcagcg 

SEQ ID NO:8 TTCGCGA& 
SEQ ID HO:9 TGCCTCGT 
SEQ ID NO:10 TGCCGGCT 
SEQ ID MO:II CGGCCCGG 
SEQ ID NO:12 GCTCGGCT 
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PI6 PROMOTER REGION SEQUENCE (SEQ ID NO: 13) 

cggagagggggagaacagacaacgggcggcggggagcagcatggagccggcggcggggagcagcatggag 
ccttcggctgactggctggccacggccgcggcccggggtcgggtagaggaggtgcgggcgctgctggaggcgggggcgct 
gcccaacgcaccgaatagttacggtcggaggccgatccaggtcatgatgatgggcagcgcccgagtggcggagctgctgc 
tgctcpaeggcgpggagcccaactgcgccgaoeccgccactctcacccgacccgtgcacgaegctgcccgggagggcttc 
ctggacacgctggtggtgctgcaccgggccggggcgcggctggacgtgcgcgatgcctggggccgtctgcccgtggacct 
ggctgaggagatgggccatcgcgatgtcgcacggtacctgcgcgcggctgcggggggcaccagaggcagtaaccatgccc 
gcatagatgccgcggaaggtccctcagacatccccgattgaaagaaccagagaggctctgagaaacctcgggaaacttag 
atcatcagtcaccgaaggtcctacagggccacaactgcccccgccacaacccaccccgctttcgtagtttteatttagaa 
aatagagcttttaaaaatgtcctgccttttaacgtagatataagccttcccccactaccgtaaatgtccatttatatcat 
tttttatatattctfcataaaaatgtaaaaaagaaaaacaccgcttctgccttttcactgtgttggagttt 
tctggagtgagcactcacgccctaagcgcaeattcatgtgggcatttcttgcgagcctcgcagcetcaggaagctgtcga 
cttcatgacaagcattttgtgaactagggaagctcaggggggttactggcttctcttgagtcacactgctagcaaatggc 
agaaceaaagctcaaataaaaataaaataattttaatteatfccactc 

SEQ ID NO:14 AACGGGCGGCGG 
' SEQ ID NO:15 CACGGCGGGG 
SEQ ID NO:IS CGGGCGGC 
SEQ ID NO: 17 AGCAGCAT 
SEQ ID NO: 18 GCGCCGAC 

FIGURE 28 



WO 2007/041071 PCT/US2006/037313 

33/42 

BRCA1 PROMOTER REGION SEQUENCE (SEQ ID NO:19) 

ccacctaattgtactgaattgcaaattgatagttgttctagcagtgaagagataaagaaaaaaaagtaca • 
aecaaatgccagtcaggcacagcagaaacctacaactcatggaaggtaaagaacctgcaactggagccaagaagagtaac 
aagccaaatgaacagacaagtaaaagacatgacagcgataetttcccagagctgaagttaacaaatgcacctggttcttt 
tactaagtgttcaaataccagtgaacfctaaagaatttgtcaatcotagccttccaagagaagaaaaagaagagaaactag 
aaacagttagtgtctaataatgctgaagaccccaaagatctcatgttaagtggagaaagggttttgcaaactgaaagatc 
tgtagagagtagcagtatttcattggtacctggtactgattatggcactcaggaaagtatctcgttactggaagttagca 
ctctagggaaggcaaaaacagaaccaaataaatgtgtgagtcagtgtgcagcatttgaaaaccccaagggactaattcat 
ggttgttccaaagataatagaaatgacacagaaggctttaagtatccattgggacatgaagttaaccacagtcgggaaac 
aagcatagaaatggaagaa 

SEQ ID NO : 20 
SEQ ID HO:21 
SEQ ID UO:22 
SEQ ID NO:23 
SEQ ID HO:24 
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AGGCACAGCA 
GTGCAGCA 
CAGCGATA 
TAGCAGTG 
AGGCTTTA 
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