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OLIGONUCLEQTIDE ANALOGUES INCORPORATING
"5 AZA.CYTOSINE THEREIN

BACKGROUND OF THE INVENTION

Field of the Invention

{0001} The present invention relates to design, synthesis and application of oligomicleotide analogues which are
wsefil as therapeutics, diagnostics as well as research reagents. Oligonucleotide analogues are provided that

inc orporate an analogue of cytosine, S-aza-cytosine, in the oligomncleotide sequence, e.g., in the form of 5-aza-2’-
deoxyeytidine or 5-aze-cytidine, Such analogues can be vsed 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
uman genomwe. Methods for synthesizing these oligonucleotide analogues and for modulating C-5 cyiosine
methylation are provided, In particutar, phosphoramidite building blocks and ofigommeleotides containing decitabine
{5-aza-2’-Jeoxycytidine; D), DpGich (Décitabin&phosphodieste‘r linkage-Guanosine) islets and derivatives, are

'+ provided. Also provided are methods for preparing, formulating aund administering these compoun&s or

corpositions as therapeutics to a host in peed thereof.

Description of Related Ast :
{0002]. Decitabine is currently being developed as a new pharmaceutical for the treatment-of-chronic m’?slo’g'eiiéﬁé o
leukemia (CMI), myelodysp’iésé'c’ gyndrome (MDS}, ncrn-small cell hung (NBCL) cancer, siolde—éeﬁ anemia, and
acute .myelogemus Tevkemia (AML). Two isomeric forms of decitabine can be distinguished. The [3~an6mer is the
active form, which is shown in Figure 1. Decitabine possesses mﬁlﬁple pharmacological characteristics. Atthe
molecular level, it is incorporated into DNA during the S phase of cell cycle. At the cellular level, decitabing can
induce cell differentiation and exert hematological toxicity. Despite havmg a short half- hfe in vivo, dec1ta‘bme has

an excelient tissue distribution,

[0003] One of fae functions of decitzbine is its ability to specifically and potently inbibit DNA methylation. DNA
methylation is an epigenetic effect common to many systemss. This modification involves the covalent modification
of cytosine at the C-5 position (1a>*). Methylation patterns are stably maintained at CpG dinucleotides by a family
of DNA methyltransferases that recognize hemimethylated DNA afier DNA replication. Inside the cell, decitabine

is first converted into its active form, the phosphorylated 5-aza-deoxycyfidine, by deoxycytidine kdnase, which is
primarily synthesized during the S phase of the cell cycle. The affinity of decitabine for the catalytical site of
deaxyeytidine kinase is similar to the natural sﬁbs’aate deoxycytidine (Momparer et al. 1985 Mol. Pharmacol.
30:287-299). Aftcr couversmn 10 ifs triphosphate form by deoxyeytiding kinase, decitabine is incorporated into
replicating DNA at a rate simglar to that of the natural substrate, ACTP (Bonchard and Momparler 1983 Mo,
Pharmacol. 24:109-114). ) ‘

{6004} CpG-rich sequences of housekeeping genes are genorally protected from methylation inpormal cells. In
cancerous cells, aberrant hypermethylation in promoter region CpG-islands of turnor suppressor genes is one of the
most commen events associated W1th progression of the tumorigenic phenotype. Each class of differentiated cells
has its own distinct methylation pattern. Incorporation of decitabine into the DNA strand bas 2 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 danghter 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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replacm%"ént of cﬁt“joszﬁe m’tjlll decxtzfinmu da specific site of maﬂlylatzon produces an dreversible inactivation of

DNA methyltransferases. Decitabine bebaves faithfully 2s a cytosine residue il DNA methyltransferase enzymes
attemnpst to transfer 2 methyl group to the hemimethylated DINA strands of the danghter cells. At this step the DNA
mﬁthyi’transferase enzyne is covalently trapped by decitabine in the DNA and cannot further silence (methylate)
additional cytosine residues (Juttermann et al. 1994 Proc. Natl. Acad. Sci. USA 91:11797-11801). This unique
mechanism of action of decitabine allows genes silenced (fhat were once methylated) from prévious rounds of cell
division to be re-expressed. The active trap is present in the hemimethylated DNA up to 48 hours after decitabine
treatment. After farther DNA synthesis and cell cycle division, progeny sivands frorn the hemimethylated DNA
result in DNA strands that are sompletely unmethylated at these sites (Jones P. 2001 Nature 409: 141, 143-4). By
specifically inhibiting DNA méthyltransferases, the enzyme required for methylation, aberrant methylation of the
tumor suppressor genes could be reversed. ‘

[0005] Despite its proven antilenkemic 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
cancer via its hypomethylation effect. At higher doses, the associated toxicity was prohibitive. However, treatment
of hematologic and solid tumors at maximally tolerated dosés of decitabine has been ineffective. The cause of -
myelosuppression is not clear. Itis p}ausfblc that since decitabine is. randomly and extensively incorporated into the
DNA of S phase cells, inclnding bone mazrow éeﬂs that are tnvolved in normal hematopciesis, the sevexe DNA'
darmage due fo the mstabf’f*v of decitabine leads to necrosis: Since mco:pomﬁon of decztabme is not restricted to

" only the CpG—nch sequznces the DNA can bmak, due to the instebility of decitabine, and require repair at numerous

sn;es outside of the Cp(& islands.
[0006]. Decitabine and azacitidine are mmstable in agueous media and wndergo hydrolytic degmdaﬁon In acidic

medinm, decitabine is hydrolyzed atroom temperamre to S-azacytosine and 2-deoxyribose. In neutral medivm at
TODI tempcré’mre, the opening of the triazine ring takes place at the 6-position fo form the transient intermediate
formy! derivative, which farther dséradcs to the amidino-wrea derivative and formic acid (szkala, A_; Synackova,
M.; Tomankova, H.; Fiedler, P.; : Zizkowsky, V. Nucleic Acids Res. 1978, 4, 5109-s-113.). This hydmlysxs at the 6-
position occurs in acidie and basic agueous me:dxa at even faster rates.

[6007) Inview of the chemical instability and toxicities associated with decitabine, there exists a need fo develop
oot only more stable derivatives of decitabine but superior hypomethylaiing agents, where incorporation is localized
to the CpG islands as much as possible or hypameihyigﬁon is achieved without significantly affecting the integrity

of the DNA.

SUMMARY OF THE INVENTION



{0008] The present disclosure provides oligonucleotide analogues that incorporate 5-aza-
cytosine in tﬁe oligonucleotide sequence, e.g., in the form of 5-aza-2’-deoxycytidine (decitabine)
or 3-aza-cytidine. , |

[0009] In one aspect, there is provided an isolated or synthetic oligonucleotide analogue,
its salt or ester, comprising one S;aza-cy’co"sine as a base residue in the sequence of the
dinucleotide aﬁalogue, 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 SAaza—cy“tosme 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 phosphelinker; and G is
deoxyguanosine. ‘ .A ‘

[6069a] In a second aspect, there is provided a phannaceuﬁcg} composition comprising an
_dinucleotide analogue as defined abovg or its pharrhaceutically acceptable salt or ester, and a

pham‘laceumcedIy~acce};)ta]:>lfa carrier. »
V[0009b] " Ina thu*d aspect, there is prov:ded a klt, compmsmg a first vessel contammg an
- dinucleotide analogue as defined above,lts salt or ester thereof. A

[0009¢] In a fourth aspect, there is provided a method for inhibiting DNA methylation in
a cell in vitrd, comprising: contacting the cell with the dinucleotide analogue, its salt or ester

<

thereof as deﬁnéd above, such that DNA methylation activity of the cell is inhibited.

"'{0009(1]- - In a fifth aspéct;'there is provided the use of a pharmaceutical cémpositiori
compnsmg a therapeutlcany—effecnve amount of the dinucleotide analogue, its salt or ester
thereof as defined above, and a pharmaceut1cally~acceptabie carrier, in the manufacture of a
medicament for treating a disease associated with. aberrant DNA methylation,

[06010] In an embodiment, the oligonucleotide analogue has a general formula:
' 21-G-, or~G-L-Z-,

2a-
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thrq;m IS£ 5~az%a‘ich}ft‘éj§ﬁéj G xfg?am'geiand 1.1s 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. )
[0011] In particular embodiments, the oligonucleotide analogue is selected from the group consisting of 5’-DpG-

| 3%, 5°.GpD-3’, 5-DpGpD-3°, 5-GpGpD-3", 5-GpDpG-3’, 5'-GpDpD-37, 5™-DpDpG-3°, 5-DpGpG-3", 5*-GpDph-

3, 57.DpGpA-3°, 5 DpGpDpG-3", 57 DpGpGpD-37, 5™-GpDpGpD-3°, 5™-CpDpDpG-3°, 57-DpGpDpGpA-3’,
whezein D is decitabine; p is a phospholinker; A is 2*-deoxyadenosine, and G is 2'-deoxyguanosize.

10812) In another aspect of the inverition, an isolated ot synthetic oligonucleotide analogne is provided which

somprises, 2 or more copies of a dinucleotide analogne having the Ocneral formula:

e ZA Gy OF = GL L,
wherein Z is 5-aza-cytosine; G is puandne; and L is a chemical linker covilently linking Z and G.
[0013] Optionally, the oligonuclesticle analopne comprises less than 10, &, 6, or 4 copies of the dinucleotide

analogue —Z-L-G~, or —G-L-Z—.
[0014] In particular gmbodiments, the oligonuclectide analdgue comprises a segment selected from the group

>.DpGpD-3°, 5-GpGpD-3°, 5°-GpDpG-3°, 5°-GpDpD-3°, 5*-DpDpG-3°, 5*-
DpGpG-37, 5*-GpDpD-3", 5°-DpGpA-3', $-DpGpDpG-3°, 5'-DpGpGpb-3*, §'-GpDpGpD-¥, 5°-GpDpDpG-37,
5-DpGpDpGpA-3°, wherein D s decitsbine; p is 2 phospholinker; A is 2’-deoxyadenosine, and G is 2

deoxyguanosine.

[0015] Disclosed is an isolated or synthetic oligonuc]eotide analogue having at least 6 basés in

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

oligonuicleotide 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 an embodm:wnt, the ohgonucleottde analogue has a general fo:mula.
~Z-L-G—, ot —G-L-Z—,

wherein Z is S-aza-cytosmz, (3 is guanine; ad L is a chemical I;m]cer covalently linking Z and G The
oligonucleotide anafogue optionally has more than 30%, 35%, or 40% guanine residues in the sequence of the

’ oligonucleotide analogne.

[6017} " In particular embodiments, the oﬁgonucleoﬁde anzlogue comprises a segﬁ:\sm selected from the group
consisting of §*-DpG-3", 5'-GpD-3’, 5°-DpGpD-2’, 5*-GpGpD-37, 5'-GpDpG-3", 5'-GpDpD-3°, 5DpDpG-3”, 5°-
DpGpG-3°, 5-GpbpD-3°, 5°-DpGpA-3°, 5'-DpGpDpG-3°, 5>-DpGpGpD:3’, 5-GpDpGpD-3°, 5-GpDpDpG-3,
3 ’—DpprpGpA~3’,‘whsrem D is decitabine; p is a phospholinkes; A. is 2°-deoxyadenosine, and G is 27

deaxyenanoside.
10018}
methyltransferases thereby inhibiting DNA methyliransferases.

[0019] In one embodiment, the oligonucleotide analogne has a sequence of

[6823] 5-CTGGATCCITGCCCCOCCCITTGAATTOCTS® (SEQ D NO:25),
[66211 % ’~GGGAAT&‘CAAATGACGTCAAAAGGATCCAG—B (SEQ ID NO:26%;

5°.CCTACCCACCCTGGATCCTTGCCCCGCCCCTTGAATICCCAA

Also disclosed is an oligonucleotide analogue is provided that binds an allosteric site on DNA

[0022}
[0023] CCCTCCAC-3’ (SEQ ID NO:27);
[0024] 5°-ATCCTTGCCCCGCCCCTTGAAT-3" (SEQ ID NO:28); or

[6025] 53°-TTGCCCCGCCCCTT (SEQ ID N(:29), whereiz; at Iea;;t one of the cytosine residues in SEQ ID NOs:

25-29 is substituted with 5-aza-cytosine.
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6026} J"For exam;;fé'b tuﬁje 0 Uonuclaohde a:ualome may be

[0027] 5-CTGGATCCTTGCCCDGCCCCTTGAATTCCC-3” (SEQ ID NO:30) , wherein one of the 14 cytosine

residues in SEQ ID NO:25 at nucleotide position 15 is substifuted with 5-aza-cytosine.

j0028] Also disclosed is an oligonncleotide analogue is provided that is at least 6 nucleotide Iong, has at

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

25°C, in aqueous solution, suchw;s; \-fvater; ;al-iﬁe, or a buffer comprising 20mM HEPES (pH 7), 12% glycerol, 1mM

.EDTA, 4mM dithothreitol, 0.1% Nonidet P-40, and 3 mM Mg Cl,,
[0629] In ome embodiment, the oligonucleotide analogue has the following general secondary structure:

TN
5—Nn Z~—Nm—" N

LN G N
o1

B G—Nm— N,

BNr~——2Z — Nt

2

wherein N is any nucleotide; N* is a nucleotide complerentary to N; Z is 5-aza-cytosine as a base residoe; G is
guanine s 2 base residue; 1, 1, or m is an integer; mucleotide N, Nm, N'n, and N'm are positioned in the stern

- region of the haxrpm, and N; is positioned in the Joop region of the hairpin. Praferably, Ln ormis an integer

greater than 2, 3, 4, ox.5. Optiopalty,1is.2, 3, 4, 5.0 6, Also optionally, szn, N 61N Bad'one of more cyfosme

reszdues, the cytoszma re31due is sobstiuted with 5——aza~cytosme
[0830} In a particular emboéxmcnt, the ohgomxciecude analogue (SEQID NO: 31) has the following hairpin

5t CTGAADGGATDG“/——\

37 —GACTTGCCTAGC\; T

confoﬁnahon

wherein D ig decitabine, A is adenosme or 2’-deoxyadenosine, T 1s thymidine or 2'-deoxythymidine, and C at
mucleotidie position 21 is optionally substituted with 5-methyl-2’-deoxycytidine. |

[0631] - In any of above embodiments, the c}}igonﬁc}eoﬁde anzlogue can be single-stranded or double-sizanded.
When the oligonucleotide analogne is double-stranded, the first strand is the oligonucleotide apalogue, and the
second strand may be an oligonucleotide with sequence complementary to that of the first strand without the
cytosine residpe being replaced with 5~aza—cytosinbe.‘ For example, the first strand may be 5°-TTDGDGAA-3* (SEQ
1D NO: 32) wherein D is decitabine; whereas the second strand maybe 5-TTCGCGAA-3® (SEQ ID NO: 33),
{8032] Optionally, when the second strand of oligonucleotide conmrises one or more cytosine residues, and at Jeast

one of the cytosine residues is substituted with S-methyl-cytosine.
[0033] Also optionzty, when the first strand has a ssgment of 57-Z-1-G-3’, and the second strand comprises a
C’ 5 fhat matches with e segment of 57-Z-L-G-37 in*he Srst sizand, wherein 7 ie 5.070-

£y DT

segraeat vl 37-Gelm
oytosineg; G is guanine; L is a chemical Hnker covalsnﬂy linking Z and G, or (3 and C’; and C is S-methyl-cytosine.

[6034] Also optionally, when the first strand has a segment of 5°-G-1-Z-3*, and the second strand comprises a

segment of 3°~C*-L~G-5° that matches with the segrment of 5°-G-L-Z-3'in the first strand, wherein Z is 5-aza-
cytosine; G is guanine; 1. is a chemical linker covalently linking Z and G, or G and C’; and C” s 5-inethyl-cytosine.

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

for modulating nucleic acid methylation. Also provided are phosphoramidite bﬁﬁding blocks for synthesizing the

4
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ohgonuﬂfeon anaioguas, fonnu]aﬁnv and administering these compounds or compositions to freat conditions, such

as cancer and hematological disorders.

INCORPORATION BY REFERENCE
[0036] Al publications and patent applications mentioned in this specification are herein incorporated by reference
to the same extent as if sach individual publication or patent application was specifically and Individually indicated

to be incorporated by reference.

BRIEF DESCRIPTION.OF THE DRAWINGS
[0037] The novel features of the invention are set forth with particularity in the appended claims. A beiter
understanding of the features and advantages of the prssent tavention will be obtained by reference to the following
' detailed description that sets forth illustrative embodiments, in which the prindiples of the fnvention are utilized, and
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the accompanying drawings of which:

[0038]

[6039]
[00407

10041]
004z}
" j0043]

[0044]
10045]
[0046]
[0047]
[0048]
[6049]
[6050]
[0651]
[0052]
[0053]
[0054]

linkzigc.

[0055]

linkage.

[0056]
{0057

Figure 1 shows structure of decitabine, D (1a), cytosine, C (ia’), and 5-methyl cytosine, mC (1a°%).
Figure 2A depicts examples of decitabine phosphoramidite building blocks. '
Figure 2B depicts decitabine phosphoramidiie building block 1d, where Rl = phenoxyaceiyl.
Figure 3A depicts 3’-and 5 ’~O~capped and c{mtmlled-pore glass 3’-linked decitabine denvattves
Fxguxe BB depmts pmtected decitabine 3’ linked ont, contro}led-pare glass support --

Figure 4 deplcts examples of 3’_—O~capped dscztab__me denvamyes

Figure 5 illustrates a standard cycle for oligonucleotide synthesis.
Figure 6A shows synthesis schemes of GpD dimcleotides and tetranucleotides, where X is 2 counter fon.

Figure 6B depicts 2 model synthesis cycle of GpD dinucleotide (2a) and DpGpGpD tetranucleotide (Sb)
Figure 7 depicts DpGpGpD tetranucleotide. _ '
Figure § shows synthesis schemes of GpD dinuclectides and tetranucleotides.

Figiwe 9. depicts GprG trinucleotide and GpDpDpG tetramacleotide. )

Figure 10 depicts pmtected decitabine 3’-linked onto poly (ethylene glycol).

Figure 11 shows synthesis schemes of 3°-and 5 *-O-capped GpD dinucleotide.

Figure 12 shows synthesis schemes of 3°- and 5°-O-capped DpG dinucieotide.

Figure 13 depiots GpD and DpG dinucleotides with mclease resistant phoesphothioate linkage.

Figure 14 depicts GpDpGpD and DpGpGpD tetranucleotides with muclease resistant phosphothioate

Figure 15 depicts DpGpDpG and GpDpDpG tetranucleotides with nuclease resistant phosphothioate

Figure 16 depicts GpD and DpG dinucleotides with cytidine dearninase resistant 4-amino groups.
Figure 17 depicts GpD and DpG dinucleotides with cytidine deaminase Tesistant 4-amino groups and

nuclease resistant phosphothidate linkage.

[0058]

groups.
{0059}

Figure 18 depicts GpDpGpD and DpGpGpD tetramcleotides with cytidine deaminase resistznt 4-amino

Figure 19 depicts GpDpGpD and DpGpGpD tetranucleotides with cytidine deaminase resistant 4-amiro

groups and nuclease resistant phosphothioate linkage.
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0860} Li?zgure 260 &J B ~épD~O—Cap and Cap-O-DpG-O-Cap dinucleotides with cytidine deaminase

resistant 4-amino groups.

[0061] Figure 21 depicts Cap-O-GpD-0-Cap and Cap-O-DpG-O-Cap dinucleotides with cytidine deaminase
résistant 4-armino groups and nuclease resistant phosphothioate linkage.

[0062] Figure 22 depicts DpGpDpG and GpDpDpG tetramucleotides 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

[00864] Figure 24A depicts ~-DpG- islets with natural phosphodiester backbone or raodified backbones.

[0065] Figure 24B depicts a ~DpG- islet peptide backbone.

[0066] Figure 25 schematically illustrates a cell-based GFP assay for DNA methylation Panel a) shows control
cells; and panel b) cells treated with oligonuglectides of the present invention and expressing GFP.

. [0067] Tigure 26 lists examples of inventive oligonucleotide analogues specifically targeting the prc;moter region

of P15, BRAC! or P16, where D can be decitabine or decitabine aualogues and px = p for natural phosphate
linkage, px = ps for phosphorothioate linkage, px = bp for boranophospate, px = mp for methylphospbonate

' linkage.

[6068] Figtrre 27 lists the sequence of P15 promoter region and examples of segnients thereof, based on which
DpG and GpD rich oligomucleotide analogues can be made. :

' 10069} . FIUUIB 28 lists the sequence of P16 promotcr region and-examples of semanfsﬂaereéf based. on which

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 zich oiigonucleaﬁdé 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) triethylammonium salt.

[0073] Figure 32 is a mass spectrum of DpGpGpD (3b) triethylamnmonium salt.

[0074] Figure 33 is a mass spectrum of GpDpG (3¢?) triethylammonium salt

[0675] Figure 34 is a mass spectrum of DpGpDpG (3¢) triethylammoninm salt.

[0076] Figure 35 is a mass spectrum of phosphorothioate linked DpG (2f) tristhylammonium salt.
{0677) Figure 36 is 2 mass spectrum of DpG (2b) sodinm salt.

[0078] Figwe 37 is a mass spectrum of HEG-DpG (2d) triethylanumomitm salt.

[8079] Figure 38 is & mass spectrum of decitabine phosphooramidite building block (1d; R; = phenoxyacetyl).

DETAYLED DESCRIPTION OF THE INVENTION

{00807 The present invention provides olioonucleoﬁd;a analogues which incorporate an analogue of cytosine, 5-
aca-Cytosing, n the sHgonuslestids sequence, €., ia the form of 5-aza-2"-deoxyeytidine (also known as dscitabine)
or 5-aza-cytidine (5-azaC). It is believed fhat incorporation of one or more residues of 5-aza-cytosine into an
otigonucleotide would have a DNA. hypomethylation effect as replacement of cytosine with decitabine at a specific
site of methylation produces an irreversible inactivation of DNA methyliransferase. Preferably decitabine is
incorporated inte the oligonucleotide 5”-adjacent to a guanine residue to form a DpG et in order to more
specifically target the CpG islets of the human gepome.
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81{ ¥ JE'}‘h«e m:/gl;%ﬁﬂffs[ gi#med% oli;wc{&lulze igotcnﬁal toxicities associated with conventional hypomethylating
agents such as decitabme and 5-aza-cytidine. Compared to the free nucleoside forms, which are randomly and
extensively incorporated into the whole genome, the inventive compounds could act as primers and are incorporated
mainly into the CpG-rich islands of the DNA during teplication. Preferably, the inventive compounds act as primers
and are incorporated specifically into the CpGurich islands of the promoters of therapeutically or diagnostically
important genes, such as the ﬁnnofysuppres'sor genes. The inventive compounds could form temporarily

hemimethylated stands with the parental strand and function as the active trap of DNA meéthyltransferases without

'bging incorporated. The inventive compounds may also directly occupy and frap DNA methylivansferases without

being incorporated into the genome. Since DINA modification is localized to the CpC-rich islands in the promoter
regions of tummor suppressor genes, when the inventive compbunds are incorporated, the active rap is optimally
placed and overall stability of the greater genome remains uacompromised.

[0882] By modulating DNA. methylation, the inventive compounds can be used as therapeuﬁcs, diagnostics as well
as research reagents, especially in the areas of cancer and hematological disorders, Aberrant rans criptional
silencing of & nﬁmber of genes, such as tumor suppressor genss, is directly related o pathogenesis of cancer and
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 indnction of growth arrest, differentiation, and/or -
apoptotic cell death of transformed cells. Tnaction of these genes in the transformed cells leads to uncontrolled
proliferation of these cells, which eventually results in cancer. Thus, by using the inventive compounds to actively
trap DNA methyliransferases.directly-and without being incorporated into the genamnié of itcdtporated into the CpG-
rich islands of these genes, transeription of the genes can be reactivated throngh inbdbition of methylation of the |
prbmo;ers, thereby resulting suppression of cancer cell proliferation.

{00831 The compounds of the present invention tan aiso be useful for research and diagnosﬁcs', 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 fact. Hybridization of the oligonucleotide

analogues of the invention with the promoter sequence can be detected by means known in the art. Such means may -
includé conjugation or non-covalently binding of an enzymc; to the cligonucleotide analogue, radioiabelﬁz;g of the
oHgonucleotide analogue or any other suitable detection means. Kits using such detection means for modulating
activity of the promoter of the gene in 2 sample may also be prepared. ' ' ‘
{0084] The present invention also provides rethods for synthesizing these oligomucleotide analogues and for
modulating C-5 cytogine methylation. In particular, phosphoramidite building blocks and oligonucleotides
containing decitabine (5-aza-2'-deoxycytidine; D), DpG-rich (Decitabine-phosphodiester linkage-Guanosine) islets
and derivative, are provided. Also provided are methods for prepariﬁg, formmlating and administering these

" compounds or compositions as therapeutics to a host in need thereof. The inventive compounds, methods of

synthesis, formulation of pharmacentical compositions, preparation of vessels and kits, and use of the compounds or

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

1. Oligonucleotide Analogués of the PresentInvention

{0085]. In general the oligomucleotide analogue of the present invention has one or more residues of 5-aza-cytosine

(hereinafier abbreviated as “Z”) incorporated info an oligonucieotide sequence.
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0(}8[6»’}‘ L‘in one ajs%é:é!% %‘Mi?é“mxﬁégﬁgn, ::1;1& :s”éjlated or synthetic oligonucleotids analogue having 12 or less bages 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 oligopacleotide analogue has a general fornmla:

e LG, OF —~G-L-Z—,
wherein Z is 5-aza-cytosine; G is goanine; and L is a chemioal linker covalently linking Z and G. The
oligonucleotide analogue optionally has more than 30%, 35%, or 40% guanine residués in the sequence of tﬁe

oligonucleotide analopue.
{0088] In particular embodiments, the oligonucleotide analogue is selected from the group consisting of 5°-DpG-
3, 5°.GpD-3’, 5°-DpGpD-3°, 5°-GpGpD-3°, 5’-GplipG-3°, 5°.GpDpD-3°, 5°-DpDpG-3°, 5’-DpGpG-3°, 5-GpDpD-
3,5 ’-DpGpA~3’, 5°-DpGpDpG-3°, 5°-DpGpGpD-3°, §°-GpDpGpD-3°, 5°-GpDpDpG-3°, 5 *-DpGpDpGpA-37,
wherein D is decitabine; p is a phospholinker; A is 2*-deoxyadenosine, and G is 2’-deoxyguanosine.
[0089] Tn another aspect of the invention, an isolated or synthetic oligonucleotide analogne is prowded which
comprises, 2 or more copies of 2 dinucleotide analogue having thé general formmla:

‘ —Z-LG—, o1 ~G-L-Z—,
wherein Z is S-aza-cytosine; G is guanine; and L is a chemical inker covalently linking Z and G.
[0690] Optionally, the oligonucieotide analogué comprises less than 10, 8, 6, or 4 copies of the dimicleotide
analogue —Z-L-G, or —G-L-Z~—. ‘

. _[8091] Inparticular smbodifents,-the oligonucleotide analogue comprises & segmieht seléctsd fiom the group’ t

consisting of 5°-DpG-3°, 5°-GpD-37; 5’~DpGpD-3’, 5"-GpGpD-3’, 5’-GpDpG-3’, 5°-GpDpD-3’, 5’-DpDpG-3°, 5°-
DpGpG-37, 5°-GpDpD-3°, 5>-DpGpA-3°, 5-DpGpDpG-3’, 5-DpGpGpD-3°, 5-GpDpGpD-3°, 5>GpDpDpG-3",
5°-DpGpDpGpA-3°, wherein D is decitabine; p is 2 phospholinker; A is 2’-deoxyadenosine, and G B2
deoxyguanosine. - :
[0092] In yet another aspect of the invention, an isclated or synthetic oligonucleotide aﬁal_ogue having atleast 6
bases in length is provided, which comprises one or more 3-aza-cytosine residues in the sequence of the
oligonncleotide anéloguc and has at least 75% seqﬁence homology with 2 segment of a gene, preferably the 5°-
ustranslated region of a gene, such as the promoter of the gene. : .
[0693] ' In an epsbodiment, the eligonucleoﬁde analogne has a general formoula;

. —ZFL-G—, or —~G-L-Z—,
wherein Z is 5-aza-cytosine; G is guanine; and L is 2 chemical Tinker covalently Ilnlang Zand G. The
oligonucleotide analogue opﬁonal}y has more than 30%, 35%, or 40% goanine residues i the sequence of the -

_ oligonucleotide analogue.

[0094] In particular embodiments, the oligonucleotide analogue comprises a segment selected from the group
consisting of 5°-DpG-3°, 5°-GpD-3°, 5°-DpGpD-3’, 5°-GpGpD-3°, 5’-GpDpG-3°, 5’-GpDpD-3°, 5'-DpDpG-3°, 5°-
DpGpG-3°, 5°-GpDpD-3’, 5’-DpGpA-3’, 5°-DpGpDpG-3’, 5’-DpGpGpD-3°, 57-GpDpGpD-3°, 5’-GpDpDpG-3°, '
5 DpCpDpCpa-2’, wheren D i decitahine; p i 2 phospholinker; A i 2’-deoxyadencsine, and G is 2'-
deoxyguanosme ’ -

[0095] The gene is preferably a mammalian gene, and more preferably a human gene, and most preferably a

human tumor suppressor gene. Examples of the human gene mclude:, but are not limited to, VHL (the Vor Hippon
Landan gene involved in Renal Cell Carcinoma); P16/INK4A (involved in lymphoma}; E-cadherin (involved in
metastasis of breast, ﬂ1§roid, gastric cancer); BMLH1 (involved in DNA repair in colon, gastrie, and endometrial

cancer); BRCA1 (involved in DNA repair in breast and ovarian cancer); LKB1 (involved in colon and breast
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cm§er) 15/INI§B (mvafved zr; Iteukemm such as AML and ALL); ER (estrogen receptor, involved in breast,

colon cancer and lenkemia); O6-MGMT (invelved in DNA repair in brain, colon, ung cancer and Iymphoma);
GST-pi (involved in breast, prostate, and renal cancer); TIMP-3 {tissue metalloprotease, involved in colon, repal,
and brain cancer metastasis); DAPK.1 (DAP kinase, involved in apoptosis of B-cell lymphoma cells); P73 (involved
in apoptosis- of Yymphomas 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 reﬁnoblasitéma); PI4ARF (involved in osll cyclé‘reg\ﬂaticn); RASSFE] (involved in signal
trangduction); APC (i;ivolved in signal transduction); Caspase-8 (involved in apoptosis); TERT (involved in
senescence); TBRC (involved in senescence); TMS-1 (involved in apoptosis); SOCS-1 (involved in growth factor -
response of hepatdcarcinoma); PITX2 (hepatocarcinoma btéaét cancer); MINT1; MINTZ2; GPR37; SDC4; MYOD1;

- MDR1; THBSI; PTCI; and pMDRI, as described in Santini et a1 (2001) Ann. of Intern. Med. 134:573-586, which

is herein incorporated by reference in its entirety. Mucleotide sequences of these genes can be retrieved from the
website of the National Center for Biotechnology Information QNCRI). '

J0096]  As examples, the promoter sequences of the tumor suppressor genes, p15, p16, and BRCA1, are shown in
Flgure 27,28, and 29, respectively. Examples of oligomcleotide analogues with at least 75% sequence homnlogy

_ \mth a segment of p15, p16, and BRCA1 are shown in Figure 27, 28 and 29 respectwely

I0097] It is appreciated by skilled artisans in the field of nucleic acxds that the h1ghcr degree of sequence
homolo gy of a tester polynucleotide with its target polynucleotide, the higher stringency of the condition whmh the

Jester polynucleotide can.yemain hybndzzed to-the- mgetpolynucleoude “Thirs, thg oligohuclestide analogue' Fthe

present invention that are designed to target a specific gene are those oligonucleotide analogues that hybridize to the
target gene under 4very low to very high stringency conditions.

[0098] For oligomucleotide analogues of at least about 100-pucleotides in length, very low to very high stringency
conditions are defined as prehybridization and hybridization at 42° C. in 5% SSPE, 0.3% SDS, 200 pg/al sheared
and denatured salmon sperm DNA, and either 25% formamide for very low and low siringencies, 35% formamide
for mediiim and medium-high stringencies, or 50% formamide for high and very high siringencies, following
standard Southern blotiing procedures. The carrier material is ﬁzﬁally washed three times each for 15 minutes using
2x 88C, 0.2% SDS preferably at Ieast at 45° C (very low stringency), more preferably at least at 50° C (low '
stringency), more preferably atleast at 55° C (medium stringency), more preferably at Jeast 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
stringency).

[0099] For shorter oligonucleotide analogues which are about 50 nacleotides to about 100 nucleéﬁdes in length,
stringency conditions are defined as prehybridizaﬁon, hybridization, and washing post-hybridization at 5° C to 10°
C below the caleulated T, using the calculation accordiﬁg to Bolton and McCarthy (1962, Proceedings of the
National Addemy of Sciences USA 48:1350) in 0.9 M NaCl, 0.09 M Tris-HCl pH 7.6, 6 mM EDTA, 0.5% NP-40,
1% Denhardt's solution, 1 mM sodium pyrophosphate, 1 mM sodium monobasic phosphate, 0.1 aM ATP, and 0.2
mg of yeasi RINA pé 1l fullowing standand Sutithan Hlotting procedures. The carrier material is washed oucs in -
6% SCC plus 0.1% SDS for 15 minutes and twice each for 15 minutes using 6x SSC at 5° Cto 10° C below the
caleulated Ty ‘ .

[60100] Another non~1iiniting examples of high stringency conditions include a hybridization solution containing,
e.g., about 5X 8SC, 0.5% SDS, 100 pg/ml denatured salmon sperm DNA and 50% formanide, at 42° C. Blots can
be washed at high stringency conditions that allow, e.g., for less than 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.

9
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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 NaPO,, pH 7, 1 mM EDTA at 50° C, e.g., overmight, followed by one or more washes with & 1% SDS
solution at 42° C. Whereas high stringency washes can aliow for Jess than 5% mismatch, rednced or low stringency
conditions can permit up to 20% nucleotide mismatch, Hybridization at low stringency can be accomplished as
above, but using lower formamide conditions, lower femperatures and/or lower salt concentrations, as well as longex
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 emibodiment, the oligonucleotide aralogue is capable of
hybridizing with the target gene under medium stringency conditions. In 2 most preferred embodiment, the

- oligonucleotide analogue is capable of hybridizing with the target gene under high stringency conditions.

[06103] In yet another aspect of the invention, an oligonucieotide analogue is provided that binds an allosteric site
an DNA methyltransferase thereby inhibiting DNA méfnyltansferase. The inhibition of DNA methyliransferase

prgvents the methylation of DNA thereby treating the disorder associated with aberrant DNA methylation, such as
cancer and hematologi’cél disorders. .

{00104] Tn one embodiment, the oligomcleotide analogue has a sequence of

[00105] 5°-CTGGATCCTT GCCCCGCCCCTTGAATTCCC-3? (SEQ ID NO:25);

[00106) 5'-GGGAATTCAAATGACGTCAAAAGGATCCAG-3’ (SEQ ID NO:26);

[00108] COCTCCAC-3’ (SEQ ID NO:27);

[00109] 5-ATCCTTGCCCCGCCOCTTGAAT-3 (SEQ ID NO:28); or

{60110} 5-TTGCCCCGCCCCIT (SEQ 1D NO:29), wherein at least ong of the cytosine residues in SEQ ID NOs:
25.28 is substituted with 5-aza-cytosine. For exami:;le, the oligonuclestide analogue may be

[00111] 5-CTGGATCCTTGCCCDGCCOCTTGAATTCCC:3® (SEQ ID NO:30)

wherein one of the 14 cytosine residnes 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 cytésine residues can be found in WO 99712027, which is herein

- incorporated by reference in its entizety. 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.
[60112] In yet another aspect of the invention, an oligomucleotide analogue is provided that is at least 6 mucleotide
long; has at least one 5-aza-cytosine as a base residue and adopts a haitpin conformation at ambient temperature,
such as 20-25°C, 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 M MgCla. ltis be]ievéd that by adopting 2
hairpin conformation, the oligonucleotide analogue better mimics the double-stranded DNA substrate for DNA
methyliransferase than a single-stranded oligonucleotide, thus inbibiting the activity of DNA. methyliransferase
1noie effectively. ‘ - : - g -

[00113] In one embodiment, the oligonucleotide analoge bas the following general secondary sirncture:

B N7 —Nm—" N

3—Nn—0G—Nm

or



10

15

20

25

30

WSCR wo 2007/041071521 — PCT/US2006/037313
o O 8 B e e
5Nn G—-Nm——/_\l\i;
Z~—Nn—2Z—N'

wherein ‘N is any nucleotide; N iz a nucleotide complernentary to N; Z is 5-aza-cytosine as a base residue; G is
guanine as 2 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 h—avixpin; and N; is positioned in the loop region of the hairpin. Preferably, |, », ormis an integmjv
greater than 2, 3, 4, or 5. Opticnally, 1is 2,3, 4, 5, or 6. Also optionally, if Nn, Nm, or N; has one or more cytosine .
residnes, the eytosine residue is substituted with 5-aza-cyiosine.
:00114] In a particular embodiment, the oligommcleotide analogue has the following general secondary structure:
BN ZG—Nm—" © Ny
3t N—GC——N"

or

5’—--Nn~—~C'G*-“Nm—‘/-\N5
F—Nn—GZ—Nm—
wherein C’ is 5<methy1~cyﬁdﬁle.

[00115] In another particular embodiment, the oliponucleotide analogue (SEQ ID NO:31) has the following hairpin

conformation:

e e e v cTEEBRETEET S T .

T
31 «GACTTGCGTAGC\_. T

T
wherem D is decitabine A is adenosine or 2’-deoxyadenosme, Tis ﬂnynudme or 2’-deoxythymidine, and C at
nucleomhc posmon 21 is optionally substituted with 5-methyl-2 ’-deoxycytxdme
[06116] In any of above embodiments, the oligonucleotide anslogue can be single-siranded or double—snandbd
When the oligonucleotide analogue is double-stranded, the first strand is the oligonucleotide analogue, and the
second strand may be an oligomucleotide with sequence complementary to that of the first strand without the
cytosine residue being replaced with S-aza-cytosine. For example, the first strand may be 5 TTDGDGAA-3’ {(SEQ
ID NO: 32) wherein D is decitabine; whercas the second étfand may be 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 S-methyl-

cytosine,

100117] Inany of above embodiments, the linker between Z and G residues or between any two of the béée‘residues
in the oligonucleotide analogne is pmfcr.ably' a sugar phosphorodiester linkage. Preferably the linker is 3
phosphorodiester linkage via 2’-deoxyribose or ribose, as in the natural sugar phosphorodiester backbone in DNA

‘and RNA, respectively. Optionally, to ephance the resistance to nuclease degradation in vivo, the natural

phosphorodiester finker —O-P(=0)(0")-0-CHz— can be modified to be a phosphorothioate linker —O-P(=0)(8)-
OCH -, bornopherphete or methy fﬁ‘wwﬂaﬂm ‘Lﬁ‘(w *he 2°-hydrexyl grovn of ribose can he modified to be 2 27-
methoky group, 2'-methoxyethyl group, or 2’~fluoro group. Examples of such oligonucleotide analogues with
nmnatural backbones are shown Figure 24A where decitabine is Yinked to guanosine throngh ribose phosphate -
backbone. Also optionally, the natural sugar phosﬁhorodiester backbone can be replaced with a protein nucleotide
(PNA) backbone whers the backbone is made from repeating N-(Z-aminoethyl)-glycine ynits 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 binkers for oligonucieotides designed to be more

11
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reszs%an%'fo nut:IeaéJse degradzimon thran The nabural 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 biclogical sources, such
as tissues, cells and body 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 analogizes may also be synthetic

ones that are non-naturally occurring oligonucleotide comprising a 5-aza-cytidine, e.g., chemically or enzymatically

 synthesized i vitro.

[00119] The oligonucleotide analogues of the present invention enconpass any pharmacentically acceptable salts,
esiers, or salts of such sstess, or any other componnd 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 pharmaceutically acceptable salts of the compounds of the
invention, pharmacéuﬁcaﬂy acceptable salts of such prodrugs, and other bicequivalents.

[00120] The term “prodrug" indicates a therapeutic agent that is prepared in an fnactive form that is converted to an
active form (L.e., drug) within the body or cells thersof 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 formiing one or more ester bond with any of the hydroxyl £roups in the sugar ring using an organic compound
containing 2 caxbo:tyl group, or as SATE [(S-acetyl-2-thicethyl) phosphéte} derivatives according to the methods
disclosed in WO 93/24510 to Gosschn et al., published Dec. 9, 1993 or in WO 94/26764 and U.S. Pat. No.

__5770713t011'nbachr L. .. . ) .

{00121] The term "sharmaceutically acceptable salts" refers to physiologically and pharmaceuhcally acceptable
salts of the compounds of the invention: i.e., salts that retam the desnred biological activity of the parent compound
and do not impart undesired toxicological effects thersto . .

[00122] Pharmaceutically acceptable base addition salts are formed with mistals or aﬁ:xinss', such as alkali and
alkaline earth metals or organic amines: Examples of metals used as cations aré sodinm, potassium, magnesivmm,
céioiu‘m, and the like. Examoples of suitable amines are N,N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, dicyclohexylamine, ethylenediamine, N-methylglncamine, and procaine (see, for example, Berge et
al,, "Pharmaceutical Salts,” 1. of Pharma Sci., 1977, 66, 1-19). The base addition salts of said acidic corapounds gre
prepared by contacting the free acid form with a sufficient amount of the desired base to produce the salt in the
conventional marmer. The free acid form roay be regenerated by coﬁtacting the salt fofm with an acid and isolating
the free acid in the conventional manner. The free acid forms differ from their respective salt forms somewhat in
certain physicel properties such as solubility in polar solvents, but otherwise the salts ate equivalent to their
respective free acid for purposes of the present invention. '

[00123] As used herein, a “pharmacentical addition salt” inclndes a pharmaceutically 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, .Prefcn—ed acid salts are the hydrochlorides, acetates, salicylates, nifrates and phosphates. Other suitable “
pharmaceuiically acceptable salts ace well known to' thuse sI;iHéci it art aid inclode besic salis of avaniety of

' inorganic and organic acids, such as, for example, with inorganic acids, such as for example hydrochloric acid,

hydrobromic acid, sulfiric acid or phosphoric acid; with qyganic carboxylic, sulfonic, sulfo or phospho acids or N-
substituted sulfamic aci&s for example acetic acid, propionic acid, glycolic acid, succinic acid, maieic acid,
hydroxymaleic acid, methylmalelc acid, fomaric acid, malic acid, tartaric acid, lactic acid, oxalic acid, glaconic acid,
glucaric acid, glucuromc acid, cnnc acid, benzoic acid, cinnamic acid, mandehc acid, salicylic acid, 4-

aminosalicylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic acid, erdbonic acid, nicotinic acid or jsomicotinic

12
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acid; aiy w:’ch amuno acids, such as the 20 alpha—a]mno acids involved in the synthesis of protems in namre, for
example glutamic acid or aspartzc acid, and also with phenylacetic acid, methapesulfonic acid, ethanesulfonic acid,
2-hydroxyethanesulfonic acid, ethane-1,2-disulfonic acid, benzenesulfonic acid, 4-methylbenzenesuifonic acid,
naphthalene-2-sulfonic acid, naphthalene-1,5-disulfonic acid, 2- or 3-phosphoglycerate, glucose-6-phosphate, N-
cyclohexylsnifamic acid (with the formation of cyclamates), or with other acid organic compounds, such as ascorbic
acid. Pharmacentically acceptable salts of compounds may also be prepared with a pharmaceutically acceptable
cation. Suitable pharmaceutically 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] For oligonucleotide analogues of the present inverition, preferred examples of pharmaceutically acceptable

. salis include but are not limited to () salts formed with cations such as sodium, potassium, ammonivm, magnesium,

calcium, polyamines such as spermine and spermidine, ete.; (b) acid addition salts formed with inorganic acids, for

 exatuple hydrochloric acid, hydrobromlc acid, sulfiric acid, phospboric zcid, nitric acid and the like; (¢) salts

formed with organic acids such sas, for example acetic acid, oxalic aeid, tartaric acid, succinic acid, maleic acid,

’ ﬁxmanc acid, gluconic acid, ciiric acid, malic acid, ascorbic acid, benzoic acid, tamic acid, paimmc acid, alginic

acid, polygiutarmc acid, naphthalenesulfonic acid, methanesulfamc acid, p-tolenesulfonic acid,
naphthalenedisulfonic acid, polygalacturonic acid, and the like; and (d) salts formed from elemental anions such as -

chiorine, bromine, and iodine.
[00125] The invention also exbraces isolated componnds. An isolated compou:nd refers to a compound which

_ represents at least 10%, preferably 20%, mere-preferably 58% and most preferably 80% of the compound present o

the mixture, and exhibits 2 detectable (i.e. statistically significant) inbibitory activity of DNA methylation when
tested itz biclogical 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 mcorporanon assay (Francm ET; 'I'hompson, i

R. W.; Krumdieck, C. L. A J. Clm_ Nutr. 1977, 30, 2028-2032).

2. Pharmaceutical Formulations of the Present Invention A
[66126} _Acc'ordjng 1o the present invention, the oligonncieoﬁde analogues or compounds of the present invention
can be formulated into pharmaceutically acceptable compositions for freating various diseases and conditions.

- [00127] The pharmacentically-acceptable compositions of the present invention coriprise one or more corpounds

of the invention in association with one or more nontoxic, pharmacentically-acceptable carriers and/or diluents
and/or adjuvants and/or excipients, collectively referred to herein as “camrier” materials, and if desired other active
ingredients. . . '
[00128] The compounds of the present invention are adminisiered by any route, preferably in.the form of a
pharmaceutical composition adapted to such a rowte, as illistrated below and are dependent on the condition being

“treated. The compounds and compositions can be, for example, administered orally, parenterally, intraperitoneally,

intravenously, intraarterially, transdermally, sublinguaily, intrarmuscularly, rectally, transbuccally, intranasally,

liposomally,viz inhalation, veginally,dntrasscularly, vis-loce! delivery (for oxarpls by o cathater or dtend),

subeutaneously, intréadipos’ally, intraarticularly, or ntrathecally.

. [(25129} The pharmacentical formulation may optionally further include an excipient added in an amount sufficient

1o enbance the stability of the composition, maintain the product in solution, or prevent side effects (e.g., potential
ulceration, vascular frritation or extravasation) associated with the administration of the inventive formulation.
Examples of excipients include, but are not Hmited o, mammitol, sorbitol, lactose, dextrox, cyclodextrin such as, o,
#-, and y-cyclodexirin, and modified, amorphous cyclodextrin such as hydroxypropyl-, hydroxyethyl-, glucosyl-,
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maltgs }J anto*ch"fosyl—[u carbaxyarlmdomethylw carboxymethyl-, sulfobutylether-, and dlethylammo-substxmted o,

8-, and y-cyclodexivin, Cyclodextring such as Encapsin® from Janssen Pharmacenticals or equivalent may be nsed

for this purpose.

- [00130] For ordl administration, the pharmaceutical compositions can be in the form of, for exaraple, a tablet,

capsule, suspension or liqﬁd. The pharmaceutical composition is preferably made in the form of 2 dosage unit
containing a therapeutivally-effective amount of the active ingredient. Examples of such dosage units aze tablets
and éapszﬂcs. For theyapeutic puiposes, the tablets and cai:suies which can contain, in addition to the active
ingredient, conventional carriers such as binding agents, for example, acacia gnm, gelatin, polyvinylpyrrolidone,
sorbitol, or tragacanth; fillers, for exaraple, calcium pho*;phate; glycine, lactose, maize-starch, sorbitol, or sncrose;
Inbricants, for example, magnesinm stearate, polysthylene glycol, silice, or tale; disintegrants, for example, potéto
starch, flavoring or coloring agenss, or acceptable wetting agents, Oral liquid preparations generally ave 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.
Exasﬁaples of additives for liquid preparations inciude acacia, almond oil, ethyl alcobol, fracﬁonatéd coconut oil,
gelatin, glncose syrup, glycerin, hydrogenated edible fats, lecithin, methyl cellulose, methyl or pfOpyl para-
hydroxybenzoaté, propylene glycol, sorbitol, or sorbic acid. ' .
[00131] For topical use the compounds of the present invention can also be prepared in suitable forms fo be applied
ta the, skin, or mucus wembranes of the nose and throat, and-can take the form of creams, aintroents, Hquid s'prays or’
mhalants Jlozenges, or throat paints. Such topaca_‘[ freeromilations further can mclude eherfical compdunds suchas
dxmethylsulfomde (DMSO) to facilitate surface penetration of the active mgredlent

[00132] For application to the eyes or ears, the compounds of the present invention can be presented in tquid or
semi-liquid form formulated in hydrophobic or hydrophilic bases as ointments, creams, lotiohs, paints or powders.
[00133] For rectal administration the compounds of ﬂ_ze present inverition can be administered in the form of
suppositories admixed with conventional carriers such as cocos butter, wax or other glyceride.

[00134] Aliernatively, the compouuds‘ of the present invention can be in powder form for reconstitution in the
appropriate §harmacsuﬁcaﬁy 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 agueous or non-aqueous isotonic stetile injection solutions or snspensions.

These solutions or suspensions can be prepared from sterile powders or grannles baving one or more of the carriers

- mentioned for use in the formulations for oral adosinistration. The compounds can be dissolved in polyethylene
_ glycbl, propylene glycol, ethanol, corn oil, benzyl alcohol, sodium chloride, and/or various buffers.

{00136] The oligomucleotide analogues of the present invention may be prepared and forpmlated as emulsions.
Emmisions are typically heterogenous systems of one liquid dispersed in another in the form of droplets usually

-exceeding 0.1 pm in diameter. (Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Bds.), -

1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms,
Lieberman, Riege‘f and Banker (Bds.), 1588, Marcel Dekker, Tac., New Yorle, MUY, Volume 1, p. 245; Block in
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?harmaceuﬁcél Sciences, Mack Publishing Co., Easton, Pa., 1985,

P- 301). Emulsions are often biphasic sysiems comprising of two immiscible Hquid phases intimately mixed and
dispersed with each other. In general, emnlsions may be either water-in-oil {w/c) or of the oil-in-waier {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/0) emulsion. Alternatively, wh;n an oily phase is finely divided into and
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dlsperse as mminute oplets nf5 &b aqueous phase the resultxng composition is called an oil-in-water (o/w)

emulsion. Emulsions may contain additional corponents in addition to the dispersed phases and the active drug

which may be present as a solution in eifher the aqueous phase, oily phase or itself as 2 separate phase.

Pharmacentical excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants may also be present in enmlsions
és needed. Phanmaceutical emmlsions may also be multiple exmisions that are comprised of moré than two phases
such as, for example, in the case of oil-in-water-in-oil (0/w/0) and water-in-oil-in-water (w/o/w) emulsions. Such
complex. formulations offen provide certain advantages that simple binary enlsions do not. Mudtiple ermalsions in
which individual oil droplets of an o/w emulsion enclose small water droplets constitnte 2 w/o/w emuision. Likewise
a system of oil droplets enclosed in globules of water stab’lized in an oily continuous provides an o/w/o emulsion,
[00137] Emulsions are characterized by Hittle or no thermodynamic stab:hty Ofcen, the dispersed or discontinnous
phase of the emulsion is well dispersed into the external or continnous phasc and maintained in this form ﬂ:lrough
the means of enlsifiers or the viscosity of the formulation. Bither 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 stablhzxno ermulsions entail
the wse of emulsxﬁers that may be incorporated into either phase of the enmlsion. Emnlsifiers may broadly be
classified into four categories: synthetic surfactants, naturally occurting emmlsifiers, absorption bages, and finely
digpersed solids (IdsonF in Pharmaceutical Dosage Forms, Licberman, Rieget end Banker (Bds.), 1988, Marcel -
Delkker, Tnc., New York, N.Y., volume 1, p. 199). ' S

i00138]_ Synthetic éurfactants, also known as surface active agents, have found wide applicability in the formmlation

.. of emmlsions and have been reviewed inthe litsratuze-® ieger, in Pharmacentical Doagé Forms, Lieberinan, Rieger

and Banker (Eds.}, 1988, Mircel Dekker, Inc., New York, N.Y,, volume 1, p. 285; Idson, in Pharmacentical Dosage
Forms, Lieberman, Rieger and Bankér (Eds.), Marcel Dekker, Inc., New York, N.Y., 1588, volime 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion. The ratio of the
hydrophilic fo the hydrophobic nature of the surfactant has been terméd the hydrophile/lipophile balance (FILB) and

. is a valuable too0l z':n categorizing and selecting surfactants in the preparation of formulations. Surfaciants may be

classified tuto dlﬁerent classes baseé on the nature of the hydrophilic group: nonionic, anionic, cationic and
amphoteric (Rieger, in Pharmadceutical Dosage F ormas, L1ebe::man, Rleger and Banker (Eds ), 1988, Marcel Dekkcr,
Inc., New York, N.Y., volume 1, p. 285). : :

[00139] Naturally occurring emulsifiers used in emulsion forrmulations include lanolin, besswax, phosphatides,
lecithin and acacia. Absorption bases possess hydrophilic properties such that they can soak up water to form w/o
emulsions yet retain their semisolid consistencies, such ag anhydrous lanolin and hydrophilic petrolatum. Finely
divided solids have also been used as good emmlsifiers especially in combination with surfactants and in viscous
preparations. These inciude polar inorganic solids, snch as héavy _ﬁlctal hydroxides, nonswelling clays such as
bentonite, aitapulgite, hectorite, kaolin, montmosillonite, colloidal aluminum silicate and colloidal magnesiuny
aluminum silicate, pigments and nonpolar solids such as carbon or glyceryl tristearate.

100140} A large variety of non-emmlsifying matezia}s are also included in emulsion formilations and contribute to '
the propertes of eamilsions. These inclnde fats; oils, waxes, fatly ecids, ftty aloohols, &ty zeters, bumestants,
hydrophilic colloids, preservaﬁ:ives and antioxidants (Biock, in Pharracentical Dosage Forms, Lisberman, Rieger
and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335; Idson, in Phamxéceutical Dosage
Forﬁas, Lieberman, Rieger' and Banker (Eds.), 1988, Marcel Deldeer, Inc., New York, N.Y., vohuue 1, p. 199).
[80141] Hydrophilic colloids or hydroéoﬂoids include natnrally ocourring gurs and synthetic polymers such as
polysaccharides (for example, acacia, agar, alginic acid, catiageenan, guar gum, karaya gum, and tragacanth),
cellulose derivatives (for example, carboxymethylcellnlose and carboxypropyleellulose), and synthetic polymers
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{for iéxa%?h car}Szgmsrs cei‘{u}ose ethers, and carboxyvinyl polymers} These disperse or swell in water o form

cotloidal solutions that stabilize emulsions by forming strong interfacial films around the dispersed-phase droplets

and by increasing the viscosity of the external phase.

[00142] Since ermisions often contain a number of ingredients such as carbohydrates, proteins, sterols and
phosphatides that may readily support the growth of microbes, these forulations ofien incorporate preservatives.
Commonty used preservatives included in enmision formulations include methyl paraben, propy! paraben,

quaternary ammonjum salts, benzalkoninm chloride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants

. are also commonly added fo. emulsion forraulations to prevent detesioration of the formulation. Antioxidants used

ﬁmy be free radical scavengers such as tocopherols, alkyl gallates, butylated hydroxyanisole, butylated
hydroxytoluene, or reducing agents such as ascorbjc acid and sodium metabisulfite, and antioxidant synergists such
as citric acid, tartanc acid, and lecithin,

[00143] The application 6f emulsion formulations via dermatological, oral and parenteral routes and methods for
their manufacture have been reviewed in the litexature {(Idson, in Pharmaceutical Dosage Forms, Licherman, Rieger
and Banker (Eds.), 1988, Marcel Dekker, 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 formmlation, efficacy from an absorption and
bioavailability standpoint. (Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Bds.), 1988,
Marcel Dekker, Inc., New York, M.Y., volume 1, p. 245; Idson, in Pharmacentical Dosage Forms, Liebérman,
Rieger and Banker (Eds.), i988, Marcel Dekker, Inc., New York, N.Y., volurze 1, p. 199). Mineral-oil base
laxatives, oil-soluble vitamins and high fat nntritive preparations are among the terials thif Have commonfy been

administered orally as ofw emmulsions.

[00144] In one embodzment of the present invention, the ohgonucleohde analog gues are formulated as
microemuisions. A mmroemulsmn‘ may be defined as a system of water, oil and amphlphﬂe which is a single
optically isotropic and thermodynamically stable liguid solution (Rosoff, in Pharmaceutical Dosage Formis,
Lieberman, Rieger and Banker (Eds. ), 1988, Marcel Delker, Inc., Néw York, N.Y., volume 1,p. 245). Typma]ly

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 alcobol to form a
transparent systern, Therefore, ‘microemulsions have also been described as thermodynamically stable, isotropically
clear dispersions of two immiscible lquids that are stabilized by interfacial fikms of surface-active molecules (Leung
and Shah, in: Confrolled Release of Driigs: Polymers and Aggregate Systems, Rosoff, M., Ed., 198?, VCH
Publishers, New York, pages 185-215). Microemulsions commonly are prepared via a combination of three to five
components that include oil, water, surfactant, cosurfacmﬁt and electrolyte. Whether the microemulsion is of the
water-in-0il (w/0) or an oil-in-water (o/w) type is dependent on the properties of the ¢il and surfactant used and on
the stuctire and geometric packing of the polar heads and hydrocarbon tails of the surfactant molecules (Schot, in
Remington's Pharmacentical Sciences, Mack Publishing Co., Easton, Pa., 1985, P. 271).

{00145] The phenomenological approach utilizing phase diagrams has been extcnslvely studied and hag ymlded a
usm:chensne kmovwledge, to-one skilled:n the art, of How to. formmlate microemulsions (Rosoff, in Pharmacentical .
Dosage Fomms, Lieberman, Rieger and Banker (Bds.), 1988, Marcel Dekker, Inc., New York, NY, volome 1,p.
245; Block, in Phasmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marce] Dekker, Inc.,
New York, N.Y., volume 1, p. 335). Compared to conventional emulsions, microemulsions offer the advanmgé of

solubilizing water-insoluble drugs in ﬁ formulation of thermodynamically stable droplets that are formed

spontancously.
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m the preparauon of microemuisions include, but are not limited to, ionic surfactants, non-
ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty acid esters, tetraglycerol monolaurate
(ML310), tetraglycerol monooleate (MO310), hexaglycerol monooleate (PO310), bexaglycerc! pentacleate
(PO300), decaglycerol monocaprate (MCA’!SO), decaglycerol monooieate (MO’?SO}, decaglycerol sequicleate
{80750), decaglycerol decaoleate (DAO750), alone or in connbination with cosurfactants. The cosurféctant, usually
a short-chain aleohol such as ethzmoL 1-propanoc], and 1-butanol, serves to increase the mnterfacial fluidity by
penéﬁ’aﬁng into the surfa;:tant 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-froe self-emulsifying microermulsion systems are known in the art. The aqueovs phase may typically be, but
is not limited fo, water, an aqueous sofution of the dmyg, glycerol, PEG300, PEG400, polyglycerols, propylene
glycols, and derivatives of ethylene glycol. The oil phase may include, but is t;ot limited to, materials such as Captex
300, Captex 355, Capimil MCM, fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides,
polyoxyethylated glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycohzed C8-
C10 glycerides, vegetable oils and silicone oil,

{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) have been proposed to enhance the oral
bicavailability of drugs, including péptides (Constantinides et al, Pharmacentical Résearch, 1994, 11, 1385-1390;
Ritschel, Meth. Find, Exp. Clin. Pharmacol., 1993 13, 205). Microemulsions afford advantages of improved drug

solubilization, protecﬁomofdmg from- enzymaﬁc hydrolysis, possible enhancemert +f dfig absorptmn dusto

surfac;ant-mduced alterations in membrane fuidity and permeability, ease of preparation, ease of oral

administration over solid dosage forms, improved clinical potency, and decreased toxicity (Constantinides et al.,
Pharmacenﬁ:al Research, 1994, 11, 1385; Ho et al,, J. Pharm, Sci., 1996, 85, 13 8-143). Often microermulsions may
form spontancously when their cornponents are brought together at arubient temperature. This may be partionlarly
advantageous when formulating thermolabile drugs, peptides or oligonucleotides. Microemulsiéns have also been’
effective in the transdermal delivery of active components in both cosmetic and pharmacentical applications. It is
expected that the microemulsion corpositions and formulations of the present invention will facilitate the increased
systemic absorption of oligonucleotides and nucleic acids from the gastroimtestinal tract, as well as improve the local
cellular uptake of cligonucleotides and nuéleic acids within the gastrointestinal fract, vagina, buccal cavity and other
areas of administration. - ‘

[60148] Microemmlsions of the present invention mzy 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 absorption of the 611'gomzcleoﬁdes and nucleic acids of the present juvention. Penetration
enhancers used in the microcmmulsions of the present invention may be classified as belonging to one of five broad
categories—surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (Lee et al., Critical
Reviews in Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes bas been discussed above.
188242] Eesidas microsmuleions-thero-are mnzny orgenized surfactant stmc‘mﬁs that have becn studied and-used for
the formulation of drugs. These include monolayers, micelles, bilayers and vesicles. Vesicles, such as liposomes,
have atiracted great interest because of thelr specificity and the duration of action they offer from the standpoint of
drug delivery. As used in the present invention, the term. "liposome” means a vesicle compesed of amphiphilic lipids
arranged in a spherical bilayer or bilayers. ‘
{60150} Liposomes are unilameliar or multilamellar vesicles which have a membrane formed from a lipophitic
material and an agneous interior. The équeous portion contains the composition to be delivered. Caticﬁic biposomes
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possgss e B vantage of beilzxg 2ble to Tase 1o the cell wall. Non-cationic Hposomes, although not able to fuse as

efficiently with the cell wall, are taken up by macrophages in vive.
[80151] Tn order to cross intact mamumalian skin, lipid vesicles must pass through a sexies of fine pores, each with a

-diameter less than 50 num, under the influence of a suitable trapsdermal gradient. Therefore, it is desirable to use a

liposome which is highly deformable and able to pass fowough such fine pores.

{09152} Further advantages of Hposoxaes include; Hposomes obtained from natural phosphahpxds are biocompatible
and biodegradable; liposomes can incorporate a wide range of water and lipid soluble drugs; liposomes can protect
encapsulated drugs in thefr internal compartments from metabolism and degradation (Rosoff, in Pharmacentical -
Dosage Forms, Lieberman, Rieger and Banker (Bds.}, 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
245). Important considerations in the preparation of lipesome formulations are the lipid surface charge, vesicle size
and the agueous volume of the liposomes, '
[00153] Liposomes are usefid for the fransfer and delivery of active ingredients to the site of action. Because the
liposomal membrane is structurally similar to biological menibranes, when liposomes are applied to a tissue, the

~Hp0§omss start to merge with the cellylar membranes, As the merging of the liposome and cell progresses, the

liéosom'al contents are emptied into the cell where the active agent may act.

[00154] Liposomal formulations have been the focus of extensive investigation as the mode of delivery for many
drmgs, There is growing evidence that for topical administration, liposomes present several advantapes over othér
formulations, Such advantages include reduced side-effects related to high systemic absorption of the administered ‘
drug, increased accumulation of the administered drng at the désired target, and the ability to admidister awide
variety of drugs, both hydrophilic and hydrophobic, into the skin. |

[60155] Liposomes fall into two broad classes. Caﬁoﬁ:xio liposomes are pos_iﬁvely charged liposomes which interact

. with the negatively charged DNA molecules to form a stable compléx, The positively charged DNA/liposome

corgplex binds to the negatively charged cell surface and is infernalized 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. Res. Copmmm, 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 ocours. Neverthéless,
some DNA is entrapped within the agueous interior of these liposomes. pH-sensitive liposomes have been used to

deliver DNA encoding the thymidine kinase gene to cell aonolayers 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 dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome compositions generally
are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic liposomes are formed primarily from
dioleoyl phosphatidylethanolamine (DOPE). Another type of liposomal composition is formed from "

- phosphatdylcholine (PG} sush ac, for exzmple, soybean PC, -and egg PC. Another type is forred from mixtures of

tho!
phospholipid and/or phosphaﬁdylchohne and/or cholesterol.

[00158] Non-ionic liposomal systerns have also been examined fo determine their utility in the delivery of dmgs to
the skin, in particular systems comprising non-ionic sarfactant and cholesterol. Non-ionic Itposomal formmiations
comprising Novasome. TM. I (glyceryl dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome TM.
1I (glyceryl distearate/cholesterol/polyoxyethylene~10-stearyl ether) were used to deliver cyclosporin-A into the
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denms o mouse %lges%ﬁts indicated that such non-jonic liposomal systemns were effective in facititating the
deposition of cyclosporin-A into different layers of the skin (Fin et al. 5.T.P Pharma. 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 ephanced circulation

lifetimes relative to liposomes lacking such specialized lipids. Examples of sterically stabilized liposomes are those
in which part of the vesicle-forming lipid portion of the liposome (A) comprises one or more glycolipids, such as
monosialoganglioside G.sub.M1, or (B) is derivatized with one or more hydrophilic polymers, such asa

" 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 ganghiosides, sphingomyelin, or PEG-derivatized lipids,
the enbanced circulation half-life of these sterically stabilized liposomes derives from a reduced uiatake into cells of
the reﬁculoendothelial system (RES) (Allen et 21, FEBS Letters, 1987, 223, 42; Wu et al,, Cancer Reéearch 1993,
53, 3765).

[00166] Various Bposomes comprising one or more glycolipids are known in the art. Papahadjopoulos et al. (Ann,
NY. Acad. Sci., 1987, 507, 64) reported the ability of monosialoganghioside G.sub.M1, galactocerebroside sulfate
and, phosﬁﬁaﬁdyﬁnositol to improve blood half-lives of liposomes. These findings were expounded upon by
Gabizon et al. (Proc. Natl. Acad. Scl. US.A., 1988,.85,6949), U.8. Pat. No. 4,837,028 and WO 88/04924, both to
Allen et al,, disclose liposomes compnsmg (1) sphmgomyelm and (2) the ganghosxde G.sub Ml ora

A galactocerebroside sulfate ester. U.S. Pat. No. 5 543,152 (Webb et al) discloses hposomes comprising
 sphingomyelin, Liposomes.comprising 1,2-sn-dimyristoylphosphatidylcholine are disclosed in WO97/13499 (Vim

et al.).
[00161] Many liposomes conmprising Bpids denvabzsd with one or more hydrophilic polymers, and methods of

preparation thereof, are known in the art. Sunamoto et al. (Bull. Chem. Soc. Jpn., 1980, 53, 2778) described
liposomes comprising a nonionic detergent, 2C.sub.12 15G, that contains 2 PEG moiety. Hlum et al. (FEBS Lett.,
1984, 167, 79) noted that hydrophilic coating of polystyrene particles with polymeric glycols results in significantly
enhanced blood ha}ilﬁvés. Syniheﬁc phospholipids modified by the attachment of carboxylic groﬁps of polyalkylene
glycols (.., PEG) are described by Sears (U.S. Pat. Nos. 4,426,330 and 4,534,899). Klibanov ct al. (FEBS Lett.,
1990, 268, 235) described experiments demonstrating that liposomes comprising phosphatidylethanolamine (PE)
derivatized with PEG 61' PREG stearate have significant increases in blood circulation halfJives. Blume et &l
(Biochimica et Biophysica Acta, 1990, 1029, 91) extended snch observatioﬁs to other PEG-derivatized
phospholipids, e.g., DSPE-PEG, formed from the combination of distearoylphosphatidylethanolamine {DSPE) and
PEG. Liposomes having covalently bound PEG moieties on their external surface are described in Buropean Patent
No. EP 0 445 131 B1 and WO 90/04384 to Fisher. Liposome compésiﬁons cantaining 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.8. Pat. No. 5,213,804 and Buropean Patent No. EP 0 496 813 B1). Liposomes
comprising a number of other lipid-polymer conjugates are disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212
are described in WO 96/10391 (Choi et al.). U.S. Pat. Nos. 5,540,935 (Miyazalkd et al.) and 5,556,948 (Tagawa et
al) &escribe PEG-containing liposomes that can be further derivatized with fimetional mofeties on their suxfacés‘

{beth to Mextinet 2l }and in WOOL2LA7R {zntiprky ot 2L I ipasomoes comprising: PEG—modxﬁeé ceramide Bpids

[00162} A Limited number of liposomes cqmgrisingﬁnudleic acids are known in the art. WO 96/40062 to ‘I'hmrry et
2l. discloses methods for encapsulating high molecular weight nucleic acids in liposomes. U.S. Pat. No. 5,264,221 to
Tagawa et al. discloses ?roteimbonded lipogomes and asserts that the contents of such liposomes may include an
anfisense RNA. U.S. Pat. No. 5,665,710 to Rahman et al. describes certain methods of encapsulating -
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ohgodeoxynucleondes m hposnmes WO 97704787 to Love et al. dlscloses liposomes comprising antisense

ohgcnuc]eohdes targeted fo the raf gene.
[00163] Transfersomes are yet another type of iposomes, and are highly deformable tinid agpregates which are

. attractive candidates for drug delivery vehicles. Transfersomes may be described as lipid droplets which are so

highly deformable that they are easily able to penetvate through pores which are smaller than the droplet.
Transfersomes are adaptable to the environment in'which they are used, e.g. they are self-optinaizing (adaptive to the

“ ghape of pores in the skin), selfrepairing, 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, The 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 apphcaﬁon in formmiations such as emulgions (mciudmgnncroemtﬁsmns) and
Iipesomes. 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 hydrophile/lipophile balance (HILB). The nafure of the
hydrophilic group (also known as the "head") provides the most useful means for categorizing the different

surfactants used inn formmlations {Rieger, in Pharmacautlcal Dosage Forms, Marcel Dekker, Inc., New York, N.Y.,

1988, p- 285). -

' [00165] If the surfactant molecule is not ionized, it is classified as a nonjonic surfactant. Nonionic surfactants find
_wide application in pharmaceutical and ‘cosmetic-products and-are usable over s wide rangs of pH values. In general
). their HLB values range from 2 to sboiit 18 depending on their stricture. Nonionic sirfactants inchide nonionic

esters such as ethylene glycol esters, propylene-glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters,
sucrose esters, and ethoxylated esters. Nonionic slkanolamides and ethers such as fatty alcohol eﬂxdxylate’s,
propoxylated alcohols, and ethoxylated/propoxyiated block polymafs are also included in fhis class. The
po‘lyoxyethylene surfactants are the most popular members of the nonionic surfactant class.

[00166] Ifthe smfactant molecule carries a negative charge when it is dissolved or dispersed in water, the surfactant
is classxﬁsd as anjonic. Anionic surfactants juchade carboxylatcs such as soaps, acyl lactylates, acyl amides of amino
aeids, esters of sulfuric acid such as alky] sulfates and ethoxylated alkyl suifates, sulfonates such as alkyl benzene
sulfonates, acyl isethionates, acyl taurates and sﬂfosuccmates and phosphates. The most imporiant members of the
anionic surfactant class are the alkyl sulfates and the soaps.

[08167] -If the surfactant molecnle carries a positive charge when it is dissolved or dispersed in water, the surfactant
is classified as cationic. Cationic surfactants include quaternary ammoniunm salts and ethoxylated amines. The
quaternary ammonium salts are the most used members of this class. . ’
[00168] Ifthe surfactant molecule has the ability to carry either a positive or negative charge, the smfactﬁnt is
claggified as ampboteric. Amphoteric surfactants include acrylic acid derivatives, substitateql alkylamides, N- .
alkylbetaines and phosphatides. ’ .

{001€9] The use of surfactanis in dmg nrodncis, formlations and in epmlisions has been xeviewed (Rieger, in
Pharmacentical 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 formmulated into &
pharmaceutically acceptable composition comprising the compound solvated in non-agueous solvent that includes
glycerin, propylene glycol, polyethylene glycol, or combinations thereof. It is believed that the compounds will be
stable in such pharmacéutical formmlations so that the pharmaceutical formulations may be stored for a prolonged

period of time prior to use.
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001711 % cm’rent ciimical freatment with decitabine, to minimize drug decomposition decitabine is supplied as
Iyophilized 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 fhuids prior to administration. Such a formmlation and treatment regimen
suffers from a few drawbacks. First, refrigeration of decitabine in cold solution becomes césential, whichis
burdensome in handling and economically less desirable than 2 fornmlation that 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 then 7 br. 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 the triazine ring and/or the ribose ring of decitabine and by forrunlating the compound with
non-agueous solvent, the phanmaceutical formulations can circumvent the above-listed problems associated with the -
current clinical treatment with. decitabine. These formufations of the inventive compounds are believed to be more
chemicalty stable than dem‘rabma fororilated in aqueous solutions containing water in at least 409% vol. of the
solvent.
[00373] In a preferred embodiment, the inventive formmlation 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. In one variation, the phannaceuﬁcal formulation is stored in a substannally anhydrous
form. Optionally, a drymg agent may be added to the phaxmaceuucal formiilation to absorb water.

- [00174] Owing to the ephanced stability, the inventive formulation maybe stoted and transported &f ambient ~

temperature, thereby significantly reducing the cost of handling the drug. Further, the inventive formulation may be
conveniently storcci for a long time before being administered 1o 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 fifusion of cold fiuid.

[00175] In another embodiment, the inventive comi)ound is diséclved in glycerin at different concentrations. For
exammple, the fornmmlation may optiopally comptise between 0.1 and 200; between 1 and 100; between-1 and 50;
between 2 and 50; be‘cwaen 2 and 100; between 5 and 100; between 10 and 100 or between 20 and 100 mg inventive
compound per ‘ml of glycerin. Speclﬁc examples of the inventive compound per glycerin congentrations inchude but
are-not limited-fo 2, 5, 10, 20, 22, 25, 30, 40 and 50 mg/ml.

[00176] Different grades of glycerin (synonyms: 1,2,3-propanetriol; ghycerol; glycol alcobol; glycerol anhydrous)
mzy be used to prepare the formulations. Preferably, glycerin with chemical punty higher than 90% isusedto -
prepare the formulations.

[00177] In another embodiment, the inventive compound is dissolved in propylene glycol at different
concentrations. For example, the formmlation may optionally comprise between 0.1 and 200; between 0.1 and 100;
between 0 1and 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 glycoi
uOuCCuﬁ‘E,flCuS .u.tC.Lhue butare not Hritod © 2, 5510, 20,225 25,380,480 and £9 mgfmls - S
[00178] Inyet anothar embodiment, the fnventive compound i is dissolved in a solvent combining glycenn and
propylene glycol af different concentrations. The concenh‘atwn of propylene glycol in the solvent is between 0. 1-
99.9%, optonally between 1~90%, betwesn 10-80%, or between 50-70%.

[00179]} In yet another embodiment, the inventive compoumd is dissolved at different concentrations in a solvent
combining glycerin and polyethylene glycol (PEG) snch as PEG300, PEG400 and PEG1000. The concentration of
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polyemﬂil'ie;ﬁe glyﬂélol 1!;1 the s‘olvent s between 0.1-99. 9%, optionally between 1-90%, between 10-80%, or between

50-70%.

[00180] In yet another ernbodifnent, 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 (. i-99 9%, optionally between 1-90%, between 10-60%, or between 20-40%; and the conceniration of
polyethylens plycol in the solvent is between 0.1-99 9%, optmnaﬂy between 1-90%, between 10-80%, or between
5G-70%.

{00181} It is believed and experimentally proven that addition of propylene glycol can further improve chermical
stability, reduce viscosity uf the formulations and facilitate dissolulion of the inventive compound in the solvent.
{00182} The pharmaceutical formulation may further comprise an acidifying agent added to the formulation in a

- proportion such that the formmlation has a resulting pH between-about 4 and 8. The acidifying agerit may be an

organic acid; Examples of organic acid include, but are not limited fo, ascorbic acid, citric acid, tartatic acid, lactic

- acid, oxalic acid, formic acid, benzene sulphonic acid, Benzoic acid, maleic acid, glutamic acid, suceinic acid,

aspartic acid, diatrizoic acid, and acetic acid. The acidifying agent may also be an inorganic acid, such as
hydrocblorlc acid, sulpbunc acid, phosphoric acid, and nitric acid.

{60383] Itis believed fhat adding an ecidifying agent to the formmlation to mamtam a relatively neutral pH (e.g.,
within pH 4-8) facilitates ready dissolution of the inventive com;pound in fhe solvent and enbiances long-term
stability of the fonmﬁaﬁcm In alkaline solution, there is a rapid reversible decomposition of decitabine to M- -

r gf?lfg}yi@}éi@?}j}{’}ﬁ -2-deoxyribofuranosylurea, which-decorposes irreversibly to fort 1-4D-2"-

deoxyribofiranosyl-3-gnanylurea. The first stage of the hydrolytic degradation involves the formation of N-

. - arnidinium-N~(2-deoxy-g-D-erythropentofuranosylyurea formate (AUF). The second phase of the degradation at an

elevated temperature involves formation of guanidine, In acidic solution, N-(formylamidino)-N'-g-D-2-
deoxyribofuranosylures and sore wnidentified compounds are formed. In strongly acidic solution (at pH <2.2) 5-
azacytosine is produced. Thus, maintaining a relative neutral pH may be :dvantageousv 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/mi 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 8, preferably
between pH 5 and pH 7, and more prefe:abiy between pH 5.5 and pH 6.3.

[00186) The pharmacentical forulation is preferably at Ieast 80%, 90%, 95% or more stable upon storage at 25°C
for 7, 14, 21, 28 or more days. The pharmaceutical formulation is also preferably at least 80%, 90%, 95% or mote
stable upon storage at 40°C for 7, 14, 21, 28 or more days.

{00187] In one embodiment, the pharmaceutical formulation of the present invention is prepared by taking glycerin
and dissolving the inventive compownd in the glycerin. This may be done, for example, by adding the inventive .
compound fo the glycerin or by adding the glycerin to decitabine. By their admixiure, the pharmaceunticdl
formulaiion is forrued. o e e .
{801881 Optionally, the method further comprises additional sbeps o Increase the raje at thch fhe inventive
compound is solvated by the glycexm Examples of additional steps that may be performed include, but are nor
limited to, agitation, heatm extension of solvation period, and application of micronized inventive compound and
the combinations thereof

{00189] In one variation, agitation is applied. Exammles of agitation include but are nor limited to, mechanical
agitation, sopication, conventional mixing, conventional stirring and the combinations thereof. For example,
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mealg;n%‘al z:gzia%}ozi lfL Ehigjifér;ﬁg%ag‘og% %a“)%c performed according to manufacturer’s profocols by Silverson
homogenizer manufactured by Silverson Machines Inc., (Bast Longmeadow, MA).

[00190] In another variation, heat may be applied. Optionally, the formulations may be heated in a water bath.
Preferably, the ternperature of the heated formmlations may be 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 vet another variation, a micromnized 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 rdlling process i)erformed Mastersizetusing an Alr Jet Mill, mapufactured by IncFluid Energy
Aljet Inc. (Boise, IDTelford, PA).

[00193] Optionally, the method further comprises adjusting the pH of the pharmaccutical' formulations by
commonljf used methods. In one variation, pH is adjusted by addition of acid, such as ascorbic acid, or base, such as
sodinm bydroxide, In another variation, pH is adjusted and stabilized by addition of bﬁﬁ'cred solutions, such as

' solution of (Ethylenedinitrilo) teiraacetic acid disodinm salt (EDTA). As dscitabine is known to be pH-sensitive,

adjusting the'pH of the pharmaceutical formulations to approximately pH 7 may increase the stability of therapeutic

. component,

{60194] Optionaily, the method further comprises separation of non-dissolved inventive compound from the
pharmaceutical formulations. Sepaxanon may be perfcrmed by any suitable technique. For example a suitable

. separation method may. & ~hude one-or more of filtration, seds.mentaﬁon, and centrifiigation. of the pharmacentical

formulations. Clogging that may be caused by non-dissolved particles of the invertive compound, may become an
obstacle for administration of the pharmaceutical formulations and 2 potential hazard for the patient. The separation -
of non-dissolved inventive conupound from the pharmaceutical formulations may facilitate gdlminisﬁ;aﬁon and
enhance safety of the therapeutic product. ’

[00195] Opticnally, the method further compnses steritization of the phammacentical formmlations. Sterilization
may be performed by any suitable technigue, For example, a suitable sterilization method may inclnde one or more
of sterile filtration, chemical, irtadiation, heat, and addition of 4 chemical disinfectant to the pharmaceutical
fbrmxﬂaﬁon.

[00196) As noted, decitabins is unstable in water and hence it may be desizable to reduce the water content of the
glycerin used for fornulating the inventive comnpoand. Accordingly, prior to the dissohition and/or sterilization
step, the glycerin may be dried. Such drying of glycerin or the solution of the inventive compound in glycerin may :
be achieved by the addition of a pharmsaceutically acceptable drying agent fo the glycerin. The glycerin or the
invertive formulations may be dried, for example by filtering it through a layer comprising 2 drying agent.
[00197] Optionally, the method may further comprise adding one or more ruembers of the group selected from
drying agents, buffering agents, antioxidants, stabilizers, antimicrobials, and pharmacentically inactive agents. In
one variztion, antioxidants snch as ascorbic acid, ascorbate salts and mixiures thereof may be added. In another

vaviation stabitizers Jike glycols anuy be added.

3. - Vessels or Kits Containing Inventive Compounds or Formulatiens

[00198] The phaxmacéuﬁcal formulations, described in this invention, may be confained 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 m! or 1-20 ml or ILIO ml of the formmmlations. Sterilized ve.s:sels maintain stexility of the
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phalifmaceutlcal ormt:latmnls facﬂliate &ansportanon and storage, and allow administration of the phatmaceutical
formulations without prior sterilization step.

[06199] The present invention also provides a kit for administering the inventive compound to 2 host in need

+ thereof. In one embodiment, the kit comprises the inventive compound in a solid, preferably powder form, and &

non-aqueous diluent that comprises ghyercin, propylene glycol, polyethylene glycol, or combinations thereof.
Mixing of the solid decitabine and the diluent preferably results in the formation of a pharmaceutical formulation
according o the present invention. For example, the kit may corépn’se‘ a first vessel comprising the inventive ‘
componnd in a sold form; and a vessel container comprising a dilnent that comprises glyercin; wherein adding the
diluent to the solid foventive compound results in the fxrmation of a pharmacentical formmiation for administering.
the inventive compound. Mixing the solid the inventive cormpound 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, optiopally 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,

. 100200} According to the embodiment, the diluentisa combmahon of propylene glycol and glycerin, wherein the

conceniration of propylene glycol in the 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 2 conibination of pblyethylene glycol and glycerin,
wherein the concentration of polyethylens glycol in the solvent is between 0.1-09.9%, optmnaliy between 1-909 /o,
_between 10-60%, or between 20-40%. . - oo oo

[00202] Also according to the cmbodm.teﬁt, the difuent is a corobination of propylene glycol, polyethylene glycol

and glycerin, wherein the conceniration of propylene glycol in the solvent is between 6.1-—99.9%, optionally Eetween
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 1-900%, between 10-60%, or betwsen 20-40%. ' '
[66203] The diluent also optionally compnses 40%, 20%, 10%, 5%, 2% or less water. In one variation, the diluent -

is anhydrous and may optionally further comprise a drymg agent. The diluent may also opnozzaﬁy comprise one or
more drying agents; glycols, antioxidants and/or antimicrobials. .
[00204] The kit may optionally further include instructions. The instructions may descrﬂae how the solid the .
inventive compound and the diluent should be mixed to forma phaxmaceumca; formulation. The instructions may

also describe how to administer the resulting pharmacentical formulation to 2 patient. It is noted that the
instructions may optionally describe the adiainistration methods according 1o the present invéntion.

[00205] The diluent and the inventive compound may be contained in separate vessels. The vessels may come in
differerit sizes. For example, the vcssel may comprise between 1 and 50, 1 and 25, 1 and 20, or 1 and 10 mi of the
diluent.

[00206] The pharmaceutical formmiations 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 dﬂuuon relative to what is admzmstered to the patient.

Tor e'.amplc, pl:amceuﬂcal fGImbaﬂOBo, described«n this Invention, muay-be in a form 'fhat is suitable for drect:

administration via infusion. -
[06207] The methods and kits described herein provide flexibility wherein stability and therapeutic effect of the

pharmaceutical formmulations comprising the inventive compound may be further enhanced or complemented.
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4, Methods for Administrating Inventive Compounds/Compositions
[00268] The compounds/formulations of the present inventon can be administered by any route, preferably in the
form of 2 pharmacentical composition adapted to such a route, as illustrated below.and are dependent on the
condition being treated. The compounds or fornmlations can be, for example, administered ozally, parenterally,
topically, intape_fitoxieaﬁy, intiavenously, miraarterially, transdermally, subﬁngually,i intramusculardy, rectally, .
framsbuccally, intranasally, Hposomally, via inhalation, vaginally, intraocculaﬂy, via local delivery (for.example by
catheter or stent), subcutaneously, intraadiposally, intraarticularly, or intrathecally. The compounds and/or
compositions according to the invention may also be adrministered or co-administered in slow release dosage forms.
[00209] The compounds and/or bcmposiﬁons of this invrntion may be administered or co-administered in any
conventional dosage form. Co-adminisiration in the context of this invention is defined to mean the administration

of more than one therapentic agent in the course of 2 coordinated treatment to achieve an frnproved clinical
" onicome. Such co-administration may also be coextensive, that is, ocowring during overlapping penods of time.

[00216] The iventive compound or the composition containing the inventive compound may be administered into
a host such as a patient at 2 dose of 0.1-1000 mg/ i, optionally 1-200 mg/m?, optionally 1-50 mg/m?, optionally 1-
40 mg/m optionally 1-30 mg/m?, optionally 1-20 mg/m or optxonally 5-30 mg/m

[00211] For example, the compound/composition of the present invention may be supplied as sterile powdsr for
injection, together with buffering salt such as potassium dihydrogen and pH modifier such as sodinm hydroxide.
This formulaﬁoﬁ is preferably stored at 2 8°C, which should keep the drug stable for at least 2 years. This iaowder .

. forzlation may be reconstituted with 10 ml-of sterile water for injection. - This S6liition fhay be further Finted with

infusion floid known in the art, snch as 0.9% sodium chloride injection, 5% dextrose injection and lactated ringer’s
injection. Itis prsferred that the reconstituted ad diluted solutions be used within 4-6 hours for delivery of
maximum potency. ’

[00212] Ina prefitted embodiment, the inventive compound/comPOSiﬁon is administered to a patient by injection,
such as subcutaneous injection, bolus 1.v. injection, continnous i.v. infusion and i.v. infusion over 1 hour.
Optionally the inventive compound/composition is administered to a patient via an 1-24 hour Lv. infusion pér day
for 3-5 days per treatment cycle at a dose of 0.1-1000 meg/m?® per day, optionally at a dose of 1-100 mg/m? per day,.
optionally at a dose of 2-50 mg/m? per day, optionally at 2 dose of 10-30 mg/m” per day, or optionally at a dose of 5-

" 20 mg/m® perday,

[00213] For decitabine or azacitidine, the dosage below 50 mg/m is considered to be much lower than that used in
conventional chemotherapy for cancer. By using such 2 low dose of the analog/derivative of decitabine or
azacitidine, transcriptional activity of genes silenced in the cancer cells by aberrant methylahon can be activated to
trigger downstream signal transduction, leading to cell growth arrest, differentiation and apoptosis, which evantua}ly

“results in death of these cancer cells. This low dosage, howeve:r, should have less systemic cytetoxic effect on

normal cells, and thus have fewer side effects on the patient being treated.
[00214] The phan‘naceuticai formulations may be co-adininistered in any conventional form with one or more

rembereelectad fom-the grovp mprzsmg infugion fuide, therepeutic.cormpornds, Antritions fhyids, ant «z:rcroha. _

flrids, buffering and stabilizing agsnts

- {00215} As described above, the inventive componnds‘ can be forrmilated in a liquid form by solvating the inventive

compound in a von-aqueous solvent such as glycerin. The pharmaceutical Hquid formulations provide the further
advantage of being directly administrable, (e.g., without further dilution) and thus can be stored in a stable form
unti] administation. Further, because glycerin can be readily mixed with water, the formulations can be easily and
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readily fﬁrthe:r diluted just prior to admmxsﬁaﬁon. For example the pharmaceutical formulations can be dituted
with water 180, 60, 40, 30, 20, 10, 5, 2, | minute or less bcfore administration to a patient.
[06216] Patients may receive the 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 foromlation is nfused through a connector, such as 2 Y site
connector, that has three' arms, sach connected fo a tube. As an example, Baxter® Y-connectors of various sizes can
be used. A vessel containing the pharmaaceutical formudation is attached to a tube further attached to one arm of the
commector. Infusion fluids, such as 0.9% sodium chlqride, or 5% dextrose, or 5% glicose, or Lactated Ringer’s, are
infused through a tube attached to the ofher arm of the Y-site connector. The infusion flnids and the pharmaceutical
formulations are mixed inside the Y site connector. The resulting mixture is infused into the patient through a tube
connected to the third afim of the Y site connector, The advantage of this administration approach over the prior art

_ 18 that the inventive compound is moixed with infusion fluids before it enters the pa'uent’s body, thus reducmg the

fime when decomposition of the inventive compound may oceur 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 pharmaceuhcal formulaﬁons for 1,2, 3, 4,5 or more hours, as a result of -
the enhanced stability of the formmlations. Prolonged periods of infusion enable flexible schedules of administration

of therapeutic formmilations.

~_[00219] :Alternatively or in addition, speed and volume of the infusion can be 7&onlited according to the patient’s’
" peéeds. The regulation of the nfusion of the pharmaceutwal formmiations can be performed accordmg to emsung

protocols.

- 160226} The pharmaceutical formmulations may be co~mﬁlsad in any conventional form with one or more member
" selected from the group comprising infusion fluids, therapentic compounds, nutritious fluids, anti-microbial fluids,

buffering and stabilizing agents. Optionally, therapeutic components including, bu are not limited to, anti-
neoplésﬁc agents, allylating agents, agents that are members of the retinoids superfamily, antibiotic agents,
hormonal agén‘cs, plant-derived agents, biologic agents, inferlevldns, interferons, cytokines, imtmmo-modulating
agents, and monoclopal antibodies, may be co-infused with the inventive formulations,

[00221] Co-infusion in the context of this iﬁvention is defined to roean the infusion of more than one therapentic
agents in a course of coordinated treatment to achieve an improved clinical outcome. Such co-infusion may be
simmltaneous, overlapping, or sequential. In one pamtmla;r example, co-mﬁ1310n of the pharmaceutwal formulations
and infusion fluids may be performed through Y-type connector.

[00222] The pharmacokinetics and metabolism of infravenously administered the phamiaceuﬁcal formulations
resemble the pbarmacokinetics and roetabolism of intxaveﬁously administered the inventive compound,

[060223] In hﬁmans, decitabine displayed a distribution phase with a half-life of 7 minutes and 2 terﬁzinal half-life on
the order of 10-35 minutes as measured by bioassay. The volume of distribution is aboﬁt 4.6 Likg. The short

lagmz hwlf life is:duie o rapxd “na\,tvatlon of decitabing: byﬁeanmnaﬁan by hver cytiding dmc Cleerance in
'av:under the plasma curve in‘a total of 5 pahents was “:

Tumans i ig-high, on the! order of 126 ml/rain/kg. The mea;

~ 408 ,ug/h/L with & peak plasma concentration of 2.01 yM. Ta patients decitabine coricentrations were about 0.4

tig/ml (2 pM) when admmlstered at 100 mg/m® as a 3-hour mfusmn During 2 Tonger infuusion time (up to 40 hours) R
plasma ccncenﬁauon was about 0.1 1o 0.4 pg/ml.. With infiision times of 4®~60 bours, at #n mﬁzsmn rate of 1

" mg/kg/b, plasma concentrahons of 0.43-0.76 pgfml were acheved. “The stcadyestate plasma concemranan at an

mfusmn rate of 1 mg/kg/h is estimated to be 0.2-0.5 ;Lg/mL The half Efs aﬁer d;sconnnmng the mﬁlszon is 12 20 .; .-
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" min. steady—state plasma concentration of decﬁabme was estamated 1o be 0.31-0.39 pg/ml. duning a 6-hour

mfus_mn of 100 mg/m® The range of concentrations during a 600 mg/m’ infusion was 0.41-16 pg/mlL. Penetration

' of decitabine inio the cerebrospinal fluid in man reaches 14-21% of the plasma concentration at the end of a 36-honr

intravenous infusion. Urinary excretion of unchanged decitabine is low, ranging from less than 0.01% t0 0.9% of
the total dose, and there is no relationship between excretion and dose or plasma drug levels, ﬁigh clearance values
and a total urinary excretion of Jess than 1% of the administered dose suggest that decitabine is eliminated rapidly
and largely by metabolic processes.
{00224} meg to their enhanced stability in compatison with decitabine, the inventive compounds/compositions
can enjoy longer shelf life when stored and circumvent problerss associated with clinicil use of decitabine, - For
example, the nventive coz;npénnds may be supplied as.lyophilized powder, optionally with an excipient (e.g.,
cyclodextrin), acid (e.g., ascorbic acid), alkaline (sodivm hydroxide), or buffer salt (monobasic potassium
dihydrogen phosphate). The lyophilized powder can be reconstituted with sterile water for injection, e.g., L.v., ip.,
im., or subcutaneously. Optionally, the powder can be reconstituted with aqueous or nbn—aqueéus solvent
comprising a water miscible solvent such as glycerin, propylene glycol, ethanol and PEG. The resulting solution
may Be administered directly to the patient, or diluted further with infusion fluid, such as 0.9% Sodium Chioride;
5% Dcxtrose 5% Glucose; and Lactated Ringer’s infusion fluid.
[00225] The inveniive compounds/cornpositions may be stored under a.mbmnt conditions or in a controlled .
environroent, such as under refrigesation (2-8°C; 36-46°F). Due to their superior stability in comparison with

decitabine, the inventive compounds/compositions can be stored at room temperatt+e, Yecotstitated With fnjection

flvid, and administered to the patient without prior cooling of the drug solution.
[00226] In addition, due to their enhanced chemical stability, the inventive compcund/composmon should have a
longer plasma halfilife compared to that of decitabine. Thus, the nventive compound/composition may be

administered fo the patient at 2 lower dose and/or less frequently than that for decitabine.

5. Combination Therapy with Inventive Pharmaceutical Compositions

{60227} 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 franscription
of genes silenced by,hypefmethy]aﬁon and acety]aﬁon of histones, in a syaergistic 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 acety] transferase (HATs) and histone

deacetylases (HDACs). Substrates for fhese enzymes inclnde e-amino groups vc.)f lysine residues located in the
amino-terminai tails of the histones H3, H4, H2A, and FI2B. These amino acid residues are acetylated by HATs and
deacetylated by HDACs. With the removal of the acetyl groups from the hstone 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 silenccd by deacetylase of histones, the activity of HADCs should

A,J.u_LuAuu;.. [

© be inkdbited, With.the bt FIDAG Bstones are ac.,tylaﬁ,d and ths DINA thatds Hghtly wmapped aIOuIXd 2w el

deacetylated hlS’[onB corc relazes The opemng of DNA conforma‘cmn Teads to expressmn of specific genes
[00229] In additionto deacelamm of histones, HDACs. may also regula’ced gene expressmn by deacetylatmg
ﬁ'anscnpﬁon factors, such ag p53 {a turnor SUppressor ‘gene), GATA-1, TFIE, and TFIIF. Gu and Roeder (1997)
Cell 90: 595—606 ©53) and Boyes etal (1998) Nature 396 594-598 (GATA—D 'HDACs also participate in cell

~ cycle reommon, for cxamplc, by transcnpnon repxessxon Whmh is mediated by RB- tu.mor suppressor proteing

recmmng HDAGs. B:e:hm et al (1998) Nature 391 597~601 Thus, inhibition of HDACS should activate expression

27



10

15

20

25

30

35

40

- WEGRwo0 2007/041071

 PCT/US2006/037313

g A R W T e e e
of tugnorlt'suppresscr vénes s{zch as‘p53 and RE and as a result promote cell growth arrest, differeniiation and

apopiosis induced by these genes.

[00230] As described above, aberrant transcriptional silencing of a mumber of genes, such as tumor suppressor
genes, is directly related to pathogenesis of cancer and other diseases. Mefhylaﬁon of cytosine residues in DNA and
removal of acetyl groups from histenes are the two primary mechanisms for gene silencing. Due to methylation
and/or histone deacetylaée of cancer-related genes, expression of these genes is suppressed or completely silenced.
Meanwhile, expression of these genes s required for induction of growth arrest, differentiation, and/or apoptotic cell
death of transformed cells. Inaction of these genes in the transformed cells leads fo nncontrolled proliferation of
these cells, which eventually results in cancer.

109231] By combining the inventive compounds/compesitions with HDAC inhibitors, genes required for induction
of- growth arrest, differentiation and cell death of transformed cells can be reactivated effectively, The inventive
compomnds/compositions inhibit methylation of DNA for the genes, eséeciaﬁy in the regulatory region, thus
resulting in activation of franscription of the gene. Meanwhile, HDAC inhibitérs inhibit deacetylase of the histones
in the nucleosomal core of the gene, thus resulting in net ihcrease of the acetylation of histones, which, in turn,
activates transcription of the gene. By exploiting these two complementary mechanisms, the combination therapy

-+ 1aay 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

pbtenﬁa! side effects associated systemic administration of high dosages of the inhibitors and improving therapeutic .

- 106232 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 i 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 genes that are epigenetically silenced by DNA methylation and histone
deacetylase, the intrinsic defense mechanisms of the body are mobﬂized to cdm‘bat the disease by restoration of the
tumor-suppressing ﬁmcﬁdns to cancer cells in response to signals sent by the anti-cancer agent administered. Such
stimmlation of the intrinsic tumor suppressing functions of the body shouid Iead to the requirement of lower dosage
of the anticancer égenf, thug resulting in a higher therapcutic index (Le., greater efficacy and lower toxicity) of the
agent. V

[66233] Thibitors of HDACs include, but are not limited to, the following structural classes; 1} hyéroxmmc acids,
2) ¢yclic peptides, 3) benzamides, and 4) short-chain fatty acids.

[00234} Exampies of hydrexamic acids and hydroxamic acid denvahves, but are not limited to, trichostetin A
{T8A), suberoylanﬂlde hiydroxamic acid (SAHA), oxamflatin, suberic bishydroxamic acid (SBHA), m-carboxy-
cinnamic acid bishydroxaric amd (CBHA), and pyroxamide. TSA was isolaied as an zinﬁﬁmgi antibiotic (Tswji et
al (1976) J. Axtibiot (Tokyo) 29:1-6) and found o be a potent inbibitor of mammalian HDAC (Yoshida et al. (1990) "
1. Biol. Chem. 265:17174-17179). The finding that T S A-resistant cell lines have an altered HDAC evidences that

. this cnzyme is 2n mpo*tz:ai tazget for TEA. - Other hydroxamis acid-based HD '&C mlnbxtors SAHIA, %BHA, and
. CBHA are synﬁzeﬁc compcumis thit ate able to inhibit HDAC at mmomolar concenta‘u.on or lower in vitro-or m =
" vivo: Glck etal. (1999) Caticer Res. 59:4392:4399. These hydrcxazmc acid-based HDAC inhibitors aﬂpossess an.
- - essential stragtural feature a polar, hydroxamzc terminal Hnked tb.rough a hydrophobic methylene spacer (e.g. 6

';' ‘ carbon 4t length) to another polar sfce which is attached to. a terminal hydrophobm moiefy (e.g., benzene 1ing).
. Componnds developed having such cssenna} features also fall Wl’thm the scope of the hydroxamlc ac1ds that may be '

. used as E{DAC mhibﬂors
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clic peptides nsed as HDAT inhibitors are mainly cyclic tetrapeptides, Examples of cyclic peptides
include, but are not limited to, trapoxin A, apicidin and FR901228. Trapoxin A is a cyclic tetrapeptids that containg
a 2~-amino-8-0x0-9,10-epoxy-decanoyl (AOE) moiety. Kijima et al (1993) 1. Biol. Chem. 268:22429-22435.
Apicidinis a fuﬁgal mefabolite that exhibity potent, broad-spectrum antiprotozoal activitity and inhibits HDAC
activity at neanomolar concentrations. Darkin-Rattray et al. {1996} Proc. Natl. Acad, Sci. USA. 93;13143-13147.
FRQOI”ZS it a depsipeptide that is zsolated from Chromobacterzum violacewn, and has been shown to inhibit
HDAC activity at micromolar concentrations. ‘
160236] Examples of benzamides include but are not limited to MS-27-275. Saito et al. (1990) Proc. Natl. Acad.
Sei. USA. 96:4592-4597. Examples of short-chain fatty acids include but are not limited to butyrates (e.g., butydic
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. Inaddition, iiepudeciﬁ which has been shown to inhibit HDAC at
micromolar concentrations (Kwon et al. (1998) Proc. Natl. Acad. Sci. USA. 95:3356-3361) also falls within the
scope of histone deacetylase inhibitor of the present invention.
{00237} The compounds or pharmaceutical formmlations of the present invention may also be used in conjunction
Wlﬂ‘l other therapeutic components including but not limiting fo anti-neoplastic agents, alkylating agents, agents that
are members of the retinoids superfamily, antibiotic agents, hormonal agents, plant-derived agents, biclogic agents,
inferleukins, interferons, cytokines, immuno-modulating agents, and monoclonal antibodies. ' ‘
[66238] In one embodiment, an alkylating agent is used in combination with and/or added to the inventive

. compound/formufation, Examples of alkylating agents-inclnde, but are not limtitsd 15 bischlsfoetijlamines
{nitrogen mmstards, e.g. chlorambucil, cyclophosphamide, tfosfamide, mechloretbamine, melphalan, wracil rmstard),

aziridines (e.g. thiotepa), alkyl alkone sulfonates {e.g. busulfan), nitrosourqas (e.g. carmmstine, lomustine,
streptozocing, nonclassic alkylating agents (altretamire, dacarbazine, and procarbazine), platinam compoinds

‘(carboplastin and cisplatin), o
-[00239] In another embodiment, cisplatin, carboplatin or cyclophosphamide is used in combination with and/or

added to the inventive cornpound/formulation ) . o
[00240] In another embodiment, a merber of the refinoids superfamily is used in combination with and/or added to '
the inventive compound/formulation. 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 (isottetinoin) and 9-cis-retinoic acid.

[0012411 In yet another embodiment, a hormonal agent is used in mmbiﬁaﬁon with and/or added to the inventive
compound/formmlation. Examples of such‘a hormonal agent are synthetic estrogens (e.g. diethylstibestrol}, -

antiestrogens (e.g. tamoxifen, toremiféne, fluoxymesterol and raloxifene), antiandrogens (bicahnamide, nilutamide,
' flutamide), aroratase inhibitors {e.g., aminoghutethimide, anastrozole and tetrazole), ketoconazole, goserelin

acetate, leuprolide, megestml acetate and mifepristone.
[60242] In yet another embodiment,a plant»denved agent is nsed in combination with and/or added to the mvenmre

Towms les ohplosn-dorky od. agcnts inciads; m.t erenetiinited m vmca alkaloids{ {egye ..

. wmpuduu 1\11},&&»3“-.&0.1. x.:?.bﬁ.uy*

. mcnsﬁne, wnblastme, vmdesmc szohdme and vmorelbme) camptothecm (ZO(S)-camptothecm, 9—mtro-20(S)—
: camptothecm, and 9~anuno~20(S)~camptothecm), podophyllotoxins (e.g., etopomde (VP-16) and tempos1dc (VM-

26)}, and taxanes {e.g., pachtaxei and d0cataxsl)
{00243} Jnyet another cmbodlmem, a bzo}o gm agent is used in combmauon thh andfor added to the mvcntxve _

mmor antxgens, Tosmor suppressor genes, and cancer vaccines.
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[00244]""Emmp1es %}Wﬁ 1@3&%@2{ f'h:fhrina% ﬁgused in combination with and/or added to the inventive
compound/formulation include, but are not limited to, interlenkin 2 (TL-2), and interleukin 4 (IL-4), interleukin 12
(IL.-12).- Exampiles of interferons that may be used in conjunction with decitabine - glycerin formulations include,
but are not limited to, intexferon &, interferon 3 (fibroblast inteﬁeron) and interferon -y (Gibroblast interferon).
Examplés of such cytokines include, but are not limited to erythropoietin (epoietin ), granulocyte-CSF (filgrastim),
and grapulocyts, macrophage;CSF (éargramosﬁm). Tppmumno-mnodnlating agents other than cytokines include, but
are ot limited to bacillus Calmeite-Guerin, lévamisole, and octreotide. ’ _

[00245] Example of monoclonal antibodies against turor antigens that can be nsed in conjunction with the
inventive formulations include, but axe not limited to, HERCEPTIN® (Trastruzumab), RITUXAN® (Rituximal),

MYLOTARG® (anti-CD33), and CAMPATH® (anti-CD52).

6. Indications for Compounds or Pharmaceutical Compositions of the Present Invention )
[60246] The pharmaceutical formulations according to the present invention may be used to treat a wide variety of
diseases that are sensitive to the treatment with decitabine. N

[00247] Preferable indications that may be treated using the pharmaceutical formulations of the presshft invention
include those involving undesirzble or uncondtrolled cell proliferation, “Such indications include benign tumors,
various types of cancers such as primary ‘anixors-and tumor metastasis, restenosis {e.g. coronary, carotid, and
cerebral lesions); hernatological disorders, abnormal stimulation of endothelial cells (atherosclerosis), insults to

_body tissue due fo surgery, sbnormal wound healing, abnormal angiogenesis, disedsss that proddce fibrosis of tissue, B

reéeﬁﬁve motion diserders, disorders of tissues that are not kighly vascularized, and proliferative responses

associated with organ transplants.
I 00248] Generally, cells in a benign tumbr retain their dlfferennated features and do not divide in a completely

“uncontrolled manner. A benign tumor is usnally localized and nonmetastatic. Specific types benign tamors that can

be ireated using fhe present invention include hemangiomas, hepatoceliular adenome, cavernous haemangioma,

focal‘ nodular hyperplasia, acoustic ﬁeuromas, neurofibroms, bile duct adenoma, bile duct pystahoma, fibroma,

lipomas, leiomyomas, mesotheliomas, teratomas, myxomas, nodular regenerative hyperplasia, trachomas and
pyogenic granuiomas. - ‘ | . |

[60249] In a malignant fumor cells become undifferentiated, do notrespond to the body’s gtowth control signals,

* and multiply in an uncontrolled manner. The malignant tumor is invasive and capable of spreading to distant sites

(metastasizing), Malignant turﬁors are generally cﬁvided 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 whichis -

origimated elsewhere in thé body but has now spread to a distant organ. The common rontes for metastasis are direct
growth into adjacent structures, spread through the vascular or Tymphatic systems, and tracking along tissue planes
and body spaces (perisoncal fiuid, cercbrospinal fluid, efc)) - :

100259} Speciﬁc "cypes of cancers or malignant tumnors, either primary or sacc»nclarSr that can be treated using this
iy vni:m inclzde breast cancer; s.zn cancer, bone Cancer, prostate canser;: Hver cancer; Img eances; brain cancer,
cancer of f;he larynx, gall bladder, pancreas, :ectum, paraﬂ:yrmd, thyroid, adrenal nerral tzssue, head and neck,
colon, stomach, bronchi, hdm:ys, basal cell carcinoma, squamious cell carcinoma of both ulcaratmg and papz}laxy '

type, metastatic skin z;al_mnomg,_, osteo sarcoma, Ewing’s sarcoma, veticufnm cell sarcoma, myeloma, giant cell

tumér, sm'allécql‘l lung fumor, gallstones, jslet cell tamor, primary brain tumor, acute and chmnj;cf Iymphocytic and
granulocytic turnors, hairy-cell tumor, adenﬁma, tiyperpiasia, medullary carcinoma; pheochromocytoms, Tmcosal
neurons, intestinal gangllonenrbma’é; hyperplastic corheal nerve tumor, maﬁanoid habitas tumor; Wilm’s tumor,
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g mlgémmgxa, lovanan wr exorﬁil/bzﬂafé}"g&nﬁr, cemcal dysplasia and in sifu carcinoma, neuroblastoma
retinoblastoma, soft tissue sarcoma, malignant carcmmd, topical skin lesion, mycosis fungoide, rhabdomyosarcormz,
Kaposi’s sarcoma, osteogenic and otizar sarcoma, malignant hypercalcemia, renal cell tumor, polycythermia vera,
adenocarcinonﬁa, glioblastoma multiforma, lenkemias, lymphomas, malignant melenomas, epidermoid carcinomas,
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 Jeukemias. Examples of hematologic disorders incinde

- but are not limited to acute myeloid leukemiz, acute promyelocytic leukemia, acute Iymphoblésﬁc lenkemia, chronic

-nyelogenous lenkemia, the myelodysplastic syndromes, and sickle cell anemia.
[00252] Acute myeloid leukemia (AML) is the most common ty_pe of acute lenkemia that ocours in adults. Several
inherited genetic disorders and immunodeficiency states are associated with an increased tisk of AML. These

include disorders with defects in DNA stability, leading to random chromesomal breakage, such as Bloom’s

syndroree, Fanconi’s anemia, Li-Fravmeni kindreds, ataxia-telangiectasia, and X-linked agammaglobulinemia,
{00253} Aczrte promyelocytic leukemia (APML) represents a distinct subgroup of AML. This subtype is ’
charactenzed by promyelocytic blasts containing the 15;17 chromosomal translocation. This translocation Jeads to
the generation of the fusion transcript comnprised of the retincic acid receptor and a sequence PML.

[060254] Acute Iymphoblastic lenkemia (ALL) is a heterogenerous disease with distinct clinical features displayed
by various subtypes. Reoccurring cytogenetic abnormalities have been demonstrated m ALL. The most common

_cytogenetic: abnormality is the 9;22 translocation. The resultant Philadeiphia chromosotie Tepieséts poot prognosis

of the patient.
[06255] Chronic myelogenous levkemia (CML) is a clonal myeloprohferaﬁve disorder of a plnripotent 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 associ_atéd with the development of CML.

[00256]. The myelodysplastic syﬁd.foms (MDS) are heterogeneous clonal hematopoietic stem cell disorders
grouped fogether because of\' the presence of dysplestic changes in one or more of the hematopoietic lineages
incloding dysplastic changss in the myeloid, erythroid, and megakaryocytic series. These changes result in
cytopeﬁias in one or more of the three lineages. Patients afflicted with MDS typically develop complications related
to anemia, neutropenia (infections), or thrombocytbpenia @leeﬁng)-. Generally, from about 10% 1o about 70% of
patients with MDS develdp acute leukemia. ‘ ' '
[08257] Treatment of abnormal cell prbﬁferaﬁon due to insukis to body tissue during surgery may be possible for a
variety 6f éurgical procedures, inchuding joint surgery, bowel surgery, and cheloid scarring. Diseases that produce

. fibrotic tissue inclnde emphysema. Repetitive motion disorders fhat may be treated using the present imvention
include carpal hnel syndrome. An example of cell proliferative disorders that may be ireated vsing the invention

isa bone Humor.

. [00258] The proliferative 1eSpOnSes associated with organ trapsplantation that may be treated using this invention -

inciude thoss proliferstivs ,upvns"'- conizibréng topofentnl erganreiections or associsted complications. . ...

Speaﬁcaﬂy, these prohferatwe responses may occur during rransplan’taﬁon of the heart, iung, hver kidney, and

~ other body organs or organ systems.

[00259] Abnormal angiogenesis that may be may be treated using this invention inclade those abnormal
angiogenesis accompanying rheamatoid arthnns, ischemic-reperfusion related brain edema and injuwry, corfical
ischeria; ovarian hyperpiasig and ‘hypervascularity, (polycystic ovary syndrome), endometriosis, psoriasis, diabetic
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retm!gpa phy, ané orher oc?i;\ H ar angiogemc dx seases such s retinopathy of prematurity (retrolentd] fibroplastic),
muschlar dégeneration, comeal grafi rejection, neuroscular glaucorma and Oster Webber syndrome.

[00260] Diseases associated with abnormal angiogenesis require or induce vascalar growth, For example, comneal

_angiogenesis fuvolves 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 the inflammatory

Tesponse, such as leukocytes, platelets, cytokines, and eicosanoids, or unidentified plasma constituents have yet to

be revealed.

" [60261] In another embodiment, the pharmaceutical formulations of the present invention may be used for treating

diseases associated with nmdesired or abnormal angiogenesis, The method comprises administering to a patient
silffering from undesired or abnormal angiogenesis the pharmaceutical formoulations of the present invention alone,
or in combination with anti-neoplastic 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 fhe condition, the route of administration, and related factors that
can be decided by the atﬁandmg physictan. Generally, accepted and effective daﬂy doses are the amount sufficient

to eﬁ&oﬁvely inhibit angiogenesis and/orangiogenic dissases. .

[00262] According to this embodiment, the pharmaceutical fonﬁulations .of the present invention may be used fo
treat évaﬁety of diseases associated with undesirable angiogenesis such as retinal/choroidal neuvascularization and

- corneal neovasculatization. Examples of retinal/choroidal neuvascularization inchude, but are not limited to, Bests
-discases, myopia, optic pits, Stargarts diseases; Pagets disease, vein occlusion; artery occlugion; sickle cell anemia, o

sarcoid, syphiﬁs, psendoxanthoma elasticur carotid abosjructivg diseases, chronic uveitis/vitritis, mycobacterial
infections, Lyme’s diseaée, gysteric lupné erythematosis, retinopathy of prematurity, Eales disegse, diabetic
reﬁﬁopathy, macular degeneration, Bechsts diseases; infections causing a retinitis or chroiditis, presumed ocular
histoplasmosis, pars planitis, chronic retinal detachment, hyperviscosity syndromes, toxoplasmosis, trauma and post-
laser complications, diseases associated with robesis (neovascularization of the angle) and diseases caused by the
abnormal proliferation of fibrovascular or fibrous tissﬁe including all forms of proﬁfemﬁve vitreoretinopathy. -
Examples of comeal neuvascﬁlaﬁzaﬁon include, but are not imited to, epidermic keratoconjunctivitis, Vitamin A
deficiency, contact lens overwear, atopic keratitis, superior Timbic keratitis, pterygium keratitis sicca, sj'o'grens, acne
rosacea, phylecterlosis, dizbetic retinopathy, retinopathy of prematurity, corneal grafl rejection; Mooren ulg:er,' ‘
Temrien’s marginal degeneration, marginal keratolysis, polygrl¢ﬁtis, Wegener sarcoidosis, Scleritis, periphigoid
radial keratotomy, ﬁeovascular glaucoma and retrolental fibroplasia, syphilis, Miycobacteria infections, lipid
degeneraﬁon, chernical burns, bacterial ulcers, fungal ulcers, Herpes _simplex infections, Herpes zoster infections,

protozoan mfections 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 argiogenesis. The method comprises

administering to a patient suffering from a chionic inflammatory disease associated with abnormal angiogei:esis the
pharmaceutical formulaucns ofthe precenf mven*'on aloney ordn combinston with &t t-ueoplauuu agoit whose -
actmry ag an am:-neoplasnc agent in vivo 1s adversaly affected by hlgh Isvels of DNA methylation. The chronic
inflamrdation dépends on contimious fonnation of capillary sprouts to maintain an mﬂux of inflammatory cells. The
influx and presence of the inflamatory cells produce graﬁulomas and thus, maintaing the chronic inflammatory
state, Inhibition of angiogencsiﬁ using the pharmaceutical formmilations of the present inyenﬁoil may prevent the -

formation of the gramulosmas, thereby alleviating the disease. ’Examplés of ¢hronde inflammatory disease include,
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but are not Hrited o, mﬂammatory howel diseases such as Crohn’s disease and ulcerative colitis, psoriasis,

sarcoidois, and rhenmatoid arthritis.
[00264] Inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis are characterized by chropic

Inflammation and angiogenesis at various sites in the gastroinfestinal tract. For example, Crohn’s disease occurs as
a chronic transmural inflammatory disease that most commonly affects the distal flewm and colon but may also
occur in any part of the gastrointestinal tract from the mouth to the anus and périanal area. Patients with Crohn’s
disease generally have chronic diarrhea associated with abdominal pain, fever, anorexia, weight loss and 2bdominal
swelling. Ulcerative colitis is also a chronic, nonspecific, inflammatory and ulcerative disease arising in the colonic
mucosa aud is characterized Ly the presence of bloody diarthea. These inflatumatory bowel diseases are generally
cansed by chronic granulomatous inflanymation throughout the gastrointestinal tract, involving new capillary sprouts

. surrounded by a cylinder of inflamumatory cells. Inhx:bition of angiogenesis by the pharmaceutical formulations of

the present invention should inhibit the formation of the sprouts and prevent the formation of granulomas. The
inflammaatory bowel diseases also exhibit extra intestinal manifectations, such as skin lesions. Such lesions are
characterized by inﬂamaﬁtm and angiogenesis and can ocour at many sites other the casiroimestinal tract,
Inhjbition of angiogenesis by the pharmaccuﬁcal formulations of the present mventlon should reduce the influx of
mﬂamatory cells and prevent the fesion formation. ‘ s '

[00265) Sarcoidois, another chronic inflammatory disease, is characterized as a innlti—system granuniomatous
disorder. The granzﬂémas of this disease can form anywhers in the body and, thus, the symptors depend on the site
of the grapulomas_and whether. the disease is-active: The gramulomas are created by the éngiogenic capillary sprouts
providing a constant supply of inflamrmatory cells. By using the pharmacentical formulations of the present
invention to inhibit angionesis, such grannlomas formation can be inhibited. Psoriasis, also a chropic and recurrent
inflammatory disease, is characterized by papules 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 -ﬁom the symptorus. .

[00266] Rheumatoid arthritis (RA) is also a chronic inflammatory disease characterized by non-specific
inflaramation of the peripheral joints. Itis belisved that the blood vessels in the synovial lining of the joints undergo
angiogenesis.In addition to forming new vascular networks, the endothelial cells release factors and reactive
cxygen 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 rhewmatoid arthritis. Treatment using the

pharmaceutmal fornmilations of the present invention alone or in conjunction with other anti-RA agents may prevent

... the formation of new blood vessels necessary to maintain the chronic inflammation and provide the RA patient relief
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from the symptoms.
{00267] In yet another embodiment, the pharmacentical 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

- humog ooin synthiesis. Ds tzbine- cantmmagwrmmaauns stisnlats Lctm uuxuUBa.Oum syLliesis bocanse fiv -

‘mechanism of i mcorporatton into DNA is assocxated wﬁh DNA hypomethylauon Examples of diseases associated

mt‘n abrormal hemoglobm synthesis include, ‘but are not Hmited o, sickle cell anemia and S-thalassemis.
[00268) Jn yet another embodiment, the pharmaceuﬁcal formulations of the present invention may be nsed to

_control intraceltular géne expression. The method compnses admmmtenng the.phmmaceutwal forirmlations of the
- présent invention 1o a patient suffering from disease associated with abnormal Ievels of gene expression. DNA

methylation is associated with the control of gene expression Speciﬁcglly, methylation in or near promoters inhibit
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tranScription While demethylation restores expression. Examples of the possible applications of the described
mechanispos include, but are not limited to, therapentically modulated growth inhibition, induction. of apoptosis, and
cell differentiation.

[00269] Gené activation facilitated by the pharmaceutical formmiations of the prescnt invention may induce
differentiation of cells for therapeutic purposss. Cellular differentiation is indnced through the mechanism of
hypomethylation. Examples of morphological and functional differentiation iﬁciuda, but are not limited to
differentiation toweards formation of muscle cells, myotubes, cells of erythroid and Iymphoid lineages.

[00270] Although exemplary embodiments of the present invention have been described and depicted, it will be
apparent to the artisan of ordinary skill that a number of changes, modifications, or alierations to the invention as
described herein may be made, none of which depart from the spirit of the present invention. All such changes,

. modifications, and alterations should therefore be seen as withini the scope of the present fnvention.

EXAMPLES

1. Synihesis of phosphoramidite building blocks and 3’-O-capped derivatives
[00271] The present invention also pxowdes effective chemical methods for synthems of the fo]lamng novel

phosphoramidite buﬂdmg blocks (Figure 2A).
{00272} The 4-amine fimctional group of 1a can be protected via transformation into various protec’ave groups (RQ,

‘ _such as carbapates with methyl,.ethyl, 9-fluorenyl-thyl, 9~(2=szﬂfo)ﬂuorenyhzi§thyl, 9-(2,7-

dibromo)flucrenyimethyl, 17-tetrabenzo{a,c ,g,z]ﬂuorenyhnethyl 2-chloro-3-indenylroethyl, benz[/linden-3-
ylmethyl, 2,7~di~tért~[9~(l(),10-dioxo~10‘,10,10,10—tetrahydr6thibxanthyl)methyl, 1..,l«dioxobenzo[b}thiophene-Z—
yimethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-phenylethyl, 1+(1-adamantyl)-1-methylethyl, 2-chloroethyl,
1,1,~dimethyl-2-haloethyl, 1,1-dimethyl-2,2-dibromethyl, 1,1-dimethyl-2,2,2-trichlroethyl, 1-methyl-1-(4-
biphenylyDethyl, 1»,(3,5—di-tert~buty1pheny1)«1-metﬂyleﬂlyl, 2-(2’~ and 4’-pyridyDethyl, 2,2-bis(4’-
gitrophenyl)etﬁy], N-(2-pivaloylamino)-1,1-dimethylethyl, 2~[(2-nitrophen)}1)ditb;io]-1~pheny1cthy1, 2-(N,N-
dicyclohexylcarboxamido)ethyl, #butyl, 1-adamantyl, 2-adamantyl, vinyl, allyl, 1-isopropylallyl, cinnayl, 4-
nitrocinnamyl, 3-(3’-pyridyl)prop-2-enyl, 8-quinolyl, N-hydroxypiperidinyl, alkyldithio, benzyl, p-methoxybenzyl,
p-nitrobenzy], p-bromobenzyl, p-chlorobenzyi, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl, 9-anthrylmethyl,
diphenylmethyi, 2-methylthioethyl, 2—me’;hylsu1fonylefhy1, 2-(p-toluenesulfonyl)ethyl, [2-(1,3-dithiany])methyl, 4-
methylthiphenyl, 2,4-dimethylthiphenyl, 2-phosphonioethyl, 1-methyl-1-(triphenylphosphonio)ethyl, 1,1-dimethyl-
2-gyanoethyl, 2-dansylethyl, 4-phenylacctoxybenzy1, 4-azidobenzyl, 4-azidomethoxybenzyl, nz-chiorﬁ-p-
acyloxybenzyl, p-(diltydroxyborylybenzyl, 5-benzisoxazolylmethyl, 2-(triflucroethyl)-6-chromonylmethyl, m-
nitrophenyl, 3,5-dimethoxybcnzyi, 1,-methyl-1-(3,5-dimefhoxyphenyl)ethyl, a—methylnin'bpipcronyl, o-nitrophenyl,

© 3 A-dimethoxy-G-nitrobenzyl, phenyl{o-nitrophenyl)ethyl, 2-(2-nitrophenyl)ethyl, 6-nitroveratryl, 4-

methoxyphenacyl, 37 5’-dimethoxybcnzoxn, t-amyl, S-benzylthio, butynyl, p-cyancbenzyl, cyclohexyl, cyc}.opentyl, '
cyclopropyimethyl, p-decyloxybenzyly diisopropylmothyl, 2 Z—dmsmo-'yumbanylv,nﬂ, O-{No-- =

_ dlmathylcarboxamldq)benzyl, 1-,1—damet'{1y1-3-(N,N~dJmefhycarboxamldo)pr_opy], 1,1-dimethylpropynyl, 2-

fﬁranylmethyl, 2-itdoethyl, isobornyl; isobutyl, isonicotinyl, p-(p’-méthoxyphenylazo)benzyl, 1~methylcycloﬁuty1,
«mcthylcyclohexyl, l-methyl-1 -cyclopropylﬁzéthyl 1-methyl-1 -(p»phsnylazopheﬁyl)ethyl, 1-methyl-1-phenylethyl,
-ms’chy1— —(4’*pyndyl}etbyl phmyl p~{phcnyiazo)bcnzy1, 2,4,6-tri-t- butylphenyl, Hmmemylannnomum)benzyl,

24 6w11‘1methbeenzy1 nreas erh phcnoﬂmzmyl—( 10)~ca;rhony1, N’ptoluenesulfonylaminocarbonyl, A’

phenylammothlocarbonyl, amides such as formaz:cnde, acetmmde, phenoxyacetamide, trichloroacetamide,
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teifl oroacetaxm g, ﬁe@&&mﬁ ei“?;:“ﬁgh“éaﬁy;propmde, pent#enamxde, o-nitrophenylacetamide, o-
mﬁopheuoxyacetamde, 3-(o-nitrophenyljpropanamide, 2~meihy1—2~{o~n1’trophenoxy)propanamide 3-methyl-3-
nitrobutapaimide, o-nitrocinnamide, 3-(4~-butyl-2,6-dinitrophenyl)-2,2-dimethylpropanamide, o~
(benzoyloxymethyljbenzamide, 2-[(z-butyldiphenylsiloxy)methyDmethyl]benzamide, 3-(3°,6’-dioxo-2’°,4> ,5%
trmethylcyclohexa-1°,4’~diene)-3,3-dimethylpropionamide, o-hydroxy-trans-cinnamide, acetoacetamide, p-
tolnenesulfonamide, and benzesulfonamide. The 4-O-methoxy (1b) and 4-S-methylthio (1¢) analogs of decitabine
can be obiained by modifying the published procedure for decitabine synthesis by separating the and § anomers of '
1-(2-deoxy-3,5-di-O-p-chiorobenzoyl or benzayl-Daribofuranesyl)-4-methoxy or methylthic-1,3,5-triazin-2(#}-one
and removing the 3,5-protective groups-m&fnout treatment with methanolic ammonia. Pliml and Sorm (1964)
Collect. Czech. Chem. Compun. 39: 2576-2577; Piskala and Sorm (1978) Nucleic Acid Chemistry (by Towssnd
and Tipson, Wiley, 1978), pp.443-449. '

[00273] Protection of the 5°-OFH is achieved by dissolving the 4-amino pIO‘chtE:d decitabine and 4-methoxy and 4-
methylthlo analogs (1b, 1c) in anhydrous pyridine (SmL/mmof) before adding dimethoxyirityl chloride (1.1
equivalents).

{00274] For example, decxtabme (1.2 g) was twice co-distilled with anhydrous pyridine and dissolved in 20 mil dry
DMF. Hexamethyldisilazane (2.8 mL) was added. The solution was stirred and left ovennght The solvent was

' evaporated én vacuo, and the remaining residue was dissolved in toluene and evaporated twice. The 3°,5’-di

trimethylsilyl 5-aza-2’-deoxycytidine (Ry= 0.67, 4:1 dmhloromethane/methanol) was co-distilied twice with dry

‘pyriding {~10 mL) and dissolved in dry-pyridine (20 o7 Y. Phenoxyacetic-anhydride (1.5 ¢) was #ded, add e

resuliing solution was stirred for 1 hour. A further 0:18g phenoxyacetic avhydride (0.18 g) was added and stirred
for another hour. The reaction mixture was evaporated in vacuo to Jiynesé and co—disﬁllcd (3x) with tolzene. The
residue was dissolved in dichloromethame (~50 mL) and extracted with 1M agueons NaEICO, éoluiio;z (~50 mL),
which was re-sxirabted with dichloromethane {(~20 mL). The combined organic phases were dried over sodium
sulfate and reduced in vacuo to yield erude 3’ 5°.di trimethylsityl- N—phenoxyacctyl S-aza-2’-deoxycytidine (3g; Ry =
0.82, 9:1 dichloromsthane/methanol). The cmde material was dissolved in anhydrous DMF (20 mL) and transferred
10 & 50 mL plastic falcon tube, and TAS-F (2.4 g) was added (gas evolved). The reaction proceeded for 4 hours at
22°C (the Viavliwas not fully closed to reduce pressure built up). The DMF was evaporated in vacuo aud the
Temaining residue was subjected to columm c}:mmatogmphﬁf (30 g silica gel, 2.5 om colnom, 99:1 10 $:1 -

" dichloromethane/methanol). A white solid N-phenoxyacetyl 5—aza—2;-deoxycyﬁdine {0.81 g; Re=0.26, 9:1

dichloromethane/methanol) was obtained. This compound (0.6 g) was twice co-distilled with aphydrous pyridine
and dissolved in anhydrous pyridine (20 mL} before dimethoxytrityl chioride (0.9 g) was added and stirred for 2
bours at 22 °C. Solveixts were removed i vacuo and co-distilled (3x%) with toluene, The residue was dissalved in
dichloromethane (50 ml) and extracted with 1M agueons Na¥CO; solution (~50 wl), which was re-extracted with
dichloromethane (~20 wl). The combined organic phases were dried over sodium sulfate and reduced r vacuo.

The residue was subjected to silica gel chromatography (dichloremethane-100% to 95:5 dichloromsthane/methanol),

- Tuuu,..r. y‘l.,xm.d 5 dimethoxyiityl-ilphencxyacetyl S<aza-Z -deozxycytidine {655 ¢, 0 53 Grmiole;32%, Re=0:49,9:1

dichloromethane/methanol). This mfarmadxate (0.3 g) was dissolved in dry acetonitrile (2 L} before 0.3 M
benzylthiotetrazole (0.9 mL) solution in dry acetonitrile and cyanoethyltetraxsopropyl phosphorodmmdzte (0.17 mL)
were added. The mixture was stired at 22 °C for 1.5 hours. TLC (2:1 ethyl acetate/hexanes + 2% TEA }showed a
diastereoisomeric mixture with Ry= .27 and 0.36. Solvent was ;ce‘nmved in vacuo and the remmng‘reszdue

subjected to columm chrcmatog}rapﬁyv(zo g silica gel, 2.5 cim colurm, 9$:1 héxanes/ethyl acetate +2% TEA (300 mL),

1z hexanes/ethyl acetate +1% TEA (200 mL), 1:2 hexanes/ethyl acetate +0% TEA (250 mL). The decitabine
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phosphorannélte”’é ding 1d, wﬁéfe K= enoxyacetyl (0.297 g, 0.34 mmol, 76%) einted with the 1:2

hexanes/ethyl acetate. ESI-MS of 1d {calculated exact mass for CusHgsNsOoP is 864.36) exhibited m/z 864.1 and
966.4 [M-+NEt+H']"; *'P NMR (CDCls, 500MHz) exhibited 149.17 and 149.0 ppm; *H NMR (CDCl;, 500MHz)
exhibited chemical shifts (ppm) 8.63 & 8.59 (1H, doﬁblet, H-6), 7.4-6.6 (18H, multiplet, aromatic DMTr/Pac), 6.05
(11, triplet, B-1"), 4.79 (2H, singlet, CH, of Pac), 4.59 (11, singlet, H-4"), 4.25 to 4,20 (1H, doublet, H-37), 3.8-3.7
(1¥, multiplet, P-O-CH,), 2.70 (3H, singlet, CH;0 of DMTY), 3.68 (3H, singlet, CH;0 of DMTY), 3.6-3.48 (35,
multiplet, two CH’s of isopropyl and one P-0O-CHy), 3.36-3.27 (2H, nmuliiplet, H-5%), 2.80 (1H, singlet, H-2"), 2.53
(1H, singlet, H-27), 2.40 (2H, multiplet, CH,CN), 1.1 (12H, CH; of isopropyl).

[60275] In addition, minor roodification of published procedures allow access to 3°- and 5°-O-capped derivatives
(Figure 34, 1g, 1b, 1i, 1j, 1k, 11) (Bagnall, Bell and Pearson (1978) 3. of Fluorine Cher. 11: 93-107), where the cap
can be alkyl groups, esters énd fatty acid esters, glycol derivatives such as ethylene and propylene glycols; and
protected decitabine 3’-linked onto controlled-pore glass support (Figure 3B, 1m, 1n, 10). Aldl, Singman, Zhan and
Letsinger (1991) 10: 1527-1532.

[00276) Other decitabine derivatives have the 3’-OH protected with esters (which include but are not mited to
acetyl, benzoyl, and haicbenzoyl and fatty acids) and ethers (which include but are not limited to p-
nitrophenylethyl, methoxymethyl, methyithiomethyl, (phenyldrmsthylsﬁyl)methoxymethy], benzyloxymethyl P
methoxybenzyloxymiethyl, p-nitrobenzyloxymethyl, o-nitrobenzyloxymethyl, (4-methoxyphcnoxy}msthyl, i
butoxymethyl, 4-pentenyloxymethyl, siloxymethyl; 2-methbxyethoxymethyl, Z,Z,Z«mchloroethoxymeihyl, bis(2-

_ chloroethoxy)methyl, 2:(trimethylsilyl)ethoxymethyl, menthoxymethyl, tetrahy tropyranyl, feérahydfoturanyl and I- ~~

(Z—ﬂuorophﬁnyi)-4-mr3thoxyp1pendm~4—y1} glycol derwaﬁves such as ethylcne and propylene ghycos, as shown in
Figure 4.

2 Synthesis of DpG and GpD dinucleotides and tetranucléotides on solid support

[00277} The DpG and GpD dinucleotides and tetranuclectides can be synthesized by standard procedurcé (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 dinmeleotide 2a and

,D?GpGpD'teb:anucleoﬁde 3a can be initiated with the coupling 6f 1w, 1n or 1o with simitarly based protected 5°-

O-DMTr 2’-deoxyguanosine-3'-O-cyanoethyl-N,N-diisopropylphosphoramidite and 5°~-0-DMTx 2°-deoxy-5-aza-
cytidine-3’-O-cyanoethyl-N, N-diisopropylphosphoramidites (1d, leor 1f), 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-O-methoxy 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). '

f60278) For example (F1gure 6A. and 6B), an Amersham AXTA Oligopilot 10 system is loaded with a protected
decitabine-linked CPG solid support Tm (where R, = phenoxyacetyl), which is coupled with 2-2.5 equivalexnts of
tert-butyl phenoxyacetyl 2°~decxyguanosine phoséhoramidite ‘npresence-of 60%: of 0.3 M benzylthioteirazole
activator (in acetonitrile) for 2.5 mimtes. The CPG solid support containing protected GpD dinucleotide is treated '
with 20 L. of 50 mM KCO; in methanol for 1 hour and 204 rinutes. The coupléd product is oxidized with 2 M
tert-butylhydroperoxide in dry acetonitrile (prepared by dissolving fert-butylhydroperoxide in 80% ferr-
butylpé-rqxide) for 5 minutes. The dimethoxy #ityl protective group is removed with 3% dichloroacetic acid in
toluene., The CPG solid support is washed wﬂhdxy methanol; the filtrate is ;Jeutra]jzgdby addiion of 2 mL. of 1 M
acetic acid in methariol. The soluﬁdn is bon#anﬁatad. by fetary evaporation; the residue is takcx_i pin 200 mM
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trie yiammomum acetate 9), washad with acetoniirile (500 )L of 50% aqueous acetonitrile), and filtered

throngh a syringe filter. The GpD dimucleotide is subsequently purified by the AKTA Bxplorer 100 HPLC with a
Gemini C18 preparative cohmnn (Phenomenex), 250x21.2 mm, 10 with guard colwmm (Phenomenex),
50x21.2mm, 10pm, with 50 raM triethylammoninm acetate {pH 7) in MilHQ water (Mobile Phase A) and 80%
acetoxiirile in MﬂhQ water (Mobile Phase B), with 2% 1o 20/25% Mobile Phase B in colurn volumes. The ESI-
MS (-v&) of GpD> dinucleotide 2a, where X" = triethylammonium (caloulated exact moass for the nevtral compound
C1sFaaNgO P is 557.14), exhibited m/z 556.1 [M-H] and 1113.1 for [2M-H]~ {see mnass spectrum in Figure 30).
[60279] When the cycie is fepeated three Himes with 2-2.5 equivalents of fert-butyl phenoxyacetyl 2’-
deoxyguanosing or phenoxyacetyl S-aza-2’-deoxyeytidine phosphoramidite in presen e of 60% of 0.3 M
benzylthiotetrazole activator (in acetonitrile) for 2.5 minutes and 10 minutes, respectively, (Figure 6b and 7), the
DpGpGpD tetranncleotide 3b is obtained, where X' = triethylammonium (calculated exact mass for the neutral
compound CsgHlyzN1sOmPs is 1176.23), exhibited m/z 587.2 for [M-2HT and 1175.2 [M-H (Figure 32).

(002807 In addition, DpG dinucleotide 2b and GpDpGpD 3¢ can be synthesized by coupling 1s (where Ry =
carbamate protective group) with phosphoramidite building blocks 1d, 1e or 1f (Figure 8} GpDpDpG and GpDpG
{3¢”) can likewise be obtained (Figure 9). .

062817 For .example, when a protected 2’ deoxyguanosme-hnked CPG solid support 1s (where R; = tert-butyl
ph_en_oxyacetyi), which is coupled with 2-2.5 equivalents of phenoxyacetyl decitabine phosphoramidite (Figure 24, |
1d, where R, = phenoxyacetyl; see mass spectrum in Figure 38) in the presence of 60% of 0.3 M benzylﬁhioteﬁaréole B

_ actiyator (in acetonitrile) for. 10. minutes. The GPG solid support containing proter4 DG dinncléotide is taated

with 20 L of 50 M K,CO; in methano! for 1 hour and 20 minutes. The coupled product is oxidized, protective
group removed, washed, filtered, and purified as described for GpD dinucleotide. The BSL-MS (-ve) of DpG

" dinucleotide 2b, where X = triethylammonium (caleulated exact mass for the neutral compound CjgHz4NgOoP is
557. 14) exhibited m/4'556.1 [M-H] and 1113.1 for [2M-H] ™ (see mass spectrum mFlgurc 31). The DpG

dimucleotide 2b, where X == godiurn, is obtzined by re-dissolving the triethylarmmonivm salt i in 4 ml ‘watgr, 0. 2 ml

A M NaClO; solution. When 36 mL acetone is added, the dinucleotide precipitates. The solution is kept at -20°C for
_several bours and centrifugated at 4000 ipm for 20 mimtes. The superpatant is discarded and the solid is washed

with 30 ml. acetone followed by an additional centrifugation at 4000 rpm for 20 minutes. The precipitate is
dissolved in water and freeze dried, which exhibited m/z 556.0 [M-HJ (see mass specirum in Figure 36).

[00282] Whén the cycle is repeated twice with 2-2.5 equivalents of fert-butyl phenoxyacetyl 2°-deoxyguanosine or
phenoxyacetyl 5-aza-2°-deoxycytiding phosphoramidite in presence of 60% of 0.3 M benzytthiotetrazole activator
{(in acetonitrile) for 2.5 mimutes and 10 minutes, respectively, the GpDpG trinucleotide 3¢’ is obtained, where X =
triethylammonium (calculated exact mass for the neviral compound CypHagN 1 O1Ps is 886.2), which extibited m/
885,16 [M-HT (see mass spectrum Figure 33).

[00283] When cycle is repeated three times, the DpGpDpG tetranucleotide 3 is obtained, where X =
methylammomum {calculated exact mass for the neuiral compound CagHyNyg005Ps 1 is 117 6.23), which exhibited
m/z 587 4 for [M-201% and 1175,4 [M-F] (ene mess spectrinm #a Figure 34} : - :
[00284] When the phosphite triester, newly formed during the coupling sfzp, is converted to the corrasj:oonding
phosphorothioate triester with 5% phéﬁylacetyl disnlfide (PADS) in ‘dichloroethmze/'sym collidine 4/1 (v/v), 4.3 mL.
solution (3.6 column volumes), flow rate 50cmv/h (contact time 3 column volumes), the phosphorothioate derivative
of 2b can be obtained. The sulfurization is completed within 3 minutes, at which time excess reagent is removed
from the reaction vessel By washing with acetonitrile. Subseguent deprotection and purification, as described for 2a,

gives phosphorothicate DpG (Sp & Rp, Figure 13, 2¢), where X = triethylammonium (caloulated exact mass. for the
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neutrial é”gmpoun C;éiﬁz is 573.12), whmh exhibited m/z 571.9 for PM-H (see mass spectrum in Figure

35).

[06285] When cycle is repeated once with DMT hexaethylenglycol phosphoramidite (60% activator, 7 min
coupling time), followed by standard oxidation and purification as described for 2a, the HEG-DpG dinncleotide 2d
is obtainéd (Figure 12), where X' = triethylammonium and Cap = hexaethyleneglycol phosphate (calculated exact
mass for the neutral compound CaoHNgsO1oP> 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 ig schematically fllustrated in Figare 25, has a GFP gene”

- regulated by the CMV promoter and is sensitive to the methylation of CpG sites within the promoter. A decrsase in v

methylation resulting from exposure to a methylation inhibitor leads to GFP expression and is readily scored,
Specifically, the CMV-EE210 cell line containing the epigenetically silenced GFP transgene was used to assay for
reactivation of GFP expression by flow cytometry, - CMV-EE210 was made by fransfecting NIH 3T3 cells with the
pTR-UF/UF1/UF2 plasmid (Zolotuhin et al., 1996), Whiéh is comprised of pBS(+) (Stratageéne, Inc.) containing a
cytomegalovirus (CMV) promoter driving a humanized GFP gcne adapted for expression in mammalian cells. After
transfection, high-level GFP expressing cells were inilially selected by FACS analysis and sorting using a MoFlo

cytometer (Cytorhation, Inc.). Decitabine, potent inhibitor of mammalian DNMT1, was used 8 4 positive o «iol.

Ta screen for reactivation of CMV-EE210; decitabine {at 1uM) or a test compotnd {at 2 conceniration of 30-50 pb}
was added to complete medium (phenol red free DMEM (Gibeo, Life Technologies) supplernented with 10% fetal

* bovine seruim (Hyelone)). Cells were then seeded to 30% confluence (~ 5000 cell/well) in 96 well plate containing

the test compounds and grown for three days i at 37°C in 5% CO,. The plates were examined noder a fluorescent
microscope using a 450-490 excitation filter (I3 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 and g3 if >75% of the viable cells

express GFP. GFP 50 is the concentration of an inhibitor that (like an ICsp) is the dose at which the GFP expression |
level goes from g3 to g1/2. Table 1 lists the resulis of the test for decitabine, DpG, GpD, GpDpG, DpGpGpD and
DpGpDpG 28 DNA methylation inhibitors. As shown in Table 1, all of the 5 'o]igonucleoﬁc‘ie analogues tested were
able to inhibit DNA methylation effectively at low concentrations, resulting in reactivation of the mscnpnon of the

GEP gene.,

'I‘able 1: Preliminary screening of demethylating activity

GFP
Compound Expression ESB?S
Level
Decitabine | g3 500
DpG g3 400
v - GED B P A 33 S ) ”700
- GpDpG ) g3 1800,
bpGpGpb g3 1100
DpGphpG 23 1400
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F [Synt'heslfg o ]{.Jfé;l ] 'ﬁ}‘m%c eotides and tetranncleotides in solution
[00287] For the synthesis of these ohgonuclcohdes in Jarge scale, the use of soluble polymeric supports is desirable.

Bayer and Mutter, (1972) Nature 237: 512-513; Bonora (1995) Appl. Biochem. Biotechnol; 54: 3-17. The polymer

support poly (ethyiene glycol} or PEG allows synthetic process to be camried out in 2 homegeneous phage and
assures an easy intermediate purification step through simple precipitation-and-filiration procedures. Haxzis
Polyp(ethylene glycol) Chemistry. Biotechnical and Biomedical Applications, J. M. Harris (Bd.), Plenum Press, New
York (USA), 1992, pp. 114 [book citation]. For example, 3°-linked derivatives such as 11, 1n, or 1v (Figure 10}
can be easily adapted to the standard phosphoramidite-based chemistry employed in the preceding solid-phase
procedures to give the DpG and GpD di- and tetranucleotides 2a, 2b, 3a, 3b, 3¢, 3d.

[00288] Aliernatively, the novel DpG dinucleotide 2a.can be prepared in solution by coupling denvatlves ip, Iq, or
1r with similarly based protected 5’-O-DMTr 2°-deoxyguanosine-3 ’-0~cyanoethyl-N,N«dnsgpropylphosphoramldxte
and GpD from the coupling of stmilarly 3’-protected 2’-deoxyguanosine with 5°-0-DMTr 2’~-deoxy-5-aza-cytidine-

3*-O-~cyapoethyl-N,N- diisopropylphosphommidites (14, e or 1f) in acetonitrile and/or dichlordmethane, followed

by oxidation with iodine/water, deprotection of the base protective groups, and removal of the DMTr group (as in

the standard cycle for oligonucleotide synthesis).

[00289] In addition, the novel DpG (2¢) dinucleotide with the tenmnnl 3’-0H and 5’-OH capped with meﬂzyl group
can. be prepared by coupling 3°-O-methyl derivative 1g, 1h or 1i with a 5’-O-methyl derivative of 2’- '
deoxygﬁaﬁesine;»ﬁ ’-0—‘cyanoéthyl—-N,N—ciiisopmpyIphosphoramidite 1w (Figure 11), followed by oxidation with
ioding/water, deprotection: of the base protective groups, and removal of the DML grotp (as @ the standard cyele

for oligonucleotide synthests). Dinucleotide GpD (2d) can likewise be prepared by éoupling 3°.O-methyl 2~

deoxyguanosine derivaiive 1x with 5°-O-methyl derivative of 2"-5-azacyﬁdine-'3 *-O-cyanoethyl-V,N-
diisopropylphosphoramidite 1j, 1k or 1t (Figure 12).

5. Synthesis of DpG and GpD oligonucleotides resistant to “cytidine deaminases and nacleases

[06299} In general, oligonucleotides in biological fiuids are subject to nuclcase degradation. Stein and Cheng
(1993) Science 261 1004-1012; Cohen (1954) Adv. Pharmacol. 25: 319-339, To increase stability and resistance fo
nuclease degradation phosphothloate dinucleotide and tetranucleotide derivatives such as 2e, 2f, 3¢, 31, 3g, and 3b
(Figure 13, 14 and 15) are aiso made, where the internucleotide non-bridging oxygen is replaced with sulfor.
Standard phosphoramidite protocols are used, except for the substitution of "bis(0,0-diisopropoxy phosphinothioyl)
disulfide (S-tetra} for jodine during the oxidation step. Zon and Stec (1991) In Eckstein, F. (ed.), Phosphorothioate

‘AnaJogues’ in Qligonucleotides and Their Analogs: A Practical Approach, IRL Press, pp. 87-108; Zon, G. (1990) In

Hancock, W.S. (ed.), High Performance Liguid Chromatography in Biotechnology. Wiley, New York, Ch.14, pp.
310-397 [book citations]; Stec, Uznanski, Wilk, Hirschbein, Fearon, and Bergot (1993) Tet. Leit. 34: 5317-5320;
Tyer, Phillips, Egan, Regan, and Beaucage (1990) 1. Org. Chem. 55: 4693-4699.

[00291] Another potential hindrance to the application of these oligonucleotides as pharmaceuticals is the

ubitjuduns l.u,ubu,ubir ol cytidine Soanatnnes {CD 4 slace deamaination of decitabine resalis in total loes of activity,

Mormparler, Cote and Elmpmﬂos {1997) Lenkemia 11 (Suppl.1): 1-6; Chabot, Bouchard and Momparler (1983)
Biochem. Pharmacol. 32: 1327~1328; L aliberte, Marquez and Momparier (1992) Cancer Chernother. Pharmacol.
30: 7-11. To address this problem, the oligonncleotides containing decitabine derivatives with the 4-NH, is
replaced by 4-NR3sRy (where Rz and R4 can be alkyl, alkyl amine, and alkyl alcohol) are also prepared to give
derivatives such as 2g, 24, 24, 2§, 2k, 21, 2m, 2n, 3, 3}, 3k, 31, , 3m, 3n, 30, and 3p (Figre 16, 17, 18, 19, 20 and
21). Standard phosphoramidite protocols are used, except for the substifution of allcyl amines, alkyl diarines, and
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hydtoxy ammes or ammonia in methanol during the ramoval of 4~methoxy and 4-methyithio, Since secondary and
tertiary amines, diamines, and hydroxy! 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 refated genes such as P15 (CDKNZB), BRCAI, and P16 (CDKN24)
[00292) Oligomucleotide 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
dinucleotides and tetranucleotides, these relatively longer DpG and GpD-rich oligonucleotide analogues not only
function restrictively within the CpG islands of the promoter iegions but specific to & segment within the promoter
region sequence for cancer refated genes such as P15 {CDENZB), P16 (CDENZA) and BRACI. For examples, 8-
mer, 10-mer, and 12-mer DpG and GpD-rich oligonucleotide analogues (Figure 26) based on the P15, P16, and
BRCA1 promoter region sequences (Figure 27, 28 and 29, espectively) can be prepared by using phosphoramidite ‘
building block 1d, 1e or 1{in a standard solid phase ohgonucleotxde synthesis, More examples of oligonucleotides
that can be modified to incorporate 5-aza-cytosine therein are listed in Figures27, 28 and 29. These ohgonucleohdé
analognes can finction ke primers and get iﬁcozporated into replicating DNA. only at that specific segment of the
promoter region, sequence of P15 P16 or BRACI, thus eﬂ‘echvely and selectively mhxbmng msthylatmn of the

prototer region,

~[00293] -While prefsited é:;ibodfm'eiis 8 the prosent invention have been shovwn and described herein, it will be
-obvious to those skilled in the art that such embodiments are provide:d by way of example only. Numerous

variations, changes, and substitutions will now occur to those skilled in the art without departing from the invention.
1t should be understood that various alicrnatives 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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1.

CLAIMS

Anisolated 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:

3.

linker.

4.

linker.

5.

linker.

6.

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

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

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

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

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

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

methyiphosphonate 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
phospho acids, acetic acid, propionic acid, glycolic acid, succinic acid, maleic acid, hydroxymaleic acid,
methylmaleic acid, fumaric acid, malic acid, tartaric acid, lactic acid, oxalic acld, 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, giutamic
acid, aspartic acid, phenylacetic acid, methanesulfonic acid, sthanesulfonic acid, 2-hydroxyethanesulfonic acid,
sthane- 1,2-disulfonic acid, benzenesulfonic acid, 4-methylbenzenesulfonic acid, naphthalene-2-sulfonic acid,
naphthalene-|,5-disulfonic acid, 2- or 3-phosphoglycerate, glucose-6-phosphate, N-cyclohexylsulfamic acid, and

ascorbic acid.
8. The dinuclectide 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 saltis a sodium, calcium, lithium, potassium,

ammonium, or trialkylammonium salt.

10. The dinuclectide analogue of claim 9, wherein the trialkylammonium salt is trimethylammonium,

tristhylammeonium or tripropylammonium salt.
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11 A pharmaceutical composition comprising a dinucleotide analogue of claim 1 or its pharmacsutically

acceptable sait or ester, and a pharmaceutically-acceptable carrier,

12. The pharmaceutical composition according to claim 11, the dinucleotide analogue of claim 1 orits

pharmaceutically acceptable salt or ester is in solid form.

13. The pharmaceutical composition according {o 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 thersof.
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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-acceplable carrier

is a solution that has Isss 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 pharmacsutical composition according to claim 11, wherein the pharmaceutically-acceptable carrier
is liposome.

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

20. The pharmaceutical composition according fo claim 11, wherein the pharmaceufical 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 dinuclectide

analogue, its sall 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 cell 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 analogus, its salt or ester thereof of claim 1 such that at least 50% of the
DNA methylation activity of the cell is inhibited.

28. Use of a pharmaceutical composition comprising a therapeutically-effective amount of the dinucleotide
analogue, its salt or ester thereof of claim 1, and a pharmaceutically-accepiable 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, intraperitoneally, intravenously, intraarterially, transdermally, sublingually, intramuscularly, rectally,
transbuccally, intranasally, liposomally, via inhalation, vaginally, infracccularly, via local delivery, subcutaneously,

intraadiposally, intraarticularly, or intrathecally.

31. The use according o claim 29, wherein the medicament is to be administered intravenously.
32. The use according to claim 29, wherein the medicament is to be administered subcutansously.
33. The use according to claim 29, wherein a second therapeutic agent is {o be administerad 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, biclogic agents, interleuking, 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 trichostatin 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-yimethoxycarbonyhamincmethyl] 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 hemalological 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, liver cancer, lung cancer, non-small cell lung cancer, brain cancer,
cancer of the larynx, gall bladder, pancreas, rectum, parathyroid, thyroid, adrenal, neural {issue, head and neck,
colon, stomach, bronchi, and kidney cancer, basal cell carcinoma, squamous cell carcinoma of both ulcerating
and papillary type, metasiatic skin carcinoma, osteo sarcoma, Ewing's sarcoma, veticulum cell sarcoma,
rayeloma, giant cell tumor, small-cell lung tumor, gallstones, islet cell tumor, primary brain tumor, acute and
chronic lymphocytic and granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia, medullary carcinoma,
pheochromocytoma, mucosal neuronms, intestinal ganglioneuromas, hyperplastic comeal nerve tumor,
marfanold habitus tumor, Wilm's tumor, seminoma, ovarian tumor, lelomyomater tumor, cervical dysplasia and in
situ carcinoma, neuroblastoma, retinoblastoma, soft tissue sarcoma, malignant carcinoid, fopical skin lesion,
mycosis fungoide, rhabdomyosarcoma, Kaposi's sarcoma, osteogenic sarcoma, malignant hypercalcemia, renal
cell tumor, polycythemia vera, adenocarcinoma, glioblastoma muitiforma, leukemias, lymphomas, malignant

melanomas, and epidermoid carcinomas.

39. The dinuclectide 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> PatentIn version 3.1

<210> 1

. <211> 8

<212> DNA :
<213> Artificial Sequence

<220> . ' :
<223> Oligonuclectide analogue targeting a segment of P15 promoter regi
on . ’

<221> ‘misc_feature” T
<2225 (5).(5)
<223> n = 5-aza-cytosine as base residue

<220>
. <221> misc_feature
Q2> (3)u(3)
<223> n = 5-gza-cytosine as base residue

<400> 1 )
ttnagngaa ‘ 8

<210> 2

<211> 8

<212> DNA

<213> Artificial Sequence
<220 _
<223> Oligonucieotide 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 . .
tgectngt ) 8

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

<220>

<223> Oligonucleotide analogue targeting a segment of BRCAL promoter re

gion

<220> :

<221> misc_feature

<222> (4)..(4) ,

<223> n = S-aza-cytosine as base residue

<220>

<221> misc_feature

<222> (9).(9)

<223> n = 5-aza-cytosine as base residue

L <400> 3

aggnacagna

<210> 4

<211> 8
TULIZSTDNA
<213> Artificial Sequence

<220>

10

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

gion

<220> .

<221> misc_feature _ ,
<222> (43.(4) :
<223> n = 5-aza-cylosine as base residue

<220>

<221> misc_feature

<222> (D7)

<223> n = S-aza-cyltosine as base residue

<400> 4
gtgnagna

<210> 5

<2i1> 12

<212> DNA

. <213> Artificial Sequence

<220>

<223> Ofigonucleotide analogue targeting a segment of P16 promoter regi

on

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

<220>

<221> misc_feature

<222> (70.47)

<223> n = S-aza-cytosine as base residue

<220>

<221> misc_feature

<222> (10)..(10)

<223> n = 5-aza-cylosine as base residue

 <400> 5 i
aangggnggn ag iz

<210> 6

- <211> 10

<212> DNA .

<213> Artificial Sequence

<220>
<223
o

<220>

<221> misc_feature

<222> (3).{3)

<223> n = S-aza-Cytosine as base residue

<220

<221> misc_feature

<2225 (6).{6) _

<223> n = 5-aza-cytosine as base residue

<220>

<221> misc_feature

<222> (8).(8)

<223>» n = 5-gza-cytosine as base residue

<400> 6
canggngngg 10

<210> 7

<211> 2144 .
<212> DNA
<212> homo zarien

<400> 7
tittteattc agicaactg cticgegaag cteacacate tgectegtge aagatictca 60

gheattttac ttagtcatty gtictticee tatcaccatt cittatgtee coctcaaaga 120

saaacattat cttccattic cttatcaact chasacagcet ticatittic tgacatattt 180 -
Page 3
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actacclaag aasatggcic aagaatiggy tagactatet tgtectaact titctgataa 240
'gtttt:agaga aactcaaagg tcaaaacaag agcataagag taaaggtaga gaaattsaga 300
aactgaagac taggaaatgg gggtigggat gggasagaaa aagaaatigt tataatgcts 360
cccggﬁ.;c:cc’ﬂ tteectgtee aggtogattt cagetctgtt gaggctetgt cagtagatat 420
teageoctan coageactic catggtggty geacticcac tgecctttaa aagaaagage 480
fittitaat ctacaggoa tttgggagat gaggagtcag agctaaggta tectasaaza 540
aacatgtgaa gacicteatt ttgcaataca caagg:aattg ceckectgtt aagactitgt 600
cttccteage actecgaace aaaatgatic tgtaaacaaa aattgttcac titaggaga 660
ggtccactta tgeagttect caccaaagtt ttaggeaac aaatccataa/ cttgeggtic 720
" tettectate caafgtagga tcogetgaaa tgttttaéat atittaagta ataaatgtty 780
»att:caaactc‘ acctaggaag attaggaagyg ggaaaaaaay cactiggeat ttaaatctic 840
69?5"9?9???_??‘??@?9?9 gttcagectg ttmatgaca ageccageac cacaccedte 900
tctiatgatg thcattatt a&gcataaa thivctitat tacteatgat aaétaaaaat 960
aagatacctg acaaagiggg tttaaatagg taagagtéca aacaaégatt tacigtacaa 1020
atatgatgaa actgggatct cagattctta aagtataatt thittigtet tatgtgtgee - 1080
aggtﬁgccac tctcaatcte gaactagttt tittctettt taagggtigt atcéataatg 11;}0.
caaaaatgga aégaatta’aa aagcacacgc aaaacatgat tetcggoatt titctctatt 1200
tiatggitg actaattcaa acagaaagac acatcCaaga gaaaatigct sagittgata 1260
caagtiatga aacttétgaa geecaagtac tgectgggga tgaatttaéc ttgtatgaca 1320
ggtgeagagce totegetiic agacatctta agaaagacgg agttatitig aatgacttic 1380
tcteggtcac aagggagoca ceaacgtcic cacagtgaaa ceaactgget ggctgaagga 1440
acagéaatcc fctgeteege dtactgggga ttaggagctg agggeagtog tgaacattce 1500
caaaatatta gecttggett tactggacat ccagcgagcé gtgcagecag cattectgge 1560
ggckecctgg éccagtci:ct ggegcatgeg tectageate tttgggcagg cttccécgcc 1620
ctegtgacge gtcggctcgg gectggecte cecggegatea cagcggécag ggggeggage 1680
ctaaggggg’_c ggggagacge cggecccttg geccageiga aaacggaatt cittgeegge 1740
tggcteccea ctctgccaga gcgaggeggg geagtgagga ctecgegacg cgtecgeace 1800

ctgeggecag ageggetity ageteggetg cgtecgeget aggegctttt teccagaage 1860
Page 4
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aatcraggeg cgeocgetgg ticttgageg coaggaaaag cocggageta acgaccggee 1920
'gctcggcoac tocacgaggc cccaégccgc agaaggécga coggagggta atgaagetga 1980
geccaggict cctaggaagg agagagtyeg ceggageage gtgggaaaga agggaagagt 2040
glegttaagt thacggecaa cggiggatta tecgggeege tgogegicty gggetgegg 2100

aatgtgcgag.gagaacaagg geatgeeeag tgggogeggc ageg 2144

<210> 8

<211> 8

<212> DNA
<213> homo sapien

<400> 8 - ‘
" thegegaa = 8

<210> 9
<Z21i> B |
<212> DNA , . o
<213> hemo-sapien-- -~ - -0t Tt T To

<400> ©
tgectegt ' : 8

<210> 10

<211> 8 - ,

<212> DNA :

<213> homo sapien<400> 10 .
tgccgget 8

<210> 11

<21l1> 8

<212> DNA

<213> homo sapien<400> 11

cggecegg - 8

<210> 12

<211> 8

<212> DNA

<213> homo sapien<400> 12

getegget 8

<2105 13

<211> 987

<212> DNA
<213> homo sapien
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<400> 13
cggagaggoy gagaacagac aacgggcgge ggggageagde atggagecgg cggeggggag 60

. cagcatggag ccttcggetg actggctggc cacggeegeg geceggggic gggtagagga 120
ggtgcgggeg cfgctggagg cgggggeyct geecaacgea cogaatagtt acggteggag 180 -
'gecgatceag gtcatgatga tgggoagege cegagiggeg gagetgctge tgctccécgg 240
égcggagtcc aactgegecy accccéccac tctcaccega cocgtgeacg acgetgeccg ™ 300
ggagggetic ctggacacge tggtagtgct geaccgggee ggggegegac tggacgtgey 360
cgatgectgy gocegtetge cégtggacct ggdgaggag ctgggécatc gegatgtege 420
© acggtacctg cgegeggcty cgggaggeac cagaggcagt aaccatgeee geatagatge 480
' cgeggaaggt cocteagaca teecegatly aaagaaccag agaggctétg agaaacctcg 540
ggaaacttag atcatcagic accgaaggtc ctacaggges acaactgece cogocacaac 600
ccaccccgcet ttegtagt tcatttaééa aatagagctt ttaaaaatgt ccigectitt 660
aacgtagata taagecttce cocactaccy taaatgteca ftatatcat tittatata 7207 . .
ticttataaa aatgtaasaa agaaagacac cgcttctg¢c itttcactgt gttggagttt 780
tetggagtga geacicacge cotaagegea cattcatoty ggcétttctt gogagectcg 840
cagectoegg aagetgtega cticatgaca ageattttgh gaactaggga ageicagggg 800
ggttactggc Hcictigag tcacéctgct agcaaatggc agasccaaag .ctcaaataaa_ 960
aataaastaa thitcatica teacke | 987,
<210> 14
<211> 12
<212> DNA
<213> homp sapien :
<400> 14 | : R
aacgggeggc gg . 12

. <210> 15

<211> 10

<212> DNA
<213> homo sapien

<400> 15 .
cacggegegg . 10

<210> 16
<211> 8
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<212> DNA -

<213> homo sapien<4ﬂo>. 16
. cgggcgge.

<210> 17

<211>.8

. <212> DNA

<213> homo sapien<400> 17

agcagcat "8
<210> 18

<21i> 8

<212> DNA

<213> homo sapien

<400> 18 _ ,
gegeegac ) 8

<210> 19

- <211> 649

<212> DNA o - o ' o
«213>-homo-sapien o o

<400> 19
ccacctaatt giactgaatt geaaattgat agttgiicta geagtgaaga gataaagaaa 60

saaaagtaca accaaatgce agtcaggeac agcagaaacc tacaactcat ggaaggtaéa 120
-gaacctgcaa ctggagecaa gaagagtaac aagecaaatg aacagacaag ’maaagaéat 180
gacagcgata ctiicecaga getgaagtia acasatgeac ciggtictit taciaagigt 240
tcaaatacca gigaactiaa aéaatttgtc aatcctagee ﬁccaagaga agaaagagaa 300
gagaaactag aaacagtiag tgtctaataa tgctgaagac cc;:a;?agai:c téatgttaag 360
tggagaaagg gittigcaaa ctgaaagatc tgtagagagt agcagtatit cattggltace 420
tggtactgat tatggeacic aggaaagtat ctegttactg gaagttagea cictagggaa 480
gocazaaaca gaaccaaata aatgtotgag tcagtgtgea geatttgaaa accccasggg 540
actaaticat ggttgttcca aagataatag aaatgacaca gaaggctita agtatceatt 600
gogacatgaa ghtaaccaca gtcgégaaac aagcatagaa ai:ggaa-gaa ‘ 649
<210> 20

<211> 10

<212> DNA

<213> homo sapien

<400> 20
Page 7



WO 2007/041671

- aggeacagca

<210> 21

<211> 8

<212> DNA
<213>- homo sapien

<400> 21
gtgcagca

<210> 22

<211> B

<212> DNA
<213> homeo sapien

- <400> 22
cagcgata

<210> 23
<211> 8
<212> DNA

- <213>—homo-sapien - -~ -

© <400> 23
tagcagty

<210> 24

<211> 8

<212> DNA
<213> homo sapien

<400> 24
aggcttta

<210> 25
<211> 3D
<212> DNA

<213> Artificial Sequence

<2205

<223> Sequence terﬁplate for aligonuclectide analogue as DNA methyltrans

ferase inhibitor

<400> 25

ctggatectt geceegeeee tigaatteer

<210> 26
<211> 30
<212> DNA

<213> Artificial Sequence

12636-350.601 Sequence Listing.txt

8/11

10
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12636-350.601 Sequence Listing.tx«t

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

ferase inhibitor

<400> 26 ,
gggaaticaa atgacgtcaa aaggatecag 30

<210> 27

<211> 50

<212> DNA

‘<213> Artificial Sequence

<220> . :
<223> Sequence template for oligonuclectide analogue as DNA methyltrans
ferase inhibftor

| <400> 27 ,
ectacceacc ciggatectt geccegeeer thgaaticee aacectceac . 'RD
<210> 28 o ' |
<211> 22 : _ , L
C<2AP> PNA- m s e T : »

<213> Arffficial Sequence ©

<220%> ' :
<223> Seguence template for oligonucleotide analogue as DNA methyitrans
ferase inhibitor

<400> 28 L
atecttgece cgececttga at . - 22

<Z10> 29

<211> 14.

| <21Z> DNA

<213> Artificial Sequence

<220> _
<223> Seguence template for oligonucleotide analogue as DNA methyltrans

ferase inhibitor

<400> 29 . ‘
tigceeceger cott 14

<210> 30 .

<211> 30

<212> DNA

<213> Artificial Sequence

<220> S .
<223> Oligonuciectide analogue as DNA methyltransferase

Page 9
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<220>
<221>

PCT/US2006/037313

WO 2007/041071
10/11

12635-350.601 Sequence Listing.ixt

misc_feature

<2722> (15)..(15)
<223> n = 5-aza-cylosine as base residue
| <400> 30
‘ ctggatectt geeengeeec ttgaaticec 30
<210> 31
<2i1l> 27
<212> DNA
<213> Artificial Sequence
<220> :
<223> Oligonuclectide analogue with hairpin conformation
<2205 | '
<221> misc_feature
- <222> (6).(6) :
<223> n = S-aza-cytosine as base residue
<220> : - .
<221> misc_feature ' U S P
<222>- {Lvy(y- .o e T ' -
<223> n = 5-aza-cytosine as base residue
<400> 31
ctgaanggat ngtttegate cgttcag 27
<210>" 32
<211> 8
<212> DNA. .
- <213> Artificial Sequence
00 -
<223> Oligonqcleotide,_analogue
<220> ‘
<221> misc_feature
<222> (3).(3) )
<223> n = 5-aza-cytesine as base residue
<220>
<221> misc_feature<222> (5)..(5)
<223> n = 5-aza-cytosine as base residue
<4N0> . 32 A
ttngngaa : 8
<210> 33
<211> 8
<212> DNA
<213> Artificial Sequence

Page 10
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12636-350.601 Seguence Listing.bdt
<220>
<223> Complementary strand of SEQ ID:30
<400> 33 '
ficgegaa 8
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P15 PROMOTER REGION SEQUENCE (SEQ ID NO:7)

tttttcattcagteaacttgottoegegaageteacacatotgectegtgeaagatteteagtecattttac

. ktagteattggttctitecctateaccattetttatgteccoctcaaagaaaaacattatettocatttacttatcaact
ccaaacagetttcatitttctgacatatttactacctaagaaaatggcteaagaatigggtagactatettgtectaact
tttctgataagttteagagaaactcaaaggtcanaacaagageataagagtaaaggtagagaaattaagaaactgaagac
taggaaatgggggtitgggatgggaaagaaaaagaaatigttataatgetaceeggticoctteactgtecaggtggattt
cagctetgttgaggetetgtecagtagatattecagecctaaccageacttecatyggtggtggeactteocactgecotttaa
aagaaagagctttitttaattcetacagggatttoygggatgaggagteagagetaaggtatectaaaaaaaacatgtgaa
gactctcattttgeaatacacaageaatitgecctectgttaagactttgtettectecageacteecgaaceaaaatgatte
tgtaaacaaaaattgttecacttitaggagaggtecacttatgeagttecteaceaaagtttttaggeaacaaatecataa
cttgeggtteteticotatecaatgtageatecgetgaaatgttttasatattttaagtaataaatgttgattcaaacte
acctaggaagattaggaaggggaaaaaaageacttggeatttaaatettcagaagagaatttaatgacaggttoageety
tttaatgacaageccageaccacacecctetettatgatgtitteattattactgeataaatttoctttattacteatgat
aaatasaaataagatacctgacaaagtgggtttaaataggtaagagtgcaaacaaagatttactgtacaaatatgatgaa
actgggatctcagattettaaagtataattititrtgtettatgtgtgecaggttgecacteteaatetegaactagttt
ttttctcttttaagggttgtatccataatgcaaaaatggaaagaattaaaaagcacacgcaaaacatgattctcgggatt
tttetotattittatggttgactaatteaaacagaaagacacatcocaagagaaaattgetaagtttgatacaagttatga
aacttgtgaageccaagtactgectggggatgaattbaacttgtatgataggtgeagagetgtogetticagacatetta

agaaagacggagttattttgaatgactticteteggteacaagggageecaccaacghbetecacagtganaccaactgget =™

' ggctgaaggaacagaaatcctctgctccgcctactggggattaggagctgagggcagtggtgaacattcccaaaatatta
gecttggetttactggacatcecagegageagtgeagecageattactggeggetecctggeccagtetetggegeatgeg
tocotageatetttgggeaggetteccegeectegtgacgegteggecegggectggecteceggegateacageggacag
ggggcggagcctaagggggtggggagacgccggccccttggcccagctgaaaacggaattctttgccggctggctcccca
ctctgccagagcgaggcggggcagtgaggactccgcgacgcgtccgcaccctgcggccagagcggctttgagctcggctg
cgtccgcgctaggcgctttttcccagaagcaatccaggcgcgcccgctggttcttgagcgccaggaaaagcccggagcta
acgaceggecgeteggecactgeacggggecceaagecgcagaaggacgacgggagggtaatgaagetgageccagatet
cctaggaaggagagagtgegecggageagegtgggaaagaagggaagagtgtegttaagtttacggecaacggtggatta
tecgggeegetgegegtetggaggctygeggaatgegegaggagaacaagggeatgeccagtggagygeggeageg

SEQ ID NO:8 TTCGCEAA
SEQ ID NO:9 TECCTCGT
SEQ ID NO:10  TGCCGGCT
SEQ ID NO:11  CGQGCCCGE
SEQ ID NO:12  GCTCGGCT

FIGURE 27
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P16 PROMOTER REGION SEQUENCE (SEQ ID NO:13) . *

cggagagggggagaacagacaacgggcg90ggggagcagcatggagccggcggcggggagcagcatggag

cetteggetgactggetggecacggeegeggeccggggtegggtagaggaggtgegggeygetgetggaggegggggeget
gceocaacgeaccegaatagttacggteggaggecygatecaggteatgatgatgggeagegeccgagtggeggagetgetge
tgeteocacggegeggageccaactgegecgacecegecactotcacecegaccogtgeacgacgetgeccgggagggette
ctggacacgetggtggtgetgracegggeeggygegeggetggacgtgegegatgeetggggecgtetgeeegtggacet:
gyctgaggagetgggecategegatgtegeacggtacetgegegeggetgeggggggeaccagaggeagtaaceatgece
geatagatgocgeggaaggtecctcagacatececgattgaaagaaccagagaggetetgagaaacetegggaaact tag
atcatcagtcaccgaaggtectacagggecacaactgececeogecacaaccecacocecegetttegtagbttteatttagaa
aatagagcttttaaaaatgtectgeottttaacgtagatataagectieccocactacegtaaatgtecatttatateat
tttttatatattettataaaaatgtaaaaaagaaaaacacegettetgecttttcactgtgttggagttt

tetggagtgageacteacgecctaagegeacatteatgtgggeattcttgegageetegeagecteeggaagetgtega

cttcatgacaageattttgtgaactagggaagctecaggggggttactggettetettgagtcacactgdtageaaatgge
agaaccaaagctcaaataaaaataaaataatttteatteatteacte

SEQ ID NO:14  AACGGGCGGCGG
'SEQ ID NO:15  CACGGCGCGG
SEQ ID NO:16  CGGGCGGC
SEQ ID NO:17  AGCAGCAT

SEQ ID NO:18  GCGCCGAC

FIGURE 28
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BRCA1 PROMOTER REGION SEQUENCE (SEQ ID NO:19)

ccacctaattgtactgaattgeaaattgatagtigttetageagtgaagagataaagaaaaaaaagtaca -

accaaatgecagtcaggeacageagaaacctacaacteatggaaggtaaagaacctgeaactggagecaagaagagtaac
aagccaaatgaacagacaagtaaaagacatgacagegatactttcecagagetgaagttaacaaatgracetggttcttt
tactaagtgttcaaataccagtgaacttaaagaatttgtcaatcctagccttccaagagaagaaaaagaagagaaactag
aaacagttagtgtctaataatgctgaagaccecaaagatetcatgttaagtggagaaagggttttgeaaactagaaagate
tgtagagagtagcagtatttcattggtacctggtactgattatggeactcaggaaagtatetegttactggaagttagea
ctetagggaaggcaaaaacagaaccaaataaatgtgtgagteagbtgtgecageatttgaaaacceccaagggactaatteat

gottgtteccaaagataatagaaatgacacagaaggetitaagtatecattogggacatgaagttaaccacagtegggaaac
aagcatagaaatggaagaa .

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

FIGURE 29
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