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The present invention relates to DNAzynes targeted to bcl-2 gene famly
menbers awo w2hedwo use i n cancer therapy. This invention fwdrharozneisates to
use of these DNAzynes to treat and/or inhibit onset of human cancers. The
DNAzynmes acconplish this end by cleaving nRNA transcri bed from nmenbers of
the bcl-2 gene famly thereby provoking qpoptosis of cancer cells directly
and/or increasing the 10 sensitivity of cancer cells to chenotherapeutics.
BACKGROUND OF THE | NVENTI ON Apoptosis and Bcl-2 gene famly i5 Apoptosis
is a conplex process resulting in tha-gpyiAmgsdestruction of a cell,

whi ch plays a major role in normal devel opnent, cellular response to injury
and carcinogenesis(Ellis et al., 1991). It has been suggested that an
apopt oti ¢ coREbPe@F THH RNAMENTIGNY ri butes to, or accounts for, many hunan

di sease pat hol ogi es including cancer, viral infection and sone
neur ol ogi cal disorders (Ashkenazi and Dixit, 1998, 20 Vocero-Akbani et al.

1999; Yakbvl ev etTheipresendgwpntiorheelates to DNAmTes tergetadoodichs senedamiling t he
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characteri se I\észyg‘eéﬁ? %E%@&HZW insetafhgmancapeess- | e DNGRYRES pl aces t he
Bcl -2 gene um&enhphktet}ﬁs)éﬁdlﬁy cl&fvmgmmNmtra@@hbb&lhbm Be@beisf the B2 géne

resul ting ov%.e@ﬂé %IOP o aig r%kgzds tQﬁ_ﬁgrq?l course of. a gtotic
cel | death t 1GRY R T IR TRCRIRY BHErT cShs MEssad ,or}récﬁflsﬂg in
B-cel | am:untdnanhmyloécad@mellsm}amo&hqm@m (Adans and Cory, 1998). This

observati on showed that cancers do not strictly arise fromunrestrained
cel | prollferatlon but could also be due to insufficient apoptotic

turnover. | nBABKGRQIANDOF SHEINYENTIONmphonmas, Bcl-2 levels are el evated in

a 30 broad range of other human cancers, indicating that this nolecule may

have a role in raising the apoptotic threshold in a broad spect r um of
cancer ous d|éBﬂ@@?%éﬂiggig%irgﬂggﬁe fam |y has at |east 16 nembers invol ved
in the appptosis Agnqitbsbai;s a cBapbexgarbess resutdﬂngnﬂwnegyla&Vdeiea@ﬂaImf& cell,

i nducers, ing¢ "ot hers,

such as bcl yh%gc?lﬁ] a(%’)?lfi mﬁbf rOt%i(ﬁ"bq*qrrnfI &%Velo& nlént ﬁﬁ%f reipons n]urlye apopt osi s
SuUppr essors (mgqgenggg@hs eBel. .129I)aht1hay bﬂgnﬁgggstepat}et an apoptotic component

either contributes to, or accounts for, many human disease pathologies including
cancer, viral infection and some neurological disorders (Ashkenazi and Dixit, 1998;
20 Vocero-Akbani et al., 1999; Yakovlev et al., 1997).

The Bcl-2 family of proteins are among the most studied molecules in the
apoptotic pathway. Bcl-2 gene was first identified in B-cell lymphomas where the
causal genetic lesion has been characterised as a chromosomal translocation (t (14:18))
which places the Bcl-2 gene under the control of the immunoglobulin promoter. The

25  resulting overexpression of Bcl-2 retards the normal course of apoptotic cell death that
otherwise maintains B-cell homeostasis, resulting in B-cell accumulation and follicular
lymphoma (Adams and Cory, 1998). This observation showed that cancers do not
strictly arise from unrestrained cell proliferation, but could also be due to insufficient
apoptotic turnover. In addition to follicular lymphomas, Bcl-2 levels are elevated in a

30  broad range of other human cancers, indicating that this molecule may have a role in
raising the apoptotic threshold in a broad spectrum of cancerous disorders.

The Bcl-2 gene family has at least 16 members involved in the apoptosis
pathway. Some genes in this family are apoptosis inducers, including, bax, bak,
bel-Xs, bad, bid, bik and hrk, and others, such as b¢l-2, bel-XL, bel-w, bfl-1, brag-1,

35 Mcl-1and Al are apoptosis suppressors (Reed, 1998). Bcl-2 family members have

been suggested to act through many different mechanisms, including pore formation



been suggested to act through many different nechanisns, including pore
formati on WO 02/ 099090 PCT/ AU02/ 00739 2 in the outer mtochondri al

menbr ane, woleopgho whi ch cytochrome ¢ (Cyt c¢) and ot her i mcarAmniooane
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Catalytic DNA (DNNAzyme)

In human gene therapy, antisense nucleic acid technology has been one of the
major tools of choice to inactivate genes whose expression causes disease and is thus
25 undesirable. The anti-sense approach employs a nucleic acid molecule that is
complementary to, and thereby hybridizes with, a mRNA molecule encoding an
undesirable gene. Such hybridization leads to the inhibition of gene expression.
Anti-sense technology suffers from certain drawbacks. Anti-sense
hybridization results in the formation of a DNA/target mRNA heteroduplex. This
30  heteroduplex serves as a substrate for RNAse H-mediated degradation of the target
mRNA component. Here, the DNA anti-sense molecule serves in a passive manner, in
that it merely facilitates the required cleavage by endogenous RNAse H enzyme. This
dependence on RNAse H confers limitations on the design of anti-sense molecules
regarding their chemistry and ability to form stable heteroduplexes with their target
35 mRNA'’s. Anti-sense DNA molecules also suffer from problems associated with

non-specific activity and, at higher concentrations, even toxicity.
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20  pharmaceutical applications. |

Recently, a new class of catalytic molecules called “DNAzymes” was created
(Breaker and Joyce 1995; Santoro and Joyce 1997). DNAzymes are single-stranded, and
cleave both RNA (Breaker (1994; Santoro and Joyce 1997) and DNA (Carmi et al 1998).
A general model for the DNAzyme has been proposed, and is known as the "10-23"

25 model. DNAzymes following the “10-23” model, also referred to simply as “10-23
DNAzymes”, have a catalytic domain of 15 deoxyribonucleotides, flanked by two
substrate-recognition domains of seven to nine deoxyribonucleotides each. In vitro
analyses show that this type of DNAzyme can effectively cleave its substrate RNA at
purine:pyrimidine junctions under physiological conditions (Santoro and Joyce 1998).

30 Several groups have examined the activity of DNAzymes in biological systems.
DNAzyme molecules targeting c-myc were found to suppress SMC proliferation after
serum stimulation (Sun et a/1997). Two studies have explored the activity and
specificity of DNAzymes targeting the bcr-ab/ fusion in Philadelphia chromosome
positive leukemia cells ; Wu et al, 1999). The activity of these DNAzymes compared

35 favourably with previous work with hammerhead ribozymes and antisense
oligonucleotides (Gewirtz et al., 1998).
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its substwatoe/oRNd0 at purine: pyrimdine junctions under plrgIiAaioogisal
conditions (Santoro and Joyce 1998). 30 Several groups have examined the
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in various forns of cardi ovascul ar di sease such as restenosis. 10 SUMVARY
OF THE INVEI\%%W Fﬁw or s have determ ned that the |evel of
expression o cl- gené fam rrenbers can be inhibited by DNAzynes.
Accordingly in a first aspect the present invention consists in a DNAzyrre

15 whi ch Spec'f'%%ﬁ‘g‘zs%ﬁﬁv&%ofﬁ%HE%H?&eHWﬁJQ%l%é% ST L

gene famly, the yme conprisin a catalytic asthe
nucl eoti de s%‘(ﬁ‘ﬁ AByNgs1) and cl eaves rrRNA at any
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nucl eoti des thB catalytic domain, and (c) another binding domain contiguous with the 3’ end of the
20  catalytic domain, wherein the binding domains are complementary to, and therefore
hybridise with, the two regions immediately flanking the purine residue of the
cleavage site within the bcl-2 gene family mRNA, at which DN Azyme-catalysed
cleavage is desired, and wherein each binding domain is at least six nucleotides in
length, and both binding domains have a combined total length of at least 14
25 nucleotides.
This invention also provides a method to enhance the sensitivity of malignant
or virus infected cells to therapy by modulating expression level of a member of the
bcl-2 gene family using catalytic DNA.
It is preferred that the bcl-2 gene family member is selected from the group
30  consisting of bcl-2, bel-xl, bel-w, bfl-1, brag-1, Mcl-1 and Al. Itis particularly
preferred that the bcl-2 gene family member is bcl-2 or bel-xl.

BRIEF DESCRIPTION OF THE FIGURES

35 Figurel:  “10-23” DNAzyme (PO-DNAzyme) and its phosphorothioate modified
version (PS-DNAzyme). Panel A contain illustration for 10-23 DNAzyme.
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Fi gure 4: Chenosensitization of PC3 cells by Bcl PC3 cells were
treated ¥ th DNAzynme/ TMP conpl ex for 4 hours. The medi um was then repl aced
wi th fresh Digidecnant aINMPgedldléd DBRA Ak thardfdcaohopP@3 tallsaR @M FITCA@belled

I ncubat ed DNAzyme was complexed with TMP at a charge ratio of 0, 1, 3, 5, 10 and 20. The
result from FACS analysis are represented.

20 Figure4: Chemosensitization of PC3 cells by Bcl-xXL DNAzyme. PC3 cells were
treated with DNAzyme/TMP complex for 4 hours. The medium was then replaced
with fresh DMEM containing 10% FBS and 5 uM Carboplatin and further incubated
for 72 hours. MTS assays were performed for cell proliferation of all the samples.

% cell death is derived from the percentage of OD490 from the Carboplatin-treated

25 samples of that from untreated PC3 cells.

Figure5: Chemosensitization of PC3 tumour cells in human xenograph mouse
model (PC3) by anti-bcl-xL. Nude mice bearing established, subcutaneously growing
PC3 tumour xenograft either remained untreated (saline) or were treated with

30 DNAzyme oligo, Taxol or DNAzyme + Taxol. DNAzyme DT882 was delivered using
an osmotic pump and Taxol was administrated via i.p. route weekly. Tumour size

was measured at the time points indicated.

Figure 6: Chemosensitization of MDA-MB231 human xenograph breast cancer
35 mouse model by anti-bcl-xL DNAzyme. Nude mice bearing established,

subcutaneously growing MDA-MB231 tumour xenograft either remained untreated
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untreat ed (detdlme) or were treated vmth DNAzynme ol i go, Taxol or DNAzyne +
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Figure9:  Chemosensitization of human prostate tumour cells in xenograph mouse

model by anti-bcl-2 DNAzyme. Nude mice bearing established, subcutaneously

20  growing PC3 tumour xenograft either remained untreated (saline) or were treated
with DNAzyme oligo, Taxol or DNAzyme + Taxol. DNAzyme DT912 was delivered
using an osmotic pump and Taxol was administrated via i.p. route weekly. Tumour

size was measured at the time points indicated.

25 Figure10: Chemosensitization of human melanoma tumour cells in human
xenograph mouse model (518A2) by anti-bcl-2 DNAzyme SCID mice bearing
established, subcutaneously growing 518A2 tumour xenoéraf’c either remained
untreated (saline) or were treated with DNAzyme oligo, DTIC or DNAzyme + DTIC.
DNAzyme DT912 was delivered using an osmotic pump and DTIC was administrated

30  viai.p. route weekly. Tumour size was measured at the time points indicated and the

fold of tumor growth was plotted in the figure.



size was neasured at the tine points indicated. 25 Figure 10:
Chenpsensi ti zati on of human nel anoma tunour cells in human xenograph nouse
nodel (518a3p/obypo@nti - bcl -2 DNAzyne SCI D mice bearing estralitAw@hoct39

subcut aneously grow ng 518A2 tunmour xenograft either remai ned untreated
(saline) or were treated with DNAzynme oligo, DTIC or DNAzyne + DTIC.
DNAzyne DT912 was delivered using an osnotic punp and DTI C was

adm nistrated 30 via i.p. route weekly. Tunour size was neasured at the
time points indicated and the fold of tunor growh was plotted in the
figure. WD 02/099090 PCT/ AU02/ 00739 7 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON | mpETAILES DESORITIONCOPTEFANVENIMEON | on consi sts in a DNAzyne

whi ch specifically 5 cleaves nRNA transcribed froma nmenber of the bcl -
gene famly selected fromthe group consisting of bcl-2, bcl-xl, bcl-w,

bfl -1, brag-1, Mih aﬁral’adpe%l thetpheseBN%ZIyﬂﬁ)n @DEPsiin b TN A 2ymawbachabpydifieallgomai n
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nMRNA at ny C&fr Fhe: yr| ?rofnamem%er oﬁg‘g‘% eﬁ%“tly f%lggg?&fr qé (b) a
bi ndi ng donvgrnupomnﬂsgmgwébvh?o hclt>¢h,EbCEw bfid, bxhg]lDMChé agdtdd) theilNAgymen, and
(¢) another BLudlfg @PITEly BOAbAGHIAHS: s ik A@o%de@ e the catalytic

domai n, wherei donal ns are co nt ar and therefore

hybri di se wi®HCT A&CTWAG FEQ Al ead 9lefweéﬁk$1?{ & Ett ﬁey pyrneipyriwidigee of
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me- cat al ysed . .cleavage an erein. eac inis
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conmbi ned t otcataljrtercgidmm,f whreineths bintithg dlnmmﬁs)aned:empleﬂmmanyrw eantli tberefors 0

provi des a riFytb Ise; 1thenltl1 0 re%gl%l ?rg?l%dla'teg)?( thlgn g%l é\g&%r}gﬂ?h% ofvtl'ug. us

i nfected cel ress evel menber of the
bcl -2 gene fczlfmvag(e s;tslvmhledhef b@f%gehefagmlb{mlibbhstt mqlﬁd)Nf\melecztal}&fyeql xI,

bcl -w, bfl -1y, &{;,9% rsngsﬁled M-?Ji v&lewea%umn%dsﬁ lxsmaé?léﬁ r(@%na’@éqm 6) 'n

a preferred e I ment me |s nucl eotides I n ngt h.
i s pref &5r edengtht W%E!ﬂdﬂl&;‘éﬁ’fﬁmﬂéhﬂ%ﬁ sparmingd total pngthyolt lesst 14x| Wher e
the bcl-2 gepeotiged.ly nenber is bcl-2 it is preferred that the DNAzyne is

sofected 1150 st ol Sl moTal oy by et e AL 2 e Lo i o
out in Tabl eorZirus infected cells to therapy by modulating expression level of a member of the
bcl-2 gene family selected from the group consisting of bcl-2, bel-xl, bcl-w, bfl-1,

20  brag-1, Mcl-1 and Al using catalytic DNA (see Table 6).

In a preferred embodiment the DNAzyme is 29 to 39 nucleotides in length.

It is preferred that the bcl-2 gene family member is bel-2 or bel-xl. Where the
bcl-2 gene family member is bcl-2 it is preferred that the DNAzyme is selected from
those set out in Table 1. Where the bcl-2 gene family member is bel-xl it is preferred

25  that the DNAzyme is selected from those set out in Table 2.

Where the DNAzyme cleaves bcl-2 mRNA it is further preferred that the
DNAzyme cleaves bcl-2 mRNA at position 455, 729, 1432, 1806 or 2093 (SEQ ID NO.2).
It is particularly preferred that the sequence of the DNAzyme is as set out in SEQ ID
NO 24, 45, 53, 55 or 57.

30 Where the DNAzyme cleaves bcl-xI mRNA it is further preferred that the
DNAzyme cleaves bcl-xI mRNA at position 126, 129 or 135 (SEQ ID NO.3). Itis
particularly preferred that the sequence of the DNAzyme is as set out in SEQ ID NO
82, 83 or 84.

The present invention comprehends DNAzyme compounds capable of

35 modulating expression bcl-2 gene family members, in particular human bcl-2 and

bcl-xL genes. These genes inhibit apoptosis and therefore inhibitors of these genes,



Where the DNAzyne cl eaves bcl-2 mRNA it is further preferred that the
DNAzyne cl eaves bcl -2 nRNA at position 455, 729, 1432, 1806 or 2093 (SEQ ID
NO. 2). Iwoio/opapticul arly preferred that the sequence of pChaatDkbapoe i s as
set out in SEQID NO 24, 45, 53, 55 or 57. 30 Were the DNAzyme. cl eaves
bcl-xI nRNA it is further preferred that the DNAzyne cl eaves bcl-xlI nRNA
at position 126,129 or 135 (SEQ ID NO 3).81t is particularly preferred
that the sequence of the DNAzyne is as set out in SEQ ID NO 82, ‘83 or 84.
The present invention conprehends DNAzyne corrpounds capabl e of 35
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target nucl ei ¢ -ag(;;3§ RLRRL PDNKY qﬁéangsmhm%e&ﬂ@a{@ﬁ fcally'R
transcribed fromthe target gene The 1 nstant eaves RNA
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reasons. This type of DNAzyme is described in Santoro et a/1997. The RNA target
sequence requirement for the 10-23 DNAzyme is any RNA sequehce consisting of
20  NNNNNNNR*YNNNNNN, NNNNNNNNR*YNNNNN or :
NNNNNNR*YNNNNNNN, where R*Y is the cleavage site, Ris Aor G, Yis U or C
and Nisany of G, U, C, or A.

Within the parameters of this invention, the binding domain lengths (also

referred to herein as “arm lengths”) can be any permutation, and can be the same or
25 different. In the preferred embodiment, each binding domain is nine nucleotides in
length.

In this invention, any contiguous purine:pyrimidine nucleotide pair within
mRNA transcribed from a member of the bcl-2 gene family selected from the group
consisting of bcl-2, bel-xL, bel-w, bfl-1, brag-1, Mcl-1 and Al can serve as a cleavage

30 site. In the preferred embodiment, purine:uracil is the purine:pyrimidine cleavage
site.

As used herein the term "specifically cleaves" refers to a DNAzyme which
cleaves mRNA, particularly in vivo, transcribed from the specified gene such that the
activity of the gene is modulated.

35 Targeting a DNAzyme compound to a particular nucleic acid is generally a

multistep process. The process usually begins with the identification of a nucleic acid



NNNNNNR* YNNNNNNN, where R*Y is the cleavage site, Ris Aor G Yis Uor C
and Nis any of G U C, or A  Wthin the paraneters of this invention, the
bi ndi ng deoeizndoengt hs (al so referred to herein as "arm [pemgtuo/vd73ean be
any permnutation, and can be the sane or 25 different. In the preferred
enbodi ment, each binding domain is nine nucleotides in length. In this
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as possible tlon In the 1ntrace I'eu. One means of
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The DNAzymes of the present invention can be utilised for diagnostics,

20 therapeutics, and prophylaxis and as research reagents and kits. For therapeutics, an
animal, preferable a human, suspected of having a disease or disorder which can be
treated by modulation the expression of a member of the bcl-2 gene family, in
particular bcl-2 and bel-xL, is treated by administering DNAzyme compounds in
accordance with this invention.

25 The DNAzyme compounds of this invention are useful for research and
diagnostics, because these compounds hybridise to and cleave nucleic acids encoding
bcl-2 and bel-xL, enabling the assays to be easily constructed to exploit this fact. The
means for the detection include, for example, conjugation of a flourophore and a
quencher to the substrate of the DNAzymes.

30 The present invention also includes pharmaceutical compositions and
formulations, which comprise the DNAzyme compounds of the invention. The
pharmaceutical compositions of the present invention may be administered in a
number of ways depending upon whether local or systemic treatment is desired and
upon the area to be treated. The administration can be topical, pulmonary, oral or

35 parenteral.



These include, for exanple, the 3'-3" inversion at the 3" end, N3'-P5
phosphoram date |inkages, peptide-nucleic acid |Iinkages, and 2'-0O nethyl.
These ar ewaahkloosdonown in the art (Wagner 1995). The DNAzymeg/Aafo2bm9 pr esent
i nvention can be utilised for diagnostics, 20 therapeutics, and prophyl axis
and as research reagents and kits. For therapeutics, an animal, preferable
a human, suspected of having a disease orl0di sorder which can be treated by
nodul ati on t he expression of a nmenber of the bcl-2 gene famly, in
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formul ati ons for. tOﬁ)l cal adm nistration may include transder pat ches,
oi nt ment®® | BeHaie8 he'AR% s, gel's, drops, suppositories, sprays, |iquids
and powders. Conw’ed@btdmgbr upbs&taﬂmembbdlﬁ&hts@mthﬁb atventiod) theedisre preadeer s or

oi |y bases, apc?g an egc:otrrrl1 osliﬁon% $Bt¥:1 CgcesslargIXre%Ngugréggbl & unds

Conposi ti on OF MUl at 1 ons Tor ora 250 e Y& or
granul es, susfgbe mvsnsoroandszl) ang gtrmoremhﬂmoérerapeuho agaduwbith fumdioa byeapsul es
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to increase the suscepti b ur. ce I -tu er api es

such as Bhenoitties a%llr@ﬁ%d toa@qcameaémaﬁ spffersapyol deurerehisig) @acmowqra. n
enbodi ment s @xoklbi&in) Bl¥6HRYHA MitbaYyanaiGoerOMust8eH, chlorambucil, melphalan,

cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-flurouracil,

floxuridine, methotrexate, colchicine, vincristine, vinlastin, etoposide, cisplatin. See,

generally, The Merck Manual of Diagnosis and Therapy, 15th Ed., Berkow et al eds.,
20 1987, Rahway, N.J., pp 1206-1228.

The formulation of the therapeutic compositions and their subsequent
administration is believed to be within the skill of those in the art. Dosing is
dependent on severity and responsiveness of the disease state to be treated, with the
course of treatment lasting from several days to several months, or until a cure is

25 effected or diminution of the disease state is achieved. Optimal dosing schedules can
be determined from measurements of drug accumulation in the body of the patient.
Persons of ordinary skill can easily determine optimum dosages, dosing
methodologies and repetition rates. In general, dosage is from 0.01 ug to 100 g per kg
of body weight and may be given daily, weekly, monthly or yearly. :

30 In a further aspect the present invention consists in a method of treating
tumours in a subject, the method comprising administering to the subject a
composition comprising the DNAzyme of the first aspect of the present invention.

In a preferred embodiment the composition further comprises a
chemotherapeutic agent.

35 Throughout this specification the word "comprise", or variations such as

"comprises" or "comprising”, will be understood to imply the inclusion of a stated
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Identification of Cleavable sites in the bcl-2 and bcl-xL mRNA.

Two genes, Bcl-2 and Bcl-XL were chosen as DNAzyme targets for the
treatment of cancers. These genes both belong to the Bcl-2 family and both are
apoptosis repressors. Their products are found in elevated levels in many cancer

types including malignant melanoma, ovarian cancer, lymphoma and prostate cancer.

Identification of Cleavage sites in bcl-2 mRNA for DNAzyme Design:

A partial bcl-2 cDNA clone was generated from cellular RNA, which contained
31 bp of the 5 UTR, 720 bp of ORF and 2.2 kb of the 3' UTR sequences. By scanning
the mRNA corresponding to the bcl-2 clone, 210 potential AU and GU cleavage sites
were identified and these sites were further subjected to two thermodynamic analyses.
The first analysis was on the thermodynamic stability of the enzyme-substrate
heteroduplex as predicted by the hybridisation free energy (Sugimoto et al., 1995,
Cairns et al., 1999). DNA enzymes with the greatest heteroduplex stability indicated
by a low free energy of hybridisation (calculated using the nearest neighbour method),
was often found to have the greatest kinetic activity. The selection parameters
included a cut-off value of -AG°kcal/ mol of less than 25. The second analysis was to

examine if the arms of the DNAzyme had a high hairpin melting temperature (Tm),

%e whi ch has been |ncluded in the present specification



context for the present invention. It is not to be taken as an adm ssion
that any or all of these nmatters formpart of the prior art base or were
comon gewercalosdopow edge in the field relevant to the pr@esemumneBsati on as
it existed in Australia before the priority 10 date of each claimof this
application. In order that the nature of the present invention may be nore
clearly wunderstood preferred forms therédf will be described with
reference to the following Exanples. 15 EXAMPLES Exanple 1 Identification
of Cleavable sites in the bcl-2 and bcl-xL nmRNA. 20 Two genes, Bcl-2 and
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31 bp of “the 5° UTR, 720 bp of ORF and 2.2 kb of the 3' UIR sequences. By
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Joyce 1998) DT508 t oy mlrbl ht i on t?ﬁ‘FCCBCW%@@CtCRE (31-5 ty-fli ve) DNAzymes
wer e desi gnasrsend  synghesi sed gEg}EcabdggMagcfaQaa@ébHCécB&aeX sl ectijon. The
sequence of [These ){I’TES I'S et out 1n Table 1.

DT570 3 cggcgcccaggctagctacaacgaatctcccgc 33.8

DT571 14 aggagaagaggctagctacaacgageceggege {28.9

DT572 15 geggctgtaggctagctacaacgaggggegtet |30.4

DT573 16 gtecegggagectagetacaacgageggetgta  [31.2

DT574 17 |DT892 [tcctggegaggctagetacaacgacgggtcecg  [31.7 +++ NO

DT575 18 |DT893 |caggtggcaggctagctacaacgacggectgag [27.7 +++ NO

DT576 19 |DT894 |ggtggaccaggctagctacaacgaaggtggcac [27.8 +++ NO

DT577. 20 - . _|gectggacaggctagctacaacgactcggegaa  [27.6

DT578 21 ctgectggaggctagcetacaacgaatcteggeg [28.1

DT579 22 cctecaccaggcetagctacaacgacgtggcaaa  |27.6

DT580 23 gctectccaggctagetacaacgacaccgtgge |31.4

DT581 24 |DTB895 |cccagttcaggctagctacaacgaccegteect 32.8 + YES

DT582 25 aggccacaaggctagctacaacgacctceccca  {32.3

DT583 26 agaaggccaggctagctacaacgaaatectcec |27

DT584 27 cacacatgaggctagctacaacgacccaccgaa  |25.1

DT585 28 ccacacacaggctagctacaacgagaccecace  [29.5

DT586 29 ctccacacaggctagcetacaacgaatgacecca  |27.7

DT587 30 ctctccacaggctagetacaacgaacatgacce 26.3

DT588 31 cceggttgagectagetacaacgagetetecac 29.6

DT589 32 ggogcgacaggctagetacaacgacteeeggtt  |30.7




Table 1. Summary |ist of bcl-2 DNAzynmes. Unnodified SEQ 2/2 Sequence AG
Activity Activity 1D NO PS3 kcal/nmol In vitroIn Cells4 DT564 7 c t c cca
cta ctacawo campdopecca 28. 8 DI565 8 tcccggttaggct agct acaac@acgitacoeizg 28. 6
DT566 9 DT891 tcatcacta cta ctacaac actccc tt 26 + NO DI567 10 ¢ catccca
cta ctacaac atc to ccc 30.7 DI568 11 tctccc ca cta ctacaac acccactc t 31.6
DT569 12 c cccaca cta ctacaac actccc cat 183 DT570 13 ¢ ¢ ccca cta ctacaac
aatctccc ¢ 33.8 DT571 14 a s as a cta ctacaac a ccc ¢ ¢ 28.9 DT572 15 ¢

ct to cta ctacaac_a SU. 4] Dlorfs 1o t1CCC a Cta Ct CaoaC a C 0 3132
DT574 17 DTg9pmedified %cytzag MedeeRsc gacgggt cccg 31. 7 447 NO Am‘a%AitE"ty
DT893 ca t ¢a cta ctqqaEO P cl a 27.7 +++ NO DI576 1RIDI384 4 viaeCitnh Clust
ctacaac as t g FF NO—DTS77 20 CTt —acd Tta ctacdaac agttT ¢ 276
DT578 21 ct ¢P¥¥ ggagdct3dgat acaFeERRaEaRER gcapepas 573962 cctccacca cta
ctacaac ac tpgagaa 27.|6 34D'I'580 ‘@tﬁg&gcgg@a&;@a&gmc peacc t| ¢ 31./4 DT5§1
24 DT895 ccg¢a TTca clja crgcaac|accc tcect 32.8 F YES 582725 a ccgacda gt a
ctacaac acct®E¥8ca 32 3501533 IAsasgeepangctagctaqaaceagtiedesat: @8At coticce 27 DTS84
27 cacacat dpfios Ctadaag AOTHB(GiARcaditakctalilBRB 28 6Ca08EaCA [¢ta ctigeaac |a
accccacc 29.5 DI586 [Z9 CthC&CdC& ct a Ct acaac aat acccca 21(. DI5g/ 30
ctctccaca Ct%&@&-&d T teap : 5 CPACES accte &—E—t—-&——c& ﬁacaac_LN
ctctccac 29.6159PT589 |338C |aca 1E@ctgga§§o&%6ta&a&ga&eggtgtg30 235 WO 02/ 099090
PCT/ AU02 1 1 | ' n A [ I VI I
CT/ AU02/ 00 8%96, S l,J, m}sg ,Ibf@g octe ttaggctagcta aycegac%tegggtg;c CE&X ty +Ct i\%
NO PSB kcal TTOT L\ T O LIS OO T J
DT597 40 acaaaggcaggctagctacaacgacccagectc  [27.4 ’
DT598 41 |DT899 |ggegpccgtagectagctacaacgaagttccaca  [28.8 + YES
DT599 42 gaggccgcaggctagctacaacgagetggggce |33.4
DT600 43 {DT900 |aagcteccaggctagctacaacgacagggccaa |28.4 + YES
DT601 44 |DT901 |ccagggtgaggctagctacaacgagcaagetee  |28.2 + NO
DT602 . |. 45 |DT902 |agataggcaggctagctacaacgaccagggtea [25.3 + 1YES
DT603 46 |DT903 |tggcccagaggctagcetacaacgaaggeaccca  [31.3 + NO
DT604 47 |DT904 |ttgacttcaggctagctacaacgattgtggcec 25.7 + NO
DT605 48 |DT905 |ggecaggcaggctagcetacaacgagttgacttc  |26.5 +++ YES
DT606 49 ggagccacaggctagcetacaacgagaageggte [26.5
DT607 50 |DT906 |ccccaatgaggctagetacaacgacaggtectt  [27.5 +++ NO
DT608 51 agggagecaggctagetacaacgaggacttcce  [28.5
DT609 52 |DT907 |ttecteccaggetagetacaacgacaggtatge 27.5 +++ NO
DT610 53 |DT908 |tttttcccaggctagetacaacgacgetgteet 27.9 + YES
DTé611 54 [DT909 |gcggectgaggctagetacaacgagetctgeet  |31.1 +++ NO
DT612 55 [DT910 |ccctgttgagectagetacaacgacatcectgg 28.4 +++ YES
DT613 56 |DT911 |tggctcccaggcetagetacaacgagetecacgt [31.4 +++ NO
DT614 57 |DT912 |cacagccaaggctagcetacaacgagtgccatgt  [26.7 +++ YES
DT615 58 |DT913 |acccccataggctagetacaacgatccacacct 30.1 +++ NO
DT616 59 |DT914 |cagpgcttaggctagcetacaacgactcacctte 25.6 +++ NO
DT617 60 [DT915 |gcccagggagectagetacaacgagaggaaace [27.1 +++ NO
DT618 61 |DT916 |tgctggtcaggctagetacaacgattgecatct 26.5 +++ NO
2. In the process of in vitro selection, twen_ty-six active DNAzymes were

identified (26/55).



DT590 33 ca c a cta ctacaac aatctccc 29.6 DI591 34t tt tcca cta ctacaac
aca ¢ a 27.5 DT592 35 aca ¢ a cta ctacaac a tttccac 26.7 DI593 36 DT896
agt cat ccayoaragmb@caacgaagggcgatg 25.4 + NO DI594 37 DI8®cTaatemoisga cta
ctacaac accaca ¢ 26.7 + NO DT595 38 tatcct a cta ctacaac accat t 25.5
DT596 39 DT898 cctcc tta cta ctacaac acct atcc 28.6 + NO DT597 40 acaaa ca
cta ctacaac accca cctc 27.4 DT598 41 Dr8%%

| ggggccgt aggct agct acaacgaagttccaca 28.8 + YES DI599 42

gaggccgcaggct agct Egaac agct g%% cc 33.4 DT600 43 DT900 as ctccca cta ctacaac
aca ccaa 28.% + Viggin leg egwerefurther chemically mpdified weipgtvog 2 +

NO DT602 45HIEPRerothigdta lifiRageh at3 Kft%@ﬁ@@ar@ﬁ@ﬁ%%z&Zgﬁg_%g(ﬂ;eg\(ﬁﬁgn@;ﬁfgg).46 DT903
t ccca a cta, ctagaac as..c a . + . t.tacgtt.c t

ot acaac attt4' cCc l’l?O(f'[fl?\(@ Bies wrﬁ“&%ﬁgad to cell-Zased assay in w(iuch t%e cl%Z
gggcaggcagggiratpii kvalacgagedspest bycWagetn blots. Fight DINADmetvere shean attivedhacaac
a as c t _26. 160 D at a cta ctacaac aca tcctt 27.5 +++ NO
DT608 51°a a‘?"c‘g"g z‘lagci é‘c°§§g1@%5’§g‘§ ‘ccc 28.5 DT609 52 DT907 ttcctccca cta
ctacaac aca tat ¢ 27.5 +++ NO DT610 53 DT908 tttttccca cta ctacaac ac ct

tect 27.9 + Iﬁ'éﬁﬁﬁamlo%e%%g%té‘s inWcl-AL Hmﬁtfapm@n?émsig ;31.1 +++ NO
DT612 55 DT910 ccct té@ cta _Ctacaac acatccct 28.4 +++ YES I}'613 56 DT911 t

ctccca cta ctacaats far thedeke DNApyme selectipgptotplief 26 DVApjmepweredesignedard a

ctacaac a t ggﬁ&tesf@eciifi;r thetbet-xE RN BT6abed o8 thildderae ce4imiigd afd A°Cl TgAAC
at ccacacct 3

.1 +++.NO DT616, 59 4 ctta cta.ct t ttc 25.6
+++ NO IBT61a71aé'(§e %T@e%‘éeéﬁe gf ‘gf%?qgﬁéé&%gs‘gssta%’gé‘glg‘ﬂggiaijc NCOaC([:)T6(1:8 61

DT916 t ct tca cta ctacaac att ccatct 26.5 +++ NO 2. In the process of in

\6|2} 5898856%#%%@%%2%&%@%5@5 were identified (26/55). WO

Unmodified' | SEQ. 2/2 PS*Sequence -4°G  |[nvitro |Activity
ID NO kcal/mol |Activity? In cells*®

DT673 62 IDT861 aagagttcaggctagctacaacgatcactacct h1.70 . 1

DT674 63 IDT862 tttaccccaggctagetacaacgacecggaaga b7 70 "

DT675 64 [DT863 cccagtttaggetagetacaacgacccateceg 30.10 .+

DT676 65 IDT864 acaatgcgaggctagcetacaacgacccagttta 03.60

DT677 66 [DT865 aggccacaaggctagcetacaacgagegacceca 30.40

DT678 67 [DT866 aaaaggccaggctagcetacaacgaaatgegace 52 70

DT679 68 IDT867 ttccacgcaggcetagetacaacgaagtgecccg 30.90

DT680 69 IDT868 cgctttccaggctagetacaacgagceacagtec h7.60 "

DT681 70 DT869 ccttgtctagpgctagetacaacgagcetttecac 0580 Ly

DT683 71 IDT870 atacctgcaggctagetacaacgactecttgte 05.60 A

DT683 72 IDT871 tcaccaataggctagctacaacgactgcatctc b2.50 e

DT684 73 IDT872 actcaccaaggctagctacaacgaacctgceate 4.80

DT685 74 DT873 tccgactcaggcetagetacaacgacaatacctg h3.20

DT686 75  IDT874 gegatecgaggctagetacaacgatcaccaata b4.40 "

DT687 76 IDT875 aagctgegaggctagcetacaacgaccgactcac b5.40 N

DT688 77 IDT876 aagtggccaggctagetacaacgaccaagetge 07,10 i+ ot

DT689 78 T877 aggtggtcaggctagetacaacgatcaggtaag 2 80 Lt ot

DT690 79 bT879 tctectggaggctagetacaacgaccaaggcete b7.10 ot

DT691 80 [DT880 acaaaagtaggctagctacaacgacccageege b5.20

DT692 81 [DT881 gtctggtcaggctagctacaacgattecgactg b5.40 s "




3. The in vitro selected DNAzynes were further chem cally nodified using

two phosphorothioate |inkages at both ends and renanmed as i ndicated

(Wagner 1w059p/099%90 The nodi fi ed DNAzynes were subj ected toprcaldAvbaesd assay

in which the bcl-2 protein |evel was neasured by Western bl ots. Eight
DNAzynmes were shown active in 5 down-regulation of Bcl-2 protein.

| dentification of Cleavage sites in bcl-X¥B nRNA for DNAzyne Design: As for

the bcl -2 DNAzyne sel ection, total of 26 DNAzyrres were designed and

- w_vi

synt hesi sed [for the fjci=XIr TRNA, —based—om the Sequernce] scanming o—=0¢

10 anal yses.|[Urnedifed 6k (IR PhifeseentNAzynes i s set out| "rGTablfeVIZO Adtivfy ¢
2. Summary Ifi st of bqgipxb|DNAzynmes. Unnodi fied SEQ /gcap,sgblegwmqeuse

vitro ActiVvi[t D NO cal [7_nol 73 02 [T361L
aagagt t cagggﬁawmng DA s thetac ey et ) 1550 s it
tttaccccaggobagat acadcgac opgadittyaesrasciacaargepatagegatligen, ar |, N

cagtttaggctagct acaacgacccat cccd é"}&tt 4
acg_at gcgg_gg t Mvét acad hvécrnwt&* ftC@ag$&§§Cta éggﬁgﬁ Tétgg 16.80 + +

aggccacaaggabaeset acaac gagimEss K B3eP AT e REPBRYINE66 1940 |rer

aaaaggccaggcﬁﬂg) tacaclc% ac61%&&@&a&&g@&agcﬁ%ggaﬁsg&&@ b7 50 L,

ccacgcaggct ggetacaacgaagtgeeces—39 1680—69—1868

cgcttt ccagggDaaget acadcgag (mut%%gcvcaﬁédﬁg“%@iga%“ﬁ%Q 30.50

ccttgtctaggctagct acaacgagctttccac 25.80 ++ T682 71 T870
at acct gcaggct agct acaacgactccttgtc 5.60 +++ T683 72 T871
caccaat aggct hgct dtftersoeeenie shed26-1p i xk «DNPegdang $1 patential cleavable AU or GU

act caccaaggcliag %@@ﬁﬁﬁg ARG thede ks ve'erg Qu%@g%d ngﬂ\%xg%o?dynamlc analyses. Based on

t ccgact caggc glgr acaaté]zcct g 3
cgat ccgaggct é‘@ 4 ;A aﬂsﬂﬁh@n critegin, tygertgsis DNAzymes were
aagct 9C94990§y®@€etsﬁ§@&ﬁgﬁ@ﬁgﬁﬂémge 5e1éc@ioﬁ (26988). 77 T876
aagt ggccaggct agc a accaagctgc 7. ++ 4+ 1877
aggt ggt ¢ aggc%‘agc:[ﬁ@'é R 8'[ V%@ S%lﬁ‘? - gighteen ae?%’@dg @ézﬁﬁwere identified
t ct cct ggaggctlaesd.acaacgaccaaggetc 7. 10 ++ T691 80 T880
acaaaagt aggc4 agct gg&g?
t ct ggt caggct %gct é‘!f:lgacga ?g‘@gggg‘ﬁﬁg"?{g’% flﬁﬁé-é%%ﬂ%gég%h 5& 78,&%37%0739
phosphorothioate linkages at both ends and renamed as indicated.
10 4. The modified DNAzymes were subjected to cell-based assay in which the bdl-
xL protein level was measured by Western blots. Six DNAzymes were shown active

in down-regulation of Bcl-xL protein (6/26).

Example 2
15
Multiplex Selection of Active DNAzymes in vitro:

In order to efficiently select active DNAzymes, in vitro selection was performed
using a multiplex method, which enables a pool of DNAzymes to be screened for their
ability to access and cleave RNA substrate under simulated physiological conditions

20 (Cairns et al., 1999). The DNAzymes (0nM, 5nM, 50nM and 500nM) and RNA
substrate (400nM) were pre-equilibrated separately for 10 min at 37°C in equal
volumes of 50mM Tris-HCL, pH 7.5 10mM MgCl2, 150mM NaCl and 0.01% SDS.
Reaction was initiated by mixing the DNAzymes and substrate together. After 1 hr
the reaction was stopped by extraction in 100ul phenol/ chloroform and recovered by

25  ethanol precipitation.

The primers for bcl-2 cleavage detection are:
5'-cacagcattaaacattgaacag-3' (SEQ ID NO.90)
5'-tggaactttttttttgtcagg-3' (SEQ ID NO.91)

™



15 Unnodified” SEQ /2 PS3 equence -d Gvitro Activity 1D NO cal/ nol
Activity' In cells' T693 82 T882 tttttataaggctagctacaacgaagggatggg 18.90 +
+++ T694w832/08880 acattttt aggct agct acaacgaaat agggat 17. 40 PETAUNROE7384 T884
t ct gagacaggct agct acaacgattttataat 16.80 + + T696 85 T885

ct ct gagaggct agct acaacgaatttttata 19.40 +++ T697 86 T886

agt caaccaggct agct acaacgacagct cccg 7.50 +46T698 87 T887

t ggct ccaggct agct acaacgat caccgecgg 30. 50 1. After screening the.926-bp bcl -
cDNA clone, 81 potential cleavable AU or sites were found and these
sites were s%f%acafacq%gcsﬁ@?'?ﬁ%%am %)nal yses. Based on the threshold of
-25 kcal / nol 5'ag at&ggagaac&m-gegs}g@mmm)y si x DNAzynes were 5 synthesized-

for in vitro clea a In the process of in vitro

sel ection, el gcﬁgtééﬁg%aétﬁ %ﬁgﬁé@%@%‘*). dentified (18/26). 3. All

twent y- si x DNAxpaeetttiuetcecacoBt(BEQ IDING@OBRI | y nodi fied using two

phosphor qt hi d renamed as indicated. 10 4. The
nodi fi edo%mg%%gcg%r@g% ﬁé gg@%@ﬂgg based assay in which the bcl- xL .
protein |eve?- mggma@tg@dag@g &@QMN@% s. Six DNAzymes were shown active

in down-r egud akd-RcRh tﬁ‘é!:cclds BEOUPI OGRS 26) . Exanple 2 15 Ml tipl ex
Sel ection of_Active IZ§\IAZ in vitro: I n order to efficiently select

active DNAzy?r’e@a%%g%faﬂf%e? EHQ BANQ®)is&dt or ned  using a nul tipl ex

met hod, whi c8k-a g?@&akgisaagcmf&c-@f(smlmmea)o be screened for their ability
to access and cleave RNA substrate under sinulated physiol ogical conditions
20 (Cai rifs et al. , 1999). The DNAzynes (OnM 5nM 50nM and 500nM and RNA
substrate (mmMmmrferkpnlﬁLeh:airdg'ebieadcémmpar ately for 10 min at 37Cin

equal  vol ung @gbmpﬁo? 10mM Mgd 2, 150mM NaCl and 0. 01%
SDS. Reacti o%g ﬁé&%ﬁtgéa&% m X1 ng )the DNAzyrres and substrate together.

After 1 hr iﬁ@ﬁﬁmtiig&‘it&n&és HIPEALEY extraction in 1001 phenol /

chl or of or m agwdcg, C@g gggﬂﬂqapa\g;i CEGI AR 03prgqi pi tation. The priners for

| -2 cl e de ion
be ¢ 1e av gcctcagtcctgttctcttcc—% (SEQ ID NO.104).

Primer extension was then performed with Superscript II reverse transcriptase. In this
reaction 4pmol of labelled primer was combined with 300nmol of RNA and denatured
at 90°C for 2 min. The primer was then allowed to anneal slowly between 65°C-45°C

20  before adding the first strand buffer, dithiothreitol, deoxynucleotides and enzyme.
This mix (20ul) was incubated at 45°C for 1hr, before being stopped by placing the
reaction on ice. Samples were placed in an equal volume of stop buffer and then run
on a 6% polyacrylamide gel. Sequencing was performed by primer extension on the
double stranded cDNA template in the presence of chain terminating

25 dideoxynucleotides (ddNTP)(Sambrook et al., 1989). The sequence was used as a
guide to attribute cleavage bands to specific DNAzymes. The relative cleavage
strength of each DNAzyme was determined by intensity of the cleavage products.
DNAzymes were ranked according to their cleavage ability at lowest concentration
(5nM). In vitro selection of bcl-2 DNAzymes was achieved by incubating Bcl-2

30 DNAzymes with its RNA substrate for 60 minutes in the presence of 10 mM Mg?" at
37°C. Primer extension was performed using the sequence-specific primers along the
bcl-2 mRNA. The reactions were analysed alongside with DNA sequencing on a
polyacrylamide gel. In vitroselection of bcl-xL DNAzymes was achieved by
incubating Bcl-xI DNAzymes with its RNA substrate for 60 minutes in the presence of

35 10 mM Mg* at 37°C. Primer extension was performed using the sequence-specific



5' -cacagcattaaacattgaacag-3'" (SEQ ID NO 90) 5'-tggaactttttttttgtcagg-3'
(SEQ I D NO. 91) WD 02/099090 PCT/ AU02/00739 16 5'-tcctcacgttcccagccttc-3'
(SEQ | D ND0Y2)99080 - cagacatt cggagaccacac-3" (SEQ | D NO 93PCT/AU02/00739
5'-cagtattgggagttgggggg-3" (SEQ ID NO 94) 5'- ccaactcttttcctcccacc-3" (SEQ
ID NO 95) 5 5'-cgacgttttgcctgaagactg-3' (SEQ ID NO.96) 5'-
cagggccaaact gagcagag-3' (SEQ I D NO. 97) %7-atcctcccccagttcacccc-3' (SEQ ID
NO 98) 5'- ggatgcggct gt at gggg 3' (SEQ I D NO 99); and

- aggccacagt aaagcaact ctc- (SEQ ID NO 100). 10 The prinmers for_bcl -
cI eavage det BeTEHRInethe 51~x1 At Ehe&agger&g@%resnalysé@lms wigh PNA

5' -cctttcggcgeqh@mcg&lg oly@EQanlddde1102) 5 -ccgccgaaggagaaaaag 3" (SEQ ID
NO. 103); and 15 5' - gcctcagtcct gttctcttcc-3" (SEQ ID NO 104). Priner
extension was then perforned with Superscript Il reverse transcriptase. In
this reactiBmdpesl of |abelled prinmer was conbined with 300nmol of RNA
and denatured at 90C for 2 min. The priner was then all owed to anneal
slow y bét ween 65C- 45C 20 before addi ng the first strand buffer,

di t hi ot hr ei t Bérphyidoayedieted N depmea mgitakedy nancer Jlss i x (201) was incubat ed

at 45C for 1lhr, bgf t@§t%@§l&9ecﬁ§ﬂw?g1ep% RUGIHE zs‘t@ms,ra? fafbﬂ:aﬁ?er cER-

Sanpl es were place In_an equal volune of stop then. run on a 6%
pol yacr yl ani ire Bet w S@eﬂfélm% t@enpRs %Fﬁéf&aﬁymg%q%regéhb@ﬁgf Beil- %%Pdt
doubl e stranslesLGgehe eaaioalt dd 1ﬂ1phEl€anHeH§1@flﬁﬁmcﬁén§ I‘w faqhﬁltemlé]ﬁbtyl’kﬁ

dldeoxynucl S ( t al 198 sequence was used as
a guidée e@i\fﬁzlyﬁl?to g8?‘é%éf§§gbﬂ'§?|8§ﬁit%ca§‘ﬁgﬁﬂof %ﬁ’e The relative
cl eavage Stﬁxéﬁgﬂhn@ﬁykp@@ﬂdy%!ghﬁmﬂ&%étvﬁsmsaﬂads bgtansiecmmaire@genf ferhe

cl eavage pr o%gggilulm%%ﬁﬁ?%ﬁ‘reg&%%p Regording to their cl eavage

ability at |'owe concen itro selection of bcl-
DNAzynmes was achi eved by incubating Bcl-2 30 DNAzynes with its RNA

substrate fognfQidi MdlififaliBn bPONKBRARCE of 10 mM MyZ+ at
15 To increase DN Azyme stability in cells, two phosphorothioate linkages were
incorporated into each of the arms in DNAzymes (PS-Dz)(Wagner et al. 1995). This
has been shown to increase the DNAzyme stability significantly in human serum,

while there was no marked effect on the DNAzyme cleavage activity (Figure 2).

20 DNAzyme transfection efficiency:
1.2 x 10° cells were seeded in a 100-mm culture dish and incubated at 37°C, 5%

CO, overnight. The cells were transfected with an FITC-labelled DNAzyme that was
complexed with TMP at a charge ratio of 3 (+/-). The transfected cells were analysed
using FACS and fluorescent microscopy. As shown in Figure 3, a more efficient

25  delivery was observed when POS-Dz was complexed with TMP, compared with
normal phosphodiester DNAzyme (PO-Dz). In addition, nuclear delivery of the
DNAzymes (FITC-labelled) was evident.

Example 4
30 :
Suppression of bcl-2 and bcl-xL expression in cancer cells.
From the in vitro multiplex selection, 26 DNAzymes against bcl-2 (26/55) and
16 DNAzymes against bel-xL (16/26) were shown to be efficient cleavers of their
corresponding substrates. The modified version of these molecules were then tested
35 for their ability to down regulate the bcl-2 and bcl-xL expression in cells. The assays

were performed in PC3 cells (a prostate cancer cell line). The cells were transfected



37C. Prinmer extension was perforned using the sequence-specific priners
along the bcl-2 nRNA. The reactions were anal ysed al ongsi de with DNA
sequenci ngoan/02909pol yacryl anmide gel. In vitro sel ection offCicAGOzA0BNAZYneS
was achi eved by incubating Bcl-xI DNAzynmes with its RNA substrate for 60
m nutes in the presence of 35 10 nM MyZ+ at 37C. Prinmer extension was
performed using the sequence-specific W0182/ 099090 PCT/ AU02/ 00739 17

priners along the bcl - nRNA. The react [ ons Were anal ysed al ongside with
DNA sequenci gﬂ on HPOI yacryl am de npl e 5 Por phyri n- nedi at ed
DNAzyme upt aWEniZHMcBNAgymegpmplergd ma TMﬁétééh"t‘g? éailomﬂ,&zy\rf%omntgé |

culture systlaaﬁbat@npéeugmt@s @@relﬁeﬁ }brotéuh edtérd BAGS of RNIA @ibohudResé t o
exanm ne their ?C cacy r‘gg]own re t|on bcI 2 and bcl-xL gene

expressi on af@ ae&s spgiSam ) To facilitate delivery of 10
DNAzynme ol i gonucl eotides into cell s a cat | on| c porphyrin, tetra
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Table 3: Active bcl-2 DNAzymes identified in Western analyses.

DNAzyme DNAzyme sequence Target sites”
DT895 Cccagttcaggctagctacaacgaccegteect 455

DT902 Agataggcaggctagctacaacgaccagggtea 729

DT908 Tttttcccaggctagcetacaacgacgcetgtect 1432

DT910 Cectgttgaggctagctacaacgacatcectgg 1806

DT912 Cacagccaaggctagctacaacgagtgecatgt 2093

* indicates the cleavage site on human bel-2 mRNA sequence.
20
Effect of bcl-xL DNAzymes on the bcl-xL expression:
After screening all 16 DNAzymes, three DNAzymes, DT882, DT883 and DT884,
exhibited a very strong inhibitory effect on bcl-xL protein expression (Table 4).
Suppression of bcl-xL protein level by bel-xXL. DNAzymes was determined by
25 transfecting three active DNAzymes into PC3 cells (2 uM). DT867 and 880 were used
as inactive DNAzyme controls; and DT888 as an antisense control. Antibodies to Bcl-2
and B-actin were used respectively to detect the corresponding proteins. DT 880 and
DT867 were inactive DNAzymes in this screening. The effect in PC3 cells was further
confirmed using an RNase protection assay (RPA) of bcl-xL DNAzyme. In the RNase
30 protection assay, DNAzymes were complexed with TMP at a charge ratio of 3 and



Suppression of bcl-2 and bcl -xL expression in cancer cells.
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20

Bcl-2 and bcl-xL specific DNAzyme-mediated effect on cell cycle
Following the test of the DNAzymes in Western and RPA assays, some of the

active molecules were further examined for their effect on cell cycle as an indication of

apoptotic response. Two most active DNAzymes were chosen in FACS assay. These
were DT 895 (a bcl-2 DNAzyme) and DT882 (a bcl-xL DNAzyme). In the assay, same

transfection procedure as in Western assay was used, except those cells were subject to

PI staining after the overnight incubation with the DNAzymes. Table 5 clearly

showed that there was a substantial increase in sub G1 population in the DNAzyme
treated cells (DT895 12.82% and DT882 23.17% respectively), indicating that the cells
treated with anti-bcl-2 and bcl-xL. DNAzymes were provoked to undergo apoptosis.

Table 5. Cell cycle analysis of DNAzyme-transfected PC3 cells.

Treatment % Sub-G1 population
PC3 0.63

TMP 22

Bcl-2 DNAzyme 895 12.82

Bcl-xL DNAzyme 882 23.17

Inactive control 1.62

25



exhibited a very strong inhibitory effect on bcl-xL protein expression
(Table 4). Suppression of bcl-xL protein | evel by bcl-xL DNAzynes was
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usi ng an RNase protection assay (RPA) of bcl-xL DNAzyne. In the RNase 30
protection afsagpleBNAzymes were conpl exed with TMP at a charge ratio of 3
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that Bcl-xL DNAzyme-mediated down-regulation of bel-xL and increased release of
Cytochrome C. In these studies PC3 cells were transfected with 2 uM DNAzyme
complexed with TMP. Western analyses were performed using the antibodies to Bcl-
xL and Cytochrome C. DNAzyme-mediated reduction of bel-xL in PC3 cells led to an

20  increased release of CytoC. This result not only confirmed previous data from cell

cycle analysis, but also validated the specificity of the DNAzyme against apoptotic
pathway in PC3 cells.

- Example 7
25
Chemosensitization of PC3 Cells with Anti-bcl-xL DNAzymes
The Bcl-xL protein has been shown in a number of cell lines to be a potent
protector of cellular apoptosis induced by anti-neoplastic agents. Thus an efficient
DNAzyme that decreased Bcl-xL expression in PC3 cells would sensitise them to the
30 effect of cytotoxic therapy. To test this, cell survival was measured using MTS assays
in PC3 cells treated with either DNAzyme alone or DNAzyme plus anti-cancer agents
such as Carboplatin. The result in Figure 4 demonstrated that the anti-bcl-xL
DNAzyme DT882 sensitised PC3 cells to Carboplatin treatment at 5 uM. This
sensitization led to an increase of cell death from 17% when only Carboplatin was
35 used, to about 50% cell death when the DNAzyme and Carboplatin were combined.
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protei n has IM&NAhpwa compexediwith TMIP atcedHargd natie of & Aéftern24putuenipost
transfection, the cellular protein was extracted and immunoblotted with bcl-2
15 antibody or B-actin antibody. Inhibition of Bcl-xL expression in different tumour cells
by bcl-xL DNAzyme was also investigated using T24 (bladder), A549 (lung) and '
HCT116 (colon) cells treated with 2 uM DNAzyme complexed with TMP as described
and immunoblotted with bcl-xL antibody or B-actin antibody. These studies show that
both anti-bcl-2 and anti-bcl-xL DNAzymes reduced the level of their respective gene

20  expression in all the cell lines tested.
Example 9.

Chemosensitization in human tumour xenograph models by anti-bcl-xL DNAzyme

25 DT882.

In order to demonstrate that down-regulation of the bcl-2 gene family results in
Chemosensitization of tumour cells to anticancer drugs, murine models with human
PC3 prostate cancer and MDA-MB-231 breast cancer xenograph were used to -
determine if the sensitivity to the chemotherapeutic is enhanced.

30 In the experiments, four groups of mice (8 mice per group) (Saline, DNAzyme,
Taxol, Taxol + DNAzyme) were employed At day 1: acclimatised nude male Balb/C
athymic mice were injected with 1x 10° tumor cells suspended in 0.1 ml Matrigel in the
right hind leg under methoxyfluorane anesthesia. Tumour growth is measured twice
weekly using digital callipers and tumour volume is calculated using the (I xw x h x

35 m/6) formula. When tumours reach an average volume of 100-200 mm’, an Alzet

osmotic pump, which were used as a delivery vehicle for DNAzyme oligonucleotides



protector of cellular apoptosis induced by anti-neoplastic agents. Thus an
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led to an increase of cell death from 17% when only Carboplatin was 35
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bcl -2 15 anti body or (3-actin antibody. Inhibition of Bcl-xL expression in
di fferent tuggur lczhl s by bcl-xL DNAzyne was al so investigated using T24
(bl adder), fdhg) and HCT116 (colon) cells treated with 2 M DNAzyne
conpl exed with TMP as descri bed and i nmunoblotted with bcl-xL antibody or

(3-actin antibo 1 [ t th anti-bel <2 i -bcl-xL
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that down-regul ation of the bcl-2 gene famly results in
used in testing the bcl-2 DNAzyme efficacy. In addition, a human melanoma model

(518A2) was further used to determine the effect of the treatment of bcl-2, combined
with Dacarbazine (DTIC), on the tumor growth. As shown in figures 7, 9 and 10, the

20 anti-bcl-2 DNAzyme DT912 could sensitise all three tumours to chemotherapeutic
treatment and this effect was closely related to the down-regulation of the bcl-2
protein level (Figure 8).

Example 11
25
Accessibility and efficacy of antisense oligonucleotides cannot be correlated to
DNAzyme targeting.
The protooncogene c-myb plays an important role in proliferation and
differentiation of haematopoietic cells. C-myb protein levels vary according to the
30 level of differentiation of normal haematopoietic cells with low protein expression
detected in terminally differentiated cells. In leukemia cells where there is rapid
proliferation of myeloid precursors, c-myb has often been found to be overexpressed.
In the literatures, it has been shown that use of antisense oligonucleotides could
inhibit the c-myb expression in vitro and led to suppress leukemia development.
35 Against same regions targeted by antisense oligonucleotides, DNAzymes were

designed and tested in leukemia cell cultures.
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Database
SEQUENCE ID Description Accession
NO. Number
1 DNAZzyme catalytic domain
2 Bel-2 CDS M14745
3 Bcl-xL CDS Z23115
4 Bcl-w gene NM_004050
5 Bfl-1 gene - U27467
6 Mcl-1 gene AF147742
7-61 Bcl-2 DNAzymes
62-87 Bcl-xL DNAzymes
88 Bcl-2 Al gene NM_004049
89 BRAG-1 gene 582185
90-100 bcl-2 cleavage detection primers
101-104 bcl-xL cleavage detection primers
105 Antisense oligonucleotide
106 Antisense oligonucleotide




25 Accessibility and efficacy of antisense oligonucl eotides cannot be
correlated to DNAzyne targeting. The protooncogene c-nyb plays an
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effectively reduce c-Mb protein levels This exanple clearly denonstrates
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DNAzymes results in these two nol ecules having different accessibility to
their target RNA. Thus, the effect of the one type of agent is not a
predi ctor of the activity of another type. 15 Table 6: Sequence |ID Nos and
description. Database SEQUENCE |D Description Accession NO Nunber 1
DNAzyme catal ytic domain 2 Bcl-2 CDS ML4745
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the cataldyti a‘}fﬁﬁﬁ?sréfz ®Xc) another binding domain contiguous with the
3" end of the catalytic donmain, wherein the binding domains are 10
conplenmentary to, and therefore hybridise with, the two regions i medi ately
fl anking the purine residue of the cleavage site wthin the bcl-2 gene
famly nRNA, at which DNAzyne-catal ysed cl eavage is desired, and wherein
each binding domain is at |east six nucleotides in |length, and both

bi ndi ng domai ns have a conbined total |ength of at |east 14 nucl eoti des.
15 2. A DNAzyne according to claim1l wherein the DNAzyne is 29 to 39

nucl eotides in length. 3. A DNAzyne according to claiml or claim2 wherein
the bcl-2 gene famly nmenber is bcl-2 or bcl-xlI. 4. A DNAzyne according to
any one of clainms 1 to 3 wherein is selected from 20 those listed in SEQ
ID NOS. 7 to 61. 5. A DNAzyne according to any one of clains 1 to 4 wherein
the DNAzyne cleaves bcl-2 nRNA at position 455, 729, 1432, 1806 or 2093.



6. A DNAzyme according to any one of clains 1 to 5 wherein the sequence of
the DNAzyne sequence as set out in SEQ ID NOS 24, 45, 53, 55 or 57. 25 7.
A DNAzymewaacoswdng to any one of clainms 1 to 3 wherein i cy@enesdofrom
those listed in SEQID NOS. 62 to 87. 8 A DNAzyne according to any one of
claims 1 to 3 or 7 wherein the DNAzyne cleaves bcl-xI nRNA at position
126, 129 or 135. 9. A DNAzyne according t26 any one of clains 1 to 3 or 7 or
8 wherein the 30 sequence of the DNAzynme sequence as set out in SEQ I D NCS
82, 83 or 84. 10. A DNAzyne according to any one of clains 1 to 9 wherein 1
to 6 phosphekdIMboate |inkages are introduced into each of the 5 and 3
ends of the DNAzymes. 11. A DNAzyme according to any one of claims 1 to 10
wherein the DNAzyne 35 co rlses at | east one nodification selected from
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claims 1150 22 orA BNW@WMM@M%@MW@MM Yineg 2060 9 ai m 12 or

13. nucleotides in length.
3. A DNAzyme according to claim 1 or claim 2 wherein the bcl-2 gene family
member is bcl-2 or bel-xl.
4. A DNAzyme according to any one of claims 1 to 3 wherein is selected from
20 thoselisted in SEQ ID NOS. 7 to 61.
5. A DNAzyme according to any one of claims 1 to 4 wherein the DNAzyme
cleaves bcl-2 mRNA at position 455, 729, 1432, 1806 or 2093.

6. A DNAzyme according to any one of claims 1 to 5 wherein the sequence of the
DNAzyme sequence as set out in SEQ ID NOS 24, 45, 53, 55 or 57.
25 7. A DNAzyme according to any one of claims 1 to 3 wherein is selected from

those listed in SEQ ID NOS. 62 to 87. ‘
8. A DNAzyme according to any one of claims 1 to 3 or 7 wherein the DNAzyme
cleaves bcl-xI mRNA at position 126, 129 or 135.
9. A DNAzyme according to any one of claims 1 to 3 or 7 or 8 wherein the

30  sequence of the DNAzyme sequence as set out in SEQ ID NOS 82, 83 or 84.
10. A DNAzyme according to any one of claims 1 to 9 wherein 1 to 6
phosphorothioate linkages are introduced into each of the 5’ and 3’ ends of the
DNAzymes.
11. A DNAzyme according to any one of claims 1 to 10 wherein the DNAzyme

35 comprises at least one modification selected from the group consisting of 3'-3’



6. A method of treating tunmours in a subject, the nmethod conprising 20
adm nistering to the subject a first conposition conprising at |east one
DNAzyme woamengliong to any one of clains 1 to 12 and a seceqad/Aappes)ti on
conprising an anticancer agent. 17. A nethod as clainmed in claim16 in
whi ch the anticancer agent is selected from the group consiting of taxol,
daunor ubi ci n, dacitinomycin, doxorubicin30bleonmycin, 25 mtomnycin,

nitrogen nustard, chloranbucil, nelphal an, cycl ophosphani de,

6- ner capt opurine, 6-thioguani ne, cytarabine, 5-flurouracil, floxuridine,

net hot r exat einvegsising NBcPH ehogphasamidataiinkages peptideanudeiopod lidkagenchned spl at i n.
2’-O-methyl.

12. A pharmaceutical compositions, the composition comprising a
pharmaceutically acceptable carrier and at least one DNAzyme acoording to any one
5 of claims 1 to11.
13. A pharmaceutical composition according to claim 13 wherein the composition
further comprisises at least one chemotherapeutic agent selected from the group
consisting of taxol, daunorubicin, dacitinomycin, doxorubicin, bleomycin, mitomyecin,
nitrogen mustard, chlorambucil, melphalan, cyclophosphamide, 6-mercaptopurine,
10  6-thioguanine, cytarabine, 5-flurouracil, floxuridine, methotrexate, colchicine,
vincristine, vinlastin, etoposide and cisplatin.
14. A method of treating tumours in a subject, the method comprising
administering to the subject a composition according to claim 12 or 13.
15. A method of enhancing the sensitivity of malignant or virus infected cells to
15  therapy, the method comprising modulating expression level of a member of the bcl-2
gene family selected from the group consisting of bcl-2, bel-x], bel-w, bfl-1, brag-lA,
Mcl-1 and Al using a DNAzyme according to any one of claims 1 to 12 or a
pharmaceutical composition according to claim 12 or 13.
6. A method of treating tumours in a subject, the method comprising
20  administering to the subject a first composition comprising at least one DNAzyme
according to any one of claims 1 to 12 and a second composition comprising an
anticancer agent.
17. A method as claimed in claim 16 in which the anticancer agent is selected from
the group consiting of taxol, daunorubicin, dacitinomyecin, doxdrubicin, bleomycin,
25 mitomycin, nitrogen mustard, chlorambucil, melphalan, cyclophosphamide,
6-mercaptopurine, 6-thioguanine, cytarabine, 5-flurouracil, floxuridine, methotrexate,

colchicine, vincristine, vinlastin, etoposide and cisplatin.



