;’e3e4Pk4” “ateej 6] TPk# 1 0 MAR 200 WD 01118015 PCT/ US00~4688 OLI GONUCLEOTI DE
'N3' - ~P5'" THI OPHOSPHORAM DATES: THEI R SYNTHESI S AND USE Cross- rApﬁ WAR"5H) to
~Rel ated Applications 5 The application clains priority fromU. S

Applicati 0/153,201, filed Septenber 10, 1999, angritsabrddssS:
Applicati %’m.’“”gm 160, 444, filed COctober 19, 1999. . For rlﬁ:urposes of

prosecution in the U S., the priority applications are her eby i ncor porat ed

herein by ref eANGONOCLEOTIDE N L3ty THIOPHOSIKHORAMIDATRS:Nt i on The
present invention relates to oligonucl eotides having a novel

sugar - phosphat e backbone CTHEIRISYNTHESE:ANDIUSEi de 3'-NHP(O) (S') O 5’
| i nkages. More particularly, the present invention is directed to
t hi ophosphor am date ol i gonucl eotide conpositions, their use 15 as

di agnostic or therapeuti g gg_g&grgn%qgRr_g_%{eg%;ﬁéﬁgmsynt hesi zi ng

t hi ophosphor ami date olig ound of the Invention Nucleic
acid ol ymer chenmi stry has played a crucial role in many devel opi ng
technol ogi es in the pharmaceutical, diagnostic, and anal Z}t i cal eI ds, and

more parti culBhel gppi_agatm elpimss pretity| fremo Sarﬁm’éﬁw Ned 6958 2Qén§ ed

t her apeu to QR\IA{E lighycati on,
and arra%FPgeﬁbé ?Wgﬁ ntg ﬁgqﬁ&mét?f’a yS| S A Prq%jn}ﬁdr? egnrﬂ,é llgggman

Chemi cal g gﬁ‘dé’e‘s edtibnI8 4h ﬂJ@Othe ibit lx@hoﬁ?d are hdrebjixgborforaed  36:
1923- 1937 eﬁﬁ 93; cggsle/gss?rraeker ect al gﬁr rﬂg%'?pQDI nion in Structural Biology,
5: 343- 3BGein bp eFereReus their Sotitetyce, 276: 1192- 1193, 1997: Thuong et al.

Angevx6 Chem Int. Ed. Engl., 25 32: 666-690, 1993; Brenner et al., Proc.
Nat | 10 Acad. Sci., 89: 5381-5383, 1992: Gold et al., Ann. Rev. Biochem, 64:

763-797, 1995; Gallop et al. @F%@%@L, 37: 1233-1258, 1994; Gordon et
al., J. Med. Chem 37: 1385- 14 ; yaznov, International application
PCT. / LTS94/ 0755, prefedemvedtionl relatels) t& oligatuclebiddes thaving adyel Sgar-prasphats al .
Genom Csbac]ligone :o%?n?r(l)gzmtemucleomde 3'.“NHP(O)(S)O-5' linkages. More particularly, the
present invention is directed to thiophosphoramidate oligonucleotide compositions, their use
15  as diagnostic or therapeutic agents and methods for synthesizing thiophosphoramidate
oligonucleotides.
Background of the Invention
Nucleic acid polymer chemistry has played a crucial role in many developing
technologies in the pharmaceutical, diagnostic, and analytical fields, and more particularly
20  in the subfields of antisense and anti-gene therapeutics, combinatorial chemistry, branched
DNA signal amplification, and array-based DNA diagnostics and analysis (e.g. Uhlmann
and Peyman, Chemical Reviews, 90: 543-584, 1990; Milligan et al., J. Med. Chem. 36:
1923-1937, 1993; DeMesmaeker et al., Current Opinion in Structural Biology, 5: 343-355,
1995; Roush, Science, 276: 1192-1193, 1997; Thuong et al., Angew. Chem. Int. Ed. Engl,,
25  32:666-690, 1993; Brenner et al., Proc. Natl. Acad. Sci., 89; 5381-5383, 1992; Gold et al,,
Ann. Rev. Biochem., 64: 763-797, 1995; Gallop et al., J. Med. Chem. 37: 1233-1258, 1994;
Gordon et al., J. Med. Chem. 37: 1385-1401, 1994; Gryaznov, International application

PCT/US94/07557; Urdea et al., U.S. Pat. No. 5,124,246; Southern et al., Genomics, 13:

AV
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10 MAR 200 WO 01/ 18015 PCT/ USOCO 74688 1008-1017, 1992; McGall et al., US.
Pat. No. 5,412,087; Fodor et al., U S. Pat. No. 5,424,186; Pirsgngaretal .,
U.S. Pat. No. 5,405,783). Miuch of this chem stry has been directed to

i nproving the binding strength, specificity, and nucl ease resistance of
natural nWNQ®18015¢ci d pol ymers, such as DNA. 5 Unfort unatP&mUS0 24688 venent s
in one property, such as nucl ease resistance, often involve trade-offs’
agai nst r rii h i ndin I @s ch
trade-o#ﬁégg gﬁﬁgggbg%gégéﬁ%ﬁtpg?gg%gﬁgsﬂfﬁ&g§§qﬁﬁgﬁFé@qgégdP%%gﬁgase

resi st anw4aB6l Hribl dh @l .5 Pl NG, 51205, 78mve reduced cel lul ar uptake in test
cultures (e.g. Hanvey et al., Science, 258:1481-1485, 1992);

phosphor ot hi dhtchsofdthespehemisioodan bednedisectadety Brpraviag dhel bimlingisirengfh, 10 but
are typically, synthesjzed as, P-chira i xt ures .and,di spl sev I
sequencépﬁcégr-ﬂglgypeaélflfr}uéleSfeofeS’ﬁfaélﬁ? °£f‘?éé’&msn"(c 1534 tpeoll’ﬁngerg’ g'%eh ,asslglf\%r'\ce,

261: 3004 j5k0rhhatels? IdbiovERERY iPBRSPOFEIBL 88chiisSiicRYscaRaistaRdes bRASBIvVEREI St ance
and cel lul ar uptake, but are also typically synthesized as P-chiral

m xt ur egraderdffh aganst ethet prbpeltips, @nchsasadhinding strangthg . Exveples elf enchetradgtoffs( ci t ed
above); and so on, 15 Recenf]l a.new cl ass, of ol iqgonucleotide gnal og has
been de\FgPUtffécPeﬂH@‘? H&clglﬁ-i"&fsl é’ym'£@lﬁ5g°%8§ﬂFﬂ§F gﬁ?‘%ﬁ‘?“@ ?'Hj([j Eﬂ”ﬁ’d’@l eosi de

| | nkagesy st Mot 1BRe @a/dutéa/eﬂﬁ.'?alr% PikBGh Rkt REIRBEY td, & Haribey eAS Rclepsd, St ance,
and solubilTty (Gyaznov an Letglnger, Nucl ei ¢ Aci ds Research

20: 3403-238(1981-1988 ;1992)e phasphaabthjoafesi display gdad ducléddss emistange 28t @HBIIRH68,

1995; Gryaznov et al., Prqoc. Natl. Acad. $Sci., 92:5798-5802, 1995, and

G yalfhobubgreypically synhesized aaﬁeq#iralse'éwe%fg display seyeral seqygupgyrion-specific
Phosphoram e . aiq, ' hing 1 &4 t

AR e e e e e R L L M

synt hesi dispMydgqodainelehdeassifincelahd 0¢1litdr &ptak el bublare-atddSy pipd1Bsgyhthesiveddat es are

al so described in Gyaznov et al. U S. Pat. Nos. 5,591, 607; 5,599, 922,

5, 726, 29P+chizgl anikfuresciad diave reduced duplex stabitisy (e.8 Migsmagkes et ol (jted above);

ol i gonuc] eoti de N3'-~P5' phosphoram dates form unusually stabl e dupl exes
wth co Sheht ary DNA and especially RNA strands, as well as stable
tripjexes w tRecéAWs:, 8HBL EMar oBfshutiBSe ahBo@hHbeéddvalopad hdvingiuckigaises ( Chen
et al., Nucleic Acids Research, 23:2661-2668, 1995; Gryaznov et al., Proc.
Nat | .  ACHY—-ISCiphpsihRramioge 586MmutRosiiie linkages wehich [digplayutaversbledbinNigtg- aP5'
phosphoram dates are nore potent antjsense -2_ 10 MAR200 WD 01/ 18015

PCT/ CJ SOBPPFESs nigleasesresiparcep Ank pHuebibyn(Gnazaoy apd Jatsinges Weslgic iAsidsi tro and

in vi Sk ' , . | .Acad. Sci.. 94: 3966 1ch097?) . A
e sameRREREE A% DR Aok et al el ne S Retearth 2RAREIREE 199300 e
intra- aggendv @ee| Plok aNatRTAa8 18, 8718798059002 593; akd Grydzadd btial.yJr&hat i ve to

the natural phosphodi ester counterparts (Gyaznov et al., Nucleic Acids 5
Resea? chCheam.:SpsQ316:3148,3149.019p4). Hhesphofamddate eompofindsiventain agbramincegrourie

hosphor ani d ial |y adversely aff hei r phar macal ogi cal
br oper (1 BecD ot dbha Sy Rsmbpd RieBRepaiersS pealpcith o SRERCHAR ) T of an

ol i gonuclyelekid@nd proplrtic MBLLgdRLCIEHHRL N3V 85" \RBsphBRniSds! e hiBo HeRribed
ol i gonucl’eoti de agents as oral therapeutics. I'n order to circunvent the

above defcGhiagthbvpdt@hIESEPASNES: I5HIEEOM 3,5998220 626,20 %0 ahdl Elickthteiadtags, a new
cl ass of conpounds was sought that enbodies the best characteristics from
bot h ol i ¥ehkel 8824,d2.phosphor ani dat es and phosphor ot hi oates. The present

NG - BPS 't hi opHoB RN RPN S baRRTRpHates T PHVGALY SRORHEPESRbosi t1 ons
and net h%lt% c%];nptle%en%{r)g WA ahd' \égp%ilaﬁ)p Rli\ﬁlx %fﬁdg,oasp&gélygsuﬁl\lﬁg ttx'iﬂ%?es with

DNA duplexes, and they are also resistant to nucleases (Chen et al., Nucleic Acids

Research, 23:2661-2668, 1995; Gryaznov et al., Proc. Natl. Acad. Sci., 92:5798-5802

1995). Moreover oligonucleotide N3'->P5' phosphoramidates are more potent antisense



hHavi ng conti guous nucl eosi de subunits joined by intersubunit |inkages. In
the pol ynucl eotides of the present invention, at |east two cofifyi \ARODGR4
subunits are joined by a N3'-BPS thiophosphoramnm date intersubunit |inkage
defined by the formula of 3" 20 [-NH-P(=0 (-SR)-0O]-5", wherein IS

sel ect ed WO group consisting of hydrogen, alkyl, &FJUSHAI%¥alts
thereof. In a preferred enbodi nent of the invention, R is hydrogen or a
salt th ' : ti C REQt slUGRot.hat all
o the e B o g bR I e

Al t er natNaveAyad. Stig 9830H6ART 104991 e Atdlie same tinme/the phospharamidates tapparerdlysecond

e g hdhie o R o R TRRLSH B R e "
h h - . 1 - 1 M .
phosp Orra'ém{eo i?({s ?\lﬁé hgﬁﬁaggﬁ%oﬁbg%ﬁmoﬁﬁt}éﬁﬁs 1(%%’?%%0'&%,0%@&&@@&@ e

i nt er subuni ag or mul a: R 2004 WO 01118015
PCT/ §SO RS 29165081514, R996], 1hesenfeatueesBfithe oligonntleide rphpsphordnddates or an
anal og thereof, Zis OR SR or nethyl, wherein Ris selected fromthe
group cootsntialhadvstselyy affesy dheir phavmpcolegiepl pranerties dor spang applicationsgnl R i s

sel ected fromthe .consistin . | ogen,
wher ei n B2 ’Il},le @%&%ﬁlw og?n ?Wclgété%%ﬁ_]%%&ﬁg gﬁéit}' ?I ‘Jg(ﬁatth v?/eadé]%réit-%lo, mis
bet ween e dflcaéledide Bgdats a3.ordd theblpenti¥st h the proviso that when Z is nethyl
or Ove, RL is not H %’he nucl eosi de subunits nmaking up the polénucl eoti des

can be sel eciledrdentolsiciumvent the fabonsdlesnriedproblems agsheiated with oligenupleetidst bases
conp)Jenentary to a.single-strand nucleigc acid.ta t seguence. oL _a sequence
t hatJQ/vi |ﬁna'§s¥&/9°%‘#?ﬁét°?8?fnm“n 5 VRS ?ﬂ_“gli’(t tg?treﬁ%’_f’ﬂlf%&%%F%E%aftﬁré&ﬁf)Frf/’ﬁlucI eoti de
and a 1000‘%1?'69%&@%9&@8( ph&?ﬁorﬁhﬁ?da%%rﬂeplﬁn {ofdthidale®] MOE pR¥seat idvededn one

N3' ~PS'" t hi ophosphoram date intersubunit 1inkage, as descri bed above, have

super i orddsedbed athee syathasisd fprpgeniegsiand wees reft aligonbelestide N¥ErPal
stability as conpared to oligonucl eotides having phosphorani dat e

i nt er subthiophosphorhmigletes. The present invention also includes a nethod of
synt hesi zi ng an oligonucleotide 15 N3'--BPS thiophosphoram date. In this
method a first nucl eoside 5 -succinyl-3" -amnotrityl-2',3'-di deoxy

nucl epside is attached to a s%hﬁﬂaﬁlgpgﬁl@égm{t . The first nucl eosi de
additionally has a protected ami no group. The protected 3' am no group
i s then depr ditecdoempobitiofisoamh methodseofthe preisers igveotipn tedatevid polyaudentidasl
pg;lcéa ggi g\ievtu}ﬁgs é%gggﬁ%m@g%?d% :sgt;bu%??s r}%in%[iogyp igf];cerstu%gnift ilgnﬁctaggsl{ cl leno%liwde s
polynucleotides of the present invention, at least two contiguous subunits are joined by a
N3'—P5' thiophosphoramidate intersubunit linkage defined by the formula of 3'-
20 [-NH-P(=0)(-SR)-0O-]-5’, wherein R is selected from the group consisting of hydrogen,
alkyl, aryl and salts thereof. In a preferred embodiment of the invention, R is hydrogen or a
salt thereof. The inventive polynucleotides can be composed such that all of the
intersubunit linkages are N3'—P5' thiophosphoramidate. Alternatively, the polynucleotides
of the invention can contain a second class of intersubunit linkages such as phosphodiester,
25 phosphotriester, methylphosphonate, P'3—NS' phosphoramidate, N'3—P5'-
phosphoramidate, and phosphorothioate linkages.

An exemplary N3'—<P5' thiophosphoramidate intersubunit linkage has the formula:



20 am nonucl eosi de-5' - O cyanoet hyl - 1~N-di i sopr opyl am nophosphoranidite
monomer to form an internucl eosi de N3' -BPS phosphorani dite |ilnkM)B. 0dhe

i nt ernucl easi de phosphoram dite group is then sulfurized to forma N3'-BPS
t hi ophosp%tﬁm‘ﬂgt e internucl easide |inkage between the ddrhssborsess second
nucl eosi des. 1'n anot her enbodi ment of the invention, a nethod is provided
for hybridizing a 25 thi ophosphoram date oligonucl eotide of the invention
to an DNA oré targeg. The -4 10 MAR 2004 WO 01/18015 PCT/ USO0/ 24688

t hi ophosphor dmi e ynucl eoti de conprises a sequence of nucl eosi de
subunits j oi ned | east one subunit defined by the formula: O Hiy~ R~ ~
O where B is a pMipaqor pyrimdine or an analog thereof, Zis OR SR or
met hyl, and R~ i%ﬁsel ected fromthe group consisting of hydrogen, O R2,
S-Rz, and hal oge ,QMierein RZ Sis H alkyl, or (CH2)"WCH2)H, where n is
between 1-10, mis between 0-10 and Wis O, S, or NH, with the proviso that
when Z is nethyl or Ove, RL is not H The thiophosphoram date

pol ynuc|veleié Bds & purtrerdr pytimitiing ortantanaloRbikracdrZyistOR.SRalor owtliybrwvherdinR of a
hybri di zati on conpl ex between  the | ynucl eoti de _and, t.he A target. The
present if pRlesHRd foom dhestovmeqnsigee gﬁ&ﬁﬁéﬁ%@h@gaﬁ“ @Bﬁr\ﬁﬂg ch?ﬁwé\gegﬂﬁkkfst s

i ncl udi n a..pok k I tolea oaiDRvherei is H,

t hi ophoss%}"?(?lit(r&%lrlrrlU a[tnée( B@hﬁﬁ%ﬁﬁ%@%ﬁ%ﬂ%ﬁ é%o&’g?ﬁ'lﬂﬁlgjg?ﬁ@ r?tt.cin\llle{2

ol i gonucipAt érd€H, AWECHLH| whitranliy betsredriil-10,m é etweened- Hpand Weis €58l pat i ons
based on hybridi zation, such as, antigene and antisense %gglég tions,

i ncl udi MyH; wish thetrirevisd thet WientZisonathyd 98 OMes s st Thenue Hoscr~tion
of the Draw ngs .Jhe for N spect ' t
of (i s PAOBAER I R RIGREIRE AR Chanar BB BledcotidnERIABh 280 P S0

bett er undaEmt VThabas doaiptdmeitay tto af fisglé-sirammuniric atidi thipdt semendepdri on, when
taken in conjunction with the acconpanyi ng draw ngs, wherejn:;
sequence that will allow formation of a triplex structure between the polynucleotide and a

10  target duplex. The nucleoside subunits joined by at least one N3'-P5' thiophosphoramidate

intersubunit linkage, as described above, have superior resistance to acid hydrolysis, yet
retain the same thermal stability as compared to oligonucleotides having phosphoramidate
intersubunit linkages. '
The present invention also inciudes a method of synthesizing an oligonucleotide
15 N3-PS5' thiol.)hosphoramidate. In this method a first nucleoside
5'-succiny}3'-aminotrityl-2',3'-dideoxy nucleoside is attached to a solid phase support. The
first nucleoside additionally has a protected 3' amino group. The protected 3' amino group
is then deprotected to form a free 3' amino group to which a second nucleoside is added.
The free 3' amino group of the first nucleoside is reacted with a 3'-protected
20  aminonucleoside-5'-O-cyanoethyl-N)N-diisopropylaminophosphoramidite monomer to

form an internucleoside N3'—P5' phosphoramidite linkage. The internucleaside

phosphoramidite group is then sulfurized to form a N3'—P5' thiophosphoramidate

internucleaside linkage between the first and second nucleosides.
In another embodiment of the invention, a method is provided for hybridizing a

25  thiophosphoramidate oligonucleotide of the invention to an DNA or RNA target. The



20 FIGURE | A shows the internucl eoside |inkage structure of oligonucleotide
phosphor ot hi oates; FIGURE 1 B shows the internucl eoside |inkagq swR@4re
of oligonucl eotide phosphoram dates; FIGURE | C shows the internucl eoside

| i nkage structure of exenplary 25 oligonucl eotide thiophosphoram dates of
the inverWPBHI8OLSs 10MAR 2044 WO 01/ 18015 PCT/ US00/ 24688V ¥PE 2 shows a
schematic outline of the step-by-step synthesis of uniformy nodified

oligon ' aﬁ,gﬂa&ﬁl& | JRhASes afskdddile of mabIeYGdAubeig Bt L PUL | | ne of
t he coﬁt\?}leosg(lg%ﬁ&a I'n c%@%@ﬁcﬁﬁkpﬁgé% ram date intoui ts gﬁosph}gr am dat e
count er fadakt one Subviitl defisiedtdyahgfoanulat s resulting 5 fromthe hydrol ysis of the
di nucl eoti de t hi ophosphoram date. FIGURE 4 shows the results of an in vitro

tel onerase inhibition assay perfornmed using increasing anount of

t hi ophosphor anmj dat e olg gonucl eotide of SEQ ID NO:2 that is conplementary to
t el omer ase , 0 ID NO 4 that contains nucl eotide m smatches. FlI GURE
5 shows the res an in vitro telonerase inhibition assay perforned 10
usi ng increasi ngnagprpt of thiophosphoram date oligonucleotide of SEQ ID
NGO 10 that is co enentary to telonmerase RNA. FIGURE 6 shows the results

of SEQ ID NGs: 2 aﬁd%lo that are conplenentary to tel onerase RNA, and SEQ

| D NO: 4 that ' CLSOH %ﬁ# 188 ThePddbf IR 1, B, Br pbinkAVERO- SE
cells. 15 FI ‘&f&%@ggﬁgﬁmﬁh érﬁ:&hbﬂ@ﬁﬁs o] the et hi ophosphorafn' date

ol i gonul @ndeiedRa fim thegrduplconsistig lo€ hgirbgenf OFES R, Sinddeldgsn, WHeGIRR: 8
illustrates the 1Cso val ues measured for the thio hoseptbO{Oam d&t.eozo
ol i gdnuds BoalkydeorsEH2)a W (Kid)nbl, where n is between 1-10, m is between 0- and W is O,

S, or NH, with the proviso that when Z is methyl or OMe, R, is not H. The
thiophosphoramidate polynucleotide is contacted with the RNA target to allow formation of

a hybridization complex between the polynucleotide and the RNA target.
The present invention also includes pharmaceutical compositions and kits including
10  a polynucleotide having at least one N3'—P5' thiophosphoramidate linkage, as described
above. The inventive oligonucleotides are particularly useful in oral therapeutic
applications based on hybridization, such as, antigene and antisense applications, including

the inhibition of telomerase enzyme activity.

15 Brief iption of the réwin s
The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to the
following detailed description, when taken in conjunction with the accompanying drawings,
wherein: |
20 FIGURE 1A shows the internucleoside linkage structure of oligonucleotide
phosphorothioates;
FIGURE 1B shows the internucleoside linkage structure of oligonucleotide
phosphoramidates;
FIGURE 1C shows the internucleoside linkage structure of exemplary

25  oligonucleotide thiophosphoramidates of the invention.

5.



Detail ed Description efinitions An "al kyl group"” refers to anrﬂim ﬁé
substituted al kyl group having 1 to 20 carbon atons, such as , "thyl,

- propyl, and the like. Lower alkyl typically refers to C1l to C5.
Internediate al kyl typically refers to C6 to Cla. '25 An "aryl group”
refers toVadVE®¥matic ring group having 5-20 carbon atoﬁET“@%%ﬁ %s phenyl ,
napht hyl, anthryl, or substituted aryl groups, such as, alkyl- or

aryl - substi tﬁf}bm lsl'chf's Jlgéﬁéqmgatigtoﬁmngrﬁr}ﬂé step-ibﬁlé@'ég?’éyﬂhcsigtof'unﬁ‘l)ﬁﬂyi ncl uded

are heterocyclic aromatic ri roups having o nore nitrogen, oxygen,

or sul f pdiit@8myohiclédtide tHisihosphiotdng@aiesc| eot i des” typically refer to
nucl eosi de subunit pol ynmers having between 30 about 3 and about 50

conti guous SUUGHRE 8. shidves pussheawitige outhizanef $he aonpersjos gedinyglegtids 10 MAR

I R e S ST B L

"ol i gongemand hydesysid stahe Wigsclemtide tHisphbéphBRamiddtown to one skilled in the art,
to the sugar back}()one (e.g., ribose or deoxyribose _subunits), the sugar
(e.g., 2' sUBEURK¢ishows thetresulth o an imwidrottplomerase inhibition aysay performed term

" pol l.eoti de",, in h he. i , .

D Y onttine ereggne Aol RbEsBariiats SielfloREBE SRR 22t nenever
2 €21 _

?RT&J%@@E@?&%\:A??? {eg)rﬁe%e KA LE SEOM DN G LANENLRtaftk n{éﬁéc&ﬂé %usxﬁa:tg{és.as

e understood that the nucleotides are in -3 3
order from | BfGURB 5rshopesd theAssults @fl ah én @itro, telomecdse dshibittn assey pekfgrmede nat ur al

nucl eosi des, including 2'-deoxy 10 and 2! -hydroxyl f ) as. descri bed
i n R8nbapige incrraing amounok trephosphoramidate QH@%B eotf r@é%ﬁ) é@m%ﬂ’éﬁ‘éi sco,
1992), apd l@ﬁ’x?ﬁt%%% téiﬁﬁ@&s@gé\fAi n reference to nucl eosi des incl udes

¢PRGCT e

synt het i osi des having nodified base noieties and/or nodified sugar
noi eti es, e. FIGURE Grshbesthgaswmitalof SEQYIDINOei 2 and\Licthetodre demplamentgy t0John

Wl ey, New York, 1980). Such anal ogs include synthetic nugleo ‘ivge desi gned
to enharﬁ@lembwmg,mti:4wt69@@ln%P%°Flﬂ% frismatehes pn Mer&IOWR 0l he | ke,
such askﬂ‘idggd_gégq by Uhl mann and Peyman (Chem cal Reviews, 90: S43-584,

1990) . S ?gs' defined herein to include (i) typical DNA and RNA bases

(uragi |, thysi@EREISRWIGhe B4alR Ethe AMGplyblFAmidite oligomicldoxidemet fieed bases
or base anal ogs (e.g., 5-nethyl-cytosine, S-bronouracil, or inosine). A
base andatlogeiedengthdfdBVIESQ-5Bkellse 20 nol ecul ar structure mimcs that of a

typi cal DNA ase.. As yseg, herein, "pyrinmdine;.nma . pyriom di nes
occurring i n%ﬁﬁﬁgﬁap ‘ﬁaﬁf%ﬁsff’&e&soivﬁi‘ieadi“‘r%gé{’ég‘/{PS’s ithr?efhl(fmﬁlf g‘?%r?té%}%gg uracil)
and conmgiiomRabagssEdh e &e: 2. such as those containing oxy, methyl, propynyl,
met hoxy, hydroxyl, amno, thin, halo, and |ike, substituents. The term as

used herein further includes pyrimdines with common protection 25 groups

attached, such as N4-benzoyl cytosi.n D Furt her common pyrim di ne protection
gr ou%% are disclosed by Beaucaéfﬁ%ﬁ@—%fl@mtrahedr on 48:223-2311, 1992).

As used gﬁﬁﬁsﬂm "purine"” means the purines occurring in natural

nucl eosi'des, 1 ncluding adeni ne, guani ne, and hypoxant hi ne, and common

anal ogs t her exf "alisligloug'srefdro ®eancdkyil at sibstputed plkyhesohy havigg bisy2/¢arbamet hoxy,
hydroxyl, am ng, thio, halo, and I|ike, 10 004
Y y atoms, such as methyl, ethyl, propyl, and the like. Lowelylgﬁyl2 typically refers to C; to Cs.
Intermediate alkyl typically refers to C¢ to Cyo.

25 An "aryl group" refers to an aromatic ring group having 5-20 carbon atoms, such as
phenyl, naphthyl, anthryl, or substituted aryl groups, such as, alkyl- or aryl-substitutions
like tolyl, ethylphenyl, biphenylyl, etc. Also included are heterocyclic aromatic ring groups
having one or more nitrogen, oxygen, or sulfur atoms in the ring.

"Oligonucleotides" typically refer to nucleoside subunit polymers having between

30 about 3 and about 50 contiguous subunits. The nucleoside subunits can be joined by a
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VO 011 18015 PCTNSO0/ 24688 substituents. The term as used herein further

i ncl udes purines with common protection groups attached, such f§ MAR 2004

- N2- benzoyl guani ne, N2-isobutyryl guani ne, N6-benzoyl adeni ne, and the |ike.
Furt her. n_purine protection groups are discl osed e and lyer
(cited ab&oﬂr;%mngAs used herein, the term"-protected-" l})abg%g%?r%onent .of a
chem cal nane refers to art-recognized protection groups for a particul ar
nmoi ety @hridy 6DiiPastbinit Hnkhges, Dnclyding, dutt mod hiydted xo; [tHose shoved arldGSe1Ado a '
nucl eosi de 1 ncludes tri phenyl net hyl

i.e., trityl), p-anisyldi phenyl met hyl
(1 0 on aihero K9 ONSJ4ONEPS! FAPRIAES EodiScatising, ngih B BAURd Rithe b t0” | o 1Y

di met hoxytrit vl : i . - :
ot ude Ciifpes s RineSlf B ot e sl REOT BPAILAREEP 2B 00
A i gonugheniké, dad Bers BRBS' Srmbhi PTRE el apol fiRlcondd’, 4slustd R¥reishas Gefsamd, 1984) ;

Amar nat h and Broom Chem ca}l Re\_/i ews, 77:183-217, 197.7;" Pon et al .,
Bi ot §chmicguieg as Bligemuckpyde"i988d inBirehangeablytwith "polymueleatide”. Aci ds Research,

10: 6553-6570,,,1982; Eckstein, editor, Qi ucl eot | des ogues: A
Practical AppYiSREY" (37 1@8@5‘?“‘%@&”&353@%{;?}; a(ﬁegg%nggadrfc}%f "sb%l%hragt ective
G oups i THUEEBE M Cw iy Matistod B3¢ ARaGuERbfidedAre 1nJPhn 3Wli@Virdin RenG, New
York, 1991), Narang, editor, Synthesis and Applications of DNA and RNA
(Academirgphtr ess, New York, 1987), Beaucage and lyer (cited above), and like
references. The term "hal ogen” or "halo" is used in its conventional sense
to refer to dscusedmnereing " aincoside'Lincludes the satral ywslepsidesnincluding: Jrde@npounds

or o) P SRR FRnck e et comoem spoachBNARBIRBEN B EY 1 COT:

i nventi A D8 $8hcisCo, 199bYiahd Wnalb@HUCRnAIEEO R @feRerRBZY HBcla6didesi Ly
and/or proliferation of cells having Tel onerase activity. In these

cont ext sincludds fyithetic rorcleveides haong afodified basz ymeictiest pnd/erymodified| sugar
proliferatiqgon refer to .a |lower. |eyel of th ur act. Vi relative to a
control BRIGETS fén esFrI‘Piﬂ/rﬁ"E?fg\‘&@' g‘ﬁ’fﬂ}’rﬁu ?°u§8$?‘§1%§f @g%t 1%, ﬁ?‘gzﬁ’ et with the
test comagndsyching éih@luhféylnﬁx@i?@mc%ﬁhés desiBed @Ienkardck ORI prédrtRk] on in

the nmeasured activity I's a east a 10% reduction or inhibition. One of

ski | 15 i ne.g.lseability, spedificieyp pr the ilik¢, sudhheatdischosed by Uhlnenn iand Péyimandfherhicalhe
nmeasured _activity of at |east 20% 50% 75% 90% or 100% nmay be preferred
for partReisves 9%ph-P#adP¥s. The present invention is directed generally to
ol i gonucl eot i gdeg.cont aLpi . 0, . b(ﬂﬂE . dat :

i nt er subuni t 'Igi ﬁ Saegg% %lﬁ@é%ghc@g%ftgg@%‘t’%eg?%hcéhsuc gﬁg@ﬁ%%m ra§8b4 WO

011 18015thRfaidel /2081 iw4 §Bsning layd dgtosias)| aes (iDmbdifiddndss of bassiangoghee.g.nventi ve
ol i gonucl eoti des as therapeutic conpounds and to in di a%gos_ti cs, The

ol i gonucPaesthdesytosing, ERemAUacile T 4809RR) nd pa%e aPalogisa caemisal whisteach B is

indeB@ndﬁmeaﬁﬁrss‘?{uﬁﬁeergirﬁi& 5 ofa BIMEdaSNR or RNA PAsdi ne or an anal og t her eof
cif, ymne, a g

such™as ura eni n€,” guani ne, cytosine, 5-methylcytosine,

5- bronour aci | Agnged NRS¢iAL "pysimidsne® @earSHhelPyrdididinesOReculiffhg dn maetraly |
wherein Ris selected fromthe group consisting of hydrogen, alkyl, aryl
and sal t sucl¢nsidesfinclwling eytesineethymine; arshuracib apd eapmen mqlfﬁs%ﬁ‘geqfsr SURY 8% ogen,

O Rz, S-RZ, NHRz and hal ogepn, wherein.RZ i,s .H__al [ " ) mH,
where n RS gbHgaRe P omeT profenide R tr Sy Rathe, Bl b8 g METS B L
R4 are sehgiuesls| TR 8s el HBtenTRBhe? iichdePpyrinvidinex With céiindR pRssdtiby dr ogen,
and nZ is an integer between 1 and 50. The nucl eosi de subunits maki ng up

t he @6l ygunipeattacted, surhl &oNi-dewoplcytosige.p Fastben canpmen pyomidiempistectienr ect ed to
be in a defined sequence; such , sequence e pabl e 20 of
hybri di Zigp@pgg@é;s‘cﬂéﬁr‘ﬁy&eﬁca&e %‘}adﬁ&" I%'Taﬂﬁ‘ﬁan ﬁﬂ%?’é?iﬁai?%?t arget sequence or
a sequence thak ysed herein, "purine" means the purines occurring in natural nucleosides,

including adenine, guanine, and hypoxanthine, and common analogs thereof, such as those

containing oxy, methyl, propynyl, methoxy, hydroxyl, amino, thio, halo, and like,



will allow formation of a triplex structure between the pol ynucl eoti de and
a target duplex. Preferably, the sequence of nucl eoside subunit50MAR P8 ned
- by at |east one subunit that is a N3'-BPS thiophosphoram date defined by
the formula: -9 10 MAR 2004 WD 01118015 PCT/ USOQ Z4688 O M=~ Rt Z

wher ei n BMO148UEiri ne or pyrinidine or an anal og ther eofPCTHS248 SR of
methyl, wherein Ris selected fromthe group consisting of hydrogen, alkyl,

aryl andyssitiesits! P8¢ &6 asAREd Rerkid Burfel Bichfds Eﬁx‘?ﬁ@st\ﬁﬁl Sd:HtBn (b?&gétﬁatni ng of
hydrogen, O Rx, S-R2, and hal ogen, 5 wherein"RZ is H, alkyl, or

( CH2) " WefhiB) attdchedy such as Npdettylpneming NyGsoboiyrdgunainadsqbedzdladeniheMiids O, S,
or NH, V\ﬁt\h thenﬁrovi so that when Z is nethyl or Ow, Rl is not H For
exanpl e healiife. SUrthercommer PUrRg RIPECHIRRERS a5 disclpsed, BY Asavtags APYdYLEan be
N3' - - BP'(§teBIag&g losphor ami date inter-subunit |inkages defined by the
formul a: HN~~ R~ -S~F~b 10 The inventive oligonucl eotides can be used to

hybr i5di ze t 0 Ak asgEtereinahetetm 2gircteedili ang eempaneit ofs chédhicalnshnidNAfersNoen
desirable, the oligonucleotides of the present invention can be |abeled
with a REpetagaized pwigstion eroNpeir e partisalar meiety efiretompogndie: &y "f'apseteeted-

f 1 uor es%gg{oxhgbﬁ% :re {l’gnéeh‘%o ! i kl%icleto(gidfea?Aclllg&cggfril}hgg#grt%éﬁ Li igélji 3{'i?g?,$0n

pol ynucl eot and Tts presence in, exa

conpl exgsanishRiiphenFRGHYE (i.ASREImeMoxi Ryl d¥\WERLT) Odi-p-ahidighehPinett§oiad | ng or
detecting a target RNA froma sanple is provided. The kit contains an
ol i gonuckmerhpxssrithor BME), aed iheeldkes eftarneasnized nrrt¢ction igeratps dliwdet thogeoi ned by
K T o e
anal og tAwiresth: (IRL Présk ORBrdOn 9% NWharndid and Broom, Chemical Reviews,
77:183-217, 1977; Pon et al., Biotechniques, 6:768-775, 1988; Ohtsuka et al., Nwcleic Acids
Research, 10:6553-6570, 1982; Eckstein, editor, Oligonucleotides. and Analogues: A
Practical Approach (IRL Press, Oxford, 1991), Greene and Wuts, Protective Groups in
15  Organic Synthesis, Second Edition, (John Wiley & Sons, New York, 1991), Narang, editor,
Synthesis and Applications of DNA and RNA (Academic Press, New York, 1987),
Beaucage and Iyer (cited above), and like references.
The term "halogen" or “halo” is used in its conventional sense to refer to a chloro,
bromo, fluoro or iodo substituent. In the cbmpounds described and claimed herein, halogen
20  substituents are generally fiuoro, bromo, or chloro, preferably fluoro or chloro.
The compounds of the present invention may be used to inhibit or reduce telomerase
enzyme activity and/or proliferation of cells having telomerase activity. In these contexts,
inhibition or reduction of the enzyme activity or cell proliferation refer to a lower level of
the measured activity relative to a control experiment in which the enzyme or cells are not
25  treated with the test compound. In particular embodiments, the inhibition or reduction in
the measured activity is at least a 10% reduction or inhibition. One of skill in the art will
appreciate that reduction or inhibition of the measured activity of at least 20%, 50%, 75%,
90% or 100% may be preferred for particular applications.
The present invention is directed generally to oligonucleotides containing at least

30 one thiophosphoramidate intersubunit linkage, methods of synthesizing such
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Rl is selected fromthe group consisting of hydrogen, O R2, S-R2, and

hal ogen, wherein RZ is H, alkyl, or (CH2) nWCHZ)nH, where n is Bdx WaR2004
1-10, mis between 0-10 and Wis O 5 S, or NH, with the proviso that when
Zis nmethyl or OV, R~ is not H, and wherein the oligonucl eotide hybridizes
to the tartRWIBA  The ol i gonucl eotides can al so be for RATASAY44 5
phar maceutical inhibition of transcription or translationin acell in a

di sease L) r | O : r.ef erabl y,
he. sequetaatlb s b et o e e el Al o AR *15
subuni t doimpkage akdratin diagrosti. ~PS' t hi ophosphoranidate. Alternatively, all
of the.inter subunit Iinkages of the polynucleotide are N3'~P' S

t hi ophosphor Jhe abgasugsleetides arg sxemnlified axbaying theformala: by the formula: HN~ |, ~
R~ In other aspects, the invention is directed to a solid phase net hod of
synt hesi zi ng 15 ol i gonucl eotide N3'->PS thiophosphoram dates using a

nodi fi cation t he phogphoram dite transfer nethodol ogy of Nelson et al.,
(J. Oganic ejm 17278-7287, 1997). The synthetic strategy enpl oyed
3" -NH-trityl-pr '-am nonucl eosi de

5' - 0- cyanoet hyl propyl am nophosphoram dites (Nelson et al., cited
ed from Cruachem and JBL Scientific, Inc. (Aston,
PA and 20 San Lpi Byi regpectively). Every synthetic cycle (See
FIG 2) was conducted usijng )| | owi ng chem cal procedures: 1)

i ¥ fppi ng; 4) sulfurization. For. a step-w se
sul furization of the internwgl eaBf de phosphoram dite group forned after the
couplg§ng step, the iodine/water based oxidizing agent was replaced by the
sul furizing agents - either by elenental sulfur S8 or by the commonly used
Beaucage - 11 whetdin kitR B g0ddependehtly S9dckednabe @SOONQ dBBimiding onen analog
3H 1, 2-benzodithiol -3one, 1,1 dioxide.(lyer et al. .J. i em stry
55: 4693-&‘@@? S_L"gbo?sf ufﬁ%l’ofliyé’BﬂfrcFgﬂﬂg%eggwehe%yégs’%r g’ fg%‘ﬁf’ g’?’ ?r(;)egl ‘1 whol e
synt hesi §.pafmftufacil\hd thodind % sol uti on of Beaucage reagent in anhydrous
acetonitrile or 15% Sg in CS2/Et3N, 99/1 (vol/vol) as the sulfurizing
agent . 5 Chi n&ris © dBH,BPS' phosphor am dat e- phosphort hi oan dat e

ol i gonucl eot i des, _can_be nade by usj .an _oxi dation steps) after the
Cousting. ot oba FARCIR, @ TReteyt NhinnReis Grisered oo ioua poasiolie of

i nt er nuc |.de oup... 3l Ml , phosphodi est er - phosphort hi oam dat es can
be made hf&%ghﬁ%’#@haggé grﬂgerrﬁ‘%%"l te-3'-O DMIr-protected nucl eoti des as

monomeri ¢ bui Reisngldetedchom theggeups yonsizahg @f agprogas,h@R,a1SeRK INHR, and t he art.
10 The nodel phosphorani date thym di ne di nucl eosi de TnpsTn was_ prepared

usi ng boh#logsn,ehessin Ryl is I Bk gOra§EhIY (§RDmHa Whera n inbeiwopp 4= 6. gn s

i nternuc | RN tion m xtures were anal yzed and structure of
t he conplggt%én\j\dg'é@%%n il?gr_)éS’c{g?/\ﬁl%onexchange (I'E) and reverse phase (RP) HPLC,
and 35P NVR Rhandamadry sélectedefyem kecrbtpadonsisting ot ihg ddokginardino tahé hydrogen,

i nt ernucl eosi de phosphoram dite group with Beaucage reagent resulted 15 in
f or mat i o#ndf appr oxi mat el yt 0- 15% of the oxi di zed di nucl eoside wth
3'-NHP(O (O O 5. phosphoram date, li nkage (31P NVR S, ppm 7.0 in D20).

Al ternativel yfnzésLﬁ%f’?fFé)eigftiWSf‘P aﬂ%gdr‘ml ecul ar sul fur SB, produced the desired
di nucl eotide containing 3'-NHP(O (S )0-5" internucl eoside group with
practical |y quashidiesidésubtingth thakig upaiie polsigeteoiesdiucledlifRsasfdhd presdnt C

anal ysis {3~P NVR 8, ppm 56.4, 59.6 in D20, Rp,Sp i somers}. 20 Sim |l ar
resul ts RYentipreeparbg seleeied tocbedn prdgfinedpequsnce paghasehssduciice o bsenrarablet or t he

synt hgsi s i I e - TRl k), Where
sul f Lbr% i zzi’tf %‘?\r@mgﬁhﬂ%églgggég a?%ééegsgrta&%réﬁs’ﬁﬁ{lg %J?%WS f’ Iglz%%] t l#gp%}:m (%duct

cont ai ni Rgill-atidw nkies BHe faxdaiuetuld Bose@ashe pslymiteofideigrich faspeBalpledVR

anal ysis of the reaction m xture. Chem cal shifts for the nmain peaks were

~57 and @uefprshiy( the saancuenofl nuclspsidmenbunitsare inedihy i dpaghi angisabynitciBatiiza pondi ng
Lo the R R ot R MRS Wit © o ouPs.




respectively. In contrast, sulfurization with S 8 produced onl Yy %20&4
phosphoram date |inkages in the 11-nmer product according to the-§ VR

- analysis. The IE HPLC anal ysis of the oligoner was in good agreenment with
the 3~P NVR spectrum Structure and purity of the final oligonucleotide
products WAVt i rmed by MALDI - TOF mass spectra anal ys?gT’UgV’zi“siz 1.0
MAR 2004 WO 01/ 18015 PCT/ US00/ 24688 3 ~ P NVR, and by pol yacryl am de gel

el ectrophoretic analysys. The nol ecul ar mass for thi ophosphoram date

ol i gonmers GT2A SEQ I D NO:1 ) and TAGITZAGACAz (SEQ I D NO:2) was
calculated to b .11 and 4, 202. 69, respectively. The nol ecul ar mass
for thi ophosphoggm e oligoners GI2AGTZAG (SEQID NO1 ) and
TAG3T2AGACA2 ( SE I D NO:2) was determ ned experinentally by MALDI - TOF
mass spectroscop Do-gbe 3,577 and 4, 203 respectively; mobility in 15% PACGE

relative to isosequential phosphqoram dates S 0.95 and 0.97 respectively.
The nodel phggffﬁ‘(?ﬂﬂ}‘?iad’&f’ge EUE'F‘ ﬂgﬂ?ﬁﬂéﬁﬁ\%&g ‘quantitatively converted

into the phom@%ﬁnbﬁ%ﬁwt% ful R TR ERctelYerdrh QRS B6Up Wisfitiflg beM i 0di ne
solution in 10 pyridi he/ THE/"H20 ??4{1/0.11 (vgle/vél ), 5?& P nl,gas j udged
by | E HBi@Eogend alRyParfyiMdd3aks thivBbfBardpm 7. 0) (See FIG 3). Treatnent of the

TnpsTn di nucl eotide with 10% acetic ,acid, 55C, 48 hr &lgdl y resulted

) nexpe
in only partRalis §§i8¢ted fomsthe etenpy cogsisting of hydeoasss Pie. %n%g&ﬁ@ logtut e
| i nkage ;60 r[is@n c Ltis r gpam dat e
e A A o s s B
di nuci eahd ¥eist(}iSp piiaHpwitli theipetaise thaasvharcZ dxpethyled Odve, ®Rq tcantil ant
de-sul furization process (-15%, followed by a rapid hydrolysis of the
resul tant phgsphor am dat e - NHP( O%(,OmO groyp as reveal ed b)é | E HPLC and 3~P
NVR (FI G 3) Forrgygmpie, plb ofthe intespsubunitlinkagss of thsrrobingsleetidecap be M3688'ai ned from
t he corrgspondi ng phophor am dat es ag descri.b ahove. The 2'-R3 N3' --~P5'
phosphor@ﬂ'ﬁﬁ’éﬂ&‘%\@?@%ﬁf%‘?%@' 6ge5§ef?rﬁ§%§m§§[§ %nmidite transfer
met hodol ogy devi sed for the synthesis of oligonucleotide N3'-~P5
phosphoram d s. The Byntheisis of 2-Oal kyl N3'--~P5'
t hi ophosphor am ~$ described in detail as an illustration of this
nmet hodol ogy. The priately protected
2' - O al kyl - 3" amRNgp@dieosi de-5' - phosphoram dite buil ding bl ocks 4, 6,11,
and 15, where al _ig met hyl, were prepared according to a series 25 of
chem cal transformatisons shown in Schenes 1-3 below. An inventive step for
the preparation of these conmpounds was the selective nethylation of the
2' -hybroxyl group in the presence of either the imno functionality of
pyri ¥ di nes, Toe inventixe pligomeleofideshman ther isaé do hyhrdizevdo targétniugleie atidsed
nononer s _were obtain fro e 0 . . .
T aa do-ssueres it PR RS T DINA - $h Besispble; e Pienmelsotiegithr apsenty.
Typi cal | jfvenkiog chh 8 Qitticd WiflPa ?ép%ﬁ&?‘ﬂuﬁfsuch ds3radichctiveMAbR1L Mstinibdld,| 18015
PCTNSO0/ 24688 1 was first protected with a protecting group, such as by the
r eact i orflupkespent fapelspnd thedikat to fadilitath dhepdetestiorcef thé poliynesldojide tselftgmdritsdi ne
(Scheme 1). The crude Eeﬁgj on.‘#)rodu?t was then selectively
2' - O dedEEFDeIRLT cXample RXPridizalion ORPI*FRe 2' - hydroxyl group was then
al kyited. = SalABinck sbpect Jihe ihbiohdkie P lsofbingWeaetecling EiREPRMgOMAP VI I
NaCH I1. NHS, MeOH viti. CEOP(NIPr~Cl 1lil. Ag20, CH T1x. POCK, Triexole Iv.
Pl peri dl meample MHFovideddz TRel kit lconthinChn wligonubEQide Wdvingta defined sequence of

nucleoside subunits joined by a least one intersubunit linkage defined by the formula:
= —o—J
HN\I() R1
z 0
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101 ~~Ki 0 Of-OOCEO MMI~./-1 pMe MMI Ni bMe 5 4 IX.-X. NHZ NHBz | K

| Tol OOXxl. , W.-Wi. ~ CE~~ OMMIN OV MMI NH Me d such as bd/
- met hyl ati on using i odonet hane and silver oxide. The N3 prot edt N@Rg?miup
was renov jkhe 3'-azido group was reduced to am nepMhiseihap@s then

i medi atel'y protected, such as reaction wth 4-nononet hoxytritylchloride,
to give the precursor 3. The 5 -toluoyl ester was then cl eaved using an

al kal i ne solution, foll owed by phosphitylation using known protocols to
give the desired 2'-O nethyl urjdine phosphoranidite nononmer 4. The

2' - O met hyl ¥ersd ife mEioe ehoyrunidive s apanalegtherrefed iHPRedRvamastiyh ¥ uri di ne

i nternmedj at e, 3.1 ' - oI esi fp t he
20 o i el e AR GRN ARy ARE AR, SR B ISR Ry
groups, ipH, BRI, by (CHY), VEeCILY,H, iwhef i RetwteR 1@ mtio betweseoH] 0 ahid Walsky,| at i on of
N-7 during nethylation of the 2'-hydroxyl group (Schene 2).

3' - AB ddB,2r NB, wuth thyd previschati whey IZ- isgretwhordyle. R -igead s a8énosi ne 7 was first
deprotected, such as reactjqn, wi.t h NH3/ Me 1/1, v/v), to afford

3' - azi do- 3' -d%ﬁ%@éﬁgé‘?’%‘f&@tﬁ?gﬁ?%‘ﬁeét%m-gﬁ%fé‘?%fﬁ' group and the N-6 noiety
were selectively re-protected with bul ky protecting groups, such as the

t - but yl dripghgpyheldoyiiestian dido ®€ firhRilded@ngheinteXticl ihhibitioh @8 fransthition

conbi nation of the two | arge substituents at the 5 -0 and N-6 positions

st eri cal ¢ryranslationded cell in a diseasecdopdition relatadgo Purrexpressige pEbe tagget Bener oduct i on of
a nmethyl group at the 2'-position to produce the 20 internediate 8. The N-6

4- nonomet hoxyd rd t 0 . . z . MAR 2004
VO 01/ 18015 éﬁéﬁff{%bb?'%ﬁﬁﬁ&@? S RRROAIP R HE TS BY ot leetj"écmgc‘?’ﬁgi n an
orgafg ¢ ﬁﬁbfﬁ?ﬂlhka%‘éttﬁ!& 8% ]3P OHasRiosHIeamitiak] URthdivelyCalPoPtRCintedn of N-6.
The use of benzoyl chloride for the re-protection of N5 resulted in the

addi t i onsudlnit WakhgRzdfythe PobDuAcleotideears AIBAP Dhivphysphoratiifatevirerssubsguent | y
renoved by base treatnment to produce the internediate 9. The azide group 5
was t henlimegesslefneadly thhvéormekul ti ng 3' -am no group was protected with

4- mononet hoxytrityl to form10. Finally, the 5 -silyl protecting group was
cl eaved, and phosphitylation resulted in the 2'-0O nethyl phosporamdite
nmonorer | 1. S&h z HVAMI HN3z Tol / | ~ TBDPS Ni.-Iv. ~ v: vli.
TBDPSO N viii: | c N3 Ove N3 Ova 7 8 Hnbz a H~z I. NH3I MeCH vii.
NaCH ~ ~Nil. T SgﬂYiii- Hz| Pd TgpPSO I'l1. MMICI, DVAP Ix. MMICI, NM ~
x: xI. Iv. Aa20, X. TBAF CEO v. TCA xl. CECP(N PraJCl vl. BzCI MVI NH
Me MMI Na Me 10 1§ h§e synt hesi s of the guanosi ne-based 2' -0 al kyl
phosphram dite 15 is depicted in 10 Schene 3.

3'-Azido-2' -0 acetyl -5 -0Otol uoyl - Nz-i sobut ryl - G6-di phenyl car banoyl - 3'
deoxyguanosi ng, &Rervuaﬁecﬁ?meqamqohys difeR@H T8 AlsoMd plihsé nRARA. of EP@hesifhg and O 6

were reprotected by reaction with t-butyl di phenylsilylchloride. The
bi s- 45| ybHp@dicleotide Médi-sR? wesplidsphomithtat kysiag ed. mbdéfiationsidfylthgr oup was
selectively deprotected to give conpound 13. The N-2 group was

r e- pr ot ephesphotangdi3e -tzanistey methodolegs e dVadsah ehimld (heOrganid tGhegnistry
62:7278-7287, 1997). The synthetic strategy employed 3'-NH-trityl-protected

3'-aminonucleoside 5'-O-cyanoethyl-N,N-diisopropylaminophosphoramidites (Nelson et al.,
cited above) that were purchased from Cruachem and JBL Scientific, Inc. (Aston, PA and
20  San Luis Obispo, CA, respectii/ely). Every synthetic cycle (See FIG. 2) was conducted
using the following chemical procedures: 1) detritylation, 2) coupling; 3) capping;
4) sulfurization. For a step-wise sulfurization of the internucleaside phosphoramidite group
formed after the coupling step, the iodine/water based oxidizing agent was replaced by the

sulfurizing agents - either by elemental sulfur Sy or by the commonly used Beaucage

11 -



15 amino group was protected to yield the nucleoside 14. Finally, the

2' - O al kyl guanosi ne phosphoram dite nononmer 15 was obtai ned by rermviz&ﬂ
-the 5" -protecting group foll owed by phosphitylation of the unmad BeYAR

5' - hydr OX}Q' -15 1 0 MAR 2004 WO 011 18015 Schene 3 5 12 PCT/ USQ0/ 24688 0
0 NH ~NH VOrBf3fo5, | f~~NHp y: vli. TBDOPS / | N'NH bu i PG(PS04Bve mvr H
Me 14 1. NHBIEEOH vlii. MJrCl, NM |I, TBDPSCI v11l1l. TBAF II11. Mel, BEM ix.
CEOP(NI Rez) Gl - Lyr.1 BHRLACRIoL M RTMEGEERI: o] A OrgnHCRUMGEY MTNH e
16 In al’ll%t )clegr ergoo’zli ment lo?othe pr’esentl igv%ﬁt?on,’ theréggi d sta%:r?i ty of

ol i gonucka@hi-dewm, i1990)NCrRasdigoniieofitia syntlgesediverdi deffolrhdtk@intyle MitheBRS'

t hi ophosphoram date intersubunit |inkages in the oligonucleotides. The
hybri di zedle)owitproldérsolution off Bdaacaghireqgentsishanhydiodataectohiirgle ron diS&o3s des wer e
eval uated, re ' t onpl enentary DNA or RNA strands having
phosphoéfsé@ﬁéftgé/ﬁbﬂ}&géﬁgﬁﬁﬁ&gﬁ@gﬁ%@r subunit |inkages. The thermal

st abigl ity dagg; X dnb bR RRR" A ﬁl».?ctl&t'ﬂésj gardc! eoti des
and 6hpsphpdibgusn§ée}{c %?%g@ggﬁgﬁghﬁr{@ggﬁl n TABLE™1 Exal_rrpl'e 3).

Hybri di 28¢de®9 usfng lah DxidatiP KOS ifier tHe €l Sling! stepO WHich @e¥ultsl @Sforhdtion of a

conpl enentary 10 15 nucleic acids is sequence specific and determ ned by

t he pr opdesphatagidatCimterhudbensile gaoupi jmilathy phognhediester-plwdphoythidankdsatesr ani dat e

i | eotid EQ.ID_NQ:3 with a single b ' tch with RNA t t
o IonueL e 5 e BT S SRR AR Pusl L2001,
less st apliGink BREKS W%cgel&?gﬁté%a’e %&e‘é‘afehm%%&'ﬁ&em ide SEQ ID NO'1 which

Is fully conplenentary conponent of tel onerase (Exanple 6, TABLE
2, Bperi nentThi njodekplpdspbabinlag thfmidine dineclecditle TpnTraiwas pesphretiasingc| eosi de
3'-NHP f0) (S 1 O5 Thiophosphoran date Li nkége's ai qonucl eotide SEQ ID
No: 2 3 -hatiphesy of sutsugizing Reesih oS et (0)(RAQ~ enterprelprsideAsoup- Thics

; [sing! ' t abl f Wit h
conp endEiPy s 8 o sl ARerd e tolbu ShER BRI TR s
of the pixeEeRt (ID)\wadiréveikelve RPYHPLIO) asd PiPAMROr Tienidalysin@eeatsdcthant i - gene

di agnostic/therapeutic i )
sulfurization of the internucleoside phosphoramidite group with Beaucage reagent resulted

15 in formation of approximately10-15% of the oxidized dinucleoside with 3'-NHP(O)(0)0O-5'

phosphoramidate linkage (*'P NMR 8, ppm 7.0 in D;0). Alternatively, sulfurization with
molecular sulfur Sg produced the desired dinucleotide containing 3'-NHP(O)(S)O-5'
internucleoside group with practically quantitative yield, as was judged by 3P NMR and IE
HPLC analysis (3'P NMR §, ppm 56.4, 59.6 in D,0, Rp,Sp isomers).

20 Similar results with regards to the sulfurization efficiency were obtained for the
synthesis of model oligonucleotide 11-mer GTTAGGGTTAG (SEQ ID NO:1), where
sulfurization with Beaucage reagent resulted in the full length product containing ~15%
phosphoramidate linkages, as was judged by *'P NMR analysis of the reaction mixture.
Chemical shifts for the main peaks were ~57 and 60 ppm (broad doublets) and 7 ppm

25  (broad singlet) corresponding to the thiophosphoramidate and phosphoramidate groups,
respectively. In contrast, sulfurization with Sg produced only ~2% phosphoramidate

linkages in the 11-mer product according to the *'P NMR analysis. The IE HPLC analysis
of the oligomer was in good agreement with the >'P NMR spectrum. Structure and purity of

the final oligonucleotide products was confirmed by MALDI-TOF mass spectra analysis, by
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-7 16 10 MAR 2aoa WO 01/18015 PCTI USO0/ 24688 applications. In a preferred
embodi ment of the present invention, the oligonucleotides are 40 MAR 2004
- ol i godeoxyri bonucl eoti des. A Tel onerase Inhibition Applications Recently,
an unders I of the nmechani sms by which normal cell $Jr8R66k46 state 5
of senescence, 1.e., the loss of proliferative capacity that cells normally
undergo in ,the cellular aging process, has begun to energe. The DNA at the
ends, OoP'REMRyBhGDy miydchtamide ganaesphaktic ukdysiot The nrlwhlay nessfirst s of
tandem y repeated sinple sequences. ientists hav known thét

one

|
t 61 omr HsiopesBOmRH BlEerar G oh 66 SERID NG: e FACTRAGATE
st ruct ung 33 LUNGHLO0s WOES £9GPIL Y a0 ) b IcH S, NNEnSRERH A&ty hat the

10 cpnulatl SS 0 dver "repeate I'vi'sions nay act as
a tri ggehiopfospiiraidate oBLNESS 6TCRGANAGISEQAD RO ) kiBTAGIBAGR@AABEQN of

tel omerase, an enzyne involved in the maintenance of telonere |ength, my
have 5i ngorNar) wsis detsrnined expepimentally by ¥ AIJRleTOR masy spesYostopyMet ket 3.8

R h, 2271-282 EXperi B t al. firned th
por t artbd T3 cEpBR: AT B TP ACE PR PR e Ra R o
i fespar\NgsFD_g;fangl@I_gtﬂgs_ngcmrynal human cells. See Bodnar et al., 1998,

Sci ence 279:349-352. Telonmerase is a ribonucl eoprotein enzyne that
synt hesi zes dine nsadehplibsplioramiglate elucleeside TEMEn vgis qyantifativelyeenuivertes iatosequence

t ai i.thin the RNA t,of th “See, Bl ackb 1992,
o e Rt ERTRBLSTL v RSO 5T OB 92,
TP CHEIREATITRLQ 108 (U AEots b 30k Bt g e 20 o

Human t ej'Pmlggg)pﬁFibYSre&/ FI§S) DERAMAAP bt 95lp ¥ diniefioligd %}'tﬁ?fl 0% acetic

i
ol i gonucl eot | conplenmentary to the RNA conponent of telonmerase. See

Norton efcdilsssc, M8ty hﬁexﬁ'é&éogmmieewon%géxﬁ&ﬁx droAs (~hoks §F iffermkicosi® OC.
Nat|. Acad. Sci., 9S:11549-11554, 19938; and dukhov et al., Bioch
Bi ophys. pigghoremidaie . linkig8. 3G%r 3dopatf38f). urder othess Weadnivndathe parent
oligonuc?eotides of the 25 present invention are conplenentary to 10 to 50

nucl eot | phesphsramidpte dimersBipRiavas ppmplstelibhydrolyrad. | Gloayage obthedY-Brkopd 4o

i nhi bitoy thi oph oram dat e .ol i gonucl eoti d have a.10 t . ecutive

base b e qhe LSRR HEChIRioh e M Hie b e oy R ooy 86

det ect i Ngrob&ds AIRERS 1AM by a & id"’_ﬁ#élro%'%isf of thedesthithti fbspRITRAUDES t hat

regul ate or affect tel onerase activity, together with nethods for therapy

and di agiNEP©)@)BQralak tvaile SBNEHRIT endaPINMRI®IGas). zat i on by control ling

telonere length and telonerase - 17 1 0 MAR 2004 WO 01118015

PCT/ US00/ 2468Bhea tRaN3'y2PH) thiephaspherapidatesres be ioblained Siom theepgesperding . 1995,

Science, 269:1236-1241; Kim et al., 1994, Science, 266:2011-2014; PCT

pat ent pbiapheramidatesias desgrpedabove. The Re ABu—RSwphosphoramidptes Wesg opfaiged pat ent
76Q,062, 767 936. . Th

NoneDt + BE e s o insTeE fbftoAniaky, Atvided: BB SLURSHA S ABFRISIoR fties

i npor t angy+b | f.f at. fregtd] i ngds that
o 2N EREhah R ?hd ki3I0 2 IIBR S aeRsEoRIRRMTES ¢
di sor der gescfibédin Astall A& EMlusttiCEF Rig AeRiod6I8EY.S express tel onmerase activity

and normal human somatic cells do not possess tel onerase activity at
bi ol ogi-cal | y Th¢ @ppmpristelyeproteciede2’-O-aikyl-dvamisorueldosisedntphosphesamidis n

| | | .divisi Unf ly. .f h
tormouma Lol Bofed, 6 B nd B8 te by SR Ve et o 7 5Hes
conp@yndyr théthicalr eaxmd?&xﬁ&{sgé%ﬁne ah ts%B?rQésai-a g A ﬁ‘i%rﬁﬂcfsfﬂéﬁ/ﬁ)rttﬁén

identified and characteri zed. nce, there remains a need for conpounds

t hat act pespatadbwnfthasacomploiuiis tvas thet selettiveanethyletiai ofithd 9 -Inibgdxypgtompdy or
activity and that are orally bioavajilable, .and for compositions and nethods
for treatheRjesenscd eithas thegmige fupgtiopalite of RYFmidines, of 18 Dreta@ef themupipgsy | s
present ahoosgBlikidid o i mBiind b RRNABANAIA HR1E0RhIRNNCH QLR
conpounds of the present 1 nvention are acid stable, and therefore, have
many val $ad-elueyb3’ -doxy-BHD-bibbfaradosyturattl et Bipically, theNai@Hdsinoadtrogentof, such
as, for exanple, in the treatnment of cancer in humans. Pharnmaceuti cal
conposi tions of thiophosphoram date ol i,gonucl eotide can be enpl oyed in
treatment reginmens in which cancer cellsS are inhibited, in vivo, or can be
used to inhibit 20 cancer cells ex vivo. Thus, this invention provides

t her apeuti ¢ conmpounds and conpositions




for treating cancer, and nethods for treating cancer in nmammals (e.g.)
cows, horses, sheep, steer, pigs and aninals of veterinary int@qrieMARSO8N as
- cats and dogs). In addition, the phosphoram date ol igonucl eoti des of the

pr esent |nvent| on may al so be used to treat other tel omerase-nedi ated

condi ti ons" ¥ ¥ ¥eases, such as, for exanpl e, ot her hype?% PREP&L i ve 25
or autoi mmune di sorders As not ed above, the immortalization of cells

i nvol vesy it Bfst ﬁidte%tédhﬁitl@&bio‘{ééhh Brof % &bk SIBY e PeactibX 6f 1%9@191' ﬂrbﬁ%ha{té’ the
connection between tel onerase ac rvity and tthe ability of many "tunor cell

l'i nes t oinrtheypresencewiotimethy laminopgedinel¢Scienss Y)aTeel cinge seaationspredut wassthemer ase

activi ty Ki,m see .abqve). This_analysis,  supplenente dat a t hat
i ndi cat e¥ ?cﬂ‘o’lﬁfly Eh@ ‘gﬁcﬁﬂﬁﬁeg’e‘iﬁdﬁﬁs weulling Beks ehyldéﬁﬁ‘él ﬁml',‘ﬁh"aﬁm‘}fhaﬂ@%% si gnal

for replicative senescence in normal - 18 ~ o ~ zoos WO 01/18015

PCT/ USOQO 24688 cells, see PCT Apdication No. 93/23572, denonstrates that
i nhibition of t Iomerase actigi ffective anti-can r therapy.
Thus, tel oner l|ctivity ca event the o of ot h i se

replicati ence [y pr I ng th reduc n of mer e
| ength an concidirent o& cufs in
nor mal sonat cells 5 aft many cell di vw4ions. In cancer l1s, where

the malignart® Penotype i s™dT*to | oss Y™NESM cycle or gM¥wt Meontrol s or
ot her genetic!damage, an abfence of tel ofrefggse activity pernits the |oss of
telomeric DNA during cell division, resulting,in chr ormsomal I §ag,r angenent s
and aberratllons-cctdqatDMAea:d NgdH | matel y to cefl death. Ho i gcancer

cel I's havi ngi hB68HEr ase BERHAL telomeric I% is no r{ost “ddrihg cell

di vision, thereddpeal | ova @490 the canc® s_t avbacoge’ 1
toatermnaln tfcO@mosi s Tor the patient. nts capable of iY{ibiting

tel omerase activity in tunor cells offemnimemapeuti c benemvt amet h respect
to a wide variety of cancers and other conditions (e.g., fungal infections)
i N whi chswaps by atethydatiop asing iddamiethgne adsitweraxisleadhe -3 protectinpgioap wes i n

di sease progressi.o [ whi ch i nhi on of telpoeras act|V|t

oot r3q FastoVe aoit 1Bn e pefp dud weh - dbeed forae Thihrwe D msialeps

i nventio rcﬁe%ﬂadaiu%ﬁ aPfeabtRmdviiPs- thblgéﬁxo%y@i@ﬁﬁl'bﬂéé' 18 Eivk ﬁ{etﬁfeéuékoggr 'Th%' ne
cells, ich may be useful for contracéptive purpo addition) it wll
be appr edi-tilwexyl thatwamtbcmpbmadmsbgrmfaﬂkahné solutiong &dlfosvet] byf phosphitglatiomn be
realized h nblnln telo se [nhibitor of the invention w th other
ant i - cané8fe ‘mmt ﬁ@te.awﬁ o fﬁg?w nﬁmﬂeycwgl ige PhespemIdie TaoRomeR

descri bed ifhdhSo hahent \ 7 770, 613
G5, Boa: o 2SpRahAy R pitphoriinfiied dths cbrahih Bpg%n‘%ﬁs of dildine . |

fact dos umakncdlate@mtmﬂ’ arrmtocyudméﬂdlotgocSthe type of disease; the age and

general health of the, patient, the_ aggressiveness of disease pro ression,
the TRF | engt hh&Sunthesioaphese -Qualky iagsnosine iamalogpes sepuirad dha pse ohbWkY ¢ r eat ed

and. the, aLih sRhol N i) BRlexd QchEbRBYF oBLGAFENLE AL AR GORRESF L e

conbi nation exa e, 1 n cases rogres |on as reached
an advandefing hittiglation dfedie De-hadhokglogibep (Srhempiz)nes’ amaﬁ-wera%sel FnpL bi ting
conmpound of the invention with other agents and t herapeutic reginens that
are ef f edelpd-Natbenzaylrdi-Aepxyedenpsing 'ﬁé"% irgf. deprotgetady sveh asubyyeaagtioncwishot her apy

d/ h t t b d bl
o oo SPELIRRH APLAE™ B RS et st heiE THOBnES SO B8RP or more
agents t had tHeNeatmdibg v$dred§élect1‘1ay re-%lg%d B bule ;Qétkétgx?]gliofpgrsfubﬂ 2036 2438

effects of a disease, e.g., an analgesic, or agents fective to stinulate
t he pati érbptyédlnlmyismmelprgsmm@n(omtgoxytml grayp. s Thewamtinatign béthmwy) The
conmpounds_of th Dresen ventign denonstrate i agai nst
C el borer adu s s RirByS 3 o0 S S hean rsaly petidrd ok T beBhY plevifel o " The
in vitro g agd saeétivesm&t)dﬁclaencmwga gbup he tﬁe.nze Bsglﬁsln R3$réduee theen
dennnstrated usi ng the nethods descri‘bed herein. As used hérein, the term
"in 2k r diterraédiate 8.0 The N6 perchomnthdxytsityhgréipvivag theel removed, tsustsae bgul t ur e.
Such procedures are also known as "ex vivo". digonucleotide tel onerase
inhibitors described in this section typically conprise a sequence that is
conplenentary to tel onerase RNA conponent. The sequence of hunman 10
t el onerase RNA conponent is provided iM%0.S. Patent No. 5,776,679. The
t el omerase RNA conponent of other species can al so be used, depending on
the intended subj ect of the therapy. Cenerally, the oligonucleotide wll
conpri se between about 10 and 100 nucl eotides that are specific for
telonerase (that is, they hybridize with tel onerase RNA conponent at 15
| ower concentrations or under conditions of greater stringency than they
mﬁll W th other RNA enzyme conponents, or ot her RNA nol ecul es expected to

oy e - T - - M




20 wil |l be exactly conplenentary to a consecutive sequence of the sane

|l ength in tel omerase RNA. Nevertheless, it is understood that Hytph'Aﬁ' tion
- can still be specific even when there are m snatched residues or gaps or
additions in the oligonucl eotide, especially when the Iength of the

cor r esponWPAY1¥&hpl enentary sequence in the RNA is | ongBFTURMR46ES

nucl eotides. 25 One nethod used to identify thiophosphoram date

pol ynucheahbdegiubod HEnlRVERt A 1h bR oFARK! Jofenf SAHFRL BRI EhthgH DI ¢
telonerase activity i nvolves placing cells, tissues, or preferably a

cel | ul afollewtd BE te-proteotidtest NH6E [TAE afd cffbefiyl ehlodidedfol tleqerpraceion of Nemt act with
several known concentrations of a thi ophosphoram date oligonucl eotide that

i s conpresriast i yhe gdditien miaveco bprasshErawst elTberseeasd Penzaybhgrquwer Wabnpat i bl e

with 30 tel onerase activity.. The level .of ftel [ Cty Vi3 each
concent PBTERTG ypded b bhsktreh i B Bioq s hE RFRPRR 2T bl

t hi ophosasdERFIdHH And Ble)Bduting Ot ol ghouPBRds P @ ebte BRTtID4-encnbthe bk yRfity]

adm ni stration of a telonerase inhibitor, telonerase activity can be

det er m tefgrmdOnFinstlyrthie pdsilyb prgtesting graep was ¢lenysd, and phesphitylpiéon negiligder ase
acvitity in,cult d,cells.can be measured. using TRAP activity assay (Kim
et al .,Y‘g@?%ﬁgén :plé‘ﬁsffr, @%f?or\?ﬂeﬁ ‘ch et al., Nature Genetics 17:498, 5
1997). The followi ng assay kits are available commercially for research

pur pose$cheMRAPeze XK Tel onerase Detection Kit (Cat. s7707; Intergen Co.,
Pur chase NY); andl‘"!BFeI oTAGGG Tel onem PCR ELI SApl us f®at. 2,013,89; Roche

D agnostics, | O (the conce Non of the

pol ynuclget.i %aalpbl(e preparation
i s observed t ont+et+—vatte) for the
pol ynucl eot i/ 0A‘i:s det er m ned |§N@ standard tech yes. O her net hods for
det er m ni ng fThe i nhibitory conééan ration of a corfy thd of the l'&anventi on
agai nst tel onerase can be enpl oyed as Wil be app est_ to thoSE of skill in
the art '"-bgg%'ggf*on g:;h?gs&i scl osure heregn th the %b%?- %‘%ﬂ met hods,

| Cs0 valil@mra, 6Mar S BV S, m@f L 198PS0 [ sphqr am [ “eot i des of
the pregde AO-Mﬂvent-i CEFV\l/erg determ °
TABLE 2,v. Esanpl e &) FXHTRr espeghy
usi ng t hi ophosphoram date pol ynucl epti des that are conpleasentary to the RNA
conponent of telonerase are expected to induce crisis in

tel omerase-positive cell lines. Treatnent of HMES0- SE hunman breast 20

epi thel i al c&h¢ synthesis afighegusperinebasedi3’-Q-alkyhphosphiamidite ] § is depicted in
t hi oph i dag,e, al.i | eqtd, EQ,| - | o inbibiti f
) SR SRRSRE A Ak SOELSALL 05 TR A BB LB L 0L

Exanpl e deoxygghosing 124Was détIadke® by tfehinfink &Vitht £ bay¥er Bifes 1Rdndi 06 wekl |1 nes,
such as HEK-293 and HelLa cells, w i nventive thi ophosphoram date

W th
ol i gonuderreteriged by treretion méthcidhmty | diphenyisilylchloridee TRRIRIsHylpsercintepmediatponent  of
tel omerase i s al xpected.to.induce a reductipn of telonere length in the
treat ed %aélch.zaﬁ%@ﬁﬁ%@phﬁgﬁS&%‘tgémg’l ‘?’adéﬁlﬁ%fv @tﬁaré)gecf)efi ?? g° F?W%or]i’tnlgon are
al so expBctmed N-2 ghd#Ufd re-protected, the 3’-azido group was reduced, and the resulting 3’-

15  amino group was protected to yield the nucleoside 14. Finally, the 2°-O-alkyl guanosine

.
at
,~and found tT°be by

phosphoramidite monomer 15 was obtained by removing the 5’-protecting group followed

by phosphitylation of the unmasked 5’-hydroxyl.
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tel omere reduction during cell division in human tunor cell lines, such -as
the ovarian tunor cell lines OVCAR-5 and SK-OV-3. Inportantly, 1 we@“n
- normal human cells used as a 30 control, such as BJ cells of fib a [J
origin, t g ved reduction in telonere length is -2 R 2004 wo
oi nsois r ~°q %0251655 expected to be no different from cé’Fi”s[%?(?zég%%ed with a
control substance, e.g., a thiophosphoram date oligonucl eotide that has at
| east on&cwmpyl e base m smatch with the conplenentary tel omerase RNA
target. The thiophgsphoramn date ol igonucleotides of the invention also are
expected to denobnstite no significant @ytotoxic effects at gconcentrations

5 bel ow about i  the nor mal ceplsyhn addition, the gaficity of
t he thi mldat e ol i cl eof des)of the nveption for
t el omer ase H_b_"é”_‘tﬁ_eum_%%g er oﬁﬁi_ng"_-hg%gm diNz2y/i orl t 88fs wi th and

r activity (1Cso) w respect to tel one e and to other
enzynes kno A® have essential RMAOMonponents, suchHM Mbonucl eoase P.
Conpounds hav’i’ng 10 I ower [Cso val tes for tel omarazg asconpared to the

| Cso val ues t(gmard i+ mmo Mrper enzynmes bei screepedjare said to possess
speci fi cili,twé’,?sar t eliorgaé ase. In vivo tes :ﬁg can ¢@angolbe perforned using a
mouse xer}lbaz'-z%m" motte FECPNGIClex anpl g, i N /wh NuBDr cells are
grafted QhfsUmigiiee m ce, in which i ce t Fat ed\wj't h a t hi ophosphor ani dat e

ol i gonuclwes#idde of the invention are expectggit ®uhave tunmor masses 15 that,
on average, may increase for a period followngsthe initial dosing, but

wi |l begin tqnShfdthé lehbdaERent b tRONpresunt Ngveértial nst aciinswbilityast , m ce
treated with a control (e.g., a thiophosphoramn date oligonucleotide that

has at |dligohudentides isgharedsed by plasing sulunits {)ihkeslﬁzar NymASethiaphasphoraglidater ase RNA
target) are expected to_ have tunor masses _that continue to increase. 20

Fr om t heintessubybit nlinkages én dhg pligepucleotides. aﬂ‘thevhyle‘deﬁB?’édﬁf%R‘é“?%aft %he

present jnavention akso i 0 i i mens
vl vi rioRaRRp e ol B el HeiioiR el R opplehERLEFDNA 60 TF 12
i nvend i ORNARands Haling ?h%%mﬁestérbr PrRptRaniiahts irdrsibnip Bhltagesn Ehelthérmiahal
restriction fragnment (TRF) analysis I1n which DNA fromtunor cells is

anal yzedstbbilith getat fandupletesr ganeratest fiom ehesphermmigate ¢ligonpeleotidaguaniitces ot her
than the 25 telomeric (T2AG3~ sequen l.owi ng i gestion of the DNA, gel
el ectr ppﬂlﬂs%@%_éesfeédﬁﬁ? 'F&%W#@%H‘?@?%fﬁkéhom&n ction fragments
accordi ng 10 F{#fiizalidf &QH@F@S&GS&%M&E dligsificiedBdesPw il @Emplehienfape! ei C

acid probes specific for teloreric sequences to determ ne the |engths of

t he ter mhuddic cidgisweruenceaptcifinandgietetreingd by the pepBNWatsbn-Onigk baselpsiring. t he
sanpl e. By neasuring the |ength of teloneri, , can estimte how | ong
at ellgmefrg"s duplex f"i’i‘ﬁg‘i)k’i’ B’Emsgﬂcgﬁ‘l'“lﬂiaﬁé’th%‘ﬁ"ic 035%% Igﬁ\gsﬁhﬁ‘ghgrsmg%e net hods
of thera i X: ta e MPBr 200 MR H315 6 PEHRISOO/ 24688
chenot he?%{l?ol{}ﬁg%d‘}’gﬁué ggiﬁat }a(r)% gsr%pul 5 al so @e eerrf)’l (é)%‘/ed. I n" addition, during
t r eat menExperingenc 2)is bestantialyl lasstsabldahanrthe duplextfetnradrwith GbgomadlsatiderSBQ| oner e

| ength over (gro ressive cell divisi onsRlﬁ occurring to derm&%trafee

t r eat mentD &Pl seich is-Fplljs compleragniary &9 the RNA rempanertgitelomerass (F¥AMBIERy i des

corrpound%‘b{ﬁtaézcﬁpetﬁggn\ﬁ in the 5 war agai nst cancer as inportant weapons

agai nst nal 1 gndncres expressing tel onerase, tunors including skin,

conndeGt i \WplitAivhs 3|6k @tidey Cagdining [tiranuchhosidns . &5 ovary, cervix,

ut erus, kidney, bladd ol on, prostate, central nervous system (CNS),

retina addiopoespooramicate LIDEAGES (such as | eukenmia and | ynphonma). In
articular, the. thi o} a § | i

b o5 onucggofhd%%ﬁg H 935S Q%ifg@éﬁcggdgﬁioﬁosgﬁﬁamcﬁ%&%s.

i nventi on can provi | y~ genér al e ng many, if not
nost, el aReel & This3ESmPAHRARGEE k@bAdnd)y adill Stable g forvied 4 @8ble complex with

a complementary RNA target. The N3'-P5' thiophosphoramidate polynucleotides of the

20 present invention have great potential for anti-sense and anti-gene diagnostic/therapeutic
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human tunor cell lines and tunors having tel onerase activity. More
inportantly, the thiophosphoram date oligonucleotides of the p{gSwiR 2004
-invention can be effective in providing treatnents that discrimnate

bet ween ”%691 gats and normal cells to a high degree, avolding.s@ey of the
del eterious side-effects present wth nost current chenotherapeutic regines
15 which rely on agents that kill dividing cells indiscrimnately. B. O her
Ant i sensgplafionsC &h atpredérfed snibodBnee of the pHedsyntiimvwentiorg shd fligoaabiedtided arat i on of
exogenous ol igonucleotides that bind to a target nucleic acid, typically an
RNA nol edgedsoxyribepuciastidgs: hin cells. The term antisense is so given because
the oli onuc eot |des are. typi conpl enentary to nRNA 20 nol ecul es

(" sense HtrafragIRFEa BPIORLRRUCTIONY | | ul ar product. The thi ophosphor ani dat e
ol i gonucl eot R@@e%ﬂg/a %aé}etdmhﬁg @ftﬂe RlebhatSRE B Whith rdBhalseNSRadithé Rhtei on of
gene expression (Matsukura et al., Proc. Natl. Acad. Sci., 86:4244-4248,
1989;5 Agfaemdscente,dle.,, th@lass .of maculifcraﬁwdapasu that gelsmgxauygnderg@ggthezgmecm k
et al., P Nat | d. .Sci 3:4143- 4 86; . Ri t ner and. Sczaki el ,
oot S b e W Vo5l o e 5 0 B B WagOf B{ ance,
261: 1004p i csomdd B8 )eugrt&%‘ W19t dohSiSts TN hRdMhID Q‘eﬁﬁ tedPSmple sequences.

t hi ophosphor am dat e ages have therapeutic applications for a |arge
nunber dcientsts balel lyngskmpminf thataelbmeres hasesin important| biotpgidalitolnintmdintainingd t o

i nhibition of cancer cell glﬁol iferation and interference w %fr i nfectious

vi r uses. chigieospme sgpejure; #dohReiionn oMers Eeselye SHIERI RS tSPERdated that e ul £ or
bot h vet %uﬁ%%¥ﬁ§gﬂqfqﬁ%@rla%A Q%Fp{eg@ﬁdzgﬁfldml&js/ n]rég&é alg qr{rlgg%% £24688

appllcatlons aci d stabi 0 I nvent ol'1gon eoti des and

their abjellifaysehescaizke aﬁd heing,iave that the replatio® oS RloMera3e, ncdzahe invulved in
concentrations (see bel ow) nake these oligonucleotides highly desirable as

t her apeuthf dnadnienages o telepaere dengihyt may b mpgsantsbiplpgical jmplicadens. ¢ 3ee
S Ter nacHEhol, To0F RibdibR ARL S FIAHEEHRAMAR b HARG LA Bl o O

alternative € a su rat’e for ‘endogenous ri onuc

acti vi t yeonffned the ithﬂo)‘taﬁlfe dithﬁéxtgﬁiauelbmtasaa comglinxhe repgeme amephnby t he
net hods of the present invention, to Rnase H digestion can be eval uated by

st antfar dofrmthnredjsor(@bhu@an cells. a3ee Bogdnargt @), 19%8, Spience238:34985%- 14522, 1993:
Kawasaki, et J. na Ch 36: 8 841, 1993) npounds
and met hods ‘l’ﬁﬁaifrgs"eﬁﬁ’op‘t’fi}%c‘r?f otein W&WF&%MS%'\?Q}E zesaae%ﬁggﬁpgf&f er the
nore Con“éﬁﬂ{e 19%@* asd fefn ﬁgeefgcauengé Ectitaindd it @S IRMK BSthsbakRt of the

ol i gonucleot des nmor e strong y to RNA targets as correspondi ng
phosphodéregier Sexl Blgdabuml, 912, desu. Ree.Ripchemt, 16 : 11131183 TepRNAxwinganeat of

oligonuc] eotides are nore resist nt fo r.adati on by acid condit.ions.

Thi P R PGt BEEEn SEHER BihiS TR G Bt ish hsPYB AR BB AGEor arr dat o
15 pehyn d e r t
phos%%orgﬁhﬁg%ég SRUBRESPELTTACE oOMpRRIRAY I Heelorid ol TEBEn | ot de.
Furt her, teldnespasa activi¢p hassbeen dehibiteyt by a verddty 9f @ligonuvieositiesaochpteimeataduoltisx t ar get

sequence hosphor am dat e anal og ol i gonucl eot i des cgp(ﬂet ed to t he dupl ex

al so havBNdotasrongnt afdelomersss. vei Nagon ¢el DNatuzs Bé’te 28R PGPy 1 396;
nact b obfs R PRIRAN" ARRE ook, 99116501 SISO AL B GHRMY &t B Torm
(see discussi or? o anti-gene therapies eI o) -~ Sequence-specitic

t hi ophos Bt@hwmdemnﬁﬁmgmsebeom dG9WT1ﬁ6pHo€;ﬁm&inﬁd¢l@ng‘dﬂu61kd>t§da90Nﬁéf ul
t herapeutics for essentially y di sease or condition that in some way

i nvolves PrgRt IEX@H*@FIa%ry %uéenwarmwcw ducn sedertider of dglomsease Hiyet ed  for
t her apeuﬂe?ergtﬁ %g%%e@ﬁg télgr%erldge 1%11‘-30&?1 f)@d’sgﬁur ﬂat@% ?H&e@%a@cxzp ressing

product s I nv [ propaga on an At enane e Inrectious agents

such as, 1baritedohsculive HasEequenb@thbt i8 Bésléhttar t@lomek£26 RBMANPI €, a speci fi c
MRNA encoded by an infectious agent; b) formation of a duplex nol ecul e that

results in i nbligtilpdtgfor Hete@ineaclaxgera@factme, paNwell as fgr idemifying cpmpounds Hige of
DNA hggu[ate or ag”Pec élorrrr?ergsg %ct?x?i?y togethcr with methods for therapy and diagnosis of

30 cellular senescence and immortalization by controlling telomere length and telomerase
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10 MAR 2004 WO 01/18015 PCT/ USOO 24688 c) bl ocking the interaction of a
protein with an RNA sequence (e.g., the interaction of TAT and TAHRMAR e
- below); and d) targeting sequences causing inappropriate expression or
proliferation of cellular genes: for exanple, genes associated with cell
cycle regWal18H5 i nfl anmat ory processes; 5 snoot h nusc|RETAESN24683\/C)
proliferation, mgration and matrix formation (Liu, et ,al., G rculation,
79:1374- L 1. 4989) . cekt ain genet | SO oand 11941. ©i

(pr ot ooreBatnBa HbbelEidsBatRe ko, Bl DT SecRIlaERi AL Kimet o

i nappr ol 9%, Beiexdy] 266261 1CH1 L UPET paeMgsiblicatidh0td ©d/235XE Habkxhgd Mevent i al
target sequences are protooncogenes, for exan7'p i ncl udi n% but not limted

| e,
to the 25, 199 angt U.S- Pajent Nos.rH,/4506,638,f 5%0,06245,767,378s3,7 Hhell 31and BEBABE: (e. g.,

W ckstrom Editor, ..Pr ects for tj. Nucl ei c .Acid Ther a f . Cancer
T A b i MensBERRBRE tSpotng Pt REEE Fe1blGe oy Brovile Merfil, o' s on
Res. .5 88;ehd0 10 df¥ckts & IRtinC Rl fildase. Edmpdunds BRMAAMiStelotncrAE @Blivil Ol .
3:391-398, 1992; Cal abretta, et al., Cancer Treatnment Rev. 19:169-179,

1993), onandgewsed t¢ dregt telpnGaseBagdiated disetdem| suchnas e sines @anash calisd

Devel opnent, 3:383-390,, 1993), transcription factors (e.qg. 5 NF. kappa. B,
Cogever | SXPss Blomergse faiyiin Grd nomisd bpimen oo cafiof Ronsgiss MIORURNS (o g
papillo i t 6 Ankd1ad : : ]
P 7 S TV A olopRMR clovai o Ble (Db el RPcid B iRl ong
20: 115- 13@r mhePSI1 divisiohd) e Unsartuhatélly ofetvangedonipoundsy éspsdaifecdnipenadsywitn

hypeipol asias is the protein conponent of telonerase (see, WO 99/50279),
whi cH i shigh peenaying aptivityiand gorspawpenibatars boavailabie plter ord administratipn, by

S, par p ey BT SRR Bt hAE R A et IRl 0 R0
209016) . teldmdraretifBibitbis! tuad H%chaﬁim%?}ﬁ& p&eh@Nsr dtivitheankdl Matlaerabigy n t hat

can be targeted by the nmethods of t esent invention are the REV-protein
r esponsebiepvailabie, goRdrioy cemppsitieas iTmpthodsefon treatingseapedr\aat iogher dissgpenife el enent

TAR). REV. i Vi r i.res.t resence of the REV response el enent 25
ERRE% |%V*elgﬁé%c’wg%ﬁaﬁﬁﬁwe&%%?%baﬁmgﬂilxe (Malimet al., Ngture, 338: 254- 257,
198915 Mal i m ethedlew thfephbsph&@mZAR- clikfnucldB8d conlpin®RET thaprdeaft invenfiged to a

234-nucl eotide region thought to formfour stemloop structures and one

br anchedatstasid siebls, and ubarefore, (hok¢ imangtvalyable nges AseinhidBgrsoefideletprionngo)
Dat a obt ained from f.oot pr.inti studies, (Hol)Jand et al., J..Yirol.,

64: 5966- 13 aGiha. sﬁf‘ér?é’ i %ﬁa.“}f""Pr%c?hehfé?ﬂqﬁneil\‘cag.ca%%? in ey 687,
1991) suggeshediiel BRYoHARf tophodphofmidard o AR ARR MPLO LrbRILS;

PCT/ U80012468?3 asgaglg?ré&?n on%p%stgper% stlr uc?%e aﬁ tc? t hr e{éﬂaﬁﬁcl :anoti des in
an adj ateatmestireginiensn whichctnceecells atehinhiBiREd, iA vinaniorroan BEVSeditadihibjt r egi on

of akout 40 nugl eot.i d in stem]oop | as been identjfied by Cook, et al.
(Nuc? ic°9Q8FroF§ﬁP%"s‘85’rc us, 1hys 1@?‘#@5’8‘%’)‘4@5 ;lﬁf@e‘b‘i%ﬁfﬂ"’ﬁ@ éP‘gFP’E H9BS t ar get

67 o3op. Lags et UHMANE (R Coer i a2 SSTESHER) cot i s,
accor di netet pigseandednivaals of fvetetigarprigtemst such\e8iatscmd dogs). In addition, the
phosphoramidate oligonucleotides of the present invention may also be used to treat other
telomerase-mediated conditions or diseases, such as, for example, other hyperpr_oliferative
25  or autoimmune disorders.
As noted above, the immortalization of cells involves infter alia the activation of
telomerase. More specifically, the connection between telomerase activity and the ability of
many tumor cell lines to remain immortal has been demonstrated by analysis of telomerase
activity (Kim, et al., see above). This analysis, supplemented by data that indicates that the

30 shortening of telomere length can provide the signal for replicative senescence in normal
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The HI V-1 TAT is essential for viral replication and is a potent
transactivator of long termnal repeat (LTR)-directed viral gengpey o@gi on
- (Dayton et al., Cell, 44:941-947, 1986; Fisher et al., Nature, 320:367-371,
1986). Tr ation induced by TAT protein 10 requir sence of
the TAR ele‘;e&rr@m‘dﬂ(%ee U.S. Pat. No. 5,837, 835) which is ﬁ’g:cg{ggéﬂukﬁ the .
untranslated 5' end of the viral nRNA el enent. The TAR el enent is capable
of f or micelfs, seeRCALA gplivhiton N Op/23 572 démidstr{tbd st ifiigbitibn af telonfepdst actd@y 691- 701,
1987). The integrity of the stemand a 3 nucleotide (nt) bulge on the stem
of TAR Ia%bpan %ﬁ%ﬁ@w%e&h%rapsbe%e@m%ﬁse pRSivity ﬁé%mreiveﬂéhfdoqﬁﬁtgﬁ- affinity

. 1965 £9sphiSE ginel Al B lcriclechfnck 15 phERyIn R HormgtRafthigor 1l BBE5 25 00
1990; Dijgvpnehdd @é céhcurrefil @Ssatidibd cellA@ GhatiSE that 0d20isGR 20rbd 48matl®&ls Veeks et

al ., Science, 249:1281-1285, 1990 is region can be targeted for
ant i Sseréer mpver eabydivisbnoviinrrgneen eel whcrd thef malignang mberatypei is dumtoi loss. of | n

ddi ti t d t f th RRE TAT
oot o el Syt18 oD Biodhe cbilfort Oc ol prele Resbot B pbeor oT MRReSE PRI
t henmsel RemBa M fosh fogt@kﬁitrianWAdﬁﬁnﬁé’ Bl Qﬁ%s@xpmﬁﬁin@ rhnoéhrbmesd;ﬁat ei ns.

Initial screening of ->PS' t hi ophosphoram date ol i gonucl eoti des,
direct edea;rnanbrtthtd@lenraionaﬂtat beqhskmntaml)g@tccﬂ ide@k., Howeverainl opnéen ctlisdes

testing for the thermal, st ||t f, re ant | ex \When a

{ bt ophodiHEE SFITREEE BhTige MERE NG it St e SRR, fuplexgziiten 2

RNA r eNc’. =Xe i bition
of thlei 195%1%%?%% I'n \})le%dr?!ge Q%%}Ppcu réeggeg?g?fsﬁé%sg{g%&gér gllftslfe)dqéegtrg such in

vitro anapytie of rehilgting Iuﬂorpaasasadﬁwﬁtexn\tumuscellliwffea therhpeatic bémdfityiwithl Res.

20: 115-130, 1993; H V-1, Li, et al Vi r ol 67: 6882- 6888, 1993, Vi ckers
et al . Newedite aAvide yariety ehanpers gugd sféegcoeélesns (e@o fungad inferdiops)dABWI muscl e

"6 1 bR B bR R e B S 4B G SRR 0

Gri gori euhibfRionadf teRirieraseNRdtivity Ag aiésir&X for, trédmeh Glurpdse®, THORlomdiyse, Baer,
et al. Blood, 79:1319-1326, 1992; c-fos, Cutry, et al. J. Biol. Chem,

264: 11597d9hi!n@qr@9f the @@ ntigarRnABR be Y3ed 0 ipkibit tslomerase aglivityie gernpling s, 565,
1991). nt i §§f g trcat1 ons 5 Inhibition of gehe expression via
triplex ‘VIE} ih@?’l'g%usﬁ BERWraSFRIYE BHPPS S deronst rat ed (Gooney et al ., Sci ence,
241: 456- 459, 14 988iofiBRI BE apdreciatdd i Ciherapiitid beMIRE firGeatrdcht 3 o441,

1991; Postel et al., Proc. tl. Acad. Sci., 88:8227-8231, 1991). The

i ncr eas ed@nde adnliged ly.v wrmhmmpheelora@ramnhlbw of therinyentibe with mﬂieoyntngamen rd
strand th|o hos ora dat onucleot des rov, onger tool
for ant |?f§ﬂ gﬁ‘ﬁl? %ftlflﬁlrl?gmsl ‘#gtleﬁ %‘de \%?he?ﬁ F’S}b g%ﬁiﬁgpﬁﬁﬁpeutl c
appl jats, 9515;638A 5&5@@62 rseglwms)f 59h0i6¢% dnd §8b£916d ’@ﬁé%ﬂo&@ &N QWdh
sequences usi ng standard rul'es for triplex formati on (Hel ene and Toul ne,

Bi ochem caBibinuitipss whlt tdependOutOy@ibuf Factors 98M)ding ik met lignjted e, the type of

t hi ophosphor am dat e I i gopuc i de sequence i § targeted agai nst

doubl est‘?‘%ﬁ%"e egf@ﬁé’? %@Eﬁf@hﬁ@é@ﬁaw dhe %S§anﬁ?§&%éé§ﬁ¥sﬁlpﬁ%grﬁ§ﬁ’8&om nant |y
purines [

Thi ophos Shareienel? o (Rl ARG RENE el CORT 1R Henttd BUA WEBUATSE ot e

f or tri pthexafien natileanteabaiagaits axasaimtsedhdcmmﬁuatioar Jor esafplenimecasessi ng band

shift assays (See for exanple, U S. Patent . 5,726,297 Exag\pi?le 4)
Typi €4l |§7 erﬁﬂgwrp;@afeﬁstoad@s EFGF*FQ@P)FF’%C%S‘%I ik mgy be gdusabiesio qmbEnehi f t

B ot beor St B cpfBoydif el didgf AH olneOlifniind BHAR fmBls . L0
et al . Ethiat ore, effdetiteo BiSreld Gcifg) 2omaH sy (. thihtﬁanMgbm ehandtherapy adWadeni c

Press, 1991; Sanbrook et al. In Ml ecular C oni ng A Labor at or I\/anual
Col d Spr hergiongl seatmente)s s In wdition in198m) caseseit auasube @dviseble dolgem

et ng o FitrierRErERHR ae Rl A o Y e SORBEY el Bl &}9 . oxami e

ol i gonucl eotide, being tested for its ability to formtriplex structures
with the target duplex. A shift of the nobility of the |abel ed duplex
oligonucleotide indicates the ability of the oligonucleotide to form
triplex structures. Triplex formation is indicated in the band shift assay
by a decreased nobility in the gel of the |abeled triplex structure
relative to the | abel ed dupl ex structure. -27 1 0 MAR 2004 WO 01/18015
PCT/ US00124688 Nunerous potential target sites can be evaluated by this
met hod i ncl udi ng target




sites selected froma full range of DNA sequences that vary in length as
wel | as conplexity. Sequence-specific thiophosphorani date anal od (baﬁﬂizmj

- nol ecul es are potentially powerful therapeutics for essentially any di sease
or condition that in sone way involves DNA. 5 Exenplary tar get sequences
for such MMAMMYtics include: a) DNA sequences invol ve&CHYS¥R4688; opagat i on
and/ or mai ntenance of infectious agents, such as, bacterial, viruses, yeast
and ot h%f’fceiétgﬁgh’disjeﬁe, Q.E."i"mlaﬁalﬁggié ro?Q%én@&eEf&%v@‘?& ?t%ﬁlht%rfhé)gat?e%t'é Ct1ous
agent; and b) sequenceS causi fig I'nappropriate expression or proliferation
of cel | whmin@eagmse @lgCRoPAY stirtulgipdactor).or exanpl e, bl ocki ng or reducing the
transcription of inappropriately expressed 10 cellul ar genes (such as genes
associ at ed wihf cempeuds 08 Shfepreseny invgpiiay domonsapie iBhibitery AcHMItHREARSH| | cat i on
can be 3&18&‘&%& ?é(wﬂ?’)ﬁrv%d, 9 ¢ 'b@'a%ﬁoﬁétfa?&; i) E&cﬁﬂed Eak&ﬂsrﬁeom bgh
required regulatory”proterns (or nolecules) are known to bind (tor exanple,
HI 'V t5r anshvitigy dfalie @asdahdticfthd iaténfibs his & Hren dorhenstrart ukiag RMn&hddds and SP1
binding sites, McShan, et al., J. Biol. Chem, 267:5712-5721, 1992).

Al t er natdescaibgd heypiac iAsiused Bereiacthe treads' inwitrp| refass tn testp perdarmed upiaglivimg of genes

(e.g., aongogenes) can he,targeted a | 1. When .a .t hi ophosphoram date
anal og Sfﬁsg‘ggiﬁ%uleggﬁ"l“ﬁegi@pﬁfgﬁ F%?%%S‘%Aﬁréc}wnb *nds"y sel ect ed dupl ex target
sequence t esiOligomRleoBdS ERInRras InHitiRrO®IscrilRAGn §d detioPBplchlly cassiay adescr i bed

above, the analog is further tested for its ability to formstable triplex
st r uct urseguenee that is gomgighientaryl touelemarase RNAv¢éompoaerdayhs pequenes, ofwotanas t hose
descyi bed U. S ent 20 5,631, 135, , ar sed..  Ta it can be chosen in
the Wonrigmems R gompanentd qsenaet ig Us, BRERaNey LG 6Tt FhHiomeitie: on oi t o
or - bi ndigagA kEb&Ht GHotheP Sptbik OAal R tRUSLd) Befehthg B R ifted ! PRQ: Birg et
al., 1990, Postel et ogf : ,gwfgg%ly%%o%te}g ét elgael . ,E1988). eAﬁfygosfm%cér%gglt sites
can be chagmn such that the target also exists in nRNA sequences (i.e., a
transcri bed seque{ilge , allowng 25 oli gpnicl eoti des directed against the
site to funciGessa eligomvricotige wilh ospprisg betyyern ahaut L0 anh{Q0) nuclepides

t hi opho ] L triplex
ol coul ctar e panh forTobib Sl (R, TRy EMHE% AR ERRRILR BERERE  or )
For BXaripwer, concédWAtiond @cuilder fuaditivgs biBreard sibifgercp pkdy ey fwill vithi dilgera tri pl ex
structure with a selected target 30 third strand nol ecul e can be

synt hesi B4y enzppms; coaipoyents, ar other RNy molpsulgs expestpdtocberpyesantrand fyngtienallys 1 o

MAR 2004ac¥§9e &Vih%%rsge{ geslfs uo%?ﬁe@z%?e%ﬁc bystander cells). Included are oligonucleotides

between about 10 and 25 nucleotides, exemplified by oligonucleotides between 12 and 15

nucleotides, illustrated in the Examples below. In many circumstances, the oligonucleotide

20  will be exactly complementary to a consecutive sequence of the same length in telomerase
RNA. Nevertheless, it is understood that hybridization can still be specific even when there
are mismatched residues or gaps or additions in the oligonucleotide, especially when the
length of the corresponding complementary sequence in the RNA is longer than 15
nucleotides.

25 One method used to identify thiophosphoramidate polynucleotides of the invention
with specific sequences that inhibit telomerase activity involves placing cells, tissues, or
preferably a cellular extract or other preparation containing telomerase in contact with
several known concentrations of a thiophosphoramidate oligonucleotide that is
complementary to the RNA component of telomerase in a buffer compatible with

30 telomerase activity. The level of telomerase activity for each concentration of the
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regi on which allows the association of the two regions with the third
strand to forma triplex. H nge regions can conprise any flexible |Iinkage
- that keeps the two triplex formng regions together and al | oD tMABN20BY
associate with the third strand to formthe triplex. 5 Third strand targets
are sel ectWR0¥1805ave appropriate purine/ pyrim di ne cont ST/EE02468% o al | ow
formation of triplex nolecules. The flexible |inkage nay connect the two
triplex f.arm ' ' I i B _.any

sel bt od PRk ARRR TIERCER 1 e AR, MSRBIAIN, 2 s SR AR B 51 e
target. télomerXainbititor,! tBRnicYd3e lattiityeoanfter détdiftined QisigSstidard RagedtsSandand 10 3
ends, these ends can be connected by the flexible hinge region_in the

f ol | owi Aeethadse Horexample, tdomergsezacyitity intqyltgred cglls qag bg'meagyrgd gsing §RAP

Further, dupl ex ; l.equl es ntaj ni t. |.east t hi ophosph@r am dat e
| i nkage aicﬁv‘g'a%wy%ggalcgﬁwﬁ? %E@hﬂigb%é@m ei@h’ﬁg%"‘fig#e tr’céﬁgg%’pt i on

factars @o7PNALRI HbWEgPEIAE KIS ate athilable- dBfthhercikily JoP 9bsRath’ gs:DNA can
al so be used as a target nucleic acid for oligonucl eotides of the present

i nvent i AFRARze®JXK fimtonestasePatectivh iKop(Cas 330 7% Mnterper QontRarehabaiNiYD; and

| i nkagecont aj nj ai rpi t tures, Two 1hiqphosphorani date anal og
ol | gonuc Bt Telinenbe SR RHSHPRS Tou A1 HPaRE Biorps i, dafulipilect e
bi ndi ng.n\ﬁj ndi ng of the two phosphoran date anal og strands to the
single-strand DNA target results in formation of a 20 triplex. D.

Phar maceut i c ahe O0sp(tei coh@ngatidneof pliecsdyruclieotiderst whithitincdhseived pdtvityrdicreut i cal

conposi tions useful in aptisense and antigene, therapies. The conpositions
conptl se? sAmnls prepiraten i1 PRSP TNBOOSRRY Ofp iR & Bhb capial ypkie) for the

ol i gonu ' is ﬁ%ﬂg i ! ' conha 25

ear ner. e gg&%%#gd -éggéﬁ@?ﬁﬁg% g%%ﬁ@%%ggggggkgﬁbg%ﬁggFeot|gg% (havi ng
di f f er eninhiditesy s@eptiaimn Of aldompawed bf MY inventidhC hguiesd telomease Gal €5

formul ation. The N3'~PS' thi ophosphorani date ol i gonucl eoti des, when

enpl oyedemmoxedas #ilbbe anpagpifpithose p&kél, ingherarthasedomthe disdlesurebareiBr with t he

addi ti on of armaceutical carrier. . .The -29 9 0 _MAR 200 01/ 18015
PCT/ usoo;246§‘§R§hz§g&ﬁa8§ﬁ¥i'§5’f“ fndpe 50 dCeB AN TP e e e
f or m4 at thyphbsphéraRiatWigBnscldkiBs dftheépresent invention were determined, and found

to be below 10 nM (See TABLE 2, Example 6).

With respect to the treatment of malignant diseases using thiophosphoramidate
polynucleotides that are complementary to the RNA component of telomerase are expected
to induce crisis in telomerase-positive cell lines. Treatment of HME50-5E human breast

20 epithelial cells that were spontaneously immortalized with thiophosphoramidate
oligonucleotide SEQ ID NO:2 resulted in inhibition of telomerase activity as demonstrated
by the decrease in telomere length (See Example 6, and FIG. 4). Treatment of other
telomerase-positive cell lines, such as HEK-293 and HeLa cells, with inventive
thiophosphoramidate oligonucleotides that are complementary to the RNA sequence

25 component of telomerase is also expected to induce a reduction of telomere length in the
treated cells.

Thiophosphoramidate oligonucleotides of the invention are also expected to induce
telomere reduction during cell division in human tumor cell lines, such as the ovarian tumor
cell lines OVCAR-5 'and SK-OV-3. Importantly, however, in normal human cells used as a

30 control, such as BJ cells of fibroblast origin, the observed reduction in telomere length is
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therapeutically effective dose to a subject in need thereof. Liquid
carriers can be used in the preparation of solutions, enulsioRy MAR 2004

- suspensi ons and pressurized conpositions. The N3'~PS t hi ophosphorani dat e
ol i gonucl eotides are 5 di ssolved or suspended in a pharmaceutically

accept abl QA Q14818 exci pi ent. Suitabl e exanpl es of |iqui FCTASPIEE  or
parenteral adm nistration of N3'-BPS thiophosphoram date oligonucl eoti des

' i ncl ud i al,l L .ni dj t o |1 ul
Gor et PR, R i eEtsnl Bt a7 b SR o1 R oL ebfser sy 26l conol

(i ncl udiggpHienRRxsithe oRbsARRBdANME: B! 1481 bife BhAOBMeSmisratth wil 60l s) and
their derivatives, and oils 10 {e.g., fractionated coconut oil and arachis

0i ). Thkembletpentdryctalomeease RNA troget-ailThe tridpbosphoiamigate ofigrnuphetides of te
additives inclyding, but not limted to,.the follow.ng: solubiljzers,

S us pend AR BrReFer 4 Samaonaiis ne pHALR BB S a8 AL SroRUPFS

Vi sc@si tb\éloﬁa%%@g%ﬁinﬂéﬁéﬁﬁa‘(@élis.\’es’ stabilizers and osnolarity regul ators.
For parenteral a nistration of N3'-BPS thiophosphoranm date

ol i gonucl eot iledditibg the spevificiey of dre thicphodphommidité ligemmieosideshofitheet hyl

ol eate and i sopropyl %ri state. Sterile carriers tare, U efuc{é in sterile

i qui d RssARtapYRpBRT for dplemerare I cAv BY dateranprd iy fertarming hylgidization t9sisqj d

phar "HC%}A Gl co RaRG? p{eir%ﬁynf gj g@ i“msre%c@gjgs&%}a%anoca,nothﬁoeﬁ%észed by,

for exanple, 1ntrapé onea thon, u aneous 1| njection,

i nt r aven@dehio have dseqitiaBRNA. cdnfponeits) ipdiess rdvinudesse Pol Canpunatievirge s
directed agai nst retinal cytonegal ovirus 20 infection my be adm ni stered

t opi tal 119w Cay walnes foar telqmerasppscomnaresin dasitor wHrddeway| g eMeI@sifdes can
be al so bt%g%gsg%}ﬁydsa}eesragidto' §%SE%XS§§°§$%‘?'%§’§F%§ & a vascular stent inpregnated

w th nyco I'C acl d, al l oon catheterization to

provi de | ocals 786 téstihg cdrefichosdrormaéd @idgsa bR dieAd @by nfodtl, oviergnplej ury. The
liquid carrier for pressurized conpositions can be hal ogenated hydrocarbon
or 25 otihevhigh@VEddes tunser dells arssaftedisingo prdgFeics, dn whichumice treated withze d

conposi tjpn also he lipid..en sul at.ed for deljver i a inhal ation.
For " adm Seegssaasramdaip slfopfiediof O RRHYER aircirpffied b et Bes

i nsufd | ahOBn adBageBRmy AR RISPRRIA ToRAifs Ble iHRRANEsBRY, biewillMBesibR

formul ated 1 nto an aqueous or partially aqueous solution, which can then be
utili zedshri8k in massOWiBABIRID0K g \Weatiiiehtl SINIGNPET,/ SO GreRdd 8@hiancontrel @r.m of an

aerosol, for exanple, for treat t of infections qf the |ungs.]ike
Pne_urrpcy%‘fqp OS(PQ?rﬁF‘i“!%tq\@'lg"BP@“tf i‘gﬁﬁmﬁ Bhis?st Ape single afbﬁ?ﬁmtgbwdﬂg? may be
admi ni st gtfnﬁﬁlerﬁe(?lpirf BidnferR BNA target) are expected to have tumor masses that continue to

increase.

20 From the foregoing those skilled in the art will appreciate that the present invention
also provides methods for selecting treatment regimens involving administration of a
thiophosphoramidate oligonucleotide of the invention. For such purposes, it may be helpful
to perform a terminal restriction fragment (TRF) analysis in which DNA from tumor cells is
analyzed by digestion with restriction enzymes specific for sequences other than the

25 telomeric (T;AG:)y sequence. Following digestion of the DNA, gel electrophoresis is
performed to separate the restriction fragments according to size. The separated fragments
are then probed with nucleic acid probes specific for telomeric sequences to determine the
lengths of the terminal fragments containing the telomere DNA of the cells in the sample.
By measuring the length of telomeric DNA, one can estimate how long a telomerase

30 inhibitor should be administered and whether other methods of therapy (e.g., surgery,
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solution, cream or lotion, by fornulation with pharnaceutically acceptable
vehicles 5 containing the active conpound. For exanple, for the treatnent

- of genital warts. The N3'-->PS' thiophosphorani date oligonucl ect§ MR WYy be
adm nistered in |iposonme carriers. The use of liposones to facilitate

cel lular MR &EMSs described, for exanple, in U S PateCT00246897 355 and
U. S. Patent No. 4, 394,448. Nunerous publications describe the forrrul ation
and pre r 1e&tment with
R B e A R b (e S e T A
conposi tdaansst sl mywemﬁﬂibewhahé:ea Gécraadeniim teddrmeart ilenpth bhe mogressiveycedf t he
synptoms_presented, the formof N3'--~P35' thiophosphoram date

ol i gonucqlélélppﬂés’“a‘ﬂép&tﬁéelﬁaﬁstrﬁ'@ﬁﬂeﬁfn%@éﬁ@@l’ bel ng treated. For use as an
active ingr edIlh(tais, in ofle ﬁqatflggx%?e"ﬁ 1n§'8HtloBr p?]un%g (124 | %OQWQ if 9 de 15 of

this inventioni’s genea romo reactive or

pot ery i aryadaffidti BAREN b irRFUTRAN RN ra@ﬁﬁﬂtmhlignhﬁ@em)girwsﬁxgl telonferaB, t hey are

prepared. Typically, each active ingredient is provided in at | east about
90% honoiymaes myludlagdklmacémpcrtvefﬁ dissue! 3dipB9, breasgJupgh stepgehdiangzeasa SVarEL er i ned

"har ea et B nsi HRTRE A E B ot e By S RERCRsT s R
gener al |Mr&@atﬁ%e@hﬁ¢s p{s@é&?dw 98uledfiat Bfd PlyaRoala) ON B RRGEUREewd cal

preparations armaceutical conpositions of the invention can be
adm ni stthicmdospboxamsdth mynuclnowde‘s of tha [pestsers invention ¢angmoadmalhighkyfgenertl ve to

achi eve an ni cal |y irable result. For the tre n f cancer,

st fthp) Bbhadar Festfnaclamict ntet: BRIETHichor SRRDSITES by e, S,

pal pat | Ofufin f {um'c@ﬂqm@s dnd tlffort B8¥iAG AR Yres AT vRE A Mo imifBlhmaty, afICE i On T 0
the rate o tunmor growt reduction 1n the rate of net ta5|sformat|on
(as det eﬂmﬁnphesj)he:agudatdaglxghantiamf tiel presanat mmnsomf:axtheoqﬁeyuwpa pravidisg ,
reduction in biochem cal markers (including g mar kers such as ~ESR,

and t unofredperts fiegdisgiogaste b%twew malignant#d pamya °%1{§d° PihArerferavoldingual i ty
of life r e). For
the troafiin LR Bleaul Ul ool Beoh? SRAIRR borr by e AL OABL BB O o1

el i mfat ivhich edly bﬁl&gen&lhat kfll AvithR cA0AAdiWEIntAdtdIB015 PCTI US00/ 24688 i nfecti on,
the for matl on of i nf ectl ous particles, or resolution of disease-associated
syrrptoms i | eot i de per dose and the nunber of doses

d to aghi h eff
Uro tests Zﬁ%ﬁ%ﬁ% B, fupBeL e AR rdPh 3 R R leoniomtet el 0 ) ot e
range f opinde6 hitii@etCidleRCackS tty;fr@am?ctnfmmnm&uﬁo%cuab ivRihirDEllsC aThe @&ty at i on

determned with i'solated telonerase or cultured cells. Preparations of
i sol at ed aptiseuncds 56 givemhedgusedhe oligraucleatidloy efierigpicadly (gomplementan tosnBY®, 506.

T ti d trat |1 d | |
concaht r Holeshes{ Sees it luBRE piedoe f <RBBARE b M and T nM For & stable
ol i gonucl eot | g ﬁiolpﬂgstpﬁéra&%kee&@bm&@étdekc"‘nb?:@Qefbﬁa%é %ml'f&aénn%&s@n

enzyne-specific ta RNA sequence. The ultimte responsi bil _
det er mi nﬁrdx;biﬁ¢reofag¢m enpsdssian (Mmtsq:kuut d@b] Pros Natl. Abasl. Bain $6: 4@#4-'421458 rk&&i?agl ng

aam i 5t SRR At APESHnaE AT i 01 Lot Ok Ben e thout
causing afiaNBENT 8b.4943.4eAG! E9de0URIiRA Ant é&gkm (Rylleic. MRS RECLTE

anount). Such a ‘concentration can be achi eve adm ni stration 15 of
ei thes al9i1Agl-2426)i199ddXein and Ghyng, Beieack]i26i 51004}ﬂ®12n 1693)t Okigonhaeleotitieyi ded

into convenient subunits at suitable intervals throughout the day.
containing N3'-9P5' thiophosphoramidate linkages have therapeutic applications for a large

A atia
Vi AN PP LUCRHIONIN

number of medically significant targets, including, but not limited to inhibition of cancer

cell proliferation and interference with infectious viruses. The N3'-P5'

thiophosphoramidate oligonucleotides are useful for both veterinary and human
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E. D agnostic Applications The thiophosphoram date ol i gonucl eoti des of the
present invention are also useful in diagnostic assays for deteftMARI2008 RNA
- or DNA having a given target sequence. In one 20 general application, the

t hi ophosp%&n}ggt e oligonucleotides are |abeled {e.g.) pcgRisBIHagaRl | Y OF

ot her detectable reporter group) and used as probes for DNA or RNA sanples
that are bound to a solid support (e.g., nylon nenbranes). Alternatively,

t he t hi apflieatiunes The high ecid ktabjityudtiedhveatese olippnindedtidesehditieivatdlay taacs uppor t
(for exagfpl e, magnetjc beads} and honol ogous RNA or nol ecules in a .25
sanpl e SHEEIEIRAS FANGRSTISE HBPLEEYAD GhdAY's CULeRtFions {8 bBRSE (MBKE {hisP

YT i 0kl sl B R £ AA-ARRAPALAR dahe,anal oos. B ndi ng of

t hi ophosphoram da S to a so support can be carried out
by conventi oaati-semk hgelss typicalie Aes tofcofitihmotsdyubitd RNAarget KNI malecubss sdet ect ed
by standard nethods, for exanple, using a second | abel ed reporter_or

pol yiAer 28 &0 inaalivete hm: qraiternatively pvidess subsigate for edogengys shenuslegsestiogn) . - 32

7 0 MAR,2004 1118045 PCI/ U 8 ] i arried
oot mecdRaR P b P R A LTS RIARAP hpIREE WRCARR BEweR
hybri di 2pdthe#3 oFQR6liptdsertSinbéhtidh! VR hdbe AP ARG S bk eal@dted 09 Wedn@axdi de
hybri di zation to the target region. The ability of thiophosphoram date

ol i gonuchebedsdd¥onin ¢i zld htBiol.eChtred 268ripétal 4423, JAA3aKawakaki,petnilni ni zes

conpetiti For hindi et 5 sequence between the
t hi ophogpﬁjtrfllfhr‘}t‘r’ilia e&'%&%& ]tegghqdes probe and any correspondi ng
Si ngloe- St r andypagapHRRS ERd GietBhs GO GhABAAFenR broviieE BT aveilagdie

di agnosti c sanpl e. Thi ophor phoram date ol i gonucl eoti des desi gned for use in
hybri di zekt tha nass eyreeatimhabartisensp agentsc diisst, daisphospledannidate loligontickpotidesur e can
be packaged in kit for The ol i gonucl eotjde is provided.in nt ai ner,

t ypi cal ﬂyncijﬁmée Bire tcghﬂéamr%et; g? CPIEFFEOR Wflﬁpg?‘g?sé"deo, lggﬂl’ﬁféﬁﬁf)t ional |y
acconpanyg . : i nduct i ng
ho.r oacts o the DB pRAARELS o bR arc Hor P RSSARt S dUB K n Y e

i ndi cat i conditiby. THe, 1 cellilar Opthlpostithd emipotiad,ian uachaygedi thiopbdsphoramilatet | on or

di agnostic assa%/_, either as a product insert or by associated Ijterature in
di st¥5 burolynclsplide eekhang Bay tallew more eificipnesntiy, §f  the tRhospboramidaten e

aspect, ' ' [ i des can be used in nethods to
enhance 41@%%%@%&3@8%%%@@8ﬂ$&§x§§1r%$feag._ For exanpl e, as discussed
above, t hi oplFashéofwhizh dat BNl isoded bg ol ndstly padnebgranidxefa daplex sarigetd support

and used to isolate conplenentary nucleic acid sequences, for exanple,
puri fi cateaeancef phosphsamidate arRiey pliganueleptidey Aafgetgd ttp ghe (duplegbdsqhave al .

Met hods | l .68:.2 1979) . The 20 thiqph h i.dat
oli ggn3c1'?°3°d\":”‘?‘3‘[§§“‘%?%"asa%gﬁgg%ah%’ @’8@‘@?}'&? "éaﬁgli”l&ggt% ?@ﬁgéngilrﬁ]nbc?g’ sfe'ﬁ%lf/' can form
nor et adafdddihe Hawtid-anRndad fobnd M ASessHoAIraNt-DiR thdramestetdishar d

phosphodi ester ol igonucl eotides. A large nunber of applications in
nmol ecul ar bi dequgnece-apecific thinphosphoramidapooligonué¢ledsisle avbledulespire pptsotiallyi dat e
ol i gonucl eotjides, particularly for the detection of .RNA in 25 s | es.
Thi Sp oSt ARBLlsi G oty A 56ash o sy Bt IOl BSRP R
repor t er RN(A3HExeMblary afode by Swich Wabie 98{udRceh  cah ¥ tagdtéd tblpieppead | abel s
(Gyaznov, et al., Nucleic '

applications include:

25 a) targeting RNA sequences expressing products involved in the propagation and/or
maintenance infectious agents, such as, bacteria, viruses, yeast and other fungi, for example,

a specific mMRNA encoded by an infectious agent;
b) formation of a duplex molecule that results in inducing the cleavage of the RNA

(e.g., Rnase H cleavage of RNA/DNA hybrid duplex molecules);
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Aci ds Research, 20:3403-3409, 1992). Label ed thi ophosphorani date
ol i gonucl eoti des can be used as efficient probes in, for exanplieg MRRIA004

- hybridi zation reactions (Ausubel, et al., Current Protocols in l\/bI ecul ar
Bi ol ogy, Hohn WIley and Sons, Inc., Medi a) PA, Sanbrook, -33 41 MAR 2004
VO 01/ 180 ¥ BEEIS00/ 24688 et al ., In Mol ecul ar O oni ng-PCASAYESE or y

Manual , Cold Spring Harbor Laboratory Press, Vol. 2,1989). Al so,
doubl e- st r angdeglo iy R REHLHR AP SReifaGith asxtmme@%&@et el}S, t8d ift@astfonONne
a

t hi ophosphor am dat e | i nkage can be used for the isolation of DNA-dupl ex
bi ndi ng of TafTeand TARS sderbetaw)sandrbodi ment t he dupl ex cont ai ni ng
t hi ophosphoram dat.e i ntersubunjt |inkages is typl cal I affl x a solid

support and ShifFIcENg SFAUSHGSS RYFSHSIDRPENTIEE SFPIS afl‘?fborpﬁ’r fergtiop o Pﬁ‘ Pfhassed
over t hegt endsP Pe'e Bﬂﬂﬂge enleygs?_ iate® Wit def clL. Q%le{tﬁ) atcﬁ??r&%.&g ,ng of the

proteinto its protein caly romt ecolurm
by chsangmgthomubcé celd mEIMCl) (mshfefaﬂoﬁ' hmgratiqw md foatrix fugmﬁmm (ibeeudles
descri bed above, containin phosphor am dat e. nodi fi ed | i nkages, can be

used as Circalptient79d374A3%nt %9&5‘3%@9 penetig dlsP’éF“e@P&‘rFﬁP@rs (BroteoEecgeRes) pr esence

8f| S(r)]nl?:f\ e(r)? ;lrgggé Emb@dxﬂ)eﬁg%@@oﬁu% op or a%)é?ﬁ% gﬁﬁhflétr@ig F\els%edl i nkages

can be ugB@at Elegnes ﬁseﬁacﬁear Bi&fiblaky poretial wga@ud;@ﬁce% afe BfotéUnbedengs, [#610t ei ns:
for exanpl e, BPS' t hi ophosphor ani dat e ol i gonucl eoti de conpl exes with

dupl ex BXAmplen ingldingeit mot Ewited:to tfngrfolmng ol ecumzb, Q:f;ppatrké, @6, 4ndr t her

tab t t Si N3' - BPS'
thi oot AR e Nk RBE et e 0BE et Nudlefh R%thest' & rana o
and RNA oRlc&CandeRIDSOWIVGLLRS, NS Yik, NaYI @910@%1@@14 Bealt, ldinphaspRes.an dat e

ol i gonucl eoti des uséd in the methods of the present invention include

m)dl fi calf: bkPg- U@Sf a893;i Calabretipt etkai o?fcmlhusomfémaclBeQit,l H39DbP98.nRe! |

f hol u. . No
(o8, ot G A el RO AL Y BB S D R EL ey o e
i nt er subyny tAﬂtisE‘&@%ea@@ﬂ‘ﬁ%&Jeﬂrguﬁh@@%@B 14981 98] eemmcn]ma&?;d&s? (e.gt990) ;

modi fication wth intercalating enfs (for exanple, tfiplex 25 stabilizing
i nt etX al NF kagpaRyeldgswely dt abn]. Ied:mmbl lﬂﬂMHeﬂ%ﬂ&tIS}DB)aﬁd&ﬁﬁlgbnmﬁﬁé, 1993);
and use of r| bose i nstead of deoxyri bose subunits. her npdi fications

i ncl ude, Papillogmayirysesy Epwserh et r?édf*ﬁ‘i“&&’qubrﬁgcf‘@ %q#ecjéﬁ"i“go%bé%‘éﬁ d¥3(e. g.,

0 Wk 20t B b TOuRP P AGRAG! Beb by A0 1500, A R (¢

numer OUStafgadfof- m@t&&msa fiserapyrif hysrpl@siashisthe Peoiteih compa@nt of telbratragasat Won (e.
-F). -~P5' thi ophosphoram date ol igonucl eotides may al so be nodifi ed by

conj ugat ?%59%78) avhgféu iy g8 the dimiting campopept é!hte{&wmseﬂsbremqnc Theispquenegy ch
usef gé) pg]{ ﬁ/u?ﬁa%télgﬁ\%rage {evgr grg s%ggt% F“ 8%2,5%8?%%8“% Sgﬁgﬁ?tla%@%3%b' EOd' es.

For &xanple, a po iy I's speci Py “taken up by

a neopl asto 98/¢499k, anidas PGRINIA1 (ATCO Akkdskion Bl 0D ). oto fgherBRSstrate, two
t hi ophosEbIdtr am dat e oligonucleotides to that cell type. The pol ypept| de and

ol i gonuc tegiong afi thre HEGtipproteiththatreambe tangsigd b thehmethpds pEthe présgat exanpl e,
PCT it ernat onal e\ ot on ubl i cat] oo, BETLASR! 02363, 9891 21.10
response element (TAR). REYV activity requires the presence of the REV response element
25 (RRE), located in the HIV envelope gene (Malim et al,, Nature, 338:254-257, 1989; Malim
et al., Cell, 58:205-214, 1989).

The RRE has been mapped to a 234-nucleotide region thought to form four stem-

loop structures and one branched stem-loop structure (Malim et al., Nature, 338:254-257,
1989). Data obtained from footprinting studies (Holland et al., J. Virol., 64:5966-5975,
30 1990; Kjems et al., Proc. Natl. Acad. Sci., 88:683-687, 1991) suggest that REV binds to six
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The properties of such nodified thiophosphorani date ol i gonucl eoti des, when
applied to the nethods of the present invention, can be deternilfe#ABy20he

- met hods described herein. Exanple 1 15 General Methods 3'P NVR spectra were
obtained on _a Varian 400 Whz spectroneter. 3'P NWR spectra were referenced
agai nst 859RAHIMBuUs phosphoric acid. Anion exchange HPLEGHYSBE®Er ned
using a Di onex DX 500 Chromatography System w th a Pharmacia Bitotech Mno

Q HR 5/ 5p% pdifY ik Bné HBmENEHBRIAA TO N FuclMBES i8 REadjhctht SEALINST Srusse
performed by 20 Mass Consortium San Di ego, CA LDl - TOF anal ysi s of

ol i gonuctfsbe RBEs A\aémmlllﬁﬁdnimcﬁﬁmgg@nmérabwﬁﬂinuelleaid@sits&temﬂoaml,lzhgw Elite
were cortieoaaad Py Eogk:of 5 05 el aries Reserdononar 158D Thisihdhe e

carried Qufon SnO¥efhrglt 60 ol ARRNBSERNAASKN AZIHIEEPYER,, 3L NBSRNEY, &7itbl), €SS
otherwi se"stated. Comercrally availabl e DNA'syntheSis reagents were

pur chfis e6l7:8882F638R) @92 usikesma e mofeShivphosphoratitipte ofigbryteotidespaocomingap
t ol uene, _di chl oronet hane,  diisopropyl ethyl am ne, triethylam ne, acetic
anhydr i dthe methwdgpfthe presrat inypmionand di oxane were purchased from Al drich

{M | waukee, . 5 -1 hi.Qp: i ! i :

synt hesi zed \(;@ea}r%&bélﬂggyt %ﬁ%@ﬁ%@*}hﬁﬁ%@f‘%ﬁ? gﬁgp%ag%%ﬁ?alrv E)r%(f)t ocol s
for the Riagwtdiabrépeatt(ETRpieettedoRl péhg explessionl(Dayiyhet 210 @ellyW:941-98015
PCT/ US00/ 24688 approach (Caruthers, Acc. Chem Res., 24:278-284, 1991 )
The chai h9%s Sishen ¢f abyNptre; 320:367=3 %y 498 s i T3ansactiyptiqpoingieqed &y Tl protein

Fri cht or BRUER BEmiRhes, Stine RRRSHEt Grslu S g AV 557,828 b s tosgreg i,
phoS PhOT pyilcksR1oA4AC B th Jifl A Behecet oni i e, 10 min: (i)

cappi ng, 0.5 Misobutyic anhydride in 5 THF/lutidine, 1/1, v/v, 15 sec; and
(iv) oxidati ofihe DAR el¢nicotis napable of KEmingrd dabiesteradeop stragueqMuesing eval, 30 sec.

Cheni cal .4 i cle. fol | b tonitril hi d
1 s ng e iants/od: B T tGregie) o B BNEAAGISER AP Mls- S sBERen o
removal  gf TRRYfs 38 RARARMMARIHALR @Jl?&%%%ir‘lg gﬁﬁh RigR-affias b?}:%dgﬁgeaﬁ@le by

treatnent wth ammoni a/ EtCH, 3/1, 18 v/ v, at 55C
ol i gdhucTadiprdiein tosrecl AR plemantr(Bop el dl.oGenesiess 41186383130 1960 Eordistgleytett he

2' -t-but | met iyl _gr r d by treatpent..wth .TBAF in
THF folrJ ﬁ'flj%mﬁ' &%‘Z{‘.‘E}é %ﬁa%@é%é@’ﬁ%ﬁ@g%%% ¢ et 'At%%mg'%‘er an:j
filtered c 1.SCq Ad SCH r bor,
M) G S5ieahns 195, woiks ¥ oF SIS adoh 1AM 84 YB00)- TR son B8 v
finally tegaédfoantsenge therhpy folldwiag it mahodoffiopresent iivehioMAP- 5 or NAP- 25

colum. G adient conditions for | E HPLC. solvent A %é% mvl NaCOH) , .sol vent B
( 10 nmM NaOH Hnhafidition tp tagrting theRiN{ dinding sitgs ofthaREV, REE and| TAMb RIS di ent

0- 80%’050ltﬁ’eeﬁﬁABco\MntgmeﬁheﬁgesrPopthe %ﬁpﬁfTKT proteins themselves can be targeted in
order to block expression of the proteins,

Initial screening of N3'—P5' thiophosphoramidate oligonucleotides, directed to bind

potential antisense target sites, typically includes testing for the thermal stability of resultant

RNA/DNA duplexes. When a thiophosphoramidate oligonucleotide is identified that binds

| 25 aselected RNA target sequence, the oligonucleotide is further tested for inhibition of RNA

function in vitro. Ceil culture assays systems are used for such in vitro analysis (e.g., herpes

simplex virus, Kulka, et al. Antiviral Res., 20:115-130, 1993; HIV-1, Li, et al. J. Virol.,

67:6882-6888, 1993, Vickers, et al. Nucleic Acids Research, 19:3359-3368, 1991; coronary

smooth muscle cell proliferation in restenosis, Zalewski, et al. Nucleic Acids Research,
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20 Synt hesi s of Arabino-fluorooligonucleotide N3' ~ PS Phosphoram dates
The solid phase synthesis of oligo-2'-arabino-fluoronucl eoti deqly3arRPREG,
- phosphor am dat es was based on the phosphoram dite transfer reaction

enpl oyi ng the nonomer buil di ng bl ocks -

5 - (O cyaNSXRIANISN, N - di i sopr opyl ani no) - phosphor ani di t e FCHfUS00124688 |
3' - MMIr - prot ected-3' -am no-2' -ara-fluoro nucl eosi des. Preparation of the

nucl eosi e 4 i i C . ( 4 wo

o nsoss BRI R AR SRR T Py N R o AR 10,

iv. F vmyb, Ba€Bzet GBz Bloatl, 57%1 RQ-1326;-1992;- d-fos; CryClet~alvl: Biol.i Chém:,

vtlf.-tx. N3 MMINH MMINH 7c,u,t b 8 Bt = Thy, Ua 82 = Th%, Ua, CyteZ R =
Tol uoy| 26%:19700:19%@5, 1989 BCR/ABL, Spoaylikaet @k, Scignetpp3:563-565, \M&)MeOW iv. DI AD,

PPH3, BzOH ... '\BAVilibatw)E!s Pd; vii. MMICl; viii. NaOH EtOH i Xx.

CEOPCI h@l—mﬁ%éﬂg—p‘fzem—mr 1 (from Pfanstiehl) was converted into the

a- 1- prono i nin@ibieeh adfe géneMekpres b niih Omiplx Fotgitiof- HasC @Béd Previbud.

Conpound 2 was then used, wi thout isolation, for a SN2-type glycosylation
@%ﬂlq é&¢ids i n

react i odempnstrated| (Poaraydetial aSiclenem R4 Hy iR, BIB9e Orsapnetcd.,

formati gn_of , nuc | des .Stere ecth vi t fo bt hgp. | atd,0n
reactio C%Chq |'%§%E44gﬁ’ ?-%r%bﬁg‘%lﬁ ﬁf’g%%'&l’ajlf F%’a 'osrchng'%%ﬁlg%%éi c?i%dlg had the
desi r ed T3-iab@ART &abiAl 'ogltfigfekoﬂrucﬁﬁeéf\@&xﬂe'ddﬁlﬁél Qﬁlgloﬁhé\‘!\tﬁr@rﬁla%l s of the
reaction m xture. The pure (3-isoner of nucleoside 3 was isol ated by

cryst al thigghtdspirémizate phalog|oligburdegides tprovides' a stranged' toolDfen 2atjdenpr ot ect i ng
groyps of 3 were repnoved in near. quantitatijve yields by treatnent wwth 10
met ﬁﬁnol@@’%%ﬂp%@g?%@et?m T‘gﬁwglﬂ‘“ ,egap_elmp(ﬁpgli%?pm&r oups contai ni ng

nucl eosi de ppaguyet F oGO IYERE G sddUnUnb A scquinced DS @RMAR R@si de 4
under M tsunog%lér erg t 8n cor?élg)f&l ons. §I'he treat rsrgequilt cgf théei

2, 3' - anliyrdiriplen dbresatide {Helehdradd Thilmey Biotliben. \BieplysdAtthel 481993125 ¥9900
precursor 5. This conpound was then conyerted i nto phosphoram dites 7t,u by
the cat dvPicpldy, tixithienngsphgramidate phgepuplgotade. %ﬁ?%egﬂ&?ﬁﬁwgﬁw? &®ifat i on,

fol | one ' Ll | s = O r [ viRBCsRhnE ! ati on.
Cytidi ngt -%ﬁdggﬁﬁ%eﬁlgnﬁreéﬁﬁé@%%m‘,gg?g ?%ﬁgaglgcfgbég%@%gﬁg&nggip%ﬂggecurIé:or usi ng
t he 191 aiter tBme Yosindpredanmaitsi pyfimMdingess. Total yields of the

phosphoram dites 7c,t,u were in the range of 8-12% based on the starting
sugar -37  Thigphasphaanidaipeligamucotides pEeoresen/investion fredestadder triplexst ruct ur e
of the noners was, confirmed by 1H. & 31P 19F. Ry S ctronetric
anal yei SORARGaRAERS rarie TP Y agte hepetnbd PRl TR TS0 R cot ae
nmonomer ewasplen €. SCoPyient B, 03172629t Braxhsld 4APNATIRDRaAE] h3G feydehbigsi zer as

descri bed bel ow. ] .
polyacrylamide gels are used for band-shift analysis and the levels of denaturing conditions

-

20  (Ausubel et al. Current Protocols in Molecular Biology, Hohn Wiley and Sons, Inc. Media
Pa.; Sauer et al. Editor, Methods in Enzymology Protein/DNA Interactions, Academic
Press, 1991; Sambrook et al. In Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Press, Vol. 2, 1989) are adjusted to reduce any non-specific background binding.

The duplex target is labeled (for example, using a radioactive nucleotide) and mixed

25  with a third strand oligonucleotide, being tested for its ability to form triplex structures with
the target duplex. A shift of the mobility of the labeled duplex oligonucleotide indicates the
ability of the oligonucleotide to form triplex structures.

Triplex formation is indicated in the band shift assay by a decreased mobility in the

gel of the labeled triplex structure relative to the labeled duplex structure.
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5 Exanpl e 3 Synthesis of digonucleotide N3' -~ P5 Thi ophosphorani dat es

A i gonucl eotide N3'-3P5" thiophosphorani dates were prepared by hrmRangji te
- transfer reaction on an ABI 394 synthesizer. The fully protected nononer
bui |l di ng bl ocks 10 were 3'-am notrityl nucl eoside-5'

- (2- cyano®ABH18MS N- di i sopropyl ) phosphor ani dite where nFETAEFIHESS o

3' -deoxy-thym di ne, 2',3'-di deoxy-N2-isobutyryl -guanosi ne,

2", 3 -di deoxgquh'éﬁﬁl@ QUhrAdSRESHRS ¢ bg'evalﬁté@bF%KMfe%dtiﬁélﬁcﬂM% iyl di ne.
5'-Succinyl -3 -amno~rityl -2, 3" di deoxy nucl eosi des were coupled with an
am no grsieyxsetzomet dom afylllranpg of BN Anseqoerceothhtedrypinriengtl aozell dsCakpleRi. and used
as the solid support. The synthesis was performed in the 15 direction of 5

to 3'. Trgumserrshifitghiopasseurmings auslea b%f&%ngrﬁ%l_e SBPYeURIYPPYETC| eot i de
N3"- - Bp%er%ﬁgél?lgggozr?&%rn?i?hg%Lﬁ?}sgé%e)%éz%hmﬁtgﬁ it 18 boms /@:&l’ %g@g%{\ﬂc acid

i n dichlor osphoram di t'e an

t et r &z 0l Bxeliplarf Girgit iséduehd@s fotSsule therapbiticy iyilel MODNAseiUEnyEs iavolved in
anhydride/2,6-lutidine/ THF 1 /1 /8 v/iv/iv as Cap A and standard Cap B

sol ut i orthe pfoppgatioh fand/pr mpintsnanceDfsidgetioys agantt sud asubaciegial, Vi Hasly 20 1%

triethyl am mp. Before.and.after I J , col um
wes wasHEd e oREn o SEERElS 4IRS HE B Lt by ARt BhER, 400

preci pi tRhidRes JdRing! inSprowilado biiessidni RPfreERRRMOANGfURIIGRT \Wehies, shedhomed from
the solid support and deprotected with concentrated aqueous amoni a. The
conpoundenceganes, foraxgmpld, Hockinpariréducingithe tmsCiptipn af ingpmepriptely PXressil C was
performed usi ng Dl ONEX DNAPacTM i,on,exchange,.cql u 5 at pH 12 ( 10 nmM
NaO—ime?qu“ &g@ﬂ{?Pﬂ‘%Sigﬁ’éeérasi?F‘&Hflé‘ﬂ‘t“c fain geherif Aol 15 M NGl and a flow

rate of 1 ni/ da-exg{l%i'&{ &d&?g.%ﬁwc& He BRlck &by Perorii g H8pe RNeRi e in

filtration colums ar mac and lyophilized in vacuo. 31P NMR

exper i nergnwas evipetr taguired régulaeyt moieinn @k intkdedudespiaed kavevrt e biandt @ort  of

sul furization analysis (31P NVR 8 n 58, 60 bhr.gad signal \ i soners).
“58 1" GramRie, BOG e pHO B rrs sty B R Bl ks B G 1 bding

t hi ophosghQr afd €atOal” mgﬁg}_ 67:6 P ) SYRL ifed the
fol | ow nga\%awsﬂgﬁ%g?alf\’/bc%-e 594 sy’n'??]’{agi zerﬂ\i\fégﬂggie.)t ‘ﬂﬁtﬁﬁﬂbg M sol uti ons
of 315t r sdquérres WithiR pro¥in-dodimpeegioMSeflpenasdy.k; antepams)tan be targeted as well.

(N2-i sobutyryl -guanosi ne, and thym di ne), e . .

5' - ( 2- cyanoet Wyen @ thiophpsphpresidaty ﬁﬂ%i%r?i)‘%‘?ﬁclﬁoflé% is idstified thahibindsta | e of 5

station #,1 s, filJled with neat ca n, di i {L le # 15
nes £ 11 SIeRd TP et peivnse 608, LGS Y dn BEIP ECRARy BRM' T0
triethyl aidAsed aBvd (iR afsibl ah@er tdiRd FHTRRbTAo| fyrmBytailé aiplex sBubtbrebirsol ution
of tetrazole in acetonitrile was used. Cap A solution (station # 11 ) was

repl acedvitsp. t €eH adwtdreofing inpivecassayy sy stenzsn [yely peldioze glepquibedi 8. Bptepty v/ v/ v

sol ut,j,on was al so the conmercially avail able reagent. A new function
10 WZ J&ﬁ@%ﬁ?ﬁ"&%‘?i ver carbon disulfide fromstation # 10 to the col um.

The defaul t swpirbatrsitdah Be ShoserriGhecons! roEioh of Belgénas, efpdlih MaitagscyiBiion
sulfurization tinme was set at 1 mn., and before and after sulfurization
car bon dimtiationdie nabindinp iregions of regulatasy priteinn(Hedane apd Soulmgel WPnBHest s col um

was filled with 1 nole solid suppor .

No- i sobuhrigpbeasiet ety 15PEs osEn g, Rssy e feresitsunbe shasen 5 Mebaded cPG
(control kgd (poieagd 3Rds: in] HRSLFIGREEeLli & N8 taAsGRHERMGEENES doRgi@med as
GATTGGGATTGta?gé-?g‘ls% CsEQ'TD Nofﬁ&l&)? frlhe’ trityl groug o at_end
of t1RS syliptmslestidesdlitebted agdinstmhensite tofsiticn rmaautdehse meditorsaasbeell Gesul fi de
and acetonitrile. The solid support was renoved fromthe colum and treated
with 1 m2b®hcentrated aqueous anmonia at 55C for 6 hr in a tightly closed
glass vial. ARter fi j : g@;&g@ﬁﬁg RayBSusy aPhahediaed the
remai ni ng sol tﬁ{lsﬁbgﬁ%égp%ﬂagﬁehgﬁ%d Q%dsl?lﬁg ep aéexTM NAP- 5" gel ffl tration
col ums (nR¥lecules &vith)a thiod stoane chrey (iley, aphrgld-sthahd oucléitacid)c For exBivplepa DMNACt was
anal yzed and purified as descri bed above. Al of the other

t hi ophospheiewss krving o rgginucrapaile gEformingtacgiplex strygiiee with aeeleqted tarpeb- 4) were
t hesi i he,_ab i b : h St abi it
o ) PR RPN MBS A5p B8y RGP AR 201 1Y

Thi ophosphor am dat es

(

- 28 -



A i gonucl eoti de thi ophosphor ani dat es unexpectedly denonstrated an i ncreased
acid stability relative to phosphoram date counterparts. One m g@W\é@;

- expected that -39 10 MAR 2004 5 10 15 WD 01/18015 PCT/ US00/ 24
substitution of the non-bridge oxygen of the internucl eotide phosphate
group wit WIS shoul d have resulted in a decrease in ?W%’B’thsgt ability
of the phoshoram date because the difference in the el ectron-donating
Proper t ixggioPhwid Littws(HE SEARBASE e Bl Feohlul B GniR d6add o REATPNAL T ON
of the 3"=NH easi er. wever, contrary tothris prediction, the

t hi ophosgplex.am dat e i nternucl eotide |inkages were found to be nore acid
stabl e than their oxo-phosphoram date counterparts. The half |ives of

t hi ophosphor dHngsaesiontearompnssyany fisxibls inkege that keens thedwp drlgr ErrarAedat e
count erpardt.. | 9 tic i OO t.enper at ur r.e

ppr ol Hepens, Rgtdt AR SRR BER (s 5o ARlE Sl COMMVREL T ek ME ey oy

anal yssi sTHiRegrahaRhrgetd Jare 8Mc@QAVRI hav hﬁpr@ﬁﬁﬁl@%hﬁiﬁé)ﬁ&rﬁﬁidiﬂé&:oﬂt&ﬂf 8 ¥SteS
products was di fferent between the thi ophosphoram date and its

phos phoralewdarmesation ofitripleyaneleculise aci d hydrol ysis of the thi ophosphorani date
appears to ini,tially result in de-sulfurization,.rather than cleavage of

i nt er nucl eos H&’S ﬁﬁ’ﬁgyl&rl g° may ?031"8#3&? dwp gflp eﬁefogﬂglgpﬁg}ogﬁ{zggfc g?” These
resul ts dopghi&md @M%Baﬂsﬂﬁﬁiny&%&bﬁ&%ﬁ@ﬁtaﬁ& ddpleRlifig ©RMRE hitRRSofhe t he

t hi ophosphoram dates than that of the phosphoram date ol i gonucl eoti des,

t hus i ndbasasdquence lofithettirget. Fonexampds theftwo tiipphfespingregibukatach baveddand:| eot i des
has [proved potential for the deyel opnment .of oral oligonuycl eotide

t heria(ggu?ied'gs’ ‘g‘ei"oﬁ’b‘gr%ﬂ? é‘b CB‘?q’féﬁcxg:li’og‘ﬁhﬁ?"éﬁFJH’i‘%’ BEYoHU eeg’ilioﬂ’é%g. TABLE 1
Exptdig TuReshan S5 0y (&3 Agi wabi | i tydl. GTTAGGGTTAGp044. 2- SEQ | D
NG 12. TA%&%&%E)%?%%I%%% I\%w% Same as expt 1lnp72.127.94. Sane as
expt 2np71. 7 Xarthe) ddpléw BNAan®eadesexthinihgas [£4st bR’ thiphSspireraatdasxiiikage
2nps70.024.8 6 hr -40 1 0 MAR 200 WD 01118015 PCT/ USO0/ 24688 .apo, np, nps
cor r espoficFatl stEpKssR i used ay decry molgsyles Sorsteanserintion dagters 5 PNA binding

t hi ophos féﬂﬁga ga‘g_ﬁﬂg%oups, respectively; bnelting tenperature, Tm (t0.5C)
of the duplexes~for with a conplenmentary natural RNA oligonmer in 150 nM
NaCl 15 10 mM sSifiglersiraaided DINA eandaléd 85 uspdlas’a 4irgdd nhidléic @aiddfonblighudledties ve to

the natural phosphodi ester counterpart; dhalf |ive of oligonucleotide in
40% aquedlithe peesenicinyentignausing dor exampde: skigphospimapmidater iptensubieih lipkagger t i es of

ol i gonuc t.0. phor.am dat es.wi t h_conpl ntary ,RNA strand were

oval uat et TARAE PREBRRERC AR AR B el e R pdhE

sumar i zgdedtéd bl fndle-stragd PDRRE th@et-dRtded OWdinBat BiAGInG iogOofhechept i de

t hi ophosphoram dates fornmed significantly nore stable conpl exes than the

i sosequephasphtorsraidateaanalop stpide d¢ dwtsinglestragd VA taggesresults tih éoriafidrepmice in Tm
was --25&%0 per oligoner. Al so, the increase in the thermal stability of
dupl 8%es™ & sinilar to that observed for the phosphoranidate ol i gorers.

Thi s i ndipcat eﬁﬁggguﬁﬁpgﬁﬁgt@yti on of non-bridgi ng oxygen by

The present invention includes pharmaceutical compositions useful in antisense and

antigene therapies. The compositions comprise an effective amount of N3'—P5'

thiophosphoramidate oligonucleotides in combination with a pharmaceutically acceptable

25  carrier. One or more N3'—=P5' thiophosphoramidate oligonucleotides (having different base
sequences or linkages) may be included in any given formulation.

The N3'—P5' thiophosphoramidate oligonucleotides, when employed iﬁ therapeutic

applications, can be formulated neat or with the addition of a pharmaceutical carrier. The
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15 sul fur atomin internucl eosi de phosphoram date group did not alter RNA
bi ndi ng properties of these conpounds significantly, which was qed %gimd

* by N-type sugar puckering of the 3'-am nonucl eosi des and by increase
sugar - phosphat e backbone hydrati on. Exanple 5 20 Preparation of Affinity
Purified E)%l"t"é%‘l‘s Havi ng Tel onerase Activity Extracts us&§TSPY4E$8eening

tel omerase inhibitors were routinely prepared from 293 cells

over - ex i an_ﬁ.'; i b i : ). These
cells m@&%ﬁ?g&t}%&élt 0 a\%a%ﬁ_%é?%%lﬁ%lg.e%?{gF%ég%gﬁgg{éﬁ‘égﬁgﬁ Sttﬁgél_ﬁgr ent al
293 cel ligrap2@titally efifdctipaddsetb £ailbjest inmaedshateef] from about 100 liters of
culture) were resuspended in an equal volu aof .25 hypatonic buffer (10 mM
Hepes pH 7. oliqyidgermgieran bejussinthy prepgratipp g‘éﬁ?lutiow%wys, SRRISYEd using a

d ' : . | 7§ At | ' % and C
wes o1 oy BATHLREY colBGafnk? Ph NECRES Mo B pbrlfiRRigBh e B 001, 7
ver e sst idis@@lq?é QF s\?\%eﬁhéﬂ and ﬁﬂlﬁﬁa&ﬁ!iéa@lgegcc@ﬁtaﬂigm AP excifichPr shithple Sol i d
anmoni um sul fate s added to the S 100 supernatant to reach 42%

sat ur at iegdmpldd6f liqaiid tarrérs \forSpageidraili ddtsistratiof bf N3=>B5"thidpkbspMorflhida3015

PCTI USO0/ 24688 t he pell et was resuspended in one fifth of the original

vol une aligorgickbijdes prempedtions inBlulé avater Apartidlyt eontaining edilitndsNag) celltdaser

di al ysi s, the, extragct s gentrifuged for mn at 25,000 x g. Prior to
11t RRR R GRS oSS Tt crBese oitien. pigotolatehingrna (50
P, 9/ M) iRy @dachhoRiahi 3blty}(yd?ic' 6B, bl LA B & GUEEC CTA 5
GAC CTG TTA CCA guu agg gul ag 3" [SEQTD NO:5]; |ower case represents 2'.
O ndidhy l{e.g), fractionhted tocbast dhahdapqehis oflnsEhe bquidsaritran eantyin wtee sititatiles) was

added to_ the extract (1 nnol per 10 m of extract), After an incubation of
10 mn apélawcefn%é&@fiawailhclwgaasbletpp@r Uwiteddp, Hie followingiogodahilizansi on) wer e

added a 1 e t i pel |l eted
and vaonopepEod abpil Lot ISEER Bosels WERBAEE ag s bofors, MDMPHIMELS, 02\ 1LE
Buf f er “poéservatives; stibilizefd.afd bndlarity teptllatoss.ce nore with Buffer B contai ni ng
0.3 MKC. Telonerase was eluted. in Buffer "B' containing 0.3 MKCl, 0.15%
Triton X- 100FRr paventerabadministration of M8 s3P 3 thiephogphesamidate okigangelegtisles hieA ACC CTA
ACT AAC AGG, TCT AC.3" [SEQ ID NO:6] at 0.5 ml per 125 ~1 of packed
Neut Ravicamie M&ﬁrwﬂz@% fioh ag elﬁ:ﬁ@?ﬁ#ﬂéﬁlﬂ &SORTORY MY TSl cHAHC SATESoN was
perfor m?age @s@ﬂll st 20 li@ﬂigdn%nrbonggsiﬁénrs%r'paféﬂfeh{l 'agxqin?s)&{i&?t s typically had
specific activities o o _

Sterile liquid pharmaceutical compositions, solutions or suspensions can be utilized

by, for example, intraperitoneal injection, subcutaneous injection, intravenously, or

topically. For example, antisense oligonucleotides directed against retinal cytomegalovirus

20 infection may be administered topically by eyedrops. N3'—P5' thiophosphoramidate

oligonucleotides can be also be administered intravascularly or via a vascular stent

impregnated with mycophenolic acid, for example, during balloon catheterization to provide
localized anti-restenosis effects immediately following injury.

The liquid carrier for pressurized compositions can be halogenated hydrocarbon or

25  other pharmaceutically acceptable propellant. Such pressurized compositions may also be

lipid encapsulated for delivery via inhalation. For administration by intranasal or

intrabronchial inhalation or insufflation, N3'»P5' thiophosphoramidate oligonucleotides

may be formulated into an aqueous or partially aqueous solution, which can then be utilized
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nucl eoti des i ncor por at ed/ m' n/p.l extract, or 200 nucleotides/mn/ng total
protein. Buffer "A Buffer "B 20 nmM Hepes pH 7.920 mM Hepes p é@&%r}%

- Mgl 21 M EDTAL nM DTT1 mM DTT1 nM EGTA10% gl ycerol 10 % gl ycer 0Ol iton
X-100TM - 42 Z 0 LI AR 2004 WO 011 18015 PCT/ US00124688 Exanpl e 6 Tel onerase
| nhi bi ti onY8Y1805gonucl eoti de N3' - BPS' Thi ophosphor ani daf%ggﬁqquéﬁéssepar ate
100 p,| telonerase assays are set up with the follow ng buffer solutions:
50 MM Trih ShaG6aRloe ’&H%E‘I‘(%O? forl ef%ﬁg-rfor hreah & infeciMsMIAE 1uAS01RM S5 K
acetate, 500 ~, M dATP) 500 10 ~, M[32P-1dGIP (25 G /mbl), and 100
NM d( TTARKemdc)sit=farivD NO: 7] . To the i ndi vi dual reactions 2. 5, 5 or 10 ~I of
affinitypurified tel onerase (see Exanple 4) is added and the reactions are
i ncubat ed at N—ES' tmophgphtprgmgbtemlmgp@éeotldeﬁ may he pdipisistered tepicalloises from

each reaction and added . to 160 |t] .of Stop, Buffer
pyr ophosiohtad; crsapyqospations by fopm hmmﬂtmghﬁﬁnai@tv fccemN%ﬁa vehuﬂes

trichd or e@anf‘g dsl S 1 ncubated on
ice Pgor \_%mn%tfh@%t“f(ﬁ S@ur?gl §Q,IOS Fel’ et g‘%qfe%&genwﬁr ocent ri fuge (12000 x g
force) for | JH¥ Net-8BS' ﬂik@hpqihb@tmluﬁtevmgmdcwbﬁdts Imay b8 dnsihdesped imnd

pell eted again in the mcrocentrifuge (12000 x g force) for 5 mnutes. The
pel | et i Bposemaspeieded The usé)of/vllpoﬂdﬁﬁs aodadilitateséetlulae diptake as describdd fgf ass t est

byr ophosPIRR e S Bt Ne 4.5055n st ohS1 BdencRo G g beoNomAB S Aol o | 5
F11 ter oo e aAcbe3nE R ke SRAGTBIRIARR SES) on a vacuum

f||trat|%n mani ee tinmes under vacuumw th 5
M ig¢e cold ITRé EGAgeaﬂqumﬁauwmh teatthel S%4tat NamePs' thivphbsphofimidate dri ed
and counted in a scintillation counter using scintillation fluid. The fnol
of nucl eoligatmclentidespomny edith shelgiasticnlme dofnpositivhe esypdeyedd| ah2Oroatt iofi ty of
radi oactive tracer. The activity of extract is cal cul afed based on the dNTP
i ncor por AdmBHRIgFdoNs the ereri¥dof dhe HYMPINMD) Riesentad, 8%t Yoz of I 'opet ase

Activity Bi o- Fl ashPl.gt e Assax _An, as 3a r o ded for the
det ect i OW‘%D??G;/ %é"u?lkgﬁﬁ eofjflesanfl ielar &Y %ﬂ’?ﬂ% ‘measuring the
addi tion of Tﬂ&%@&%m&u&m&&%& phétmAcdbigdliphpatiehl, dnedIRURIAGRdSUbSt I at e

prinmer; a reaction catalyzed by tel onerase. The bioti nyI ated products are
capt af edof thissihvengivmis gneraliyopirifidd mway froimt @her péagtivsor pitentiblilyyimmawiogenit de pr obe

| t to 3.5 tel bel ed t 3
rabur | OB RN IR SIS BB Pesotre Brpareds YRR BENASTEF ngoi s
PCT1 Usmééﬁ&t Rcﬂr edRROUA, u? % 'hﬁm[)géﬁg}f)}? %ﬂ@ o Qfe%@lﬁgd/o ['nh% /E‘ mount  of

probe ann ng to e capture oner a ucts t'erm ne

scintill abmagbnenwﬂsldaarmiﬁea B@dunchonaThssapmﬁmhﬂbmmwgal elgmmphdreml des
were stored as concentrated stocks and 5 dissolved in PBS. For testing,
t he thi ophesgivsingredientds ben sempayndest intpesmodipament rriﬁce%rdwewﬁssenmm ng
stoc in_PB sn e a 96-well mcrotiter
di sh asgg::fgﬁap goc%p?sgé\gt?leyrw F‘fO%#gk%?%\égﬂg?#%%g “was diluted to a
speci fic acti Phdrsha@dutiGal Qémpositidd8 of tHelinvtNfibh d4h bermﬁm@u’e&tied/a@ubjeétnh ai n

Tel onerase Dilution Buffer and 18 ~1 added to_each sanple well to

pr ei ncubdérmujjtion aaé n!p@mmom:effs@wmt% aehiaveany ﬁb@‘ﬁﬂb’e‘#ﬁ%‘&? gesult. |er ththe

tel omera e : ea?%f Waﬁesuaf:l%'rgtu Yud‘?:1 gcl c gerOf {naéﬁ %@Sﬂ%% O the
vel |'s contaim ng telomerace extral a-oli gonu e corrpoun i ng

tested. B&@aﬁérﬁbﬁﬁne}gﬂfg@ e%eadngdlé phﬁ@i‘bﬁ%@ﬂ 8t Nﬁﬁﬁrécﬁfcn&o if"the. rat¥5)fV The
reacti on was stoppe by the addi tion of 10 pi
25 tumor growth, reduction in the rate of metastasis formatlon (as determined e.g., by

histochemical analysis of biopsy specimens), reduction in biochemical markers (including
general markers such as ESR, and tumor-specific markers such as serum PSA), and
improvement in quality of life (as determined by clinical assessment, e.g., Karnofsky score).

For the treatment of viral infection, desirable results include reduction or elimination of the
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VI. 25 ~1 of the reaction mxture was transferred to a 96-wel |

streptavi di n-coated FlashPl ateTM (NEN) and i ncubated for 2 hout$ MAR 2¥dm
*tenperature with mld agitation. VII. The wells were washed three tines
with 180 wi t hout any incubation. VIII. The anou e anneal ed
to bioti nﬁﬁllz@% el onerase products were detected in ZOBET@%?O%%I ation
counter. er Telonerase Dilution Buffer 50 mM Tri s-acetate, pH 8.2 1 nM DIT
25 1 mVidetdkidn] theMirddahian 830infddiiBeA philedl oMr¥sofiddn 6f digbhskrdssocised at e, pH
8.2 30 1 mM DTT WO 011 18015 1 mBIEGTA 1 MM wd 2 150 MM K acetate 1 O
MAR 2004yP@omeiS00/ 24688 10 pM dATP 5 20 ~, M dGTP 120 pM dTTP 100 nM

bi oti nyl at ed..pri ner ‘= hioti n, AAT CA T 3' ; 5.4 nM
| abel ed pr ob_p?e_[ @°%&@A%&E&¥RR&H§§%§E}% ‘ifs%sg-s r%ﬂ%@%@#ﬁ%é@} D NO: g] ;
speci fi Guaf bff¥dts Xam el dtérifac uméieieampﬁiéiag R viffootasts drdbdriiglal adodes Capt ur e

Sol ution I'HCS~ 12X SSC (1X =150 nM NaCl/30 nM Na3Citrate) 40 nM EDTA 40 nM
Tri s-SHC(llugtrdted i6 ExBmpleifg Anlappropriateymingeyfon testing cantbe estimatph fremithe 300 dat e

§'aivg°? o FEToRE onceiption AHEEaa  HOlEre Mristise PAEIERS celi SepATENs 1 and
. TABLE: ‘ _ _
PR ST FEHEY Sel o Porditd HoBorkin 6% 3 HalHERABE OO itk

EXPI Cso(fofduldtivn @nd/ddukd efadmidisatioddefihps pide s dovhldehedniratigpha siehdiseasd st el. 5' - GT
TAGGGITAG- 3' 1. 90. 89SEQ I D NGO 12. 5' - GTTGAGIGTAG- 3' 1000177. 4SEQ I D NO: 3 - 45
1 0 MAR 9f(petwveen 1 pM and 1 nM for a stable oligonucleotide of 12-15 nucleosides that is 100%

10 identical to an enzyme-specific target RNA sequence. The ultimate responsibility for
determining the administration protocol is in the hands of the managing clinician.
In general, N3'—-P5' thiophosphoramidate oligonucleotides are administered at a

concentration that affords effective results without causing any harmful or deleterious side
effects (e.g., an effective amount). Such a concentration can be achieved by administration
15  of either a single unit dose, or by the administration of the dose divided into convenient
subunits at suitable intervals throughout the day.
E. Diagnostic Applications
The thiophosphoramidate oligonucleotides of the present invention are also useful in
diagnostic assays for detection of RNA or DNA having a given target sequence. In one
20  general application, the thiophosphoramidate oligonucleotides are labeled (e.g., isotopically
or other detectable reporter group) and used as probes for DNA or RNA samples that are
bound to a solid support (e.g., nylon membranes).
Alternatively, the thiophosphoramidate oligonucleotides may be bound to a solid
support (for example, magnetic beads) and homologous RNA or DNA molecules in a
25 sample separated from other components of the sample based on their hybridization to the
immobilized phosphoramidate analogs. Binding of thiophosphoramidate oligonucleotides
to a solid support can be carried out by conventional methods. Presence of the bound RNA
or DNA can be detected by standard methods, for example, using a second labeled reporter

or polymerase chain reaction (See U.S. Pat. Nos. 4,683,195 and 4,683,202).
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WO 01/ 18015 PCTNS00/ 24688 3.5' - TAGGGTTAGACAA- 3' 1. 640. 41SEQ I D
NO: 24. 5' - TAGGTGTAAGCAA- 3' 100079. 3SEQ I D NO: 4 A i gonucl eoti de spgwﬁmg
- (SEQID NO:3) is a msmtch control for the oligonucl eotides used In

experi n'en%volnqlglﬁggcl DNO1}. Simlarly, oligonucleoti deé%q.ﬂ%g%‘g%{ (SEQ I D

NO:4) is a h control for the oligonucleotides (S 5 used
I n experinent 3. The telonerase inhibition data presented in Table 2 show

that the thi DassREAN: catir casled Buticeoidingas sahdardpropsdaseswith suitablei on ar e
about 2-3 tines better at inhibiting telonerase activity relative to

count er péjustmenbebhibehyhtidization eondigionutsl allow thiephosphommidate oligpnueleetide

t hi oph .ani date ol i | i des. | tive.d he 10
t ol onor 2eBdizton s frsagbCigton 3o SR i mitsho RlbrimERCoRE MR b 1O
count er pagd §t1elé%l€ed3eérﬁ%éhtﬁfb SR aBsoel i S Sk @Bpdtitidn fbhﬁﬂﬁiﬁ% to\e ltdrgetThi s

conbi nati on of characteristics inparts the inventive thiophosphoram date

ol i génuckaeniaetwednt the thophesnhotamidate dliganuelgetides prabe @ad aey gonespidingni dat e
pol ynucl eot i des 5 le.7 Anti t Acti Vi f Thi ophgsphor am dat e
Q1 yonucT B T PRSP B es e o ide MR TG 1 e FEReBeHlr GRTRRGE h | n Tunor
Cel | s Col oni %\iﬁghoaﬂmi&a{eembnmm@é dedlgn&lok Gselif BYBEARARH Sbedys and

I mortalized) re 20 preparéed using standard nethods and nmaterial s.

Col oni esoth&r propscopaidestribgd siaethin discosarentanrdbeepacktagdle in kit formbolkhel06 cel | s
in each dish. The dishes were incubated tg allow the cell colonies to grow

t o aboutoligooycdientide J& peqyidedt inyhremtainerydynically 1gra buyfter syitehle & RBELe® vi ded

i nt o4 WO u . . u .
thi olfhosia R isSioBh ik MR3 RS ler Bt RAFHIE, OBl usctulin
concent r @nteuling theGreactioh. TepiesiBn thalkiiskilllald beMceombaaied by waiten indications a peri od

of about 4-$ hours after {gl ati n]ca; -46 . 1 0 MAR 2004 WD 01/18015
PCT/ USoofop asseef the joligepuslgotideinsphyhridizptien seastioniorydiagnestis assyl, cithefes @

simlarl 0 ' t t. i % i | D NO: 4. Each
group ofgrggﬁ@%go{%e#%@gagﬁg% léglr?Fﬁ’h{dg&&gﬁ ?é&%n g?thgﬁ the groups are
split evw@_&ﬂjm@ confluence}. The sane nunmber of cells were seeded
for continued 5 growh. The test thiophosphoramn date oligonucl eotide or
cont t®l ol i gdnwot esrertd thehioplaspldaraidete pligonucientidrsran be uied in meflodstoat t he
same concentration deli ed {nitially. In e experinment the cells were
R S R R i R e e e R
{fﬁn uf aﬁt 1 SphSsphbrbligdid bRgbhuclEbdbEE b BREBRCE SolRl sugpdttieAde et de isapkake by
e cells.
complementary nucleic acid sequences, for example, purification of a specific mRNA from
a polyA fraction (Goldberg, et al. Methods in Enzmology, 68:206, 1979). The
20  thiophosphoramidate oligonucleotides are advantageous for such applications since they can
form more stable interactions with RNA and duplex DNA than standard phosphodiester
oligonucleotides.
A large number of applications in molecular biology can be found for reporter
labeled thiophosphoramidate oligonucleotides, particularly for the detection of RNA in
25 samples. Thiophosphoramidate oligonucleotides can be labeled with radioactive reporters
(H, ', 3P, or ¥S nucleosides), biotin or fluorescent labels (Gryaznov, et al., Nucleic
Acids Research, 20:3403-3409, 1992). Labeled thiophosphoramidate oligonucleotides can

be used as efficient probes in, for example, RNA hybridization reactions (Ausubel, et al.,

Current Protocols in Molecular Biology, Hohn Wiley and Sons, Inc., Media, PA; Sambrook,
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10 Tel omere | ength was determined by digesting the DNA of the cell sanples
using restriction enzynes specific for sequences other than th?mmtzﬁogi ve
- T2AG sequence of human tel oneres (TRF anal ysis). The digested was
separated_by size using standard techni ques of gel electrophoresis to

det er mi ne Yh¥/BWUAgt hs of the teloneric repeats, which affd4St024%8%: probi ng
with a tel onere DNA probe, on the gel as a snear of high-nolecular 15

wei ght ( j Mo - @IRFSh 4 es of
such ex%"r&gﬁﬁlgﬁ el%}s{ I%At‘ gg%o}ég@gndﬁ |l’n FI %ﬁngﬁﬁ%ibgra?i&\t%%q?ﬁ%’

t hi ophosydi,488%at e ol i gonucl eotide SEQ ID NO:2 is a potent in vitro
inhibitor of telonmerase activity. In the absence of FUGENE6TM t he

t hi ophoshor adi#fatdeublersanded) QA melegries wherqosash jstand: eeptaing @3t lesslyencyecr ease

LT B HiaNe T PR S8 b e il TR Plec Rl rdoge, O 120
ol i g@nucinehisi ctieboBimient BreNBliplext ARG thibgiRspiRTarhdduCinttrwbERAlitkhges i he

control cells at even the |owest concentration tested %SQnM. The results
pr esent elppicallyRf@ixedsto) mepilislaqupparhand sample pontginiog lacuspectedtbinding ptriiseot i de 25

havi ng t CAGTTAGGGTT. SEQ.I D 1Q), i . pot in vit
i et oPe PSS R Bh A HA Bt RaaRion A etk e PR ol 11 e
t hi ophosfgatsapNdahep! irﬁ@giélﬁiﬁ@é typRaltFQutdd Mk kfe cbIBMANBY €hatikiag voEer I educed

conpared to the control s at "even the | owest concentration tested ( 1
nM . Thueonditines.i nventi ve t hi ophosphor ani date -47 1 0 MAR 2(104 WO

01/ 18015 PCT/ JSO0/ 2a688.. 0l i,gon otides ,are.potent, in vitro inhibitors of
Dol ohbr sso adiiey: tip s farmife P malfan e, dEtaN: eRaVt-ol COmIRInE |

anot her A5 9khidatdVES: : i W

t hi ophosgﬁr?c%lr%gér% dat (ladapol yﬁggﬁéﬁkﬁgﬁgﬁuﬁ@?ﬁa%%l%gtllat\)&éﬁ&&ggs ‘génlh%%g?r The

m smat ¢ hexample, detenti tHegodsenbe 0B DNA hbleculeias sampeld. as a control . All

pol ynucl eotides were used at concentrations between about 0.1 pM and about
20 ~M usi ng thatharot 6emiplenescr¢antaining v ©ligprucieatidesn haaing gﬁ*d/avrwﬁ shown in

FIGURE 6, .indicates, that the cell entered ¢risis (Ji.e., the cessation of
el T 1 ur PR Rl Bisri ke 21 08 Y6 GreRn e STLAOBFAhe ¢ oot

t hi ophosgher aid Ok i i : ' {; : ILLdon, TRF
anal Sgl smo}? i eﬂg{gﬁs’s@ E’?@ﬁ@%"ggﬁlﬁg’ﬁs@%&dﬁ g&?rg%l 038%%(\1:1(%7%3 \%Egt hat the
test thi GRRAGRBODNA Sl Rkd B0k 26K InthfiSmSlEcullddapdbteot ﬁmemiﬂ%ect ive
in reducing telonere | ength. The HVE50-SE cells were incubated wth one of

t he t hi otheasiplear striictlat.e finlilgnsekast ardasefihovith N3'-SES) thiophiidpho2mddete 10. The
m smat ch ol i gonucl eotide SEQ ID NO:4 was used as a control. All
pol ynucl aligonyeleotide eemplexed fermed with single strand DNA and RNA molecules.

G. Variations

20 Variations on the thiophosphoramidate oligonucleotides used in the methods of the

=24

present invention include modifications to facilitate uptake of the oligonucleotide by the cell

(e.g., the addition of a cholesterol moiety (Letsinger, U.S. Pat. No. 4,958,013); production

of chimeric oligonucleotides using other intersubunit linkages (Goodchild, Bioconjugate

Chem., 1:165-187, 1990); modification with intercalating agents (for example, triplex

25  stabilizing intercalating agents, Wilson, et al., Biochemistry, 32:10614-10621, 1993); and
use of ribose instead of deoxyribose subunits.

Further modifications inciude, 5' and 3' terminal modifications to the

oligonucleotides (e.g., -~-OH, --OR, --NHR, --NH, and cholesterol). In addition, the ribose
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15 concentration of about 0.5 pMusing the protocol described above. The

| ength of the teloneres were neasured at 10, 20, 40 and 80 days“]lf@trR e
~cells with the control msnmatch oligonucleotide, the telonere |eng was
nmeasured at day 90, and this data point served as the end point. In

addi ti on M UHRMBIVESO- SE cel | s descri bed above, this asP&F/USAME perfor ned
with any tel onerase-positive cell line, such as HelLa cells ar HEK-293
cells.. 20 _D..: I §LGLT Y Thi j | eqt | e

hvent | an oISt S bk 3t Kid O AERRD HATEIG, RAUKBHE, B AlMmREa MT, |
enzymes hikreganatibw(|\-eF)RNA conponents by perform ng hybridi zation tests or
enzynme inhibition assays using standard techni ques. Qi gonucl eoti des having
| oner | Cso vaBleB5't thioplkdspheramidateoligonpeleatities omehealsccd® mwdifeed 33 t owar d
the other enzymes being screened are said tQ possess, specificity for

t el omer £eBlugIond) ARAUYACRTIds thatis takep |uPcP§aSPﬁ°1§9<?eff¥- %lgaysqulrp%xaeaﬁ%a city was
per f &f Mgkt bbb hoflnontes, dfibbnsland/AidodiCiCr i, RBP4 DoBlprideyiie The cell
lines used i n the assay were exposed to the thlopﬁosp 0 ate

ol i gonuckkeoted deat 6 spetifcally tkentud by a hdopastic selltresultingdn tsperifioddivdfy sfangi ng
fromabout 1 p.Mto about 100 p.Min the presence and absence of |ipids.
Duri ng -M¥-PS! tidoplispirearidae@igonucdatiderorthasod] tyesThe wolyppptideotnd t he
optical density (OD) of the sanples was determned for_|ight at_ 540

manonet eligopygijotiderfan) s goupld by megnskpewn fipthe ae (o6 if8T 8%ample, PGhes (shown
in Fl&U . Id. Vi h Wo[aliER yt ot oxi c
ef f ot s Becnas S AmRRRicHuRaR o PETAISn 0 Syo B T kbR eEY ' 000

p, M1d t M, 1989DRampNatdy] Kl &@dl). hat other tunor 5 cells |ines such as the
ovarian tunor_cell lines OVCAR-5 and SK-OV-3 can be used to determ ne

cyt ot oxi ci t y The prapertippaf sucke swedifisd thiophogphpremidate pliganyslsotides, rhetn BJ

cells. Qther,as s _f.or, cwt ot ox| cit) . V. ndge et
o bi GORd o8 Y ToetBles TR Fhbsei Huthifod, S b Bt Y e SR IR
5, 501, 958) A hbeinused as wel|l. Preferably, to observe any tel omerase
inhibiting effects the thiophosphoram date 10 ol i gonucl eoti des shoul d be
adm ni stered at a concentration bdxampldk | evel of cytotoxicity.

Neverj hel ess, since the effecti :bgneSfof r@ny cancer chenot herapeutics
deriVts fromtheir cytotoxic ef CERErRAIMethads i 1in the scope of the present
i nvention thatp NMgRBEQRNASR YBEAEICR! £ Vatih QDY MIBOIpettesindér, t 10 MKRSent

i nvention be adm nistered at any dose for which chéenotherapeutic effects
ar e obsespeetth warb réfarencedmgdinstiate AGnemis phosphdricramid. tAnion exchangg FLC wadel in

whi ch OVCAR-5 tunor cells e grafted into pude mce n be, constructed
Usi ng st ERFiPEmEN Pk aiioiaes: Do Rehspmatogepin S cvils & PRRTRIBIRAD. { wo

gr oups. 1 i ridk o ] « 4 SRdadyam dat e
ol i gonuc@eag? legeﬂg If3(/)51‘ &t l}t?ye@hggﬁh?ﬂog%@%%&ot erépé?%%gﬁlgsligeieﬂ{egg W t ﬁaa

cont eol MasgTérmsomigma SaODiEgy [ CA. eMALDIMIGH aratysisiofl bligmueledtides oas ¢iRBfRgd and an

ol i gonucl eoti de conplenmentary with tel onerase RNA but has at | east a one
base ni shiREHPHSPertivpBiesxsiemh Veyaser Elte soass speatrompter withodelaysd £¥8a0tigRor nass

for m cenqi IS . ] L odicald. oW nogr af t
usi ng ot ShdmFrthoBhgube e ik Fhlih ORRRL LPELER B 10CUY OV BokckBRelt?
t hi ophosphor ail decoril wege Barfib®oitiinl evedl driel @ldsswed tnden a ntfogbhatniveptietge t unor

mass i s expected to increase follow %t he initial treatment for a period
of ti me, uelpssethermise statednComereipiibavaiiable DNA synthesis sepgews svegpurehasedand t hen

begi .t 0.dechi T ip th . t
nor 2 o0y GO Be RSB VA L RN P ngRb oy SRERAGherk)
ol i gonuclp@btdpoRetBA alni®, kidMhias Rbe MIPesdLd Lachiemehand aadratdxes |y the

rate of tunmor ‘growh and ultimtely induce reduction in tunor size and
el i m nat iwere pchgddtftoen Alduioh (Milwgukee, W)0 MAR 2004

All non-thiophosphoramidate oligonucleotides were synthesized on an ABI 392 or

394 DNA synthesizer using standard protocols for the phosphoramidite based coupling
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WD 011 18015 PCT/ US00/ 24688 Thus, the present invention provides novel

t hi ophosphor ani dat e ol i gonucl eoti des and net hods for inhibiting1tleMAReMlise
-activity and treating disease states in which telonerase activity has

del eterious effects, especially cancer. The thiophosphoram date

ol i gonucl ¥ PHS8850f t he invention provide a highly sel ecRGRESOHR8RS f ecti ve
treatnent for 5 malignant cells that require telonerase activity to renmain

| mmor tal, P%@%h C‘éﬁ'&tﬁ'&ytA fEﬁ&ﬁ'l’@& ’ﬁ%’nﬁ“ﬁshg{@@ﬁ gﬁéaénrgu Xé@édl@l g@w ef erred

embodi meR [ nv’en i on Been HRSErT B will be
appr eci aheshnitesis ovang@me@th&qgﬁ@mmubaem@b&hé st ToRinip: \U) dBeittlatibapayet i ng from
the spirit and scope of the invention. - 10 MAR 2004 Clains: 1. An

ol i gonudtricklerogesticenighiin éichlgrcanthmnnwxy mnh@g,s%é]%mb@spb@rambteewl de

subunits i nierzsubunit s, a N3' ~PS 5
bt ophohbAFTaAts T, geRarHIT He i (G 8PEbE: i VAR kT By ce

t el oner apIF/AREKER 1 AC Wi 15Y%ec; Zand 11O oRkldagonUE] eiddie RCTHAFPyAGinkMvatdrai m 1,
wherein the oli gonucl eoti de can speci fi cal | y hybridize to an RNA conponent

of tel ondYH¥bv/viQ38secThe ol i gonucl eotide of claim2 wherei n the

ol i gonucl eot i e ca ecl f.i ize C of human

t el omer ase. P%F[? ¥18é{% o PYF ﬁacegﬂ‘?g’r’ i e 58}\% eoti de
conpri segjtg d%a&%'f@?b'zd@4 %ﬁHUQﬂEﬁ/aFé‘%ni the ﬁér't Eén&%mb@ﬂ%@tb%é’ akd @
sequence of the "RNA conponent of onerase. 5. The oligonucleotide of

cl ai ns Zlph:mspl‘:iormdndalte|proti=dl|mg @roups was lachievedebyctoeammers edthcarsmonie®e@H Bvdf i s
exactly conplenentary to the RNA conponent of human tel omerase. 20 6. The

ol i gifhucY/Bolor § & S me aligonuejeotidigd Werehcaneanteaird forfraEnash dp vacyo aftact | y
abou eﬁ”ﬁw""%@é"hﬁhe BetIgaST woremviin rmyed B FRemers ih D TR B cor i ng
def  ned 1 TR SAnG ;}'ﬂgi&g?%"%ﬁ%wﬁp I P RREP IR A eRbfolnia0e 1<

0. 45 nylon acrodisc (from Gelman Sciences, Ann Arbor, MI). Oligonucleotides were then

analyzed and purified by IE HPLC and finally desalted using gel filtration on a Pharmacia

15 NAP-5 or NAP-25 column. Gradient conditions for IE HPLC: solvent A (10 mM NaOH),
solvent B (10 mM NaOH and 1.5 M NaCl); solvent A for 3 min then a linear gradient
0-80% solvent B within 50 min.

Example 2
20 Synthesis of Arabino-fluorooligonucleotide N3' — PS' Phosphoramidates
The solid phase synthesis of oligo-2’-arabino-fluoronucleotide N3'—P5’
phosphoramidates was based on the phosphoramidite transfer‘ reaction employing the
monomer building blocks — 5’-(0-cyanoethyl-N,N’-diisopropylamino)-phosphoramidites of
3’-MMTr-protected-3’-amino-2’-ara-fluoro nucleosides. Preparation of the nucleoside

25 monomers is depicted in Scheme 4.

-36-



1DVAR~, wherein Ris selected fromthe group consisting of hydrogen, alkyl,
aryl and salts thereof. 8. The oligonucl eotide according to anygfMsR 20095
~1-7, wherein all intersubunit 5 |linkages are N3'~PS thi ophosphoram date

| i nkages. 9. The oligonucl eotide according to any of clains 1-8, wherein
the ol i goMRME8UFde is between 10 and 100 nucl eoti des i FPOTAHYVHE310 10. The
ol i gonucl eoti de according to any of clains 1-9, wherein the oligonucleotide
is between 10 and 25 nucleotides in length. 11. The ol igorucl eoti de

accor di nghbReany of clainms 1-7, 9 or 10, conprising at |edast mpne
inter-subunit |inkage selected fromthe group consistingjof |[phosphodi ester,

15 phosphotri ester, nethyl phosphonate, P3'-FNS p ou) anj-tat e, N3' ~PS
phosphorR and phB D hi oat ¢ ApPiol |, g i de,according to
any of clai 0Bz —whHeret n &l-+gorcl ge—conpri ¥y B—sEgUENCe

selected fram the group con@Bzting of 20 GBFTAGGGITAG (SEQ LD. No. 1)
TAGGGTTAGACAA (SEQ LD. No. 2) CAGITAGGGITAG (SEQ LD. No., 10) 13. A N3'~PS

t hi ophosphorahi date ol i gonucl’eoti de havi n93 the foll ow ng4 25 sequence:

GITAGGGITAG (SEQ.LD. No hl). 1':'45 A N3' - ~P5' tibn osphor am dat e
ol i gonucl eoti de ha¥W e f ol T"oW gquenc &ECTA (SEQ LD. No.
2). 30 52 10MAR 2 ES#Whoram @Fol i gonucl eot i de
havi ng the fol |l ow nig sequence: TAGGGTTAG ( SEQuivPnHNo. 10). 16. An

ol i gonucl eoti de according to any of clains 1 - 15 wherein the 5

ol i gonucl eotide incluydes a nodificagion to facilitateraspt ake of the

ol i gonucl eotide by a cell. 17. A pharmaceutical conposition conprising a
N3' - ~P5' t hi opBosimebean d&ee Ton Vgod¥| dot Telwyhalii Mehe fol | owi ng sequence:
GITAGGGITAG (SEQ LD. No. 1 ) 10 formulated in a pharmaceutically acceptabl e

excipient. 18, _|A1ét?hﬁfrlﬁ§-S&U§,i'r{9|§beﬁg OHOR. GABPRGHR! BoHy. Mlly™ ~PS

i ophosphor am .0 UG | [ ol 'ow ng sequence:
TAGGGTTAGACAA (@%@f’iﬁ' Mﬂﬁ.ekjéﬁ'ﬁgow&%ﬁa'?\éﬁﬁmgsghar maceuti cal |y acceptabl e
exci pient. 15 19. A pharnmaceutical conposition conprising a N3'-~P5'

t hi ophosph 1. dal i J j L t. | pw ;

I oRhosPhSs APl AR ThARMAGel MR e GO AU BRAENEEY
excl pl eNith fetendbn oﬁs@&@@%ﬁhﬁ%n. COSRATUNE 1200asCtAEP1ded! WHhAR isolation,

ol i gonucl eoti de according to any of clainms 1-11 or 16, fornulated in a

phar macefot 2 8g@-type glycesytatibh eactioniwithesilylated Uracil and thymdnedfas¢snivhish résniged
tel onmerase. enzyne activity.in a cell jpn vitro, I.i Si ng.cont act.ing the

cel | i tif famation shpuelpesider de JrrepAElPIERSE FMW%%H%I} fqe _°“at%so‘a‘afeng to 25
any of - Chigh Mhoke th2P00% o 1 HmfRh nloddlde S3AY Re Uit AP AR cBStid Ry O

cl ai s use’ 1n ne
as was judged by 'H NMR analysis of the reaction mixture. The pure B-isomer of

nucleoside 3 was isolated by crystallization from ethanol. Subsequently, 5°- and 3’- O-
benzoyl protecting groups of 3 were removed in near quantitative yields by treatment with
10  methanolic ammonia. The resultant 5'-,3’-hydroxyl groups containing nucleoside product
was then converted into the 2,3’-anhydronucleoside 4 under Mitsunobu reaction conditions.
The treatment of the 2,3’-anhydronuclesides with lithium azide yielded the key 3’-azido
precursor 5. This compound was then converted into phosphoramidites 7t,u by the
catalytic reduction of 3’-azido to 3’-amino group by hydrogenation, followed by 3’-
15 tritylation, 5°-O-deprotection and 5’-O-phosphitylation. Cytidine phosphoramidite 7¢ was
obtained from the 3’-azido precursor using the uracil-to-cytosine conversion process. Total

yields of the phosphoramidites 7c,t,u were in the range of 8-12% based on the starting sugar
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53 10 MAR 2004 23. Use of an oligonucleotide according to any of clains

1-16 in the preparation of a nmedicanent for treatnent of a 10 MAR 2004

> tel onerase-nedi ated condition. 24. Use of an oligonucleotide according to
any of clains 1-16 in the preparation of a 5 nmedi canent for treatnent of

cancer. ¥QO0ABHS| ynucl eotide conprising a sequence of nRCVEWRHE subunits

\(/:\ﬁnt aining at |east one subunit defined by the formula: OB HN Z~F'b
erei ' [ I m.di o ' .S, SR,

whor of sl £ RHleh offoe Bdofefs I8 AsBHARR HE0's, PERBIE sl

and salspéctiohRtrROdnalyaid GligdnucketidCiyathebis aRingbe Qr-arapinedhwiaiuciegtidd

hydrogen, O-RZ, S-Rz, and hal ogen, wherein RZ is H_ _al kyl, or,

(CH2) " \Wa@iamerrtwasythen ccopdycied en vasetitamated DNARNA( ABLA96-sypthesidengs s o S,

or NH 15 26 he pol ynucl eoti de of claim?25, wherein all subunits are

def i neo“leB%F‘%F‘?.BJ?‘ST mla: OHN,~ R S 02054 10 MAR 2004 27. The

pol yucl eoti de according to clainms 25 or 26, wherein the polynucleotide can

inhibit or reduce tel onmerase enzynme activity. 28. The pol ynucl eoti de

according to claim 27, wherein t ¥xapplethucl eoti de can 5 specifically

hybridi ze to an_RNA co nent of t ne .. 29. The |, ynucl eoti d f

clai m 27|, wher eT’ﬂ‘q"Hl-? %qﬂgﬂﬁ%‘}'%‘ldf’prﬁﬁ%m%é'oﬁpmﬂpg‘g‘(‘%lsdgcs2gulan§eot hat

s exactly c ement ary.t equence of . the RNA f .1 :

10 30, ke S enidr ot ARG el o OB L e Bagle Loe ™

medi ci ng, 31. f.a |.d rgl 5-29 i

Tre! o e s Lot AR TR AL ol BBl 29 11
10  were 3-aminotrityl nucleoside-5' -(2-cyanoethyl-N,N-diisopropyl) phosphoramidite where

nucleoside is 3'-deoxy-thymidine, 2',3'-dideoxy-N2-isobutyryl-guanosine, 2",3'-dideoxy-N6-

benzoyl-adenosine or 2, 3‘-dideoxy-N4-benzoy1-cytidine. 5'-Succiny}-3'-aminotrityl-2',3'
dideoxy nucleosidés were coupled with an amino group containing long chain controlled

pore glass (LCAA-CPG) and used as the solid support. The synthesis was performed in the

15  direction of 5' to 3'. The following protocol was used for the aésembly of oligonucleotide
N3'-P5' thiophosphoramidates: (i) detritylation, 3% dichloroacetic acid in
dichloromethane; (ii) coupling, 0.1 M phosphoramidite and 0.45 M tetrazole in acetonitrile,

25 sec; (iii) capping, isobutyric anhydride/2,6-lutidine/THF 1/1/8 v/v/v as Cap A and
standard Cap B solution; (iv) sulfurization, 15% Sg in carbon disulfide containing

20 1% triethylamine, 1 min. Before and after the sulfurization step the column was washed
with neat carbon disulfide to prevent elemental sulfur precipitation. The oligonucleotide

_ thiophosphoramidatés were cleaved from the solid support and deprotected with
concentrated aqueous ammonia. The compounds were analyzed and purified by HPLC.

Ion exchange (IE) HPLC was performed using DIONEX DNAPac™ jon exchange column

25 at pH 12 (10 mM NaOH) with a 1%/min linear gradient of 10 mM NaOH in 1.5 M NaCl
and a flow rate of 1 ml/min. The products were desalted on Sephadex NAP-5 gel filtration
columns (Pharmacia) and lyophilized in vacuo. *'P NMR experiments were performed in
deuterium oxide to analyze the extent of sulfurization analysis (*'P NMR 8, ppm 58,

60 broad signals Rp,Sp isomers).
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<& ()--#10%& ()-!-#10%<& ()-! CF" 10%<& ()-! F' 10%<& ()-n2}"24@

10<I : nfQURE& @m@@@mgq() SQRI0TED -1 63QFI0B < <& ()- , #10%& ()- ! (
#L0%<& ()-g VT 10%& () - 110%<& () - F"10%& () -

Y 1 109%& () - ss%mmorm 109%<& () -

2. TAGGGTTAGACAA po 45.2

SEQ ID NO:2
3. Same as expt 1 np 72.1 279
4, Same as expt 2 np 71.7 26.5 0.5 hr
5. Same as expt 1 nps 71.5 27.3
6. Same as expt 2 nps 70.0 24.8 6 hr
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109910%& ‘%BB&' 1 & 10% & $i %o
aTes assﬁu%w%@&samer mwé%a@?%%%aoﬁ Pt it e 1070 0

10%’§‘| ()-! 3" QbR of Pm ré[éti\;e(tyﬁﬁ‘iﬂﬁlﬂgl odiester counterpart; -

10%& ()-3(: 109%& ()-&10%& () - @10%& ()-& 10%& () -

10%& () - () ) hpiblivy dftligonucleotide in 40% aqueous acetic acid at room temperature.

10L310%& ()- @' 10%& () -9010%& ()-."10%& ()-99- 10%& () -9+

10%& ()-)* I *MN-OP*\*h*bCf 10F10% u& ()-s$10% u& ()- 10b 10b

Tos0% ug: () DHRst, tGHRfor) oidBAE bl HibrcibAse Pidsphoramidates with

z10% U&cémglt#nch‘tax;y“ BNAdEaRd weROhaltated uéx)'lg #Heda RS sogiatidrDeepetingdts. The
10% u& ()-1!110% u& ()- ysl0% u& ()---<.L... /dEbCE 103": 10% u& ﬁ
0%{@&1&' 9sukts @og svgnmgrizedgn Fablegt- (%fi\g mqy%te@detﬁ shpw thgtuke (ofigopuc]en, g9 K/ / / aBbCY
10L
10% u& (“3‘°Rh°i’€fb?’a“&l“ftfs fRometd sigifier bomRit YRl 7R e 11 U TP e uer ()11

000C111 F
7o i PRAAGICNE el S i 5370 e

10! #10% 24, the- itndr0f4s&n (Be—thlixﬂ%&alﬁx)lty dfQtupled - was similar to that observed for the
10- uY: mL0% u&’ ()-F7"10% u&'_l_(}l -3 44{56N/E8zX6b@ 6 , #10% <*<& () -

phosphoramidate oligomers is indicates that the substitution of non-bridging oxygen by

15  sulfur atom in internucleoside phosphoramidate group did not alter RNA binding properties

of these compounds significantly, which was determined by N-type sugar puckering of the

3'-aminonucleosides and by increased sugar-phosphate backbone hydration.

Example §

20 Preparation of Affinity Purified Extract Having Telomerase Activity
Extracts used for screening telomerase inhibitors were routinely prepared from 293
cells over-expressing the protein catalytic subunit of telomerase (h\TERT). These cells were
found to have 2-5 fold more telomerase activity than parental 293 cells. 200 ml of packed
cells (harvested from about 100 liters of culture) were resuspended in an equal volume of
25  hypotonic buffer (10 mM Hepes pH 7.9, 1 mM MgCl,, 1 mM DTT, 20 mM KCl, 1 mM
PMSF) and lysed using a dounce homogenizer. The glycerol concentration was adjusted to
10% and NaCl was slowly added to give a final concentration of 0.3 M. The lysed cells
were stirred for 30 min and then pelleted at 100,000 x g for 1 hr. Solid ammonium sulfate

was added to the S100 supernatant to reach 42% saturation. The material was centrifuged;
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Lo 8 R, S aonl Yk M l?ﬂlao(f& SRR Tho AR eth 2

arae &hgé\c&féor%}g?ﬁ&&% ag’{(g@&g ) (Y%%giﬁi«? R BRI % () - 1008
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10  containing 0.3 M KCl, twice with Buffer ‘B’ containing 0.6 M KClI, and tw1ce more with
Buffer B containing 0.3 M KCl. Telomerase was eluted in Buffer ‘B’ containing 0.3 M KCl,
0.15% Triton X-100™ and a 2.5 molar excess of displacement oligo (5'-CTA ACC CTA
ACT GGT AAC AGG TCT AC-3' [SEQID NO:6] at 0.5 ml per 125 pl of packed
Neutravidin beads) for 30 min. at room temperature. A second elution was performed and
15 pooled with the first. Purified extracts typically had specific activities of 10 fmol

nucleotides incorporated/min/pl extract, or 200 nucleotides/min/mg total protein.

Buffer ‘A’ Buffer ‘B’
'| 20 mM Hepes pH 7.9 20 mM Hepes pH 7.9
1 mM MgCI12 1 mM EDTA
1 mMDTT 1 mM DTT
1 mM EGTA 10% glycerol
10 % glycerol 0.5 Triton X-100™
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10 tRNA). 10 pl trichloroacetic acid (TCA) (100%) is added and the sample is incubated on

ice for 30 minutes. The sample is pelleted in a microcentrifuge (12000 x g force) for 15
minutes. The pellet is washed with 1 ml 95% ethanol and pelleted again in the
microcentrifuge (12000 x g force) for 5 minutes. The pellet is resuspended in 50 pl dH,0
and transferred to a 12 x 75 glass test tube containing 2.5 ml of ice cold solution of 5% TCA
15 and 10 mM Na pyrophosphate. The sample is incubated on ice for 30 minutes. The sample
is filtered through a 2.5 cm wet (dH,0) GFC membrane (S&S) on a vacuum filtration
manifold. The filter is washed three times under vacuum with 5 ml ice cold 1% TCA, and
once with 5 ml 95% ethanol. The filter is dried and counted in a scintillation counter using
scintillation fluid. The fmol of nucleotide incorporated is determined from the specific
20  activity of radioactive tracer. The activity of extract is calculated based on the ANTP

incorporated and is expressed as fmol dNTP/min/ul extract.

Telomerase Activity Assay
Bio-Tel FlaghPlate Assay
An assay is provided for the detection and/or measurement of telomerase activity by
25 measuring the addition of TTAGGG telomeric repeats to a biotinylated telomerase substrate
primer; a reaction catalyzed by telomerase. The biotinylated products are captured in
streptavidin-coated microtiter plates. An oligonucleotide probe complementary to 3.5

telomere repeats labeled with 3°P is used for measuring telomerase products, as described
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5 dissolved in PBS.

1L For testing, the thiophosphoramidate oligonucleotides were diluted to a 15X
working stock in PBS and 2 pl was dispensed into two wells of a 96-well microtiter
dish (assayed in duplicate).

III.  Telomerase extract was diluted to a specific activity of 0.04 - 0.09 fmol ANTP

10 incorporated/min./ul in Telomerase Dilution Buffer and 18 pl added to each sample
well to preincubate with compound for 30 minutes at room temperature.

IV.  The telomérase reaction was initiated by addition of 10 ul Master Mix to the wells
containing telomerase extract and oligonucleotide compound being tested. The plates
were sealed and incubated at 37°C for 90 min.

15 V. The reaction was stopped by the addition of 10 pl HCS. -

VI 25 pl of the reaction mixture was transferred to a 96-well streptavidin-coated
FlashPlate™ (NEN) and incubated for 2 hours at room temperature with mild agitation.

VII.  The wells were washed three times with 180 ul 2X SSC without any incubation.

VII. The amount of probe annealed to biotinylated telomerase products were detected in

20 a scintillation counter.
Buffers:
Telomerase Dilution Buffer
50 mM Tris-acetate, pH 8.2
1 mM DTT
25 1 mM EGTA
I mM MgCl,
830 nM BSA
Master Mix (MM)
50 mM Tris-acetate, pH 8.2
30 1 mM DTT
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NO:8]
5.4 nM labeled probe [5'-CCCTAACCCTAACCCTAACCC-(**P) Aj.so - 3']
10  [SEQ ID NO:9]; specific activity approximately 10° cpm/pg or higher

Hybridization e Solution (H
12X SSC (1X = 150 mM NaCl/30 mM Na;Citrate)
40 mM EDTA

40 mM Tris-HCl, pH 7.0
15 Using the foregoing assay, the thiophosphoramidate oligonucleotides represented by
SEQ ID NO:1 and SEQ ID NO:2 were shown to have telomerase I1Cs, values below 1.0 nM
(See TABLE 2, experiments 1 and 3).

TABLE 2

20 EVALUATION OF OLIGOS 1-4 AS TELOMERASE INHIBITORS
IN COMPARISON WITH PHOSPHORAMIDATES:

EXP _ ICsy(nM) ICso(nM)
Oligonucleotide phosphoramidate | thiophosphoramidate
1. | 5-GTTAGGGTTAG-3' 1.9 : 0.89
SEQID NO:1
2. | 5-GTTGAGTGTAG-3' 1000 177.4
SEQID NO:3
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thlophosphoramldate polynucleotides of the present invention are about 2-3 times better at

08 ()= 109%& () -

inhibiting telomerase activity relative to counterpart phosphoramidates oligonucleotides.
Thus, the inventive thiophosphoramidate oligonucleotides are not only more active in the
10  telomerase inhibition assay, as compared to their phosphoramidate counterparts, but are also
more acid resistant than them as well. This combination of characteristics imparts the
inventive thiophosphoramidate oligonucleotides with an impoftant advantage compared to

phosphoramidate polynucleotides.

15 Example 7
Anti-tumor Activity of Thiophosphoramidate Oligonucleotides
Ex vivo Studies
a. Reduction of Telomere Length in Tumor Cells
Colonies of human breast epithelial cells (spontaneously immortalized) were
20  prepared using standard methods and materials. Colonies were prepared by seeding 15-
centimeter dishes with about 10° cells in each dish. The dishes were incubated to allow the
cell colonies to grow to about 80% confluence, at which time each of the colonies were
divided into two groups. One group was exposed to a subacute dose of
thiophosphoramidate polynucleotide SEQ ID NO:2 at a predetermined concentration (e.g.,

25  between about 100 nM and about 20 uM) for a period of about 4-8 hours after plating
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cells.

10 Telomere length was determined by digesting the DNA of the cell samples using
restriction enzymes specific for sequences other than the repetitive T,AG; sequence of
human telomeres (TRF analysis). The digested DNA was separated by size usiné standard
techniques of gel electrophoresis to determine the lengths of the telomeric repeats, which
appear, after probing with a telomere DNA probe, on the gel as a smear of high-molecular

15  weight DNA (apprbximately 2 Kb-15 Kb). FIGURES 4 and 5' show examples of such
experiments.

The results presented in FIG. 4 indicate that the thiophosphoramidate
oligonucleotide SEQ ID NO:2 is a potent in vitro inhibitor of telomerase activity. In the
absence of FuGENE6™, the thiophoshoramidate oligonucleotide SEQ ID NO:2 induced a

20  large decrease in telomere length when incubated with HMES0-5E cells in the range of 1-20
UM. When cells were coincubated with FuGENEG6 and thiophoshoramidate oligonucleotide
SEQ ID NO:2 telomere size was reduced compared to the control cells at even the lowest
concentration tested (100nM),

The results presented in FIG. 5 indicate that the thiophoshoramidate oligonucleotide

25 Baving the sequence CAGTTAGGGTTAG (SEQ ID NO:10) is a potent in vitro inhibitor of
telomerase activity, When the cells were incubated with the thiophoshoramidate
oligonucleotide SEQ ID NO:10, telomere size was reduced compared to the control cells at

even the lowest concentration tested (InM). Thus, the inventive thiophosphoramidate
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The data on cell growth, shown in FIGURE 6, indicates that the cell entered crisis (i.e., the
cessation of cell function) within about 100 days following administration of the test
thiophosphoramidate oligonucleotides of the invention,

10 In addition, TRF analysis of the cells (FIGURE 7) using stﬁndard methodology
shows that the test thiophosphoramidate oligonucleotides of the invention were effective in
reducing telomere length. The HMESO0-5E cells were incubated with one of the
thiophosphoramidate polynucleotides shown in SEQ ID NOs: 2 and 10. The mismatch
oligonucleotide SEQ ID NO:4 was used as a control. All polynucleotides were used at a

15  concentration of about 0.5 uM using the protoco! described above. The length of the
telomeres were measured at 10, 20, 40 and 80 days. For the cells with the control mismatch
oligonucleotide, the telomere lenght was measured at day 90, and this data point served as
the end point.  In addition to the HMES50-SE cells described above, this assay can be
performed with any telomerase-positive cell line, such as HeLa cells or HEK-293 cells.

20 b. Specificity

Thiophosphoramidate polynucleotides of the invention are screened for activity
(ICsp) against telomerase and other enzymes known to have RNA components by
performing hybridization tests or enzyme inhibition assays using standard techniques.
Oligonucleotides having lower ICso values for telomerase as compared to the I1Csq values

25  toward the other enzymes being screened are said to possess specificity for telomerase.

¢. Cytotoxicity

The cell death (XTT) assay for cytotoxicity was performed using HMES0-5E, Caki-
1, A431, ACHN, and A549 cell types. The cell lines used in the assay were exposed to the
thiophosphoramidate oligonucleotide of SEQ ID NO:2 for 72 hours at concentrations

30 ranging from about 1 uM to about 100 pM in the presence and absence of lipids. During
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Other assays for cytotoxicity such as the MTT assay (see Berridge et al., Biochemica 4:14-
19, 1996) and the alamarBlue™ assay (U.S. Patent No. 5,501,959) can be used as well.
Preferably, to observe any telomerase inhibiting effects the thiophosphoramidate
10  oligonucleotides should be administered at a concentration below the level of cytotoxicity.
Nevertheless, since the effectiveness of many cancer chemotherapeutics derives from their
cytotoxic effects, it is within the scope of the present invention that the
thiophosphoramidate oligonucleotides of the present invention be administered at any dose
for which chemotherapeutic effects are observed.
15  Invivo Animal Studies
A human tumor xenograft model in which OVCAR-5 tumor cells are grafted into
nude mice can be constructed using standard techniques and materials. The mice are
divided into two groups. One group is treated intraperitoneally with a thiophosphoramidate
oligonucleotides of the invention. The other group is treated with a control comprising a
20  mixture of phosphate buffer solution (PBS) and an oligonucleotide complementary with
telomerase RNA but has at least a one base mismatch with the sequence of telomerase
RNA. The average tumor mass for mice in each group is determined periodically following
the xenograft using standard methods and materials.
In the group treated with a thiophosphoramidate oligonucleotide of the invention,
25  the average tumor mass is expected to increase following the initial treatment for a period of
time, after which time the tumor mass is expected to stabilize and then begin to decline.
Tumor masses in the control group are expected to increase throughout the study. Thus, the
thiophosphoramidate oligonucleotides of the invention are expected to lessen dramatically

the rate of tumor growth and ultimately induce reduction in tumor size and elimination of

30 the tumor.
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5 thlophosphoramldate, wherein the oligonucleotide can inhibit or reduce telomerase

enzyme activity.

2. The oligonucleotide according to claim 1, wherein the oligonucleotide can
specifically hybridize to an RNA component of telomerase.

10
3. The oligonucleotide of claim 2 wherein the oligonucleotide can specifically

hybridize to the RNA component of human telomerase.

4. The oligonucleotide of claim 1, wherein the oligonucleotide comprises a
15 nucleotide sequence that is exactly complementary to a sequence of the RNA

component of telomerase.

5. The oligonucleotide of claims 4 or 5 wherein the oligonucleotide comprises a

sequence that is exactly complementary to the RNA component of human telomerase.

20
6. The oligonucleotide of claims 4 or 5, wherein the sequence that is exactly
complementary to the sequence of the RNA component of telomerase is between about
10 and 25 nucleotides in length.

25 7. The oligonucleotide according to any of claims 1-6, wherein the N3’—P5’
thiophosphoramidate linkage is defined by the formula:
3’-[-NH-P(=0)(-SR) -O-}-5
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8. The oligonucleotide according to any of claims 1-7, wherein all intersubunit

5  linkages are N3’—>P5’ thiophosphoramidate linkages.

9. The oligonucleotide according to any of claims 1-8, wherein the oligonucleotide

is between 10 and 100 nucleotides in length.

10 10.  The oligonucleotide according to any of claims 1-9, wherein the oligonucleotide

is between 10 and 25 nucleotides in length.

11.  The oligonucleotide according to any of claims 1-7, 9 or 10, comprising at least
one inter-subunit linkage selected from the group consisting of phosphodiester,

15 phosphotriester, methylphosphonate, P3’—N5’  phosphoramidate, N3’—P5’
phosphoramidate, and phosphorothioate.

12.  An oligonucleotide according to any of claims 1-11, wherein the oligonucleotide
comprises a sequence selected from the group consisting of:
20 GTTAGGGTTAG (SEQILD. No. 1)
TAGGGTTAGACAA (SEQ L.D. No. 2)
CAGTTAGGGTTAG (SEQ LD. No. 10)

13. A N3'->P5° thiophosphoramidate oligonucleotide having the following
25 sequence: GTTAGGGTTAG (SEQ ID. No. 1).

14, A N3’-P5’ thiophosphoramidate oligonucleotide having the following
sequence: TAGGGTTAGACAA (SEQ I.D. No. 2).
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15. A N3’>P5’ thiophosphoramidate oligonucleotide having the following
sequence: CAGTTAGGGTTAG (SEQ 1.D. No. 10).

16. An oligonucleotide according to any of claims 1 — 15 wherein the
oligonucleotide includes a modification to facilitate uptake of the oligonucleotide by a

cell.

17. A pharmaceutical composition comprising a N3’—P5’ thiophosphoramidate
oligonucleotide having the following sequence: GTTAGGGTTAG (SEQ LD. No. 1)

formulated in a pharmaceutically acceptable excipient.

18. A pharmaceutical composition comprising a N3’—>P5’ thiophosphoramidate

oligonucleotide having the following sequence: TAGGGTTAGACAA (SEQ 1.D. No.

2) formulated in a pharmaceutically acceptable excipient.
19. A pharmaceutical composition comprising a N3’—P5’ thiophosphoramidate
oligonucleotide having the following sequence: CAGTTAGGGTTAG (SEQ 1D. No.

10) formulated in a pharmaceutically acceptable excipient.

20. A pharmaceutical composition comprising an oligonucleotide according to any

of claims 1-11 or 16, formulated in a pharmaceutically acceptable excipient.
21. A method of inhibiting telomerase enzyme activity in a cell in vitro, comprising
contacting the cell with an oligonucleotide or pharmaceutical composition according to

any of claims 1 —20.

22.  Use of an oligonucleotide according to any of claims 1-16 for use in medicine.
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5  specifically hybridize to an RNA component of telomerase.

29.  The polynucleotide of claim 27, wherein the polynucleotide comprises a
nucleotide sequence that is exactly complementary to a sequence of the RNA

component of telomerase.

10
30.  Use of a polynucleotide according to any of claims 25-29 for use in medicine.
31.  Use of a polynucleotide according to any of claims 25-29 in the preparation of a
medicament for treatment of cancer.

15

32.  Use of a polynucleotide according to any of claims 25-29 in the preparation of a

medicament for treatment of a telomerase-mediated condition.
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