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Rel ated Applications 5 The application clainms priority fro

Applicatio /153,201, filed Septenber 10, 1999, and fromU

Appl i cat i Oﬁ'akﬁnsogg/ 160, 444, filed Qctober 19, 1999. For 6&?6’8%%68&
prosecution in the U S., the priority applications are hereby i ncorporated
herein by referemsowmmowmnmmmt THPOPHOSPHURANADIATERNt | on The
present invention relates to oligonucleotides having a novel
sugar - phosphat e backbone cFHEIRSWNTHRESISAND &8Ei de 3'-NHP(O) (S') O 5'

| i nkages. More particularly, the present invention is directed to

t hi ophosphoram dat e ol i gonucl eoti de conpositions, their use 15 as

di agnostic or therapeuti @ ggg g@é h%ﬁ gg gynt hesi zi ng _

t hi ophosphoram date ol i g%’? er I ﬁc f the Invention Nucleic
acid polymer chemstry has played a crucial role in many devel opi ng
technol ogies in the pharmaceutical, diagnostic, and analytical fields, and
nore parti cul B¢ pppliFation chaimg wisioriéy deonofU.SnApplicrtionaial 601153, Yeindiled

an o apBaned BAOS: B Borr U8 AR e 5O E0Z8 B e Sl e,
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1923- 193?,8{31j 3l QP Hioseelidomlirithe 1551 egfirdr“elt}gf%%g%th@oﬁr < Boretlfieorpifitn S5 ogy,

5: 343- 3b@einbygsreReistheiGntistce, 276: 1192- 1193, | 997: Thuong et al .,
Angevyo Chem Int. Ed. Engl., 25 32: 666-690, 1993; Brenner et al., Proc.
Nat| ."“Acad. Sci., 89: 5381-5383, 1992; Cold et al., Ann. Rev. Biochem,k 64:
763-797, 1995; Gallop et al: MMM?: 1233- 1258, 1994; Gordon et
al., J. Med. Chem 37: 1385- 14 ; yaznov, |nternational appllcatlon
PCT/ US94/ 0755The biresknd irventidn reldtbsSo dBgbnuchiotidés, HaRihg241 hoveBougahehosphite al .

Genom cs

’bac:lk%one contajﬁ?mgqf}a-lt_emugeomde 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.

ackground of

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. Aéad. 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:
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WO 01/ 18015 PCT/ US00/ 24688 1008-1017, 1992; McGall et al., U S. Pat. No.
'5,412,087; Fodor et al., U'S. Pat. No. 5,424,186; Pirrung &9 86T 20 s pat.
No. 5, 405,783). Mich of this chem stry has been directed to inproving the
bi ndi ng strength, specificity, and nucl ease resistance of natural nucleic
aci d pol yn®CII8Eh as DNA. 5 Unfortunately, inprovement PCTAISORIEISr operty,
such as nucl ease resi stance, often involve trade-offs against other = =
properti ¢5o8- h .ipdi t nergbh, I f r - gf.f g;.@abound:
ept i de. py ot 1292, MBGNSS S ST SRS FoBbER e 308 Pt NE T nd ng
st r engt hy,44)18&) Rirming etlal; &IS. Pat. Nol 5#03/1833ke in test cultures (e.g. Hanvey et
al ., Sci ence,nM258: |.481- 1485, 19928; phosphor ot hi oat es di spl ay good nucl ease
resi stance anmfuehofishisichymisiny ast besn ddixepisi tal imprexing liess bindingastremethi r al

i Xt i . - - i f.i i ol ogi cal f.ect . 0.
St ot n o “Eepthels B b IBE! R RE B SRAE B SRR SR kB s PN pr ay
good fiucUafistnatelyi Bﬁmﬂﬁﬁn@fﬂin@bbﬁ;ﬁ&z#ﬁkﬁ%@ nuélbdse 3EEstcs OofkehPinG@ld ¥

synt hesi zed as P-chiral m xtures and have reduced duplex stability (e.g.
Mes ek efradsrotfy against ether RipReyiEss; sughds binding, stresgtive Examples ofisuvbwrade-affs of

ol i gonuc Ld I he vel oped having so-call ed ' -.BPS
phosphor gﬁnq%hgt Eellﬂ @?e@%beg‘?é%@ i 3@“?&‘6}15%@ %ﬁ’?c’ﬂl"%a?p F?ﬂﬁtﬁf"ﬁ9&§§bt?lg‘iﬂg ndi ng
propert i sifength)GUEASER fe@bdedtcRNE! sl % Verdnd j nger,
Nucl ei c AcingguResear cﬁ, 2eO: 340%11 %%g% ﬁﬁigg%dlﬁé}%n(@g %Iﬁp& ?\Itﬁaclizll' glhgﬁ%l(’:i ds

Resear ch#581348161885.26%98); phogborotrigaiesndisplat gand. nuckaszaresidarde. andcaltbilisgi . |,

92: 5798-5802.. 1995: and Gya v et . al., J, A 20 Chem Soc., .

116: 3@43-§§ﬁ%§yp T§®45y. ﬁﬁﬁ%@%ﬁfﬁ%ﬂ“ﬁﬁ’f’ﬁ“‘&%ﬁ%?&’ LysrebseAuencanonspresificyr oup at
each of bisgogicat efeety (dlg, IC b O 11 Rl € ety oy gen
atom The sygnt hesi s gn%a%?%g"érmtjﬁ %Lg&no%?’d%qli'@?ﬁﬁ??%’o{%g%ﬂ%sgh oniied
phosphor displangesd sucleasd msistiascanid wetulamupBikeabutave stko §ipically Syntiiaized hOS .

5, 591, 60¢; h5 l599 922, 5,726,297; and Hrschbein et al., US. Pat.

5, 824, 793.°h34 Bibirey dndoave redypsciduplex stabillly (padMsmrcken el deitsdorbevenusual | y
stabl e dypi &gas W th conpl enentary DNA and especially RNA strands, as well
as stable triplexes with DNA dupl exes, and they are also resistant to

nucl édises { ChReeemtly, alnew cldu&df&iligoﬁ@iedﬁdd%&l@@h@d‘lbeeﬁaé‘?eﬁf%ld R&ERy sol&Ped
Gyaznov_et al., Proc. Natl. Acad. Sci., 92:579&5802 1995). reover

ol i gonucNéorF U ephrsphoragpidate pintssmisdroaide dinkegesawbichudieplmo farratda thiskims e - 2

t~ 9 aCT_2~~ ., WO Oﬂ?/ 1801 5 PCT/ US00/ 24688 agents t han phosphorothioate

deri vat i PROBCTHEY HUCITasH fesigtansre andh solubibity Shaypzner andtLegginger,PNueleicyeifls Acad.

Sci., 94 | ) \ e i th ho ram e parently
have a I%\;?v& 21? P?%Y%? 3t32‘%§ hleggle\’n?#‘%-etgﬁ’g& %ci?lgg‘ggjlsﬁ%fg "s’g?gﬁgﬁg&%n?ﬁcr eased -
acid |i abrgaztov etal APio¢eNath Adag. Sal 92:379NHIRPN9IH; Q64 ShryLABNEEAIDAr A,

(Gyg&no& et al., Nucleic Acids 5 Research, 24:1508-1514, 19968) . These
f eat 4P es“BIM1308- 31 ¢: 301440900k Rinenberestidais ermnoyngsotontain a8'tamineigeupel y

f f ' j B Jcations.
artect t E'teéarch FU?QEQQQQAO,?{g u?%)loFé; 5§‘$g°r3}deer%f18‘8{§J§$lg§Pg %F% logcg’%t%{lo ?ﬁﬂb:. 3’ Bﬁt

particular, the acid s an ol e |

qual ity gyindesistahe@ pelpsitics of Sighiicldtids NIUS PO UNbEM AU S 48 aRb i
t herapeutics. In o?%gr to cigrégurrvent t he ag;gvéﬁglesc?% e Srogksecfrlged

associ at sdGuyiagdovodt a dh8cPaoNbsl 6,590,602, 599592205 726)207; 88 HifscRRawds was
sought tﬁ%t enbadi es the best characteristics fromboth oligonucl eotide
phosphor -8k §°§2‘hﬁ%i3-phosphorot hi oat es. The present invention describes the

synt 9? si's, prﬂ%e(r)ﬁgio%ﬁclg&gde%fiﬁf pl?clsipl%g'gr%f a’%(s)tfg)rcrine unl\gsluélll%)? gtlable duplexes
with complementary DNA and especially RNA strands, as well as stable triplexes 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., 92:57985802

1995). Moreover oligonucleotide N3'—sP5' phosphoramidates are more potent antisense



t hi ophosphor am dates. 15 Sunmary of the Invention The conpositions and

met hods of the present invention relate to pol ynucl eoti des (h&vigp 2004

conti guous nucl eosi de subunits joined by intersubunit |inkages. In the

pol ynucl eo%@(ﬁésﬁfg the present invention, at |east two contiguous subunits
are joi ned '-BPS' thiophosphoram date intersubuni tPCIUSRARS688def | ned
by the formula of 3" 20 [-NHP(=0 (-SR)-O]-5", wherein Ris selected from
t he gr oURg&Rd BiaktyhBehbhef g8 ¥hti i OF n I ereof .o ln a
preferr ed-enbodi %n?) ofOt}?ﬁgé ;anvenltv?goﬁé(thﬁn i%gtyc{ﬁgir%gvz% G?(o{asmsae (?)l"tpﬁg?'eof . The
i nvent i v&Naohgad, SkieA43966-38N 1887)c oxipbsehestitndithe pAbspAdramfates REpdréigr subuni t
| i nkages ,are ' ~P§'. t hi ﬁ&hpsrghortgm date. Alternatively, the

pol ynucl 8aYS adevATipits 19 fraititar Ang sxtracsiielas profeinseandniacishsed sacisk liabilier subuni t
| i nkages ' : riester, nmefh psphopat e,

P' 3-FNS r%ﬁ%ibpﬁ%rt %:nﬁgﬂg%%ﬁﬁ%@' dgé?e?p‘%gg%ﬁ%?ttgrgﬁ%ﬁz@?v a°ﬁaf-’pﬁ85%}?o?‘81 i oat e

| i nkages Refearahy 8471508-y5 M3 19BDS Thekd RENES TSN dabedtiat ShesRbakliddidsnkage
has the fornmyla: -3 s WO 01/18015 19 OCT 2004 PCT/ US00/ 24688 where B is a
puri ne OIPOWF?‘I& gviseselyr affact thein phprmpslagidal pRopedieofor SRe applicatidng) Inwher ei n

R i | i St f hyd | kyl , .and .aryl and
thet r - carruetal Yol ey WP QR O dlRs B ptifipoRan Shafty sebotparaben:
O R2, S- R olipodudiecdtidg egentswls OfabihRrapeutics, H 5 al kyl, or (CH2)"WCH2) mH, where

nis between 1-10, mjis between 0-10 and Wis O S, or NH, wth the proviso
that when Z i b ¢rderrig pirgumventthe giove deseribedprobiltres amsodiatabivitieokigonuclédtie naki ng
up t p C ides can be selected .to be ip a defined sequence: such
as, 263 e%h%g eL‘g’?‘g’B aésegfc%%?ﬁb’r“é Wasseye téhaé°’§1P9fg?sethgb?%ﬁ@rm}se%fr%i d
target soatheslgdntletideestés hi | - t Ll ex
structure bet %g)en t he pol yﬁ?%%?%é\glgﬁgaghgfgﬁlg%tg%t IT%SPJ@%& '%’kéer&r?ﬁcl eosi de
subuni t s dpgirited Wthe asyrtbesis, pnepdylies - BRE' uiddi @fhosigbRiaRsKed ensat ey subuni t

| i nkage, as descrihed above, have superior resistance to acid hydrolysis,
yet ret aftioRhogPhommidatefer nal stability as conpared to ol i gonucl eoti des

havi ng phosphoram date intersubunit |inkages. The present invention al so

i ncludes a nmet hod of synthesizing an oligonucl eotide 15 N3'-BPS

t hi opbosphorami date. In this o & thd InSdntighic! €osi de

5'-succinyl-3 -amnotrityl-2'",3 -drdeoxy nucleoside is attached to a solid
phase suppor t Therpempdsitions aud metwids ef decpresenniaventionaslate prpotyentiestidds ani no
group. Tge 'BrOtc%ﬁifged 3' @m n@e %roulg is.then deprotected to forma free 3'
ami no gr S0P 8 CYRHBERANS, "UEERHLE SubyHtisicired by atndrsaubunitelinkagss.3' Imitheio gr oup
of the fiplshu ] i ' y ' - tected 20 . .

ani nonucFeZsidé%-qllgeé-)%tgggh%ee[{tE’?f‘lﬁe!lﬁl‘,g‘kl-%lie?sstgg?ggy gglr%gsr\%ug)ﬁ?fgsp‘ﬁ?n’%{ﬁ?ddﬁ & nonomer
to form d3'-bR§'ethiephospimirainida infEiSubupktOfinkupe addfthicli by HAK 388nuid T 3-

i nt ernucl easi de phosphoram dite group is then sulfurized to forma N3'--~
PS  2Ri ophBEBEENEARIA-EST, mhereiu & isaeiected Ifionk dgeprbei vasistiad of hidrdgerand

B
second nuel eosides. | n anpother enbodi ment of the invention, a nethod is
pr ovi dgdaﬁc&faw 6‘?‘? S&Fi&‘ﬁfrg 12‘@1? s rsabodBrakpithe tnventiogoR dthysbegedeor of t he
i nventi ogali ehedofONAOinfANMVE HoBflucledifes™ éin 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—NS5' phosphoramidate, N'3— P5' -
phosphoramidate, and phosphorothioate linkages.

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



19 OCT 2004 WO PCT/ LTS00124688 t hi ophosphor ani dat e pol ynucl eoti de conpri ses
a sequence of nucleoside subunits j oined by at |east one shiSugtt 2egef i ned
by the forrmula: where Bis a purine or pyrimdine or an anal og thereof, Z
is OR SR yl, and R is selected fromthe group nsisting of

hydr ogen, VC&WROéHﬁt'SpRZ and hal ogen, wherein R2 5 is H, al E’?F{SUSW"“% _
(CH2) ~W CH2) nH, where n is between 1-10, mis between 0-10 and Wis O S,
or NH with t provi s@ that when Z is nethyl or Ove, R is not H The

t hi ophosphor am o ynucl eotide is contacted with the RNA target to

all ow formation ybri di zati on conpl ex between the pol ynucl eoti de and
the RNA target. Resent invention also includes pharmaceuti cal

conposi tions and é_s_ i ncluding 10 a pol ynucl eoti de having at | east one

N3' ~P5" t hi ophosphoratn date |inkage, as descri bed above. The inventive

ol i gonucl eotides are particularly useful in oral therapeutic applications
based on hybridi zation, such as, antigene and anti sense applicati ons,

i ncl udi nyherh  is piputine oropyripfidine b aramivg therzyh2 iQOR| BR ot méthylPwh&tin R
Descripti or1180f h_he awi ngs The f?re oi ng aspects and many of the attendant
advant agBSeis¢ted fiP the,§woHp Consising B\é‘gﬁgﬁé: #iyleandoapl and theipsadisi anddR| ims t he

sane bec r e the, fol | ow def ai |.ed
descri pt i@g@%feﬁ\?hﬁfh{: %Eeﬁ c?hﬁ%%ﬁ%ﬁgﬁﬁgéﬁl, %Cgﬁts?%%a%dcl&ag?ﬁﬁh ﬂ%@m 24 ngs,
wher e n: alkyl, &1 (GHRFW(SHshblysvhleen is be@vest! ¢/ 1006116 Betlve KO0 afid M GLOIE opf
ol i gonucgﬁ?%g%hos,phor ot hi oates; FI GURE 1B shows the internucl eoside

| i nkage rgyisqihatywhancy isonethd o5 Rarianetddt he nidl@siRE sd@nithows t he

i nt er nuc j i X ar 5.0l i gonucl eot | de

b ophosank 15 gt BERARIEHIAME LUl B BUrPIPLE L A2hed B0 Seb P 2104
PCT/ USO04egdife8 of IbabdSiconpidinamiarg 16 GhaRmb ' a5k ep
synt hesi seaof uni form r%di fiegg toI i gg%ugﬁgﬁj?%déatgr?iglfgp{ﬁg%f)ﬁ%(ﬁgﬁ‘léyd%ﬁsés.

Fl GURE 3SCgR@Re that wilh farmatien offestriplextstructursrhetresndie polghurieotidotridke

t hi oP@os horam date into its phos hor%rni date counterpart, as well as the
product s gggnﬁﬂ)hxn e nucleoside subunits joined by at least one N3'—P5' ophosphoramidate

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 includes a method of synthesizing an oligonucleotide
15 N3'-PS5' thiophosphoramidate. In this method a first nucleoside
5'-succinyl-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-s'-O-cyanoethyl-N,N-diiSOpropylaminophosphoramidite monomer tb
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



5 fromthe hydrolysis of the dinucleotide thiophosphoram dag 8 Fl GURE 4
. shows the results of an in vitro tel onerase inhibition assab Tt &kred
usi ng i ncreasi ng anount of thiophosphorani date oIigonucIeotlde of SEQ I D
NO: 2 that | (ﬁﬁgﬁlenentary to telomerase RNA, or SEQ ID NO 4 that contains
nucl eoti de Thes. FIGURE 5 shows the results of an PﬁTM$MWE&BeIonerase
i nhibition assay perfornmed 10 using increasing anount of

t hi ophos pliéyhasphdainfdft bl 10 t.hat ment ary
to tel oner asegERNA &Rgﬁ%fggﬁ%tdoﬁ{pﬁﬂés %’Jtnge o @ﬁfmtsjﬂngﬁi Y10 t hat
are conph@ﬁ@howwbumtdeﬁheﬂm}nasﬁnﬁbﬁ, and SEQ ID NO 4 that contains

nucl eoti de m smatches on the grow h of HVE50-5E cells. 15 FIGURE 7 shows
the results of the thiophosphoranm date oligvnucl eotides on the FI GURE 8

illustrates tkel Csqg v ues neasured for the thi ophosphoram date 20
telonere |length -SE cells. oligonucleotide SEQ 1D NO 2. Detailed
Description Definytros An "al kyl group” refers to an alkyl or substituted
al kyl group havig,_X B¢ 20 carbon atons, such as nethyl, ethyl, propyl, and
the like. Lower a I typically refersto C-to C5. I nt er mredi at e al kyl
typically refers Cé to Cda. '25 An "aryl group" refers to an aromatic
ring group h&Mhé}QB ht h ryl, or
substituted aryl gflgﬁ%gﬁﬁé&?ﬁmﬂﬁ&?ﬁ@ rk@%ﬁgogﬁlaag&?%ﬁbsl?ﬁdf’f %’ﬁ@ f tolyl,

et hyl pheRyiS selectod droyd the groapconsmtm@ofﬂyﬂrmﬁ,doatzesill@t@mﬁwgbﬁ GyIRFERL I C ring
gr oup oxygen, or sulfur atons in the ring.

A gin V%dﬂﬂfg (8E{}M§H5;h;§ ¢ niipbiiwednelobl, de ischetvash 0- KoandrWris Ohavi ng

bet 0 t |

oubun tsoon T af i B Bk Ml B8 BGBNPR Do, g i BRerLBRS 24688

variety tbﬁopihnﬁ}ﬁbmnﬁm polynudledgdss cortsekddGhifiOthe RMA tﬁ%ﬂet ﬂo'aﬂb@vqgnﬁaﬁon bhose
es

shown in g 1 Ato 1 C Further, "oligonucl eot I ncl udes
nodi fi caf M’mR%VWRI@‘ bﬁﬁ‘eeegkhqpoé@uplnoudq@néme RNAtargee sugar backbone

, b th ' hstitut
the base. andripreBRIHILIER B s ey 9%{3?%&93? nfiganoiuding nsed
her eio, h@&lyhﬁtﬁecﬁﬂ%a&n 2R BB N3-Slpk 1Y ﬁ+ rkug?date' 1§nkldg 4! 'd@ c?l g%angeabl y

wi th "pol ynucl eoti de" enever an ol I gontc I's represen
sequencealiivel eTheriayersive holtgontiATSHILE Tz patt‘icu‘Mriyl ubFulndrAt fh@fb Hﬁ% the
nucleotlde rein % -~ 3 order fromleft to right. As used herein,

"nucl eos?RPZ‘eatM‘?E besgd en hylridization, shchmasc antigenechad, anfiseose apiplicatidhs, dietudingl O and
2' -hydro as_describ d |n Konberg and Baker DNA Repli cati on,
2nd Ed. ?’érhle%%%@’fé gﬁtr hErEEe otiy and anal ogs. Anal ogs" in reference
to nucl eosides includes synthetic nucleosides havi ng nodi fi ed base noieties
and/or nodified sugar noieties, e. g descri bed general ly by Scheit,
Nucl &t i de Anal ogs (John WBrefDesgriptiol Such anal ogs i ncl ude

synt hetic nucf.eo |des desi ¢ g to e nce (gélndlng properties, 15 e.
stability, speCiTiEPy ashse taﬁ "?ainké’ itRndast advaptagesed this lmpﬁﬁhwﬂbnd

Peyman (¥desiik aire R@Hil ec%edg‘ﬁ b%go%)e) bﬁtA lfuﬁ%xssﬁ)od by gtg;e!nne{j Lger einto

i ncl udeoéﬂl) typi cal and RNA ases (uraci ni ne ani ne,
and cyt ofllawing dgtailed déspriptiod) Wheadaltcashesorﬁlm&aﬁﬁltlﬁiﬂ@aeﬂﬁn;{aﬁylﬁg drawings,
5- et hyI t.osi ne, 5-bronmouracil, or inosine). A base analog is a cheni cal

whose 20"HBf8tul ar structure ni m cs that of a typical DNA or RNA base As

usedfperein, g i n 85 Q%6& urri.n at u

nucl eosi des, |ISMCII%J%TF§9£}%%SS§? n%tetr{;\ﬁcl%{de?h eusrtra re of 1%’8%?1“‘; fhal ogs

t her eof , phosphieratbioatesise cont ai ni ng oxy, net hyI pr opynyl met hoxy, hydroxyl,

am no, thi n, HEI and | i ke, substituents. The term as used herein further

i ncl udes pyri 4B V\;Fbcoﬁ"sc@m’r’éiﬁrw@toétﬁel bnka2s frustips oft oligomedicodch as

N4- benzo %{%ﬁo ShidGes: FUr t her common pyrim dine protection groups are

di scl ose Beaucagje and lyer (Tetrahedron 48:223-2311, 1992 As used

herein, "puriFIGUREACNS shb®s Pei iRernQ6IeHEiRE NGnktdde N tdtAle Q)'fckfé}ﬁgﬁ
ana

inclgdlnq adeni ne, guani ne, and hypoxanthine, and comon
such4x ;ﬁgg%pleoudc thxophosphorarmdates of the invention,

hereof

5.



cont ai ni ng oxy, nethyl, propynyl, nethoxy, hydroxyl, amno, thin, halo, and
i ke, 19 Cct 2004 PCT/ US00/ 24688 substituents. The terir8 @eTu28d herei n
further includes purines with conmon protection groups attached, such as
N2- benzoyl guani ne, N2-i sobutyryl guani ne, N6-benzoyl adeni ne, and the |ike.
Furt her. cg'rﬂf’dﬂsodﬁri ne protection groups are disclosed bydcramsoungs and | yer
(cited above). As used herein, the term"-protected-" as a conponent of -a

chem cal na t - ni.zed tecti.on groups for_a, particular
ooty of a coounas? shiwEhlSAREERLEAC B B Mg Bt Sillsiocnicm B

nucl eosi dmdified bligtemclestidelebplosBidithidbtes.€. , trityl), p-anisyldi phenyl nethyl
(i.e., nononethoxytrityl or ), di-p-anisyl phenylnethyl (i.e.,

di met hoxytrit Q#E owsrid sebgmatik eutliyet of ethegenmversigr et diiciotige oups

i ncl ude i bed i.n the f.gllowng referepces: Gajt, editor,

ai gonuc@%ﬁ?&gﬁﬁ?ﬁéﬁoﬁ 5 %0&15)5%@% °$§Hﬁ$8%’(&ﬁs ("'FE&ES %Fé’é%d,“"*@)ﬁséﬂt'élg 1984) ;
Amar nét hframch&yaivelysi€irané diahclERidb BSphodphofedddate. 7, 1977, Pon et al .)

Bi ot echni ques, 6:768-775, 1988; Ohtsuka et al., Nucleic Acids Research,

10: 6553- 6570, FIFSRE 4 phovs themesultsliof en in @tiogelouetase irhdisidon assdy Aaddragdes: A
Practical, .. roach (L RL Pr.ess, ford, 1991 ), Geene and Wits, Protective
Gr oups ihmﬁg%é%gl% é’m%WtﬁgginlP%%ﬁﬁ@aﬁcﬂ?‘tg%‘m30(19‘2)HESWII@)/N@%I@F\@,S New
Yor k, 1983mplem teloRididsO RN AS i ] i.gns. .of .DNA _and RNA

( Acadeni ¢ Fgess, W York, %?736?&%@28%%%%%’" ‘ﬁ‘i‘?%"@?@&“’éﬁ%&“ and |ike
references. THEURE fnshidved thgeesultonf ahad oitrol telotiRede inhibition §RRY pittdrpRal sense
tor %er t.o a chl.oro, flugro aor iodo substituent. In the conpounds

h brono, ) ]
desc beHs‘%Ei“”&?PﬂP%‘m%Pgomaephﬁénhw@nd%%wg@lmtidewﬁmLD NyénkYtabtiy f | uor o,

br ono, oeoﬁgéﬁgﬁmw@fog{e@@gw uoro or chloro. The conpounds of the present

invention may be used to inhibi't or reduce tel omerase enzyne activity

and/ or prol i THGARD6 sifwscthe kauhayt SEQ IBINDRRA%E 18hdt\ikd b’omﬂl&n&ﬂl?iﬁ? %

contexts, .inhibition or_reduction of the enzyne activity or ce
prol i f er tlqmsrase ENA. and SEQ IRWNP:4 theksontsfinstrivelentidesmismatches onvihe gravehafi ve to a -
control ﬁmgi_ﬁle&hsi n which the enzyne or cells are not 25 treated with the
test conpound. 1 n particul ar enbodi ments, the inhibition or reduction in
the Eeasured RIGURE 7héws tHe @6 of hel Bboh 86l blibHLRLAI by XS Of
skill in the art will appreciate that réduction or 1nhibrtion 013‘ e

measur edtelpmersjength of HMESPSExelio0oy 50% 75% 90% or 100% nay be preferred

for parti cul ioccations. .The.present invention is directed generally to
ol i gonucl eot ?lf}ggﬂ%)gt {uﬁﬁ.% S tge ﬁgé’si’ag‘?ﬁ msasures f?ﬁﬁ@%ﬁh’@?h‘?ﬁph%@?date
i nt er subslifohudiéctidagBQ paidads of synthesizing such _g_ 1 9 CCT 2004 wo
01/ 18015 PCT/ US00/ 24688 pol ynucl eoti des and met hods of using the inventive
ol i gonucl eoti des as therapeutic conpounds and to in diagnostics. The
oIig%cheotides are exenplified as having the formula: 5 wherein each Bis
i ndependently selected to be a%iéﬁ&e&ﬂﬂg%i m di ne or an anal og t hereof
such as g_g@g_?im t hym ne, adeni ne, guani ne, cytosine, 5-nethylcytosine,
5-bronouraci| and inosine, Z~is Oor NH, 10 Z2 is OR SR, or nethyl
wherein R is Amelaligl gibubt miers beargalion] pr sub3tiusedialig! @foup haViag eo 2@bds¥dn ary!
and salts thereof, R~ is selected fromthe group consisting of hydrogen,
O R, S-¥mS rﬁ%samﬁhlﬂa?tbﬁdempmh@déhﬁ likgz I‘pomri,alqu typicallprefgrOig t(@EH2) nH)
where n j : =1 i n 0-10 and Wis O S, or NH, 15 R3 and
llﬁ&fﬁ%%@ Efrl}gl#?'}glg%}l)mefe% BEL e

R4 are selecte group cénsr¥ting of hydroxyl, amino and hydrogen,

and 22 is an Amtageiouperefegio dn #0ehaf®rind E@uﬁﬁﬂiﬁ@§b@%ar%&p%ﬁxtsssugﬁ§% ng up

the pol ynucl eotides nucl eotides of the present inhvention can be selected to
be in a Yinatphtd oo, ox swttstitited arylsgrquensehak, dige sr anpaibsan@ionof

hybri di zj ifhcally.to sj ngl.e-strand nucl ei c_acid target sequence or
a s,equenll(l:%q?lﬁgt% ﬁlb(nfﬁhgnyé’l %}W‘}’@’ Fﬁlﬁt %W iggludediars hateraeyelic aromatieripg eimeph t he

pol ynucl lewingdae anior ritespgRloxgedd] Sosulfly K6RE Ahd/dnd Ne sequence of nucl eosi de
subunits are joined by at |east one subunit that” is a N3'--BPS

t hi ophosphor afligamuslegtidesh sxpidajly tréfier foomurieoside sitbunit polymers having between

30 about 3 and about 50 contiguous subunits. The nucleoside subunits can be joined by a
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19 Oct 2004 WO 01/18015 O H-l ~ Rt Z~ O PCT/ US00/ 24688 wherein B is a purine
or pyrimdine or an analog thereof; Zis OR SR or nethyl 1§Nﬂ§{'§gﬂtR S
selected fromthe group consisting of hydrogen, alkyl, aryl Ta S

t hereof; a LS selected fromthe group consisting of hydrogen, O R2,
S-R2, and %@S{%‘H? 5 wherein RZ is H, alkyl, or (CHZ)"V\(CB‘I'Z‘%?PQ dffere n is
between 1-10, mis between 0-10 and Wis 0, S, or NH,L with the proviso that
when Z i yauity bfintavsubGhie inkiges, Snching;ibutidt HEN@AR, Thosdlshovdtl it T&9. MAGE - Subuni t
| i nkages ,of tpptg pel ynucl eotide can be N3'--BP' S thiophosphoram date

i nt er - sublmifrthern foligaaucirotifiest inchides medifioatinms.cknownNo ope-skidled iS-the arl,Go The

i nventiv ' | de n be used tqg hyhrijdize to target, nucleic acid
sequence?leggg%%ggwﬂﬁlﬁué%ﬁﬁﬁ%%? r 5@%‘ n@"égfﬁ’éﬁgﬁgi%Fﬁgg%l(?'émﬁug‘g%tﬁ?tf% of the
present idrevand, aadthe 3nardes' tedRk, eTheNetnl "o ly RBREGR, B RbPhersiH | oactive
| abel's, biotin |abels, fluorescent Iabﬁebli and t he Ilflagdé,ertéio’ gglﬁls%@gte t he
det ecPi oMeaning p"ofigonpalgetidet iy used inteschiafigeablgt withs'pplyesdeutide.n, for exanpl e,
hybri di zat i onwné)vlegxes.. 15 I.n %not her asg‘eict of the invention, a kit for

i sol ating or UOTRCET A AigPRpejentidens reareientedstynp) seqvenics of iettrss, suph sk t

cont ai ns "ancoldcaenughvan e daadayl ' ce, of A eoskde
subunits joined by a | east o%gwl)@nt&gf%‘gg%ﬂ%?fale?%gggg 'J)e?ioﬁgeé%i?fp %hgoforwl a.
O 2~ O -right. 19 OCT 2U4 wo oi nsoi s PCT/US00/ 24688 where B is a purine or
pyri mdine or an analog thereof; Zis OR SR, or nethyl; and R is selected

from the groufs dedsheseinnmueleosidalringjudes i Myrabn®Rdeostes, ineludigg12'-dedxgr ei n RZ
is Hypal ' "W CH2 JMere nis b en_1-10, mis between 0-10
and W0F B 2ol g i B o Bbere nad Bilie, YA Réniatiop 2k En, R
i's not H(Freftan\Bahirandifts, b9 PM%&%@ den A dlir??éfcxtepcet en&c@%&ﬁdte RNA. The
ol i gonucl eotides can al so be fornu ated as a pharmaceut| cal "TARTBIT i on of
transcri grelusies gynthetimsticledsades i avimgcmbdified basednpbaie anaRdimodified shgked to

over expressi.on of .the target ne. Preferably, the sequence of nucleoside
subuni t s TERES 5i8y 88“896"2“%?’@52?3’ Sekeit, Nugleotids Analessi John Wiley Newn¥orki s a

N3' - - >PS'19800i SROSRA Wa P (=N ' f e L.nter subunit

| i nkages ofd)t he pol i&%ﬂg@gg? %ﬁghegl?tgﬁ{\léﬁﬁ}dg%ﬁ@%rﬁ?%%%@% J(;Drnzlarﬁ]%lglioge’%es’

i nt e S subgnstability, specificity, or the like, such as disclosed by Uhlmann and Peyman (Chemical

Reviews, 90:543-584, 1990).

A "base" is defined herein to include (i) typical DNA and RNA bases (uracil,
thymine, adenine, guanine, and cytosine), and (ii) modified bases or base analogs (e.g.,
5-methyl-cytosine, 5-bromouracil, or inosine). A base analog is a chemical whose

20 molecular structure mimics that of a typical DNA or RNA base.

As used herein, "pyrimidine" means the pyrimidines occurring in natural .
nucleosides, including cytosine, thymine, and uracil, and common analogs thereof, such as
those containing oxy, methyl, propynyl, methoxy, hydroxyl, amino, thio, halo, and like,
substituents. The term as used herein further includes pyrimidines with common protection

25  groups attached, such as Ng-benzoylcytosine. Further common pyrimidine protection
groups are disclosed by Beaucage and Iyer (Tetrahedron 48:223-231 1, 1992).

As used 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,

-7 -



I|nkages defined by the fornmula: HN~P~ R1 .S~ ~ ~ In other aspects, the
invention is directed to a solid phase net hod of synthesizi A§ 06T 2004

ol i gonucl eoti de N3' ~PS' thi ophosphoram dates using a nodification of the
phosphoramé’%h;lgl transfer met hodol ogy of Nelson et al., (J. Organic

Chem stry 1g:d Y57287, 1997). The synthetic strategy enpcIyesio24638
3'-NHtrityl-protected 3'-am nonucl eosi de

5' - O cyanastibyehtsNThE s am dites, (Nelson et al., ci ted
above) that wer eh&ur ci;ssgsgﬁéfarez)ﬂ%% uac 9%,? S?E‘i_ne\%c‘i‘"é}hf’?’f‘i“@n Profectionast on,
PA and 2@raSasattached, Qhsas N -@&oytwe@m s.igabyl 1EWAY cle (See
FIG 2) ﬁesl orin‘.d ﬁt ed usi r?g the foll ovmzng c%’gym cal I%proségggﬁlée&s\m&¥ J‘nﬁ
detrityl i 2‘?{ o‘i?ﬁ‘?‘?‘?ibpur?})e Rraisphiomygronps anel disstdsediby @eaudagé and $fegp- Wi se

sul furi z@lte@gb&fe?]t he i nternucl easi de phosphoram dite group forned after the
coupI%ng st ep, e iodine/water based oxidizing agent was replaced by the
sul f uPi zi ng a@emsaﬁ herantthlererrby pedtedtRIt & a SdthidnbntSP t nly used
Beaucage ch 004 wo oi nsois PCT/ SOOr/l 248%%6@%319%“8&?

3H 1, 2- b&ﬁi?ﬁﬁ’ﬁ?‘ﬁ? r°§6ﬂ‘én groupsdion & iparticles/mpietyt ofal compdundDe@ans' Gréthesd-st 1y

55: 4693 990) onuc] eot.i de theses were performed (1 p, nole
synt hesi g§§§g £ reﬁe-l:g&?cf% 50 Lﬁ’ Side g ég’élphé%)dmfhyln(lmhmwws

t t pianByldi hﬂ! Sthyi
Sgent 5 Chiyer e 1B TR °C§§‘é“§*ﬁ§?*§"’g‘§§y3é’g NP b o et 4,
ol i gonuc fi\?&ﬁﬂ?%gltﬁc@?@yg)mthbylhas i Amg-rmgmxtcﬂﬁ:btdaﬁors ERBSY indfulde ﬁh&s@ e

‘couphgng chiresults in rat jon of a phosphoram date
inter nucfle}g@?g lm%%llowg%e egﬁnpg,s %ﬁoﬁ‘lé 196 Pligonetleqtido Syntbesiti o Bracdatl es can

be made AppmcmqnﬁL mgsspdafaﬂ'?cm g prot ect ed nucleotides as
nonomer i ¢_ bui | di ng bl ocks. These s?n?‘heﬁ%{)& %g%: Eg?’glcﬁ 1% t he art.

10 The nmbUS3-BHedPH 6 Pamiihks Bidtdrhniukisné: 768- mll%ﬁﬂﬁ%uﬂm&ﬂ_miﬂ?éc REgpar ed
usi ng bofi?s 51yc§e§ &% %k%{ﬁ 9,78 %P ggents and has a 3'-NHP(O (S é
i nt er nucl €0Si de 8 6% kSeinnpditasy @élgmcéeoaldayncbd\mtuguest rAJcture of

th h RP) HPLC,
and 5 P R TRErnch (RTEPiRy OB A8 G tenc rd MubrprofeofyiOroups in

i nt elﬁwucO@@sm@enqhmsﬁbmmdﬁlme(memem SorBOE ¥R, |1 8ATAG agegegatk ted 15 in
formati o pg) % t el yl 0-15% of the oxidi zed di nucl €osi 9

3" - NHP( ndS g@%wawéiaﬁl‘éﬁxlandk&yé (AcaRemieRPSBss, Nsw N ddkj N9gA0) .

Al tel’natBéﬁgééée aﬁd’%fel-' dté@édoga%ﬂfée ecul ar sul fur SB.produced the desired

di nucl eot i de cont “internucl eoside group with

practi cal | y dilmrtd:mt atalogenyme'lhgi]o”assug@ﬁl hygglg nd | HPLC

anal ysi SIW(J NVR 8, ppm 56.4, 59. 6s in D20 M&éaﬁeﬁ’se'\émg OAFIE R | ar
resul ts SPPH q‘@@%l?’b@d? Wbﬁmel'éuhf the corapiunds daa‘sémbedaﬁd:ylaﬂﬁﬂexe&m ahldgeh for the

synt4esi ucI otide 1 TAGGGTTAG ( SEQ | D NO 1 ), wher e
sul fil})reu z%??%‘hég\%ﬁ?‘lhg é}éilg a%m 8‘&8’&‘ °%’8§91 Predably fluora of Gh(1<l>r01 engt h product

cont ai ni ng ~ Thé%ompamaner , udge P NVR
anal ysi s gf t he ?Igactl on tﬁfﬁglnb%{hﬁéﬁlg%z beﬁ% d},{?%’#bétrogf?flém%{&fweﬁ%gﬁks wer e

-57 and SOWHRtViEy erdlorduelferetian) ofaalls Iﬁvmmlaﬁexéwdaadt)s iTH e8¢ doneid, €spondi ng

to the t e and phgosphoram date groups, res ecti vel I n
cont rastmﬁﬁpgéﬂé% mBH?&ﬁeFPFyg}?paﬁW} el ﬁﬁ?llfﬂfatm Qpﬂwcgmwmfe ?/I nkages

in the XHe medsuRtactusdy r@lﬁﬁ@rtghﬁgnﬁo?eﬁﬁm%nﬁnw ?{&?I S or0elS ool -C

ana%m s of the oligomer was in good agreensnt ’ﬁ%%" S RIFRE pect r um

St r et urtksatsdhwith i test compound., In pmlcuwrue@ewﬁﬂem@tmdmmﬂ%ﬂeﬁ &ﬁégonf' rmed by
- 12 19 Cct 2004 wo

MALDI - T ectra a aI 5|s
PCT/ usog“z‘ﬁn%égr éEf) ‘Vpeﬂdw@nw mlribd@ngé)neefsion imhban eililc anal ysi s.

The nol t r am dat 0 GI2AG3T2AG (SEQ I D
e, gg%%@}%t&@%&gk&fo o?gé%?@o%p&‘?he RS o) PR st 3090, Bo9c 755, 0

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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I D NO: 2) was calculated to be 3,S77.11 and 4, 202. 69, respectively. The

nmol ecul ar mass for thi ophosphoram date oligoners GI2AG3TzAGI (SSBCEY I124NC. 1 )
and TAG3T2AGACA2 (SEQ S I D NO:2) was determ ned experinentally by MALD - TOF
mass spect W’S‘ﬁﬂg&' to be 3,S77 and 4, 203 respectively; mobility in 15% PAGE
relative to 1so éauenti al phosphorani dates was 0.95 and (PEUSI@68Ct i vel y.
The nodel phosphoram date nucl eoside TnpsTn was quantitatively converted

i nt o t he pphagslbeaR fat LR by g t with 0.1 Miodine
sol ution pi tr?(ﬁl4 pyri di %eﬁ%ﬁggﬂgg u%?lé%/ %I?B{é\}gﬂv Vo(%{g)oﬁ&‘%@heigs ﬁF?f,apeégmj udged
by | E HPcompeurdgamd thiyRliggriestidsR 8 ppm 7.0) (See FIG 3). Treatnent of the
TnpsTn di nucl iﬁti de wiith 10% acetic acid, SSC, 48 hr unexpectedly resulted
in only parti AR PHESPUAISALides are expmplified pviaaving ikq feomulae phosphor ami dat e

| i nkage. For conparison under these conditions the parent phosphoram date
di mer TnpTn was conpletely hydrol yzed. C eavage of the NNP bond in 1 S the
di nucl eoti de Ha{Qphosph m dat e was acconpani ed by concom t ant

de-sul furizati on -15%, followed by a rapid hydrolysis of the
resul tant phosph 3 el -NHP(O (O-O group as revealed by IE HPLC and 31P
NVR (FIG 3). Th £ '-) P5" thiophosphoram dates can be obtained from
t he correspondi rgv\% m dat es as descri bed above. The 2'-R3 N3'--BPS
phosphor an dat es i ned_20 @y the phosphoram dite transfer

met hodol ogy devi[sed for t R is of oligonucleotide N3 -aPS

phosphor am dat es: The synthzYst f 2-Oal kyl N3'~P5" thiophosphoram dates
is described in detail as anRjl | ®gtration of this nethodol ogy. The
appropriately protected 2' -0 al kyl -3'" am nonucl eosi de-S' - phosphoram dite

bui I ding blocks 4, 6,11, and 15, where alkyl is nethyl, were prepared
accor di ng t o Whereinjcaeh Bds indepsnderitlysselected irsbeor puririean pysimidine érenSehleges 1- 3
bel ow. Agn J we.s . f the preparation of these conpounds was the

sel ect i vgh elrrr%bt\éﬁ?/\& del{'t i%’(s)n&%? iy ﬁéylﬂm-ehfgfg%ﬁ’l EYPREE CHISHE p-BSEle/tefingi t her
the i m né-tremeiracdinal idoginef pyrim dines, or the N7 atomof the purines. The
two pyrim di ne-based nmononers were obtained fromthe known

3- azi do- 2' - O AclsOar N#1,- O tol uoyl -3' -deoxy-(3-D-ri bofuranosyl uracil 1.

Typigal ly, the N3LO4 imno, njitrogen of -13 19 Cct 2004 WO 01/18015
PCT/ %@om 2468%2 i %s ﬁ? r%tmfﬂ“&ft &@F%a’ Bi s rvelecisd Jrm tthe greppoeqnsising 9fas by

t he reachy® e‘ﬁfall@ﬁ,té}yﬂanﬁ%él%érééfe in the presence of dinethylam nopyridine
(Schenme 1%,. he crude reaction pftoduct was then selectively

2' - O-deacet y| Ri isdselezred friva thesgibip Behsistiae o?' hydyse@ X LR OINR, tggn
: 8 hyl%ﬁdC@%l\/E B KER. i

alkylateg ScherLEQToI,OL.III. Tol Ac Z _ , DVMAP vI1. NaCH
|1, NHS, feesn: yyterein Sacisdaiylcer (GHa) InFCRMEerg 2. is PeOKEen TiddQ,ahds | v.
Pi per| dl Baw¥en MVrPand W is O, S, or NH,
15 R; and Ry are selected from the group consisting of hydroxyl, amino and hydrogen,
and

m, is an integer between 1 and 50.

The nucleoside subunits making up the polynucleotides nucleotides of the present

invention can be selected to be in a defined sequence: such as, a sequence of bases capable

20 of hybridizing specifically to a single-strand nucleic acid target sequence or a sequence that
will allow formation of a triplex structure between thé polynucleotide and a target duplex.
Preferably, the sequence of nucleoside subunits are joined by at least one subunit that is a

N3'-P5' thiophosphoramidate defined by the formula:



v. H-/Pd xI. BzCl vIi. MMICI, NM | NH Tol O~OW.vili. OCE MMIN-I pMe MM
N Me 341X XNHZNHz Tol OOx|l.,~ CE~~ 0 MMINi pMe MVIT1 @1 80T 204 8
such as by methyl ation using i odonmethane and silver oxide. The N3

protecti ngvﬁrog)f& was 5 renoved and the 3'-azido group was reduced to am ne,
whi ch was e Mredi at el y protected, such as reacti on wPEEUS00/24688

4- nononet hoxytritylchloride, to give the precursor 3. The 5 -toluoyl ester
was t hen cleag usi ng gn al kal i ne solution, followed by phosphitylation
usi ng known prot give the desired 2'-O nethyl uridine

phosphoram dite 4. The 2'-O nmethyl cytosine phosphoram dite was

obt ai ned by conviers ;of uridine 10 internediate 3 into 3'-am nocytidine
anal ogue 5. The s%f%ﬁesi's of the 2'-0Oal kyl adenosi ne anal ogue required the
use of bul ky prot cpﬂig groups, primarily for exocyclic amne in order to
prevent the Aty L. N7 during nethylation_of the 2'-hydroxyl group
(Scheme 2). %ﬁﬁ@&@%p@@%@&y&m@@mpﬁ%%_ %fenzoyl - 3' - deoxyadenosi ne 7
was f rst deprdsa@ResR, sHeRtRS, tsi i N—g( 141, w/v), to
afford 3'-azido-3' -deoxyaden}ggiﬁ}e{éréﬁﬁ%ﬁ?gglﬁgeg&fﬁgéro y%é%r_%l&%{la%g\ft he N-6
noi ety wBYdogses dkyl arsl andiseltsphoeafrandd wit h bul ky protecting groups, such as
the t-butyldi henglls‘ix%ﬂ. ar up or the 4-nmpnonet hoxytrityl group. The

conbi nation of ! th&™f g gtge St trpsiingolydragensO-Ra. §rite, Rad hplegsn, i ons
steri sal WherefCk 14t aikyl, K | @ Wi 1L selgcti.ve intr ction of
a nmet hyl group ;!;itd thg*y;clrpggpe?gcnﬁzlml?,‘é‘év%b?%hg%g&? rh gés’l&ﬁtlse etrr‘é”ﬁ?’b@ibl& The
N-6 4- momrshWtih Ox §1 oriNHK witr theiprowias thatwvelern Zi¥ietith] o808, RS ishiot H, 14 19 Cct
2004 WO 01/18015 PCT/ US00/ 24688 treatnent with 3% trichloroacetic acid in

an organi c solvent. su di chl oronet hane, fol|owed by re-protection of
N-6. The use oF eﬁ@ﬂ@(ﬁﬁﬁp ‘Efﬁ‘ﬁ"owe&‘é“t?“&}‘ linkages of the polyavqlestiderambesN3'exRiS t ed i n

Subs cquery 1o PRelsiRuRERER ol B A% ST RSB e | ot or nedi ate 0. The

azide group 5 was then reduced and the resulting 3 -am no group was

protected wt - NbRo hoxytrityl to form10. Finally, the 5 -silyl
protecting grou eaved, and phosphitylation resulted in the

2' - O net hyl phosp dite nonomer 11. Schene 2 HNBz HVAMI HN3z T. '~ J <' ~
~ ' N TBDPS TBDPE8O L Riv. ~ v: vil. Nwvlil.-ix. N3 O- N~Me N3 Me s Hhrbz 0
H-bz 1. NH3I NEOH.sf';_gNaO-l~ ~NIl. TBDPSCl viii. H-/Pd TSDPSO IlI. MVICl,
DVAP Ix. MMICI, NM t5r x: xlI. ~ 0 iv. ApzO Ml x. TBAF CEO v. TCA xl.

CEOP(NIPr~Cl vi. BzCIl MMI NH M MMI' NN Me 10 11 The synthesis of the
guazgqsi ne-based 2'-0O-al kyl phosphranmidite 15 is depicted in 10 Schene 3.
3' - AZ{ do- 2' - Ghsciyentive aligopwnlentides pan- bes uirdt toyhybdidizdi tpherppt aacléanoid - 3' deoxy

guanosi ng I ed reatment, wwth a base. The 5° O and O-6 were
repr ot ect gga'g)é/@?uecggaglﬁkhn ¢ %Ab%f’d{éﬁﬂg}ﬂl@ﬁ pigonnelentidge of thsepresent
bi's- si | yingéretibnicah &k TeSHH WithVa TegodN grdup, Sudh ky k’ﬁﬁ&gtiVJ [38e1S Bofih tapkisdr OUP was
selectively deprotected to give conpound 13. The N-2 gr oup Was ’
r e- pr ot efudsescent fabely and thedlikegtodfaqilitateshe dalention of thegholyneclsiielifsélngndBits
presence in, for example, hybridization complexes.
15 In another aspect of the invention, a kit for isolating or detecting a target RNA from
a sample is provided. The kit contains an oligonucleotide having a defined sequence of

nucleoside subunits joined by a least one intersubunit linkage defined by the formula:
Mo
HN\(,O Ry
z o_§

-10-



1 S amno group was protected to yield the nucleoside 14. Finally, the

. 2'-0Oal kyl guanosi ne phosphoram di te nononer 15 was obtai ned by renoving
the 5' -protecting group foll owed by phosphitylation of th&3ubthge0ed

5' - hydr oxylyo o118bps 19 Oct 2004 wo 01/18015 Schene 3 1@\/’?% @22%%4688 00
Hal, iv. TBDPS 1~ NHp y; VII. TBDPS I~ NHtbu N3 Ow M 14 O I.
NH3IEIOH vii. MMICI, NM NH Il. TBDPSCl vilt. TBAF |11, Mel, BEMP IX.
CEOP(NIPr 2)Cl 1v. NH3IACN vih CEO NH bu v. 1Bu anhydride vl. HzZ/Pd MMI H
Ove 16 In anot{;er enbodi nent of the present invention, the acid stability

of ol i gonucl eBReTE 84S A PuFipgernysigdding ofananrleg thamenfid issOR) $ied msthykizmd - 3p5'

t hi ophosgh 1 j L. L pkages i h | i ganucl eot.i des. The
hybr Pdi zgﬂ ?{)s%fg%{rég%@ﬂ t:ﬂég{:%?% ﬂgelét?lﬁiogé%og%%ﬁé#ﬁ g'ﬁi@e“&q}ag"&ﬁ&cw‘&&t’? Bes were
eval uat eth H.edligll ot¢CHg), WOOHL)RREWhéere Y1 iPbéweén B16BNR isbetaeso- [eidw is o,
phosphodi est er or t}ﬁhosphor am date intersubunit |inkages. The thermal

st abi §i t y» &V Wit the pyavise shat whereZ it wethylrop @M Bs fsvot Hyardlat € ol i gonucl eot i des
and phosphodi gst er .ol igoners .are . sumayized i ABLE 1 (Exanple 3).

Hybri di zat | on‘%g?’g‘f‘ﬁ‘ée ‘E‘%"’B‘bﬁ? 88%@#"%285{0&5%1%&5%& eotides with

conpl ementary nucleic acids is sequence specific and determ ned by the

proper \\hs oligofincledidesem st e fogmuld@d e pElitab&xutié idEsitisY oAhPsRebAM dat e
ol i gonucl eotide SEQ ID NO:3 with a single base mismatch with a RNA target

conmponen®! Bnskatoming ogl dn g diseasp FendgionTelmedtonverxpressionenfitheXrgetsgesabst ant i al | y
| ess stable than the duplex fornmed with O igonucleotide SEQ ID NO 1 which

is full 4 t.of tel e 6, TABLE
2" Experi mont NG e Sfhubli OFMTRURPITHniR et BrRETH B et A e

| nt endic| edsinilQinkageNHE: Q) NES) bs' GhidphdsphaRRRRIOA ALh SRS, lahnd‘fatg_ € $nter-

A igonucleotide SEQ ID NO: 2 3'- NHP?O) S )05 thiophosphoram date was

synt hesi neuinit Thikagesoofhthis nyiblyrsletidd bieSNBGIY'S aibshosprapisidaRdnieRbumReica st abl e
conplex with a conplenentary RNA target. The N3'~P5' thi ophosphoram date

pol ynuc| biekageredefiped bthe fgmplaesent i nvention have great potential for
anti-sense and anti-gene diagnostic/therapeutic - 16 18 Cct 2004 WO

01/ 18015 PCT/ 0/ 2468

HN, D Ry

"o

-S

In other aspects, the invention is directed to a solid phase method of synthesizing

15 oligonucleotide N3'»P5' thiophosphoramidates using a modification of the -

phosphoramidite transfer methodology of Nelson etal., (J. Organic Chemistry
62:7278-72.87, 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 Sg or by the commonly used Beaucage

=11 -



applications. In a preferred enbodi nent of the present invention, the

. oligonucl eotides are oligodeoxyribonucl eotides. A Tel oner 4% GCHM200N ti on

Applications Recently, an understandi ng of the mechani snms by which nornal
cells reach the state 5 of senescence, i.e., the loss of proliferative

capacity t W& s normally undergo in .the cellul ar agPAGUSIC4EsS, has
begun to energe. The DNA at the ends, or teloneres) of the chronosones of

eukar yot giagstisuablyy; ,@-@E‘ﬁoﬁﬁﬁioﬁf’roﬁ@rﬁ], £ m&kidee ﬁli/@lt %g ab i gglﬁrlgglﬁg u(g%?ec SRt

Sci entists have |ong known that tel'oneres hdve an 1 SRS cal role
in mai nt 83:A6%3e46ORy 19803 0Mhe Sligatmitldbiieasyethbssd Gidre Perfdiic (I BEEMRIHhesiST €Nt St S
have specul ated that the 10 curul ative | oss of telomeric DNA Over repeated
cel | di viledietingy Ymeelutien of Beauggen reagent dh lauhpirowenesatnte onshs &giing, and

t hat the j f telonerase, an enzyne involved in the maintenance of
t el omer eCF%nQI% ’?\é,d/frigvﬁi?ﬁai/aestﬁ Zh8 28Mb| ogi cal inplications. See Harl ey,
1991, 5 Mut at i QrhilReSS RBCHPS' TABsphdrhinidite- ' t.s . by,.Bodnar.et al. have
confirnmed the inportance i’?\ %pg\ﬁoneresp}?r%@ﬁdeigoilneﬂ" ‘?“é%ﬁ‘%‘ﬁ’“g@%tﬂ%am P& the
repl i cat inude by dstsganoddatioh sepls) Hit@ I\ .Ru;g%i i Pl et al.,
1998, Sci ence 279:349-352.S%£{%nerasei%?%?rl’onuc gg%?&??ln gﬁ?éﬂ% t hat
synt hesi phosphoremidete dntgrmytleoside grobp nBimitarlP\phasphodiesees-phosphomtiodridates equence
cont ai ne Lthin . the RNA component qf the enzyne. See Bl ackburn, 1992,
Annu. Re%.nvﬁéi ’%Ac“ﬁ &h g %ﬁ%‘gﬁ%&ﬁ*ﬁg ‘Qyﬁ‘dgb‘ﬁf?é“r?ﬁt nugfeotidseeh MosPBAG ase has
been seqbiaiegbIans TRsdGRuRHE LAAAAGI o BRI fONt 2l ning a series 20 of
11- base sequence repeats that 1's conplenentary to the tel onere repeat.
HurmaH? t el orerBeemedsd iphosphotamidateethpmiidife Binteldodide Brpsa, ivedsYpréfared using
oligonuclqg%;des gﬁ | ementary to the RNA conponent of tel onerase.” See
Norton efOtifypes RESHINEZINg aeents And bapya 3'DNHRO5(S)Pof dntemuelessids gratip., The oc.

Nat|. A i v 2Gh; : 8. d G ukhoy et al., Bioch.. Bi ophys.
Res. Co(r:nl%irgcr;ﬂﬁqg%éur%%g&%%%gry%ég%% ﬁt#l%g“ﬁ 8@%&?&"&}%&@ aﬁlcPﬁ%tHl?EI WolPyes of
the 25 prebage (IB)\and treverseashase (RH) LI aad V'R IOMEQ TRe BRAINNCeSONlO8s: Of

tel omerase RNA. Preferably, the inventive tel onerase inhibitor
t hi ophosPHYHZa%PH af the dntrayeleesidehosnboramidite grouwith B2eucagmmegant resaltddas e

il | . Met det ect i
el orar a0t of QERLEHREY 6 Yk b R Rl R AN ORaTL at o or
affect tgHosphorandieata ikagh (VP NARSL At 701ih D,OF! A¥haliUly! NiofWlgcll agnosi s

of 30 cellular senescence and i nmortalization by controlling telomnere

| engt h amelecwdrosmfiassy profilced the deifed BRAcNRIRLENRRARPS Wgé—z)‘tﬁgg
activity, have also been described. See, Feng, et al., 1995, "Science,
269: 1238Mewgleoside grogn with practicaly quantitative pield2 sowaindged(y4'P RMR gl [Ent

publ i caty 41 ,« publi_sh ~ 25, 1993; and U. S. Patent Nos.

S, 656, 6%@%%&6&36%@%%%?@#&4’ gg@%é&gpaﬁ?ds%?%ﬁs, 936. The

i dengg ficati Wnhi ki 1. tel oper.ase actiyity .provides

i mportant 5 (gggfe?éri lt%gmt@gmgg Fegélltagtt%{tﬂé tgruggillzartllémheu R Y5 & .ta“é?n‘{fibﬂ’r?ds t hat
i nhi bi t systhesieofismdacbliginuylestidt Hemés BT TAGECITAG SSEYADARS: [ WRted

di sorders,, such as cancer, since cancer cells express telonerase activity
and nor rEfurzEsHan witnBeaueageardgentsuitstl ip deshtislength @netuat eonsdiiny 1 §%at

bi ol ogi .e., at_levels sufficient to maintain

cally rel.evant |evels (i, 31 )
t el omer é’%@%@faﬁ“ eiinkagas asavas jundard dyonk NMRyshelysis efthd seactiommixturt,
deal i th.30 high tivit d
Conpounda TR S by SEVR ARG Wit o7 opd 8cheky HGEd dovusls selvbmen
et oaa bR B e SEEE AT BB S A sRERRO S

that act as telomerase inhrbitors t ave rela y or
activi t yespactiviehat Imrcentedsgl duyfulizatiov avitia 8k Grodided ooRly COMPRARspHRLTiqgRd met hods
for treating cancer and other diseases in which telonerase activity is
present [BkESs imthe )l 1-ms provechevortling opthes MRS, dthe 9B MRk yER
conpoundg 4of ..t he rpresen%ﬁ# nvention are;acid stable, and therefore, have
wasdn goad agrepiert wfh the ' BINYIR shectar. Glimieaseandauriviofy, such

e oligo

many val uabl e UE¥s

as, for texggapbEeon CARCRIAT DY . Prlgr eut.i cal
conposi tions o?gt H?gﬁﬁg%%%%%gg%@&gr?%nuc ﬁe}o i de gsasﬁe% a%‘ﬁ%ﬁ‘&’;}’é’d in
treatnent reginens in which cancer cells are inhibited, in vivo, or can be
used to inhibit 20 cancer cells ex vi-y&: Thus, this invention provides

t her apeuti ¢ conmpounds and conpositions for treating cancer, and nethods for
treating cancer in manmals (e.g., cows, horses, sheep, steer, pigs and
animal s of veterinary interest such as cats and dogs). In addition, the
phosphor anm dat e ol i gonucl eoti des of the present invention may al so be used
to treat other tel onerase-nedi ated conditions or diseases, such as, for
exanpl e, other hyperproliferative 25 or autoi nmune di sorders.




As noted above, the inmmortalization of cells involves inter alia the

. activation of telonerase. Mre specifically, the connecti ¢

tel onerase activity and the ability of many tunor cell Ii ﬁggb@)ﬂﬁ@ﬁai n
immortal hag dss denonstrated by anal ysis of tel onerase_activi t{ (Kim et

al ., see above). This analysis, supplenmented by data thaf“TV§1%4¢%8s t hat

the 30 shortening of telonmere length can provide the signal for replicative

senescent'® NMRoandrby polyh8rylaniide- g iGlectophridddalRR] STRGHAIISARY 24688 cel | s,

see PCT ﬁ\ggl ication No. 93/23572, denonstrates that inhibition of

t el omer aSHORROFANgTAMdate;oligoamess G E#AGsdpAG ¢SEQTD NOxhrand TAGTaAGACHD (SEQ

t el Il t t ,of ot i I i ti

senescents oy e ciRal B S LR o 5 et TP aef R d t he
i \ o ar e ; | v

concur r etiiopheshaiantidet©bligoeks G’EplGﬂ‘?K.GQS'EQ mwm@fﬁg#ﬁ%;rg&?ﬁglxﬁﬁ I c

cells 5 after many cell divisions. In cancer cel I gnant
phenot ypkP NO: gL wag deterginedsmperisnentallychyeMAL DIy TR massosptotmissopyrto bt Be77genet i ¢

damage, el as [ VLt erm,ts the | oss of teloneric DNA
dur ng o8 AT Rafesverk:SbRRbS T4 A RfeBhur sosmsing Bhomberemivaie

aberrati eas0.phaid d),g'afkspgcﬁbaygtel y to cell death. However, in cancer cells
havi ng tel onerase activity, telonmeric DNA is not |ost during cell division,

t hereby al | owlRymede! iphespharapddate pdleoside TpsBnwas quantitatively lcomebrtag it a

t erm nal ol Ol?bno i S fcf)r t he gr?)ti ﬁ@b Agents capabl e of inhibiting tel omerase
activi ty 1onPTRIRBYARLTAS coRpterpart Hepd Fe BY i treatiaemt withs Ol Mriodiag selitiondna wi de
vari egy ﬁé]ﬁﬂq t kdA (e, g. . fun infecti i n which
i m’ﬂ)?(}tj al ?i%ﬁ ce f@zﬁgl\%/gglr@éy\g@gsgg éqgé?lﬁvfgvd%?&ejbg% gl?ﬁglraqdnﬁgﬁ@ggse

progr ess¥eNMR § i e PG4 i Actl Vi J1 S neesir.ed for
treatnent pur ppsl_gebsn\.‘\h 'IQEQS éte(raﬁli gbrrje)r ggéhu% ntlto‘r?\lrtlklglr)?{ t g?'gélgﬁél%%ggﬁ@}?ﬂ%cﬁ{l%an al so
be used aeid, S5PCDIBthriuBE:QRBEAS Sesaidd iH ohly ﬂaﬂiagﬁfd{blbé@@lﬁﬂ) 'ogintéMUcfe'asiH@y be
useful for contraceptive purposes. In"addition, 1t w e apprecl ated that

t her apeuphaspbemefiilate finkager eafsTeBomPariHANARderC @esbecdmdMidze thdpaftbi ni ng a
tel onerase inhibjtor of the invention with other anti-cancer agents,
i ncl udi nBhaSPRIAMIdals; dimeroFap Ty wasqompistely by drabymea sCltavage o g N+P handSn Pat ent

Nos. 120 5 62, 9.767 278 5 770 613 and 5, 863 936., The
choi (1:% ogﬂes uc °§e§§drr%?’%§¥q‘%8§%°%%“‘ﬁ?‘e AS A ePBRReg, yof@c?rgg?'ﬁrdg'ﬁ“}flﬂlmpﬂg, but
not |im pRdesdsq~15%9, FIRRveRA b§liaS ; .of the
patient, pt he g(ggrz‘)zsi veneésasbgfa ga?gcgggg}agyrsg%?gggéjé%%ﬂ?élﬁbbf‘%ﬁ%%ﬁ%@ e and
t el oner aseHREOY(ONA-grab a hevesled BARMPIE had* P IMIR (f1Geg), ed and the ability of
the patient to tolerate the agents that conprise the combination. For
exanpl e, in cH¥ek-BuNjmR% thienhesphoramidatessian he lohiined Sonethe xnrregpondingd st at e,
it may bPe;"‘}aBﬂVi sapl e tg conbi ne a tel onerase inhibiting conpound of the

i nventio i s dessribed abave. 1 HherZnRe 83 -0 PP abiosnbaramideies were obthinedt i ve at

L e L M R AR
o e R T80 RGN0 001 bR BB AR L1

di sease, desciibed iRdet@N HARhratit of WS Rletho8IbGLt | VE to stimulate the patient's
own i nmune response (e.g., colony stinulating factor). The conpounds of the

present i nventhcopprteprigielyrprogcied ' B0 4atkyl3 antinerivcieosid isnphosphb i dias
activity,i.n. vivo, gs.can be deponstrated as described below. The in vitro 5
acti vi ti%‘gﬁéﬂg Qiﬂ%“%oﬁ'&gumfgl%f” ‘ﬁé‘h?yﬂiﬁéﬂ? Wnwerg Preppzed apeosding tmbsesies at ed

usi ngs t hef eSS ehathed k e i : rm"in vitro"
refers to tests perforrretgﬁluspﬁgﬁwgflﬁgmge ?js?g{%ﬁ?t ;&331}}2&%{}' tsgélpefjorélﬂech

pr ocedur prspaatipnadfhesk ompounss iwex theisvlective Ghétigaaionl cfaid TenybRIx9NBOES
i nhi bi tO{l}? descri Fe,gﬁi n this section typically conprise a sequence that is
conpl emelif AFS5ENCH Of Bffshibr dmino frastionahiy{Pyrimidings, erdbpMriosorn bf the parines.

The two pyrimidine-based monomers were obtained from the known 3-azido-2’-O-acetyl-

5’-O-toluoyl-3’-deoxy-B-D-ribofuranosyluracil 1. Typically, the N-3/0-4 imino nitrogen of

-13-



10 tel onerase RNA conponent is provided in U S. Patent No. 5,776,679. The
. tel omerase RNA conponent of other species can al so be used,[f@egga[n 'pg on
t he i ntended subject of the therapy. Generally, the oligonucleotide wll
conpri se befykfgy@bout 10 and 100 nucl eotides that are specific for
telonerase (that is, they hybridize with tel onerase RNA crenfiseesssat 15
| ower concentrations or under conditions of greater stringency than they
will wtH wasfist cR0 IitHen SrOtEBORLE t .ol ec s _expected to
be present and f%ti onal | yﬁgcti vegl?ﬁp’tsﬁéeh 2t%a gre“f' %‘?%"fﬁ'f’é{{’ﬁé’f S ¢
byst anderi? &i|prasgnce|of dimathsdaminepyidipaScehed)i Thscres MERTon PRWUL v tRad 25

nucl eot i . ifie ol i gonucl eoti des between 12 and 15 nucl eoti des,
illust ra’% g%cﬁ“% St ;F}e! 'é%%{’ﬁ&lggd’ B‘E‘%‘ Tequitingefrag 2ihy duoml srourewas thiwalkylated,

ol i gonucl o'tii de 20 will be exactly conplenentary to a consecutive seguence
of the sa °f"§?19th in tel onerase Neverthel ess, it is understood that

hybri di zation cgn still be sp ill “even whem, there are nisnatched residues
or gaps or addgtinens in the Mgonucl eot i de, eci al | ‘| engt h of
t he correspqn oconpl g sequence in{the RNA is hiﬁ 15
nucl eot i des. -ene—Hetho fepd Qr o

. . . . CE P -
pol ynucl eoti gleg, of the inv ion wWth speckHl c sequences tha nhi bi t

t el onerase acti Vi ty invol ves PPaci ng celM&H eMessues, or pnef y a

cel lular extrdct or other przepar ation conit dining tel onerase im contact with
several known concentrations of a thiophos h%am' date oligonucl eotide that

i s conpl emen} ggmggpe-?m RNpoconponent  of t el nerase in,a buffer{"®onpatible

With 30 tel oresase act i viktabd. Tk | evel of t ?gerase %t i

concentrati ofi iyt he - 205 % 19 Cct 200™ 8Q15.,PCT/
ffed Before®

. xl. BzCl . .
t hi ophosphor eamvttagve pol ynucT eotide is nea
adm ni stration of a telonmerase inhibitomursduener ase acti it
determ ned using standard reagents and nethods. For exanple, gelonerase
acvi titySychag hy fsthydntion usigg dedomthanearsiisileat oxilen The RAP pavtdotivy Yupeagy (Kim

et alg, | , 4012, 1997; Weinrich et al., Nature Genetics 17:498, 5
1997) " Tﬁgﬁﬁggﬁgéﬁ%ggaé I40 BEQUPs Was Eeduged toapminec whishr wasthey imprediatelpar ch

pur posesproteekBesieh Meiﬁioﬁimﬂﬁﬁﬁm%ﬂ&ﬁéﬁy%’ﬁghi%ggc} %iges g%go}éculﬁs% % qgg <. .

Pur chase : and Tel oTAGGG Tel oner ase Roche

Di agnost ? c@luoyhester s shensclpaved uling ah Gikalifd Stutimp €S TwWed ttly PhoShity AGon

pol ynucl ﬁ’é?%é %“&t r%i ?ilhtt he (t:}%fsder,ved ,activity for 10 a sanpl'e preparation
is observed to Talt oonsiheve trdesired 2rQ-segyl ueiding phesphoramiditel mejonfeer t he
pol ynucl £0tThde’ iG-nikehy3 ot ' ' r.d chniques. Q her_ nmethods for
det er mi nj ng the i nhi b)?tcéﬁdﬁﬁgg\hggﬂr%’tgfﬁlﬁg%a@ Ogggﬁ”ﬁp uFRVETsIamef widiasit i on
agai Wt intsrmedisted dnte habinoeytidireyeslog 50 | | be apparent to those of skill in
the art basedyon tgg di sfgLosgre herein. Wth the above-described nethods,

| C50 val ues foFf WathEss of ghe 2/r0-alky denpsine sntiogueniedairel dio genefchapy i des of
t he presgbiecti BliksO Bri MBS rm ..and found to be bel ow 10 nNi ( See
TABLE Z,ﬁE;(arrI%?/ % 6%37 &%ﬁﬁrtg’g%’g’égl‘?%g{‘%"e‘“t‘}’ AioBrrvertitheakylgtemef Nikeases
usi ng t hduwissosghyation datte Paiyirsgl (gajubctgshgntpﬁ).ageﬁgm,mg&ﬁr_y,_ép t he RNA
corrponentt of Jgg%omsr%ze are expected to induce€ crists in

t el omer aQ¥OYN-pengeyliirdeoxyagenssing 7 cwasibnst depirotobtEdQsusk: ab byareadiios asith 20

epi tpyel i h re. spant anequsly inmmrtalized with

t hi oﬁos?ﬁ%@%%gglé%m’:%gn% ed¥t 8%’ éﬁ?ﬁg'laﬁ?“ﬂﬂ?? Tean, thee-hydrokylrgroun i on of

t el oner amé tiecNibvhbigtyaserd 8¢IBY? K t .in telonere |ength {See
Exanpl e ﬁﬂ,i_’k'?nd FI C—ity4) e ea’tﬁ%ﬁ% ggﬁt@éﬁdh@?i %ﬂﬁ@%’gg%& BS5PY FYRE aSdhg | i nes,
such as ‘riERAdiBhenxisHy lgroup erdhe 4-mootethioryteityl Btofp! The RRABRRYHAGH tRaLR

ol i gonu j ar 0 enmentary to the RNA sequence 25 conponent of
t el oner 2%@9%@12?43%@%&&@3? ‘éﬁ%%r%&@n&ﬂ%@dl&m@}ndwNtkltlm@tyanbwngt hin the

t r eat ed foelthes selddtivepin 1 dat i cleptides of the invention are

al sq_expected to induggaﬁ{ognméﬁjg nr?%‘ lc?ﬁ%g aéﬁﬁ? r%g'pé’é‘l%fmo'iov?rgab‘i? s human
tuncf0 céntermedigte 8.5 0k NS 4-monomathorytrityl @6uL *ht thdn"RendVEARR SK- Ov- 3.
| nportantly, however, in normal human cells used as a 30 control, “such as
BJ cells of fibroblast origin, the observed reduction in telonmere length is
-21 19 Cct 2004 wo 01/18015
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. control substance, e.g., a thiophosphoram date ol i gonucl eot i“g

~anal yzed by digestion with restriction
t han t he} Zé’b’:,’ﬁg?on%iﬁsg?( TZAG sequence. JFON owing d

PCT/ USO0/ 24688 expected to be no different fromcells treated with a
has at
| east one single base mismatch with the conplenentary tel oneras! 4
t arget. Thgv(}a‘ghgtﬁhosphor am date ol igonucl eotides of the invention also are
expected t Strate no si gni ficant cytotoxic effectsPar/usanedesat rati ons
5 bel ow about 20 pMin the normal cells. In addition, the specificity of
t he t hi opbamRROWARIYALE L)L S0L 6L i of the present jovention for
tel omerase RNA can be determ ﬁéég&gg&é%?% %ﬁ?%"’eﬁgbw‘af‘%&’f °‘P@g »wi th and
conpar i népliowed by sepriotectign ¢f116&0)TheiubdoMRERRE thibSdd BF AEREBRRecRBA of R.@t her
enzynmes known to@avg essential RNA conponents, such as ribonucl eoase P.
Conpound=SHESA il they afidifien qfcere benagek eranpst eTherseemd benzoginpamedwao t he

| C50 val y@SeduoN@y & bei.ng ,screened, are said to possess
specie;i ci tyec#uofr{m{ e ORE(E gégssreltﬁeg@e\qu% ¥ g‘f‘%dﬁ%ﬁﬁetﬁ’i"g’ﬂt"% %Wﬂ“ﬁjsi ng a
nmouse> x ewesther tednaed ehd tHe @ésulng BPhBinoighoupliias RrddéedR i 4- .af e
grafted 02%0 H@de, mce, in which m ceg t%t 2& with a t%%‘ﬁ%@%)%tgfm date

ol i gonuciod8tn 48 Binallpdhg Fiveilit protectingegrovpeast cdehved) ahd phosphisationasssd 15 t hat )
on aver ag8he 58Y.l for..a period followng the initial dosing, but
will begin ?ﬁrﬁ%sﬁ%s%@édl%ﬁwo@%ﬁnui ng treatment. In contrast, mce
treated with a control (e.g., a thiophosphoram date oligonucl eotide that

has at | 84eM®%ne s ngl e base m smatch with the conpl enentary tel onerase RNA
target) are expectgtl to have tunor ¥Bes that continwesto increase. 20

Fromthe foreg Shose skilled e art wll te that the
present To i sQ, p rEDe$ @s f orgSgbect i t tleat ment regi nens
i nvol vi ng adyi Jii strattomof a Wear dat i gdnucl#atide of the
i nvention. FQr y be hel pful performa terninal

bauch purposes, b

restriction fragnent (TRF) ana 5

SIS in ich DNAN (B t unor cells is

el ect r ophomgsiogad sx. pemréakinmed TR0BS B par
accor di n 10" ze x I@@nﬁ? arated fag
aci d probesgi speci FicTor 2IerI onMenhENSBgences to deterrg[mﬁ e | engt hs of
the term nal fragnents containing the tel omere DNA of e1qew\els in the
sanple. By neasuring the length of teloneric DNA, one can estinmate how | ong
a telonmerase 30 inhibitor should be adm ni stered and whet her other nethods
of therapy (€2 SyntagsisRfithe guanpsine-bayedRt-Osadiy phosphiantiBitd 55 RCTepidsain2 4688
chemgt h d/ pr AL shoyl d al sg, be, enpl gyed. In addition, during
treat rreflgtc;ﬁg%ﬂ?l?caﬁ Jtotéfsatg 2(a:ie 8§Qt¥ 139862‘?&"8?'1?118 'Wﬂg‘ftgg'roqéhlg’é@ﬂ%a&%@lwﬂr3t'el omer e

| engt h cleexyguampyineskd wes dedlbckdil \bySitéatient SviftCE Bhdel NBnd & SlefRNGLd LR

t reat ment effiggcy. Thus, in one aspect, the present Invention provides
conpound&PTPISIEd P Teastioy avithnt-huigdiphenyisilatghlonide. Tha dés-sibydatédrp®dringdinteweapons

i nst i i i t el . b i | udi Kin,
conneot i"L8 e DG afouti Vs go csvemioLsiedcp gius Sompon, cer vi x,
uterus, 18i dheN-2 ptougdis re-prkRtkd, ﬂ%@ﬁ&if&f%ro%%£ ?édu%%{ %“%p"ﬁ% r%)sﬂtdg énﬁ(-CNS) ,

retina and circulating tunors (such as ukem a an

par ticulagnno gieup wap eptiestesoryieti det micleosige 14 Fiiallgeie of-OLAIRy I RAuBSRMe

i nventi rovide a highl eneral 10 nethod of treating many, if not
nost , n&p? ﬁg‘ﬁ“ ?lll@%c)m%"lfér‘rgﬁ‘?g Pg@’é‘ad By ramayving the b}rprptactinglgteupdollowedor cel |

li nes amgl phospRItHatiaVd ik tnGl Feky r&ﬁﬁiVity' More inportantly, the

t hi ophosphor anmidat e ol i gonucl eotides “of the present invention can be
effective in providing treatnments that discrimnate between malignant and
normal cells to a high degree, avoiding many of the del eterious
side-effects present with nost current chenot herapeutic regi nes 15 which
rely on agents that kill dividing cells indiscrimnately. B. O her

Anti sense Application~ Antisense therapy involves the adm nistration of
exogenous ol i gonucleotides that bind to a target nucleic acid, typically an
RNA nol ecul e, located within cells. The termantisense is so given because
the oligonucleotides are typically conplenentary to nRNA 20 nol ecul es
("sense strands") which encode a cellular product. The thiophosphoram date
ol i gonucl eoti des descri bed herein arelfiseful for antisense inhibition of
gene expression (Matsukura et al.) Proc. Natl. Acad. Sci., 86:4244-4248,
1989; Agrawal et al., Proc. Natl. Acad. Sci., 86:7790-7794, 1989; Zanecnik
et al., Proc. Natl. Acad. Sci., 83:4143-4146, 198b; R ttner and Sczaki el,
Nucl ei ¢ Aci ds Research, 25 19:1421-1426, 1991; Stein and Cheng, Science,
261:1004-1 O 12, 1993). Aigonucl eotides containing N3 -BPS

t hi ophosphoram date |inkages have therapeutic applications for a |large

o, o, o e

e h est r4 ciy
n'ETITS—g"I-‘Jé—t-heﬁE‘bI’Ob d

ith nucl eic




cell proliferation and interference with infectious viruses. The N3'~PS

. thiophosphoram date ol igonucl eotides are useful for both veéeg ineﬁrzm‘and

human - 23 9 OCT 2004 WO 0l /18015 PCT/ US0O0/ 24688 applicati he™ hi gh
aci d st abiwploysdefs t he inventive oligonucleotides and their abili tsg to act
effectively as antisense nol ecules at | ow concentrati on,ngygéooggf w) make
t hese ol igconucl eotides highly desirable as therapeutic antisense agents.
Anti - sens®heBtht s typically need to continuously bind all target RNA

nol ecules so 5 as tQ iggactivate themor alternatively provide a substrate
for endogenous ri PIhease H (Rnase H) eactivity. Sensitivity of

RNA/ ol i gonucl e nconpl exes, gener agte t he nmet hods ofy_tjle present
i nvent i ORgo-L 0 w i gest] can e uat ed by standér hods
(Donia, et a Bi H?’" m'«jr%gg 2 I’%—Qi%z-au Tfé’é ; sakmvHet al ., J.

Medi ci nal 36: 831- 841, 1993) et hods of the
pr esent inve'fli’(‘ éfn provi de several Mad¥ent ages over t hewr econventi onal
anti sense agents. First, thiophosph®rani date oligonucl edti des bind nore

strongly { QuRNA targehseds, correspondi n;Lg;?sphodi eqter oligonucl eoti des.
n

Second, thesoe$p ophesplwr am date ol i gonu re resistant to

degr adat i pripbREnaci & BT POns. Thjgd, kg of the compound,
an uncharge&immde)phosphoram dat® T S polS®ucl eptj de backbone may al |l ow nore
efficient™éWtYy of the phosphoranidate ol igg tides into cells than a

‘charged ol igonucl eotide. Further, when an RNA 1§ Coded by a nostly purine

strand of a displaeatheargrbodimene g ethep BREPROINEhESH,E tRNAlRD plHigRN el eoti des
targeted to the duplex al so have potential for inactivating the DNA-=i.e.,

t he abi | Phgonueleqtifgs is ineneesed by pldvingembunitsbinked by NG-oP 2 thisphoaptbeanid e
doubl e- st randed. f ee di scussion of anti- glgne t her api es bel ow) .
Y

AR . ne t| .
Sequence MyERunit linkagss, ip he pliganyrieatides.i geubytistizationnproperties of athe

auence , ° ek ; diti
Poar i o idphBO#GEitarl BELARERbIGS el oRBRN Bl (DR RGRRS (A GR0cs Lon
be t a¥f geRNA stands Haeingphosphodiag!or pRdspRGIEmidae itteiBubutR 1Rkaded! 9L thBGndNA

sequences expressing products involved in the propagati on and/ or
mai nt enaftakilitydata fudupleesst _se,nesaJ@dn from phasphorimidatei oligmmicleptides andid ot her

fungi, f . ecific nRNA. encode an j.nfectious agent; b)
formati oﬁﬁogf‘ a géﬁg?léébﬁﬁ%%%ﬁmém%?mre@g JES(E%/F"?HQ%I@ci ng the cl eavage of the
RNA (e.g., REpRiditAiosdfIRE il : mtared 19
O 5603 o Coyeidtiiof ARG 0N sé)gc}})ﬁd |?é’§?’?m‘%}b?hgé% il Wl feentary s

prot ei n Bicldic aeidsidisequenpesperifiq @dgletertined bythe ipasiet Bratsoh-CTREK basechalg. See

bel oyy ; d.d) targetjng sequences causing inappropriate expression or

pr ol .W% er el%'ﬂ)le %Bg?cf t’Pf gﬁ’“@@‘?‘\’%@‘.da‘?dﬁ‘g%l‘\cﬁpée, Sgér{@sNQ'és‘G@F atsiglapase cel |
cycle regidnatéipwith N IFATAEE, i h c )
proliferation, m gl?g{i on an &naﬁ%%?%tre%ttlggﬁﬁ? I ugg%?ﬁé .6’, e[lé]%]é]g:yabtl on,

79: 1374- BygTimentB3y subsentiallyriesy snableitiandhsduptear foimaanattc@nigRiusleotide SEQ

(prot oonﬁ?g@]f%&I.ngg e errgqodi ment, translation or. RNA processi ng of

i nappr op ef VP SR Y empamentagy togfhe BNA compapentad teloietasn Exgmplsttent i al
target SEARERGCExSHfmddt Pt OONCOgeEnes, for exanple, including but not Iimted
to the follow ng:” c-nyc,” c-nmyb, c-fos, c-kit, ras, and 10 BCR/ ABL (e.g.,

W ck¥ r oAppliediidng iporseiEotides iContaiiid InenaRlebkigd RINHPYASHlersapy of Cancer
and AIDS, W|ey-Liss, New York, N Y., 1991; Zal ewski,
Res., 88+HIBP-RULGHNICAQAMXAgRS abretta, et al., Sem nars in Cancer Biol.,
3:391-398, 1 , t nrar L nt Rev. 19:169-179,
1993), oncogg%%%on%i.egg?gp%@? @a&@/ar% S@?ﬁ@)(s {&ﬁsf gﬁms amdate was

Devel opneymthesided3 8GrSXnpot@PRhs subr o d ( kappa. B,
Cogswel |, et al.) J. | r?rrunol - lﬁl-%gn%%%%%%y} zr%ggB eﬁaan%ab% c;ogﬂp'i’%ﬂe\lﬁréﬁ; (e.qg.,
papi | | on@edmplementa@oRN 4rtargeet Thel N3'ARY thiaphosphogedits pelngucllotass of the
37:171-177, 1993; herpes sinplex virus, Kulka, et al. Antiviral Res.,

20: 14%- 1R¥esent rygytionabaye igeqat potentiabifer antirsgte dndrantirgens diagrostib/éeagpeutin

hyperpl asias is the protein conmponent of tel onerase (see WD 99/50279),
which is often the Iimting conponent in tel omerase expression. The
sequence 20 of hunman tel onerase reverse transcriptase is provided in issued
U S. Patent 6,093,809, in WD 98/145927 &nd in pGRN121 ( ATCC Accession No.
209016). To further illustrate, two RNA regions of the H V-1 protein that
can be targeted by the nethods of the present invention are the REV-protein
response elenent (RRE) and the TAT-protein transactivation response el enent
(TAR). REV activity requires the presence of the REV response el enent 25
(RRE), located in the HV envel ope gene (Malimet al., Nature, 338:254-257,
1989; Malimet al., Cell, 58:205-214, 1989). The RRE has been nmapped to a

., Circulation

o, T



- 320: 367-

-25 19 Cct 2004. WO 01/18015 PCT/ USO0/ 24688 base pairs in one stem

. Structure and to three nucleotides in an adjacent steml oopiitqrﬂ&gg@ﬁ} of
the RRE. A m ni mum REV bi ndi ng regi on of about 40 nucl eotide | oop

Il has beelgvdgﬁg(hgfi ed by Cook, et al. (Nucleic Acids Research

19: 1577-1583). This binding region can be target for gendiCAfUSBIR46¥ RNA/ DNA

dupl exes (e.g., Li, et al., J. Virol., 5 67:6882-6888, 1993) using one or

nor e t hi epiicstgher & ﬂﬂf@reﬁ|eh@0&imhﬁ@ﬁﬂ1§|9ﬁsqn@ﬁﬁ1@ﬁﬁﬂnr}%et&igBﬁlﬁ}éEﬁaéE%eg of the

pr esent |{i1vent|o, . The HI'V-1 TAT is essential for viral replication and is

a pot ent *i§odryEbepgleatidess | ong terminal repeat (LTR)-directed viral gene

expressi an ( Bpy et e| .: 941-947, 1986; Fisher et al., Nature,

Hé [ bh Applica . H i
ol 1bition H50! 3O i nduced by TAT protein 10 requires the

presence of tReedtB aﬁd(n%%’ thd hGkL dise | OCated
in the untransl attgg 5 end of the V%CQ@M@%%@%ﬁgr%h e %a?rreent i's
capab? e 6f smgscancegi.a. Sicalobeot pwlifdraive @pacitytthatece{lMneshally @idetdo in 16! | ,

48: 691-7 7). The integrity of the stemand a 3 nucleotide (nt) bul ge
on the s? %lrlﬁl%%g?ﬁlﬁr%cﬁs’ b@seﬁeq%‘ﬁr’r%ﬁg‘f’%t g@l‘etm‘“ﬁé‘t theseads,i o telpmereg,efdhe | ¢ and
hi gh- af f tiroingsdme3dd e kafyvokds T i ment (Roy et al.,
Genes Dev., 4°1365- 1373&0198%%51&%?92%{25&%%&@’% Péiwls;@@{_s‘?rk@ﬁsgq%ég@ Sci .,
87: 8985- 89egists igvolonpkngmathat etonres, hat¥ acimppthit bid6gital r&leiin maf@iifdR5- 6929,
1989; Weeks et al., Sci en(ﬁz, 249:1281-1285, 1990). This region can be

t ar get ed“FOPONS SHHSHER apg, dpncHon.¢ Marewpasatly. reientisth davespechlated that ahe

invend i ofumiikk id & t] inding sites of the , RRE
and TAT pr o% gﬁ%ggb%%%hé&ﬁwggﬁﬁg r%gtﬁ%églv%}?n RaY RE\ASh B8R O ot ei ns
t hensel veslubaasenbsenaerayd tagitig) andalial e rb@lhioa%kt&@&ﬂér%S&Qéhz?&eﬁﬁ\%hﬁB% eins.
Initial %gr eeni ng of N3'-BPS thiophosphoram date of i gonucl eot 1 des,

di r ect ed* dn%PtﬁBaq‘ﬁBPéﬁ?lP’é‘FreaﬁWtbem& hawe eportant bivlogigabiimali¢afionsic Bedes

testing h |4t resul t,ant . RNA/ dupl exes. \When a

t hi ophosgﬁlg?}égggg’t Qf“gﬁ%i’%ﬁ%‘%& ?/5 & ’Iiléfgladeﬁfq’?rlnéﬂ“i ﬁgﬁa‘ﬁ*’]‘ﬁﬁgt 9l5 haves ol ect ed
RNA t ar geinfiseeithe itporfahie of!té16Erds hittklofRrasdinl dohirflBihg Hﬁ%&;ﬁféatmgiféf-sgg}i bi ti on
of RESA fgﬁpctlon invitro. Cell culture assays systens are use r such in
vi t r & an®fiopliyred permel huranrqslls, SeeRoidaar eval, 1998, Koiekae, 27613484352.Ant i vi ral Res. |
20: 115- 130, lfge?ciilergﬂevr 1 1l§’i c?t al..J. Vi roL. , 67:6882-6888) 1993, Vickers,
et al. NucleiC ReTEE i dhonycleoprotaissenzyme dhaty gygihesizss gne sirandrebihe nuscl e

cel | pr ofelohRfia DNXudifk 4s05tRBRE! I . i i ds. .Resear ch,
e 1ol S APAR e SV "éeéﬁ%@g‘ﬁ%%,ﬁp%@f?ﬂﬁ-m

Gri gori esnzyme. e Blagkbum, Np2| Anic Relv. Biochem., 90135029 3FAGRNAMR iposiciy b  Baer ,
et al. vl 1319- 1326, 1992, c-fos, Cutry, et al. J. Biol. Chem,

264: | 97%ﬁ%‘fﬁ%’,ﬂeﬁ%@?%@w%&@f’%é‘&‘&?ﬂﬁ? nugleotides in lepgth sertainiig: BEes 565,

1 99130 Gof Mbisel sa i i i bition o ene expressi on via
triplex for rratsieosr?qﬁgge ﬁg%ﬁk%%b?%ggrﬁ@&@g%%tor aee{?l%gr{g/&gt {14t Sej ence,
241: 456- @BRerasO/Sivitphastreereinhibited by\u aridhCofAtigoisucROGER BhplekRn RA41,
1991; Pg}gltqg et al., Proc. Natl. Acad. Sci., 88:8227-8231, 1991). The

i ncreas PBPPPEY) ob felpmerasee xSegiNqrtan at &k, NejurecRiotaehnolegyp 1436l figl 996i r d
strand tgy S Jflaf e aral 0ge.0ld,Qc eqldedes . pr.ovi des tronger tool
for anti ggﬁghﬁldma}g%ﬁ?%:tgtégar?'s tg@il"ng?'3!}%4%81%%%@&9'#3?9‘1 gzhﬂk}}?dn‘“éﬁﬁt ﬁé?cgpeuti c
appl i catBioplys. Rest Gometuns, 2¢8:868-571, ¢499i CRiidpho bﬁﬁﬁ%'&%%mm@@"@e
sequences using standard rules for triplex formation (Hel ene an oul ne,

Bi ocfrem P’Es?%‘bl‘ﬂg/‘?.n“%taé? comalpmpgtarpso 1099050 npglsiotided vf telbmerase RNA.

doub oty Sy SEr vl SRR N ol oS ot Aede RS RES Breedom nant | y

puri nes Hd 20 bensdcutivt Bk sedueAdddndt MHoRlptSncRlBFRML rimdines.
Thi ophosphor ani date ol i goﬁjcl eot i des gf teﬁe pr re%g%tgltalgé/nl\zllgﬁfi on are tested

for triplex MNathedsifordetegtingitslonerase hativitpchs el as fortidergitiing esthigna@sthatsi ng band
shift ag%gM%eSSg ngr exanple, U S Patent No. 5, 726,297, Exanple 4).

Typi cal I'y? i ﬁﬁ%"r ARREER 0iVinadrsathenvit methadsfor thetasy and diagaesis efhi f t

anal 3651 Sceflildr kéiRsdeBYE 45 i d L st al . Current
Protocols in wb|ecu|a%§E?%T§§§?£ﬁ%Lﬁgﬁ?@@ghﬁ%gmggﬁg}&ﬁﬁﬁggfé%?%Fﬁﬁf; Sauer
et al. Editor, Methods in Enzynol ogy Protein/DNA Interactions, Academ c
Press, 1991; Sanbrook et al. In Ml ecul’ar Cl oni ng: A Laboratory Manual,
Cold Spring Harbor Press, Vol. 2, 1989) are adjusted to reduce any
non-speci fi ¢ background bi nding. The duplex target is |abeled (for exanple,
using a radioactive nucleotide) and m xed 25 with a third strand

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

ol i gonucl eotide indicates the ability of the oligonucleotide to form

- o - . I L




19 Cct 2004 wo 01/18015 PCT/ USO0/ 24688 Numer ous potential target sites can
. be evaluated by this nmethod including target sites selected froaen 2l |
range of DNA sequences that vary in length as well as conplexity.
Sequence-speci fi c thi ophosphoram date anal og bi ndi ng nol ecul es are

potenti al | od’dmful t herapeutics for essentially any di ®eaasom4sszondi tion
that in sonme way involves DNA. 5 Exenplary target sequences for such

ner apeuiil Ak G el o URSUTRERS oY NEL 5 BagRagE o and o

mai nt enance nfectious agents,

other ' f usbj 199fpScience/2d6ez010i20 HRGT Garbit SuBRaBRNGS B3 Q85 AN phTisEEt NiGHS agent
e

and b) s% uences causi ng i nappropriate expression or pro ration of

cel lul ar g’elr?g%;,m‘é%fﬁr PatenpNen §636.638, 55160 042 H5163,278) 5140,619 and 5,863)988, ng t he
transcription .l . } at el ressed. 10 cellul ar genes (such as genes
associ ated w Ftrﬁé iderd %grgé%&%pgxﬂ%ﬁ?td@@?f‘e KBV IESRPHAMPORIti cat i on
can bé bbemfiecitolffopie e tradting hulrah RiRXseS Idoh &Sth ﬂnﬁﬁﬁ't%@ex‘ag’ %&{?ﬁ%ﬁ{ﬁ
required regul atory proteins (or nolecules) are known to PR (Tor exanpl e,
H V t r an&®t Ppuseshtoatieas delamethse-metiatesl disdederpr nhtaereander) éinde @ncsi deftls and SP1

bi ndi ng §J , han, et. al.. J. Biol. Chem, 267:5712-5721, 1992).
Al t er nat ?J\égg%,tefggigéﬁsf el WE@“W"{ $mptis sle da nob apssessrielgmsrase of genes

(e.g., 0aam&esi)olcfgi’d&ll?;?eléy%hgﬁwg(i%? a%%ls S%Qnﬁot 41@@{}&351‘3 hQ fqalg‘;;ﬁﬁt N

anal og ol i gonucleotide is identi I'ed S a se u ar get
sequenceovaamany ctlbdivisicush| Unfotvynatelye f@ekuchamdp&hxﬂi,tes;b’eaml#r cbipAmaawitdlescri bed
abov Is further tested for its ability to tormstable triplex

%o tpepan {’:’l| 0 . its
st r udt ur B8hiPg °9?’?9rcﬁ°t‘t§91 nd compgnds thatare hiogyailgbleafiar orel administrationciavas t hose

d i b ¥ , d. T t sit be ch [
he. cont ol SedfRh Sy cfacerad fdse, b, g o FELDR: eSppREHS Rt 8511 on < t o

or bi ndi triomegseoinhitifors' gt hateoreyativelyt R polchey PACHNEY I arclS3fy Birg et
al ., 199R; Posélleil ef.al., 1991; Cooney et al., 1988)." Also, target sites
can be cR@awilakigeend foncompesitions gad methods Exitrepting canc@Nmdsehpreliceess (i . €. , a
transcri mh%&l—!@ﬁ&%ﬁ}/@i‘s ygis&gabZSOg%q%}bgonucl eoti des directed against the

' I'se $

site to function as an se nedi as well (see above}. Also,

t hi ophos phor affictatethinptlb {phordiits STRlon&ITRe CaRpARIY3LMle oPeslR IR 11 P! X

nol ecules with a third strand target (i.e., a single-strand nuclerc acid).

For exanffeicid; saRig. gpd dherpfor; shave gnanyovateapieo nsescaspimbibitons of délsiekigua tri pl ex
et 30 third strand nol ecul e can be

structur ] a l.ected tar
synt hesi %leaé\q.}érﬁkfpflcg‘flﬁy PR SBndoT BRMAS 1 the) reatmgnty f gangeaxinphumansg 1 9
OCT  2U04PNiinBidelnti &) bampbsliidAS @0 B &hhoramidate oligonucleotide can be employed in

treatment regimens in which cancer cells are inhibited, in vivo, or can be used to inhibit

20  cancer cells ex yivo. Thus, this invention provides therapeutic compounds and compositions
for treating cancer, and methods for treating cancer in mammals (e.g., cows, horses, sheep,
steer, pigs and animals of veterinary interest such as cats and 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 hyperproliferative

25  or autoimmune disorders. |

As noted above, the immortalization of cells involves inter 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 abové). 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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regi on which allows the association of the two regions with the third

. strand to forma triplex. H nge regions can conprise any flexijid gctizdage
that keeps the two triplex form ng regions together and allows themto
associ ate vy J],lgtﬁg third strand to formthe triplex. 5 Third strand targets
are selected to have appropriate purine/pyrimdine cont eMCTA§00246880 al | ow
formation of triplex nolecules. The flexible |inkage nay connect the two
triplex dsniendCletpplingionNg o885, dandtshasPnkafbiRboSlkloaliR adtigny

sel ected oréent i gn dependi ng on the nature of the base sequence of the
target. E8t %%“?F%ﬁ%‘,’e itlecangs theragy. elhus.delometpse agivisy sareprebertt sheeonsét ofind 10 3'
ends, th o ed by the flexible hinge regign in the

Fol | owi g srt aniar el degRUIERR oS by i entigihe gl T gietionor feprgee

Fur t her , leigthlame tB\onSoirext 6k SaidinsH il delitadin h8ARLuATE nblHARRRRNARAM dat e

| i nkage %’E each strand can be used as ‘decoy nol ecules for transcription
factors Brermngayiselhdivisionsr dr eanser ¢ells gwhere theyimlignaib phinogipe 16t ded oPNA can
al so be et nucleic acid for oligonucleotides of the present
i nventi oﬁe,c“e %ﬁ%ﬁg’%’g’;}p‘é‘%{‘é k3 othey; g5pet SrAncabsence of delemprasy activity

| i nkagecperiaisnihedo$iabf BilBmetié UNTNT &fing . i ] dat e anal og

ol i gonucl eoti des can be sel éct ed formsgi ‘\F%H g%@ﬁﬁ’?%&%&%ﬁ*% ted

bi ndi ng. repir#Eemgnts And phemationspthad padoslimmitelytte celhddatly HbwéveeSin thck&lls
single-s DNA target results in formation of a 20 triplex. D.

Phar mac eh %&Floﬁﬁ%ﬁ’t"%ﬁgﬁﬁﬁc PN s wot bophruring esll disisiondbsrepyaliaveiogut i cal
compoi t theRances@dlyto beldoRB §d t.] herapies. The c ositions
conprise an effect i ve gmuﬁsﬁﬁﬁé%égékﬁiﬂaﬁg%ﬂ%gsﬁ@a’ﬁip&g?’g' Aghnts

ol i gonuctapeble ddgnhibiting rilongtase mctivityhinatupida cBBE 88 ﬁqaiabyutﬁecsﬁﬁﬁgb\b 25
carrier. One or nore N3'~P5' thiophosphoram date ol i gonucl eot| ﬁlzhavi ng
di f f er entRFEE10 AWK YATER of cancersiand ether penditivas (sg) fineal infections) i wisith

f or mul at inGRortaliné s B ' ' ram dat e al i gonucl eoti des, when
enpl oyed nibn t her apefjtﬁ&atﬁ%ﬁegag ?%ﬁ'gs]‘? ar@a?r{g%g ?‘g'ﬁ‘?%eﬂ%esﬁ’é?a@r BWhiFk h t he
addi ti oninbibitionpbfitekemerasd activigaisr dedired Thetreatd®nt purb9seCT /18015
PCT/ |JS00/ 6,4688 ?ﬁgr_ maceutical carrier may rbe' s%l ?L(lzlxi,osfe 1 igﬁ??ﬁloﬁﬁﬁg&l

f or mtn at FBRUPTS of einventipmeastadsoche used to inhibit sgbemdraealctivityeihfoenh livecdRse to a
subj ect auid carriers can be used itn the preparation of
sol uti ons, dgl?rlu ls)% Ekggﬁ?érgg%hé%gptgﬁgug)ﬁaespr essuri zed conpositions. The N3' ~P5'

t hi ophos phor madditien, i WD bl et thatfhrapeflic TRALNE For QrealHERBOUGHI ' 2
pharmaceutical ly acceptable 1iquid excipient. Suirta e exanpl SA5FT | qui d
carri er SSp §f rgalirahveombiziagh tlornerasel inlibitdr diBe- iBRStioh i RIRS RhGeaEAat

ol i gonu i reparations include water (partially containing '

addi ti vgdsg,%g’. ’g&?‘dg@ #ﬁ?‘o‘&é‘%{]‘%‘iﬁi ‘K?aPFP%Ea,“ SPdy &y dasexibedoia Urd. Patenb Noset hy |

cel 1200 0sx6360638, i NG0,06d,CHh J ' L C cohol s d pol yhydric
al cohol s, e.g., 5§| col s) a%g‘{%e?’?bgg}?%ﬁ@gg%/’g%%d g%’? sctl]’ﬂfe(gfé't“al

fracti orfamsinaieeontt deend amdvasioas ficsors iiniudidg) ut nGtiisite@ ks, 88 tFRNcCONt ai n
ot her sud'.tegblﬁ‘ phar naceut j cal additives including, but not limted to, the
fol | owi ng**¥olifBRT ilgenera Abthe gaticgb thesageeeasivenissiof dissase widgeession,

t hi ckenithgTRP | SCOSI r | at - . preservatives,. stabilizers
“and osnol ari tgé% trgg”gadllgg,%lgir’nglfas%%crmgg%%[eéi‘r%g%e‘iﬁﬁ{sﬁ? ?F t‘rﬁ?tf"i)ﬁn fhe QBilityzpic

t hi ophoghhpatieni thatoteratt itigoagentsetiti @ampricd thelRntbiioh FoREx 518, Gadf o1 1Y
est e and isopropyl nyristate. Sterile carriers are

su‘ﬁ)h as et h}/l oI,eail

useftll "H°8: BT Brogregtipy hasgiesshed ap advansedratats, ot mpa be advisahle tadninbingtar at i on.
Steril e gibslbka&l ; | Lcal osi.tions, . solutions or suspensions can be
11 zod piest BRGAAE EHbl 8 or B TRRRUOR AT opgrdetis il oot Febnen

i nj ecti dhmt areneffeative ol $bdicin@l tub@PisEB! (LY. rddPftiofX ’ ) £
eoti des directed agai nst re(t“lgnal clf/)t ’osalmjsi‘gar bgl?e%dgﬁ%%ixi %Qdé%rti on may

ol i gonugl

be admi ﬁ‘Pé‘P@}aéar%@mné%-l | Ip asMditiopedix sprme chig's-it BRAS bet hdvigabis phosakiae dat e

ol i gonu i, de be al] sp.be adm nistered intravascularly or via a
vascul a(riélgl?gﬁge ?‘r}rl%?tgnén%ﬁeél{joﬁlhf’ AP YRAEBH REH AN O 489Te 28enss thak diept the sifier i ng
bal | oon catheterization to provide |ocalized anti-restenosis effects
imedi ately following injury. The liquid carrier for pressurized

conposi tions can be hal ogenat ed hydroggrbon or 25 other pharmaceutically
acceptabl e propellant. Such pressuriZed conpositions nmay also be lipid
encapsul ated for delivery via inhalation. For adm nistration by intranasal
or intrabronchial inhalation or insufflation, N3' ~P5 thiophosphoran date
ol i gonucl eoti des may be fornulated into an aqueous or partially aqueous
solution, which can then be utilized




-30 19 October 2004 wo 01/18015 PCT/ US00/24688 in the formof an

. aerosol, for exanple, for treatnent of infections of the Iungs11?i §€'Fm7-°°"

Pneunocystis carnii. N3'-BPS thiophosphoram date ol i gonucl eoti*de be
adm nistered topically as a solution, cream or lotion, by fornulation with

phar rraceutWE’é’I”I‘@"%lccept abl e vehicles 5 containing the acPcvwsmasgsund. For

exanple, for the treatnent of genital warts. The N3'-BPS ' -

t hi ophos ' i go i d dm nistered in ]iposome

carrier s%%%muggfsgﬁsg’l % 'bglg%eagg%si)c’ ? gf‘:ém ?gtegfeég‘éee O YAt e RAIeRS PR cr i bed,

f or exanphmeyne msponss. (e Rat6lohy Sonulding BattozRS and U. S. Patent No. 4,394, 448.

Numer ous publications describe the formulation and preparation of

| i posomes. 10THnePmRSYAdEOF thyiresenieinyentionrdemossitate irthibitdry abidvity3agaist

t hi ophos ) . .| genucl eotj des var ith th r{icular conpositions
enpl oyed?é t %ﬁgre gﬁlgﬂ}g%ﬁ gﬁf’ﬁ i & éﬁ ﬁgﬁ?nsf%ﬁ\&nsaé\f?ﬁr&?g%i‘{vﬁe Lhe v

pr eseft eaktivities of tie omboldds of BEvehiibrORi A58 BREAdEnthRFate h I e hilades and
the particul ar subject being treated. For use as an active ingredient in a
phar nacefitsedkad hereith apapsedriereim the tero hinottestrefies t3estsf petforrned wsihglivingn i S
general | Al J: £ way, from ot her reactive of potentially inmmunogenic
conmponen esuglﬂ)iﬁé%{éeﬁaﬂl s %gﬁlghﬂﬁoﬁet eéafeﬁmﬁﬁngwngﬁ'éeg; "H’Pg prepared. Typically,
each active ioggmdéiestide tSoRERYd 4 : t 0 ity, and
nore preferabl 3§ 95% or e99((’)/0 hlgyrgoggﬁletﬁgfégcgg@%@t%g%Qﬁfeogg%gij%%&sg% assay,
chr onmat o#pdugies thasiis epaplehentary dptebmesass RNAeompbriene ThgseqiéRBbf hsmihen
corrp%md{eg Into di canent in accordance with %eneral l'y 20 accepted
procedur & °“?e6?5°tlﬂéﬂg°f°gwa?°a¥ i‘%ﬂmﬁ’fdeé i M cRatant &9 5761849 atThertelomerase

Phar macepNiAC@n btk - Of ' t admi.ni stered to a

Subj oot o eRTR OB icah B LEURR, BB ble YRR FLFRCS e

clini cal thgrappsi rabl e result. For the treatnment of cancer, desirable results

i ncl ude reducfion in tunor nmass (as determ ned by pal pation or imaging;
e.g., by radiSFEsHkythe elagonyelgetide srill wranprise betwisniabeuti 18 anfid 00 avdeatide25 t unor

row h, | [ f. netastasis formation determ ned e.qg.,
gy hi st O@ﬁ%&%}?@ﬂi{gr@i ttfis?%se{-%% ﬁgiaol%s ey?}!é%?‘ﬁ%ﬁ’é te ?‘88‘6%%#@3 OmPeREE Aleni cal
mar k&¥ s lpwec boarementigns 6f alderBsidichs o Wi | bingr markers
such as I](i&r um PSA), and i rrSr ovemsntS [ %ﬁéﬁezf???e%%qﬁf’% g{z?%lﬁ&gﬁeg’%&ned by

cl i ni cal R4sazanpepmpoaenss, or ptherfINA lnyolecules expectd to bdpresencatdramttionllyvi r al

[ [ . ' | t.s incl. t] | jmnati f the -31

Hnge%oag%g%? h{eatmg%t Eﬁféuor tﬁerhg&txg%(;st;g el#%ellls?.n Igcr:lugecf artpe rl)?iglor?ur::le%tides ©
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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WO 01/ 18015 PCT/ US00/ 24688 infection, the formation of infectious

. particles, or resolution of disease-associated synptons. Tqg 9 of

ol i gonucl eoti de per dose and the nunber of doses required to achieve such
effects can be determned enpirically using in vitro tests and ani nal

nodel s 5 (YQU48918t ed in Exanple 9). An appropriate rangerdmusot/essd ng can
be estimated fromthe 50% i nhibitory concentration determ ned with isol ated

t el omer agg y reparations of, i sol.ated tel onmerase can be
obt ai ned agggors‘%gﬁ%ﬁ{dggﬁﬁ%gf ggrlﬁ %ﬁﬁgfegogefﬁrﬁnéaﬂfﬁey FE‘F‘H%St'faGPWIE&t i on and
route of teldmemsesinhitiitor rtelohetas® borivifcad HeQetthm iRl Sk sBinl | sease
site of between_1 ~.Mand 1 nM forl,g.:c st gbl e oli gonutglsgarglfl?@eé%%ehg%n%

nucl eosi FsEhadsaFoy examplsygelamerasercvitsityl intcultened eclisyoan be peaiired uding TRAPRNA

sequence [ nesponsiil, Jetermning the admnistration
pr ot ocol a?ty?ﬁr?g%akéﬁﬁggt Z g?‘e’ﬁ’? ﬁ‘&h%l&%{’ &f} qiRricdieh AL, Naturg Sisaetios 17488,- BPS'

t hi oplospbeTanTHatell®ing R4S R bie | S centration
that affords effective gesfﬁ%’t S wt h?)v&?ﬁglgﬂcgﬁ%urgx%@ﬁgrr %sﬁ c%(r)pr&(r)peqsaﬁ'eri ous
side ef f d&AFepe® &K Talometdse DeteetomKitL(Gh). 5787 Mntergen 068 PurdkbécONY§amdbe

achi eved ) istrati o ither a single unit dose, or by the
adnmi ni st r@%?%%ag T?ﬁré‘e_’ci‘éesgcéii#é‘éﬁuf (i, 0A%h Revhe Lingnnstiess Indenapalisab e
i nterval §Ny.hr oughout the day. E. Diagnostic Applications The

t hi ophosphor am dat e ol i gonucl eoti des of the present invention are also
useful in di agholish thasowmystration ofithe polynauleatide BINAniGK tHaNbsdradd Rgivily Birven
targe application, the thiophosphoram date

ﬁ seguen@e. | n .one é?o ener al tion,,

ol i gonucP&BPP§PLerFalion &, Sélgeﬁé‘? fpll onediglf @iits grigipaloer 2xcamtol valte)donthke
t i : e NA I t hat , bound t

s L R

t hi ophos frhibitony dapeenthiigoeicl enhpdad dTete R8vEIBYA hohiRsPiiGthédssSbaPaEt (for
exanpl e, g?ef;‘t i ¢ heads) and honol ogous RNA or DN& nol ecul es 1n a 25 sanple

separ at e§™P B e O° pnarah tortheseof skt én the at besed as g disslostweihereinybr i di zat i on
to the i nmobii:ged.pho ranl. dat e anal ogs. . Bi ndi of thi ophosphorani date
ol i gonucl eot i yétg] ttoh%a %@P?Efﬁ%ﬂg%‘ft mfg}f’dge £§¥’r iV@G‘%Bu{mb?"V&gﬂvé tthenal
met hofls. thiphesyhomnmidaté biezonesiestidBNY @s F%t GREndRf WAGL S&E&ﬂn&?f and fRgar d

nmet hods, for exanple, using a second | abel ed reporter or polynmerase chain
react i onto(ishsloy K niyb{ee -E 3, Bespkd®. and 4, 683,202). -32 19 OCT 2004 wo

001/ 18015 PCT{AS00/ 24688
Wﬁ r(e)spect §o the trqatment 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 HMES0-5E 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 HelLa cells, with inventive

thiophosphoramidatg 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

-21.



Di agnosti c assays can be carried out according to standard procedures, with
. suitable adjustnment of the hybridization conditions to al Ipyoc—r

t hi ophosphoram dat e ol i gonucl eoti de hybridization to the target ?ﬂgbl on. The
ability of _thi og)hosphor am date oligonucleotides to bind at el evated

t enper at ur CUASUS 5o el p mnimzes conpetition for bindPeguse2d6a8ar get 5
sequence between the thi ophosphoram date oligonucl eoti des probe and any-

correspopgi Sj = p hodi est er, ol jgonucl eoti.de that is present
in the d??geg%gt tloggéglr?;?{e@& i @%ﬁ“ﬁr" %gsoggﬁﬁeﬁa léd’oar icﬁﬁtt’i{’g}clﬁ‘éﬁﬁ“&%se'ées? gned for

use i n hhierhdsphatanddate SEgoucRBEHOhEHas BE MaCle Sidl8S 64sk Rtk WihShe

di scl osure can be packaged in kit form The oligonucleotide Is provided in
a cont ai FRIPPlemGIHuy d¢lpmerape RN\ tprgst Ehei thisphesphoremidatrgeligenmclddlids¢ efftage, and

[ ti ' t h : d : trol ful
| conaunt P28 WEPARKR e B 5 s SAIPRT el hsenaREBBRni o by

witten belowabdit 20pM @thdamal cellfle ol i gonucl eotide in a hybridization
reaction or diagnostic assay, either as a product insert or by associated
literature i ningadditianpthe epecificityrenfkibe itigplofsphdremidate. olfgonublestidd® dfith@t i ons 15

In one a t he thi ophosph m dat e, ol i gonucl eqti des can be used in

net hods E I%geglhﬁlg%%gnifgrotfﬁmebﬁe gmq’@rdeﬁm%ﬁl Brrparforpringshy brigdizationdagh e, as

di scusseditRa¥ tompdHnaRRas RARE@ e at &0k d ji.des n he fixed to a
solid su ;)ort' and us?gd to :%}{s?/'(i) gltéejsgsc‘g}tr}gkéesgrééﬁl{b;{regoqﬁéﬁc%ealng%%gﬁ‘rglézﬁﬁ‘gﬁces, f or
exanpl e, foi hewie pesantizd RNA perapdrientsysbi\af ribonlepadey® Compbirde hbdag dber g,

et allo I\/pt hof(tsf i 0 Entz L ogy, 68:206, 1979). The 20 thi ophosphoram date
ol i gonuci€ct | égaé{?se_ogge\yﬁﬁ%éﬁééﬁgmi”m?d 1186 LGy yRiventowsrks the iothse enzyags can f orm
nor e st adifg dctdeREBEE LD lygsgegsegglég}ggipgfrog{émn% PNA than standard

phosphodi est er ol i gonucl eot | € nunbér of applications in

nol ecul ar bi ohogy tesing loen hlsol belpérfvrmed psifig emoh%negrafthﬁﬁénqwi%ﬁ@ date
ol i gonuc] eot.gl?rﬁg, articularly for the detection of RNA in 25 sanpl es.
Thi ophosPh#H :S‘tf’@‘-éﬂwa%efélﬁémsra%@ i nede migbeinevhiol micerteediedawithi v e

reportergg; ~a . . Nucl.eosi desl, biotin,or, fluorescent |abels
( G!ro yaz no@i@gﬁg?%lﬁﬁ%ﬁﬁl uigiéldlse oﬁ&eelgy ‘,Ohffff @Q@?@%@bbﬁveﬁg@% magsghel ed
t hi opfosthhipoarverages nolyiigaoass faof R BRSWIA tkaﬁﬁia@aoﬁﬁ%ibﬁl @%ngg es in,

for exangjlr,e ,RNA hybridi zation reactions (Ausubel, et al.
Pr ot ocol Srink I\BREC itk Foringing dieatmdnh ninwontrgst amite Seated withca conlblifeds,., &PA;

Sanb « = 37 .ct 2004 01/18015 PCT/ USOQ/ 24688 et al ., |n Ml |
3 oni ng: PFoheaPY silssaielSonds that &3 Arlseakians Sine{eaey mwRyctmh e Vol . 2.
1989) . Adcuplersitty RicridraRdads B RE EGILES E&’ﬂ% %ﬁﬁ%%as?-{%rt%goﬁlo GIE 4 ns at

| east one thiophosphoram date |7 nkage ‘can be use or € 1s0 n of
DNA- dupl B8%e#endi ng proteins. S In this enbodi nent the dupl ex containing

t hi ophosphor am dat e. i nt ersubunit |jnkages.is typically affixed to a solid
suppgdr]t and ?erl%rr’ﬁ?lée forsgpime ‘Pfﬁg‘!ﬂhg‘tg‘ﬁg"c Wilbrrpacinge B}ab%éiPFPSF@ iny¢atiorpassed
over t healsdpRATdes WdRdds el 8k ct@Ngi k) : fagh s .t.he bindi ng of the
protein to its DNA target. sTh%ﬁ%r otatglhﬁﬂisrgél?%%f élg\ﬁlvhél%gﬁédgfarug& He col um
by changthisghesphdremidetsredigoiustestideldf tHemvéntion) Bor such PurpeseRNCmAPbERIHES

descri bed a%ove cont ai ni,ng thi ophosR?or am date nodified |linkages, can be

used as QiPSYHBL feé‘mrné]afﬁﬁﬁ?‘gbnaféag%l‘q (TRF hanatygis i whieh DNA emetomor ¢edls py esence
of an DNAafRtESY! Bod ,,ﬁ@ﬁgl v EUE conpl exes containj n _
ol i gonucl gg?i dess’I ﬁ%évs??fg - éﬁréng{lj ﬁ%egssﬁﬁ%gg oﬁgfaé‘ep‘fﬁec}téﬂg‘mﬁ the | nkages
can Be ushdhetio (SpA@0 séquences eFollovingldigesincstin8 DNA, g&l QeaipAseRt ¢ i NS:
for exa%te, ?I\A3 -BPS' t hi ophosphor am cfat e oligonucleotide conplexes wth
dupl ex OFEge 9 seRpsEe thegestotion fragments pedording fostizel. ckhecsepraibd fragménty t her
stabilizj i ruciure. Simlar screens are useful with N3'-BPS
*hi ophosshanarorl st RI WAL R kBl e I En 5y FatFoary A dsiFigie U r and DNA
and RNA lengtkcefl tB6 terkminalVBigradnitsOddBitaining 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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20 Variations on the thiophosphoram date ol i gonucl eoti des used in the

. hethods of the present invention include nodifications to f |tate upt ake
of the oligonucleotide by the cell (e.g., the addition of a &% er ol

noi ety (Letsin U S. Pat. No. 4,958,013); production of chi ITEI‘I o

ol i gonucl e&q%& 55| ng ot her intersubunit |inkages (CGoodce@ariuspo/Bsgsconj ugat e

Chem, 1:165-187, 1990); nodification with intercal ating agents (for :

| , f W, | t al.,
B athen Cremdth@tyindt Alleib) Ay BEbEBLBML 00 RIFHiG s fimil che
deoxyr i bosretesutallsitb detefminie helieti®d di ddceaatd ﬁﬂfeldnﬂﬁr& !’éﬂl@th éverﬁv%j% réssive elll nal
nodi ficatj ons to the olq)gpnucleotldes (e.g --NH2 and

chol est efBsjons ispcspming mqnﬁtéatﬁrmmcfmey 19 OCT 200 WO 01| 18015
PCT/ US00/ 24684y, be the site nurrero nodi ficati ns,
i ncl udi ng, buatig L%bt (ﬁéagéegpﬂfgﬂeﬁ%ﬁ iByaigy PE?H"%%“&“WM $FHhat gag serve

t hi ophos phengaindadagce?| ds dRpoRhROVéad6Ss A S@igRSn iR ation to
a pol ypeptide that is taﬁign up byagspegglaa?rllc ceIg ¢ Suc&ieggré ¥TI&RQ’{ l§V/L%ept| des

5 includ b inclrsingokin sesnectiys ilsgemgdmosb, émastbhm§350mm pﬁ)ﬁ@&’ﬁpl@arﬁ.
ol ypept C e i ecifically taken up by a neoplastic

ol 17 eEFi Rl RBGE $laier ot aboriF. e eoug P Gihoreins and

ol i gonuckreilates hﬁnérbatsu%ﬁ' las”éﬂﬁcmi@'%nﬁ°'l¥xﬂ§ﬂéx’n H' g@ﬁﬂ%’c'tﬁ@“ de can

be coupled by neans known in the art (see ernati onal
Appl | cat ﬂmpmmpra@adatopolmclda&adsww ;&aﬁﬁemvmakaimmdsumhglﬁﬁ%eﬁec 10

g\pgarﬁ?handr K. %l . The properties of such nodified
t h| op osB‘ref Eﬁﬁtépgo‘}’?'ao ot &%‘i’ gelignagpics, ag demprsirated byrthe highlyousiedf t he
t be
present  hama ikt ce@laﬁheg%ng%xﬁ&‘pl'%ﬁggqx h{é‘?asg\%éMEiﬁ SC“ odﬁ\ Qe’\}‘;ﬁ an 400

Example 1 15 General WMethod re~obtal h

Mhz specthiephesporangdaze nganacpantdesaoﬂ/m premf Riventva Gam Bék fictivempradliaQus
phosphorjc acid, Anjon exchange HPLC was perfornmed using a Dionex DX 500
Chr onat oBF?i A &L fiscrmigate fetveemmalignentandinognel sallverchigh ¢Rres) Svoiding 0/ 16 i on

Consor by oy e gelisaRup R LhPr AR S R RGP PR dep St BB s

obt anﬁedwhshmgyane@arnmnmumvavﬁu@&mgiaaﬁcﬁ(ﬁn&e@r Elite mass spectroneter
wi th del yed extract |on Ther mal di ssociation experinments were conducted on

a Cary Br sPUealens er. All reactions were carried out in oven
dried gl asswa rpgen at.nos, nI ess otherw se stated.
Comercial |y é@a#ﬁgbetp 86’%? ﬁgsﬁd?‘?lgtéag‘cgﬁt Rfegego q&ﬁ?&‘é‘éipt‘ﬂss thabm QG en
Resear chbip®te lirger nuddic ach) WéaﬂysanMA%dl@culé e E{%Q%gl% GQisorﬂ@%%?”e

di i sopropyl ethyl "ami ne, triethylamne, acetic an
1 2 di chisisense hﬁimgwe{nbbcd\mthehgmudeqjldesmaﬁﬂcdllymm@ldﬁdnfdﬂy toMnRWaLIkee,

ABI (g‘llmgpecult hd"oe% %Panhc?s")a%dﬁenco ge?lui'lc lpr%(cjlgclztdes were synthesized on an

The thiophosphoramldate oligonucleotides described herein are useful for antisense

inhibition of gene expression (Matsukura et al., Proc. Natl. Acad. Sci., 86:4244-4248, 1989;

H

Agrawal et al.,, Proc. Natl, Acad. Sci., 86:7790-7794, 1989; Zamecnik et al., Proc. Natl.
Acad. Sci., 83:4143-4146, 1986; Rittner and Sczakiel, Nucleic Acids Research,
25 19:1421-1426, 1991; Stein and Cheng, Science, 261:1004-1012, 1993). Oligonucleotides
containing N3'-P5' thiophosphoramidate linkages have therapeutic applications for a large
number of medically significant targets, including, but not limited to inhibition of cancer
cell proliferation and interference with infectious viruses. The N3'—sP5'

thiophosphoramidate oligonucleotides are useful for both veterinary and human
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394 DNA synt hesi zer using standard protocols for the phosphoram dite based
. coupling -35 19 OCT 7.004 WO 011 18015 PCT/ USO0/ 24688 appy§ Paﬁ‘#} %a?r ut hers,
Acc. Chem Res.) 24:278-284, 1991 ). The chain assenbly cyc

synt hesi s @fo Ahkggnucl eoti de phosphorani dates was the fol I oW n éﬂl )
detritylation, 3%trichloroaceticacid in dichloronethane FCTU 4688, | )
coupling, 0.1 M phosphoranmidite and 0.4S Mtetrazole in acetonltrl | e,

mn; (ii appltcamms nGhe Kighadill stabitityt ofitice idvdaKA b1 v/ v,
15 sec; &g v) oxidation, O.tjgf't M i Oldl ne i n% S?/igig_ ﬁ %ﬂﬂ?to%’} 10/ 1,

vivliv, °lyCﬁ§ rﬁnﬂﬁnsétféﬁlﬁc‘#s ak dOWh@)ncwtaeloner(eeef beloonetlalky these
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The ol i gonuc] eoti des were concentrated dryness i ne vacuo a ich the

2' ut 9% lﬁé‘itwytesthwmor glt@mptsvehepmvrde mnbsiralnq/fdr reRAdgeROIis Mbdriﬂcl%asM HBAF in
THFfor aatmgyc Th Ew[}lxtures were diluted with water and
filtered throY Bgew w8 ‘SHsqruelsaiidse poraplexss) @arasated Anrtbar bor ,
M A | grethsgs opthed ] fi HPLC, and

). fe Bresele n?vehﬂ@rp B84 ?fjdig@%\r?ﬂud’ah BeS Vfg}laﬁg&% st3pdatp. o5

finally desalted using ge ['t'ration on ar racioa

col um. wmethedeDoviendt tal. ods Hioir CHent{PR63:14514vEIsR2 A199H) KGR Det 30! vent B
( 10 mv olvent A for 3 mn then a |inear gr adi ent

C
0- 80% sol'Ver C"I’:?q\ﬁ%f‘ﬁv%g%l h%lnlsﬁarrpl e 2 20 Synthesis of

Ar abimo- f | uor'p&l leﬁl&h hor am.dat es solid phase
synthesis of oligo- 2 - ar i no- #ﬁuogrtﬁ(;enﬁ% F‘galﬂml{’é’m‘é{g%sevﬁ%?gwa&ﬁ? dat es
was baseeven r&xetmeephmmnhommwbem dgemes Fest, mﬁ;@ﬁ&dpﬁ&aﬁi'ﬂhk&b’ﬁgbﬁuél idgPnomer
bui | di ng, bl.ocks - %O}g{gnoet hyl - N, N - di i sopr opyl am no) - phosphoram di tes

of 3 M\)ﬁ*?‘dd’??f?é&ff’%%y riexests_asreqresnoodiog mhemoénestes ohgmmphbﬁdeson of the

nucl eosi & i ¢t ed 'n chene 4 200 wo
01/ 18015 PCT uﬂsmotg‘%gﬁ%sgg&%“ﬁ“% 1 ‘E°$?° PR 'E°’ﬁz€?sbsmim~@£&d@tlwy acid_ | ~~Br

~Cl - ~* ~~cdnilitiond. VThird; if Bl lu@Bapaks ofthRe
Mvrrw MTNH s s 7c. 0.1 B, = Thy, Ua %?p@dcﬁ?"nﬁ}r%ggéd '!E“F?X%i?‘hbmi“lo‘?%‘

i . Pqligpucleotide WM@emaymﬂnoreldfﬁcmHstf ihe. pHdsph)raidiiidse BZC]—I

v. LIN3 4 Vi i,i Ef OH, ix. CEOPCIN(IPr) Sugar
precur sor gfn‘%é?roggﬁs ansltlslvgrr ﬂ}ﬁégfd@liﬁw el nto the a-1-brono i nt er rredl ate
2 with retentRuﬁﬂierfw}feu%rRﬁAl Ceyakl By Al

wi t hout isolation, for a SN2- }tsype glg’;:cosyﬁﬂf Pgﬁﬁgﬁgeg (alfg)fnx\%%?i?x ﬁgfi at ed
uraci | a¥fAuensgnphesphamidatenkriatdy phgonutiedtidesi targeednet he rtiu@iex”bl% @aed des 3.

00% of tTuecriet 8 inkearing oA R Blhuct restiveio AgataEet o twensingor at | on,
20  stranded and double-stranded forms (see discussion of anti-gene therapies below).
Sequence-specific thiophosphoramidate oligonucleotide molecules are potentially
powerful therapeutics for essentially any disease or condition that in some way involves
RNA. Exemplary modes by which such sequences can be targeted for therapeutic
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 mRNA 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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as was judged by ~ H NVR analysis of the reaction mxture. The pure

. (3-isoner of nucleoside 3 was isolated by crystallization f
hE. remﬁ z@ved in

Subsequently, 5'- and 3'- Obenzoyl protecting groups of 3 wer
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phoigﬁﬂftgﬁ‘%%‘?‘é“@%é?@ﬂn‘%%?f@oy% PLSSST B, Amishyi Misigo AS Therapy of
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sol Ut Onherf)ésvaln'r?léleﬁfdszﬁ fK@Net égx‘g@r& arzBﬁ'f;ﬂra Lg%glgg?ﬁ,gf tain H%b']gozo | %

triethyl am ne, Before an | umm

was was htacgehfar lantirense therafyoin hitpapladiacie tHeQeritéﬁ‘éeﬁbo&ln%‘ﬁé‘lbﬁkra%’&sﬁé‘f)vo

precipit ¢ .0l i gonucl eot i de t hi ophosphoram dates were cleaved from
the soli @/ é@%ﬁb r“fq‘ gé‘bﬂ@t liziting|componentdn tdomerasecnt pressiero UEheasequenica.  The

R e A R S e B T e

NaCH) wi WO 98/14§58] andlih RERIN QK @dreotA&ésséQNHVhbmgﬁ To fxfhe mﬁﬁ'@e apgl a flow
on epnadex

rate of m/mn. The g{&oducts wer e desal t ed
filtrati Ac%lﬁ‘iﬁé’f(ﬂ% Yrdcprajeim that F3obhitdrgeteatiby thes methods 8ﬂ.Hle|\iNE§ent

experi ne I ned. i n _deut rlu de.to anal yze the extent of
sulof uri z%tbiéno*rqﬁaaﬁe 9&{;@ r%"cfjfg TR © eﬂﬂﬁ’ﬁ E)ggd fegkil '§¥°§"ﬁ‘éFf§“SW§WS$§04 soners).

-38 Vﬁs@hbé&%ﬁu (’P@ilié URB 0/ 2étHi88 equires 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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A i gonucl eoti de thi ophosphoram date 5' - GTTAGGGITAG 3" (SEQ ID NGO 1 ) was
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was fill daseviatrh irforfeQdtest ot adPld tBide nDIEMRON M Stk ahakning 1 %
triethylamnne. As the activator the 8er$*rer [of aﬁ%%&tﬁgﬁﬁgﬁ@%&}%ﬁn{ﬂg@ol ution
of tetrafbihe RRE aAcnisimeniREY hiadinggegion Giqboht 4bhudldotitles(iatstini-ap#iads Was

repl aced . rof uran/isqbu ric.s&gdridelz 6-lutidine 8/ 1/1 v/v/v
sol ution’ pééa%)d%h{lﬁm%g}é%gﬁ’t %eal‘cm%‘(%iAﬂ4a é@@?b=abq:57r7ehﬁéhtTm%bﬁ@wg unction
10 was Ceediedad be dalbivek geairith o RNADAG WAL A1 of 40,19 ¥he col um.
The default sul fur ?gnt hesg?s cycle was no |fdpglg)(fshg'%’opf’oe\%via}igs)vgﬁyglr’

sul f uPi z &768%2-6388e 19033 using onetor naré thiophasphohefidneolioduabdties, stokdihg At | on

car bon di,sul fdlx%fs s delivered to the colum for 20 s. The synthesis colum

was fil | &% TFRGHS PL e prsentanentipns ppor t

N2-i sobut yryl T8 HIVN TXT)i@PdsBiQiat fordvi O uyangsi ne-5' -succi nyl -1 gaded CPG

(control |l ed pore gl ass). ‘ﬁég‘gggﬁ%ﬁvé%ﬁ g&%;é%te ) cl%ﬁ'p%’%ﬁﬁ%%s?“b\é&ﬁr mred as

GATTGGCAIRG t¢rhiinal riext (LERRdIr&2tédVifal gine ckBfesdibr Dyt WD, MEE 4499P0gs at end
the colum was washed manually w th carbon disul fide

of the s é$_'s.a%iir ual 'y
a_ndhac et ﬁ %?“1[1’8‘ heNawre d28dphaTt 1080. r'fém@;j/aﬁammdu@ byoTAl’_ﬁ'tprr]«alaid t Ir eat gd
ol ans®, eaREERE bien e of B TAR B ISR RS B0 0¥ 3 S0 S35 SR islohidt e

remai ni nthesntradsiated Shersd ofGhetaRAMRAA digingg. SephadexTM NAP-5 gel filtration

colums (Pharmacia) followed by |yophilization in vacuo. The product was
anal yzed and Bl TAR glemest igearabietof orovirgeestabld steroflodphseructideeiMuesing et al.,

Synt hos oo aaaofRe2R cOE trERty Pl bt s musbouse Bprtalas ondhaistemab | [ty
?—R?o%8L“&fﬁmgﬁfﬁﬁﬁ?gﬁ‘ﬁﬁkﬁZ’S??S&‘é"'*{‘ e e i TRig et peal

denoh3t r &0Eprefeinite hedddeelement (Rey ethl.| Gémsmyaﬁilvﬁ-ﬂmpﬂ‘mbﬁf 'lv-graéte

T Usoon 2135 B 08" sqip 87 sBEERSHS dpbairaimaull oy PlagBovajefortast. Sti
decr case s b tne Sor o ar i P et o iy o228 19007 BB 50808 Ren OF T er ence

in the elatgsteddorahtirsase tigprapy dpléswing the afettfod| of te pr&@emasveatdgen, which coul d
have nmade t heI pagi#onati on . of the 3'-NH easier. However, contrary to this
prediction, tREHPDINBESHRE ReRNA Bindingsites ofl thoREWe RREraind JeT pvoteinsf ound t o

be My e @ei [ oram date counterparts. The half
lives of tﬁ?i)‘ﬁ%@@ﬁ%é@%&cﬁ%@% %&E@%&@X’fﬁ? P{"g‘é@ %ﬁ‘)‘" vey\can by targgted in

phosphor ererdabick expressiopaf the ipfotelldo aqueous acetic acid at roomtenperature
were approximately 6 hours and 0.5 hour, respectively, according to | E HPLC
anal ysi s ( Sednitighiceeening ofp'eoR& thioghosphocamidate dligmucdtotides, disele@loysih®
products_was. different between the thiophosphoram date and its
phosphor%"r‘r‘i”g‘a WSS taEgehites tymierdly dnglerlen yasting fps the thefrmelstability optessipinor ani dat e

et Yoy Sl enyestnd psits totme | :
L er nuc s ue eple¥es aTHas lbehoRttuileld Gleo il 8 it it BSS These

resu?is 4 seltictaltRNIA aarpetcbqueh@te oligSiusleafidess FHIRF tedicd s QRbiil fa the
t hi ophosphoram dates_than that of the phosphor am'edate o{ﬂ?gﬁc}%ﬁgf}é@ I des,

t hus i ndMEEHORAY VYiRa Cell gpliurp asanys|sustemodre ubiddphmeip ovimerhstysts (0lgi, Gemuc!| eot i des
h i i f I he. | t. .of l..oli | eoti d
e apout gex BRENE, o 8 ASHENG CRERSr L 48 mRh o wod e, TaBLE 1

SXL ) \Getso-BRRA99m Viclk, ofal. Rekidlo ARG, 9683303368 IR 44 2

smooth muscle cell proliferation in restenosis, Zalewski, et al. Nucleic Acids Research,
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2. TAGGGITAGACAA po 4S.2 SEQ ID NO: 2 3. Sanme as expt 1np72.127.94. Sanme as
. expt 2np71.726.5 0.5 hr5. Sane as expt 1nps71.527.3 6. Sane A9 8&Ppt20B nps
70.0 24.8 6 hr -40 19 OCT 2004~ WD 011 18015 PCT/ US00/ 24688 epo, np, nps
correspondv&&%ﬁgoo?phodi ester, N3'~PS phosphoram date and

t hi ophosphora e groups, respectively; bnelting tenpeP&T{ises24qeh {t 0. 5C)
of the duplexes fornmed with a conplenentary natural RNA oligoner in 150 mM
NaCl , 10135rMg9oxii 5,nmos o PIra e Watl. Achd £ relative to
the natural phosphodi ester tcgbéﬁﬁtt"te’%??ﬁ"&c}ﬁ%\'?‘°|“‘|E\%"’??’%3m'ég§?u&§%’3t°r de in
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[

was -25-27C Qerﬁé)lé‘?oner. Also, the increase in the thermal "stabi ity of
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I, | s st SUDECIOML L, PR ALIEAAS ST 35 201

atomin internucl eosi de phos

propert i B dicrédsed atabilitp oomeiiplen @truétused okiied "Wﬂeﬁhgﬁﬁ@% ﬂlgt gﬁ{ﬁ' neshy N-type
sugar pu%kerl%np?l of the 3'-am nonucl eosides and by .in rga ed sugar - phosphat e
backbonetI3phpsphpEmidate Anglog eligmusieetides aprovidenta Afdrigei ttyol Plok i dntigehdExt r act

Having T, i vity Extract d f ing tel
i B o AEE6RS e elofingrt st Birian icirnsyS erslir@hosbor - cxpr oss| ng ¢ he
protei n cat alp/iarget figlonifch@ibe 5QLIOHER] BR& {11{111;1% seﬂg;ggég,é@gls{eaﬁ?ag_ ;@6{)0% nde 0

have 2-5 fold mare tel omerase activity than pare o
packed dér triplenfermationelelans and Foulme] Bibchérh eBivphys. Gldtal 1043990675 19emUspended

in an e . I .0f. 25 hypatonic buffer (10 mM Hepes pH 7.9, 1 nM Myd 2,
1 M DT%%MM%?PI’PS%’%%W %‘ﬁa’“}“{f@eée SRaueRpeds %M@@amge\mlmr. The
gl ycer ol syrapdeaesihétad e Tall 0 . sl ow ded to
give a fsi nal ?gncten%@g?%%lﬁhgﬁ%ﬁg/ﬁ&%é&ﬁ %/as egpr%%%lggﬁ@r%u@f"f %‘?‘ﬁg‘ef or 30
m n End afhesstrandicbrtbins prtormBDantB0 rixidinésor 1 hr. Sol i d anmoni um sul fate was

added to theTﬁ.&?lgo Eupe[ natant to reach 42% satur at‘i on. The material was
centrifuged; ‘2pphospiorgmigate oligonugigotides oé thepreseny ivBROoR 4B886stedfor pipldxet was

resusperng ] j riginal volunme and, di.al yzed agai nst Buffer
“A cont aiﬁﬁ%dr?g aggﬁﬁﬁf\ﬂl' lﬁ%%’tgé X&'@g}r{ ?%fg IVQP?W%E“E&??%?’“ SHEHOFS fRrged f or
30 min &xa@pleD00.Sx Batertr Notl 3,2261297, NEkamSI8 49 MatIQY| V i | -100TM (0.5
. "KG “pd P FI8U9TBSBIARYY high | fePibntiiph
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. Editbr, 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_oligpnucleotide, 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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tIZNA (50 ~g/m) were added. Affinity oligo (5

. biotinTEG bi oti nTEG bi oti nTEG GTA 5 GAC CTG TTA CCA guu aggEﬁGunmgm [ SEQ
ID NO S]; |ower case represents 2'. Onethyl ribonucl eotides and upper case
represents deoxynucl eoti des) was added to the extract ( 1 nnol per 10 m of
extract). WPOMEOKh incubation of 10 min at 30 C, NeutravPErusesaes (Pierce;
250 p.|I of a 50% suspension) were added and the m xture was rotated

over ni ght at r th
Buf f er o "B 10ﬁ%'gﬁrtoa| ?nﬁ?ag§¥% &f 84!{% %%11 W@%}W&F‘{’Qe&x@%@f&dﬁ{%&r ng 0.6 M
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el uted in Buffer B containi ng 0.3 MKCl, 0.15% Triton X-100TM and a 2.5
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AC-3 [S f ked Neut r avi ds) for
m n E’t@rdr"gé‘mugt fgl egs%%{i)alg’ & 5 5ase Rg cgndifion it 18 AT SEBF A5 RO X T‘@‘ pool ed

vm t h s heEfcexﬁlﬂhry tkged §elq@éi1c@§<fo[' a@&t&héru?uuﬁaé inklu&ch) INA iséduen@@s involvedgs of 10

fmol nucl eoti des incorporated/ mn/p extract, or 200 nucl eotides/ m n/ny

total pr dteatrwagaﬁom and/ OB phgintenangs Qﬁmﬁwmmownwsuihgs,d:ammmepewegweaswl vl
Myd 21 DIAL 1Tl mM.DTI1 iV AlO% oI 1 % cerol Triton
X- 100TM ‘ng_‘“ eﬁ oL BRI BRI Be % '%‘p%l *i’gtbgmer ase

| nhi bi ti edubices)ch@dfil idadpiobelgie N pressb® or BNIQ@J&HW'&?%@I‘MI%&&&SI&'&E%Separ ate
100 p,| telonerase assays are set up with the follow ng buffer solutions:

50 niV Tr pacogenesdfiorexapinle bivcking mvtedicing the tivh<E6ion of indpidpEihtely ekPdssetVl 5 K

acet AT 500 ~. M, TT, 0 ~, M[32P, P (25 G/ mol and 100

nM d?brTAﬁég‘?aé gf@égfuncghtxﬁfnﬁ ass‘t%“‘t‘ﬁ%"‘? FRYta{R geaeHc ‘1‘%05 )ogts 2.5) 5 03 10 1t

of affinitypugptd 4 e gtd,%e ctions

are i ncubat/gd(}gée| %%rés%ﬁ%‘? i%at{ g%ntn%%r?ée%d %}{(ge@ir a gllgget;"gmg?@r { gﬁlrmved

f r om eacregiemctbi wlnchndqtatédadgttlmoﬂ.ﬁ6rqmém9tor8m6nctlaa§)f e k(noﬁm@ﬁ\rﬁd\l@ﬁk 10 nmM

Na pyr ophos hate 0.2% SDS, 2 .mM'EDTA, 100 ~, g/ _ 10 tRNA), 10 ~. 1

~trichlor8 HIY fraasqripdioy atw%e%acms léffd%‘éfn%?ﬁdnttﬁé%%%%d $RI bindingat ed on
f I 2000

ice for Ses y&gh‘%ﬁ et Q? Eaﬁ}i} Fh&?ﬂ p66l7%t7§9 3'7 tlndgf?:ﬁgﬁ%géfr %{l)ﬁgsﬁo{.l}ic X9

force) for m nut es. TS was and
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and countéw.i fel eture Ahd dn iviro meontsysstemslsmgh g6 ithosel deatrited UluiRdtenThe f nol
of négl eg&édﬁ d neorp qorrat ed is determined fromthe specific 20 activity of
radi dact i PEEUedhe activity of extract is calcul ated based on the dNTP
i ncor por at ed aggdet exg.r ase
Activity Assav Bi Os?%ﬁﬁﬂ'éﬁggcﬁg? gktqtgé é@?gp&gﬁﬁg}‘sg/gﬁmﬁcs& pro]\%}l(iﬁ cf-ﬁﬁér&%ét

det ect i omitiat@h@ite oe binding megionsaif reglllmurpaﬂanadﬂelmetaytd Mpulte, 19205 Bidgrey t he
‘addition g@GGGte ricre eatshégr%ablotln ated te|l onerase substrate
priner; 13 ogts! ¢t @ﬂe Ffeﬂle asBlsoagetyitst canhe shesan pychdbatt s are
captured e, ugl eqt i de probe
compl emﬁtﬂtﬁ& o e e e ‘r?e%&tn% (% BB stk HRE gL

meas a5i ngl1gmiwlaseﬁaese:mctadugmst tEestb?ﬁ)Cﬁm&lﬁd as4dtisend OmelitoR i wi(fed | 18015
PCT/ USO0/ 24688 bel ow. Unbound probe is renoved by washi ng and the anount of
probe an#Baye)- ‘ng to the captured tel omerase products is determ ned by

scintillati on y! f%u&tc{pﬂ%ph datea o lé %’Bﬁg‘dﬁ@%‘ e@ﬁgxgééys%hitcgge%lé&teetg}:feges wer e

stored as concéentra
molecules with a third strand target (i.e., a single-strand nucleic acid). For example, a DNA
molecule having two regions capable of forming a triplex structure with a selected target

30  third strand molecule can be synthesized. Typically the two regions are linked by a flexible
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1. For testing, the thiophosphoram date oligonucl eotides were dil u%ﬁd to a
. 15X working stock in PBS and 2 pl was dispensed into two wel I69dCTad8b- el |
mcrotiter dish (assayed in duplicate). Il1l. Telonerase extract was diluted
to a speci W Clﬂfotl%\’i ty of 0.04 - 0.09 frnol dNTP 10 incorporated/mn./pl in
Tel oner ase 'O I'atd'dn Buffer and 18 ul added to each sanpl #CGRAISP0/34638

prei ncubate with conpound for 30 mnutes at roomtenperature. |V. The

t el omer aseyidneRBich AMoWa $hd EﬁsBéiﬁ’tﬁcﬁl‘jop%eQ% 'r%igﬁ's @Etpjtg Blird BF8 "t Lo the
wel | s containing tel onerase extract and olTgonucleo a6 conmpoun ei ng
tested. Winexpl ates were seal ed and incubated at 37C for 90 nmin. 15 V. The

reaction was stopped by the additign of 10 pl HCS. VI. 25 pl of the
reaction m xtﬁ}ngg%%mls 8 L9mapTise dny Hexiblgdinkegel thajtkeenstthe tvn ﬁg&épmng

Fl ashPI at Tdﬁ's(t&@%ﬁer [ . r . mtenperagture.with mild
agitati on% VI, The%\ﬁglalngﬁ\%l\ela?g?&h;sﬁse%&? wgleélte ?fr’rléds Qt\(/g\ﬁ"}dhm@ffngf‘e 5'5?1‘3‘30

wi t hofit Third swandotatgetnare Weletted T avenapprdpriafe ;ﬁfriﬂb:? ARER¢ 86t sBiQtbny!l at ed

t el omer as oducts were detected in 20 a scinti rati on counter. er

Tel oner agﬁ" ormtionPEiRlemolsenlet Tri s- acetate, pH 8.2 1 nM DIT 25 1 mM EGTA

1 M MO z 8 0.mM Tris-acetate, pH.8.2 30 1 m
- ggg@%mmga}gg;%ys éﬁ%@&%@éqf%?@f%‘iﬁnﬁmﬁ%%z 150 M
K acet at eorfiflepethy ATRASstia0ds) v ayT R1dotdd O‘rMnGN%iEg ddpaai¥ N @k inﬂﬁﬁh@&@ ePrimer

: ed pro

(5' - bi ot j n- AATCCGTCGAGCAGAGTT-3') [ SEQ I D | 5.4 nM | abe e
[5' - CCCTRaesearangst tmaxeet. (Bsmpxample,dhe twodripleg forfrdigyegionieachjhavsfead f i c

actiyhtyaqa oyj At 109 cpnl 0 i gher, i dizatigon Cantu re Sol ution
(i Y15t R e e B gt eao b b el Sl e roBomp by AADvin
Tri s- HCl orignithtion€) 5160 3Ysi 133", e 3f @h£9Q% H9 assay, the thi ophosphorani date

ol i gonucl eoti des represented by SEQ ID NO |1 and SEQ ID NO:2 were shown to
have tel oner aBEtheeduplonDhidembletues conining ot Best ohidBlidphdsphexpeiditetinitage 1 and

3). TABL LU TICNCFC].IGO% 1-4 AS TELOVERA, SE | NHI BI TORS I N

C)OVP AR| SW%%%M%A%&I“ ecules for transcription factors or DNA binding

EXPI Cso( pilelirfsg ,g,r,lwngbb‘gonucl eot i dephosphor am dat et hi ophosphor am datel. S - GT
TAGGGITAG 3' 1. 90, g9SEQ I D NO 12.5' - GTTGAGIGTAG- 3' 1000177. 4SEQ I D NO: 3 -45

15 Single-stranded DNA can also be used as a target nucleic acid for oligonucleotides

of the present invention, using, for example, thiophosphoramidate intersubunit linkage-
containing hairpin structures. Two thiophosphoramidate analog oligonucleotides can be
selected for single-strand DNA target-directed binding. Binding of the two
phosphoramidate analog strands to the single-strand DNA target results in formation of a

20  triplex.
eutical iti
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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19 OCT 2004 WO 01118015 PCT/ US00/ 24688 3.5' - TAGGGTTAGACAA- 3' 1. 640. 41SEQ I D
NO: 24. 5' - TAGGTGTAAGCAA- 3' 100079. 3SEQ I'D NO: 4 O i gonucl eotide sequ f'f:‘?{lﬁ
(SEQ ID N0O:3) is a mismatch control for the oligonucleotides used I'n

experi ment é IDNO1 ). Simlarly, oligonucleotide sequence 4 (SEQ ID
NO:4) is a h control for the oligonucl eotides (SEECTUSHNR4688 5 used
in experinment 3. The telonerase inhibition data presented in Table 2 show
that thephihaghasaherRrndy!R Bl wgd €0 trhél Soinaribh Gs T
about 2 times better at inhibiting telonerase actlvi Felrattve to

count er pﬁletapﬂhmlybhtffeatrvdwsema:)dubgonumb&nhtrdﬁ Thus, the i nventive

t hi ophosphorm: zate ol i gonucl e tltges are not only nore active in the 10

t el omer ase i mifAB%SBHF™S  usgdl Frﬁéf’lpér&t‘?’bﬁ ’r?é‘itwnbrfﬁﬁ%@ﬁamsﬁ%ﬂf@ns

h Thi
conbi nat Fi Prepstfe @B BH Rl el S BB Rnel RO SEBHR SR i o
ol i gopuchpediv&lesr Widpenddd 1n”5’ Eﬁlﬁceﬁ’t@c\éﬁ? ﬂcﬁtMM&B@dﬁc?%QﬂospﬁQébﬁé“ dat e

pol ynucl eotides. 15 Exanple 7 Anti-tuno vity o orani dat e

a i gonuckenipleay liguiddanterStardiaratetal aR@ihigiation oDN3 TP R shoksHoginlidate Tunor
Cell s Col gnies of human breast epithelial cells (spontaneously
i mor t al Phigagyclgetides Eﬁpmaéwwdumwngr éiaetmﬂarcdnmﬂmmtmsi ) etlulss .

Col b di tipete h th about 106 cel |
o oach: SRR R RN AR e B b GRMRE, AP ARAIEEE Lo or ow
to about m3AkyaaBkIcERAIS Bad FélyNYakie RicbhdlE eeg’icgly&‘i %fa}?@ e aﬁﬂb&ﬁ}p&’%& offs vi ded

into two groups. One group was exposed to a subacute
t hi ophos m;mxdmt@i webyut villapd tiackds &GHQ The Iiy0idTanter aarpéonchin othed suteble

concentr en about 100 nM and_about 20 ~ for a period
of about ﬁ%&“% ﬁ‘fl‘fgf’espf“& yding, bufqot lisjtedcta, thedallewinga sokbilizers,

PCT/ USO04&h6Rn W f6C of cel
simlarl é/‘%fe}xposgegéétne& &H%}r%ﬁ Sﬁg}gﬁh lﬂhgﬁ %‘}’g eﬁ?@e@&tﬁ‘?d"ﬂ@%&“’ Each
group of pesdrvaives stabitizerahridosadlariey regulitosie to di vi de) and the groups are
split evenly again (near confluen Iﬂ% The same nunber of cells were seeded
for conti nued'S Pgreaipta administration off N3 'oyRsobhisipbesphordmidateiliggmueleotidastthee or

contﬁg ol i.gonuc] eoti de, was added gw y fourth day to the sanples at the
same T ontaSH¢ AR Alsp Ofiap pilnesiny snqhasiekw] gleate andyisepromyh evrisaiet Stasie castiors wer e

addi t i onghyerblif HeRM 1%&%0@%:@%9@%&&9&[& iAo ! ol owi ng

manuf acturers instructions 1 eoti de uptake by

the cells. 1(Bt€xdb(b|q&rdq:hhm‘éﬁhc‘dla@miﬁ§xﬁbﬁ§l, saetiday of iBp&isiond il (Ne®f the

cel | sanBIeE usi ng
y, 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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restriction enzyrres specific for sequences other than the repetitive TZAG3

. sequence of human tel oneres (TRF anal ysis). The digested ar at ed
oo udfd A

by size using standard techni ques of gel el ectrophoresis e the

| engt hs 05@1 teloneric repeats, which appear) after probing with a

tel onere ﬁ%ﬂé, on ‘the gel as a snear of high-nol ecul RGT/US0R4SBEht DNA

(approximately 2 Kb-15 Kb). FIGURES 4 and 5. show exanpl es of such

experi nend She fdim I r eSe ' (Wefo Yo . .

t hi ophosphor ani da?ﬁﬁlglaieégﬁh FreBLAR, gﬁ% Pt 9t ?@%‘%‘gf"gﬁﬁp Tungs, like

i nhi bi t oPnefmacgitiswerdise activity. In the absence of FUGENEGTM the

t hi ophoshoram date_ol i gonucl eotide SEQ I'D NO:2 induced a 20 | arge decrease

in tel omere | Mage® \Xh@li%’qsl?h%ﬁé@fiﬁa oligeryclaptitss ngE beaddministeret tepicallyge aof 1- 20
|ls were cpincupated with FUGENE6 and  thi ophoshoram date

~ M Wh
ol i gonuglrgl @?‘P’&ecr% PD94s ¥<§P‘6‘?’f’ﬂ?té’ns?”2tg RhgEmaceytically acsesable yehislashe

contrgl GEhthinindtheARYe & ohea*eﬁ&r. ' i . The results
present ed inﬁllg?e 5 inddi?xgpate t ateﬁ%g’?h{%%Hg@w%%}trggg%{ﬂg&gﬁq%pnuc! eotide 25
havi ng the sefheN2-PSGHidEKISPFHAGm(dRE olifbAIcblded fag BOh@MInidtEredithl O
inhibitor of telonmerase activity. Wien the cells were incubated with the

t hi ophos hippsemedeardens| | Torusel of diposemBHQ faBiliGe téllulsrehmaler B desarébedpsorr educed

d to the, | | the | owest tration tested ( 1
oy ThuSKSR i (o Py N oA NG At Uk #ieny No. 165 S 20 DBmsEBL 1601 5

PCT/ USO0 g2l de 8L e 3heLor@BL:E droldchdeg. 1 1 i tor s of

tei onmerase activity in i1mortalized epithelial cell. In

anot Hér exper TherdosagdVEairSeais! o7 Wedt@eht uthANSIWS! thispiRssHordhiRate

t hi ophosphor am dat e pol ynucl eoti des shown in SEQ ID NGs: 2 and 10. The

m smat ch obigenucleniider evary dwitlsEle | pariCuldr vansiposigidna seraploped, r the. roMlt of

pol ynucl eﬁtldes were used at cgncentrations between about 0.1 ~M and about
20 ~M usPATHRLAYAD  1BE ol VaRYC of Ba steRiemsTResepieh ¢ fem ofr BA-RPS'shown in
FI GURE 6,..i1dicates. .that th | | ered crisi.s (i.e., the cessation of
cel | funélfle)@'% WRre g °H‘P§i °ﬁﬂ\§3f%ﬂf'i* ﬁgbjﬁ‘iﬁi?'?‘ﬁgg‘??t%‘{?i on of the test
t hi ophosphor appdat L i WV i i.tion, TRF
anal ysis of the ceIQIs gh ﬁfa’ég%%@%ﬁtﬁ@ﬁ%&&%%%@ﬁ E%‘itrﬁggb%g%@b gﬁ%gm(}s&d!tehat t he
t est 16nhi ophissiphentianiicigenerally pyrifiedaivey trottesthafreddtiee bnpaaitiaby indogogefibect i ve
in reducin nmere | ength., The HVES0-SE cells were_incubated with one of

t el : . .
the thi off ‘B%‘}?Blgawstf&fa‘ ITXBRES BbPriadhen airrPreraresEQlYpicaliys cach ggiye10. The
m smat ch jrd ' ; 0
ol ynuc) S B arAlLR stield bl Uork HORDEHRED, B8 nfr BRIERILIB B 9%, g ¢ e
pr ot ocol hdmegemettychsalsteneined be flretighd) asday] dteothsto@rapliys or Wl lediphoreasl at 10,

20, 40 a 80. dag/s. JFor the cells with the control m smatch
ol i gonuc 186 estHE Ingrrdientds tham Fempasndes into-amedisamens in spcordayceowith gandrallii s dat a

poi nppser, ' L jtion.tg the HVES0-SE cells described
above, tﬁ}‘!%ﬂtgé‘?g%@cﬁg%ﬁﬂgﬂ%@% %?%’reﬁaoﬁ’ng?#ag%uf}%@g?ﬁ@ 18%%- positive cell line,
such as Hela Bkdrinacedticdlickmp&dtidae lof the ig¥knllon SREWE {dnGihistérelith Q@Bgﬁ&hf?ﬁam date
pol ynucl eoti des of the invention are screened for activity (ICso} against

t el omer ad¥MatiopEAd in amamennt effensing to achieveanRinicaliypdasantle résyltpFof teni ng
hybri di zat,} r me_inhibjtion assays using sfandard. techni ques.
ai gonuc?lrg%t?{}gégﬁ%ag\c/él}h%‘%ﬂév@rr esP&sglcl}lgFJ%‘gmg%‘} W%ﬁ@%ﬁ%és%teeﬁ’ﬁﬁggﬁd to the
| Cso val peipatin éonRgthgt B., By NedioSapMTTA DS S| possess
speci fi c:pt?af or tel grregr age. s,c. ’%@?ot oxXi c??‘i/aﬂgﬂlzmgﬁﬁdjlgg{nﬁu?%%&g’gsay for
cyt ot2xi Sy grewvtipeveflutimndinuthi rate HMEmOtaSEsis Catnidtion A4S HeteAGitdd epnd bA549 cel |

t T L. lines used.in th , dtothe
LY ophos BRSPRTT g3 BABPY 3ERERLENETS) fedhjon i NDeBerHeH Peskirs (pdudipe

concent r gkhdRIS i 4 L I i h resence
and abse%ce Of@%&gﬂghﬁ%@f@%@%ﬁ@# E‘%g%%\%sc&l%g%% I&él’)f %530/ 24688
t hi s per impipverhent opdualityl of tiéa(as detertiial byfcliniosl assesgicns g Khdfekyrseareyl f or

l i ght at Sa}% nanonmeters (nm. The |C50 val ues obtained for the various cell
types (shghfieitsatme E’“Sﬁl fien, desiablg resplts inglude prdyctionwieliminagion phthe
significant cytotoxic effects are expected to be observed at concentrations
| ess than about 100 pM It will be appreciated that other tunor 5 cells
lines such as the ovarian tunor cell I-i3hes OVCAR-5 and SK-OV-3 can be used
to determine cytotoxicity in addition to control cell |ines such as normnal
human BJ cells. Other assays for cytotoxicity such as the MIT assay (see
Berndge et al., Biochemca 4:14 19, 1996) and the al amarBl ueTM assay {U. S.
Pat ent No. 5,501, 959) can be used as well. Preferably, to observe any
telonerase inhibiting effects the thiophosphoram date 10 ol i gonucl eoti des
shoul d be adm ni stered at a concentration below the |evel of cytotoxicity.




Nevert hel ess, since the effectiveness of many cancer chenot herapeutics

. derives fromtheir cytotoxic effects, it is wthin the scope ggT 2ige present

i nvention that the thiophosphoram date ol igonucl eoti des of the present

i nvention Q?@;igll{n stered at any dose for which chenotherapeutic effects
are observed. n vivo Ani mal Studies A human tunor xeﬁsglruﬁ?"(“%del in
which OVCAR-5 tunor cells are grafted into nude mce can be constructed
usi ng st hifelaiofl, tIRC fotnties ANMAPRLEY ipadtidles, BE rBloRRidA 6f diskhdlefsdditod t Wo
groups. One group is treated intraperitoneally wth a thiophosphorani date
ol i gonuch¥eRWEes of the invention. The other group is treated with a
control conpri4sing a m xture.of phosphate byffer, solution (PBS) and an
ol i gonucl eot i Jl(;%_ %“g’ﬁ%f é?@ﬁ?%¥¥}°ﬁﬂﬁW’ﬁ%ﬂe&ﬁ%?}ﬁwﬁmgﬁ’&fe%a@% q ®a one
base m SgRILCES Bad B8 REAHERACHiribAlOTREASH IV todh an@EAUC b UER’ 1TSS
for mce in each group is determned periodically follow ng the xenograft
usi ngd st fHavrated e Exaiple 2h dAmappropriatesrangenfor testingr can be estemdtetifromithe 30%

t hi ophosphqr.anm dat e ol.i gonucl eqti.de of the invention, 25 the average tunor
mass is g‘%r’étt?fye@“f%‘tﬁaﬂ%’? Eige I"‘f‘%\kﬁﬁﬁe‘{ fslomerase prgultured celle nRrepasations per i od
of i me, ofsbfifed Wlbfbrald &R tel\brdultdcodthing ol . HRAH ?g6§,906s.t1}gii%a'llgetth§nd then
begin to decline. Tunor nmasses 1n tf’ue control group are expected to

i ncr ease farmatig and ronfeef adminjstratidnmsill grévedd dioogl kosqehnation o BHeRlisease site

ol i gonucl gotides of the invention are expected to | essen dramatically the
rate of PhpgWedy bivhandhinMifor asteble pligonyglsetidecafiidt | Somclaosidenthet isil9@band

el i m'151atl n.of 30 the tunor,,. -49 19 OCT 2004 WO 01/18015 PCT/ USO0/ 24688
t hiAepHeal 40, An; enzyine-sRSifs, 18el BNA, s3avencen; Dhmulinmds sspensibility for

Thus,
ol i gonuclyaeini; (o e jsnhy bt .1 Vvity and
tr Iegti ﬁghdi se{gg%ﬂgtrh at e,sgtf&g%\l\ﬂllfo%cqttlgFHot?réei;‘%ggogt@% ?@ﬁ%ﬁ%@? e\'“et )éri ous

ef fects, espehi ginksal, MBI thTmogmiomh@a@bﬁgmmaﬁ&scuré damimdiered aflges of the
invention provide a highly selective and effective treatnent for 5

mal i gnantonsentration that affends effective resnkty witkoud cavsingtany harmifahed delsterions side; yet ,

wi t hout a{ff gc{i n% ngrré- rrala}rg}natgt cells. Wiile thg) preferred enhodi rent of
the i nveftTEheRa M SHEFYE3MO8RY-o Pl agoqeqatration 458 be aphicygd by adminisFation; at ed

t hat jyar | e [ 1) ¢\ t BN f A spirit
and Ssope aref AR uflloss o BE e oGl Ath bR RE ARid o LARdhel

ol i gonuc bwmhitsid seitabjrrineivaly throngieuhthedgol yneri ¢ sequence of nucl eosi de
subunits_joi ned by at 1east one inter-subunit |inkage that is a N3'-BPS

t hi ophosph g ORREGAEORE t he ol i gonucl eotide can inhibit or reduce

t el onmerase en L act i yi .wThe ol j.agondel eotide according to.cl.aiml1,
wherein the o:fiwgolr(\’ g*%ﬁ%‘%}g aéa{’rlll-ggrglé:gef’#'%ggrﬁ"f/ pﬁefﬁlgi"b‘fegtgoq ol ﬁﬁc’ ﬁﬁ&ﬁé’brrponent
of t el omdiagsastic Assayd for Aefegiviiief RIDAI SIDNA hatiap @ glv A NiE@i fequée. In one

ol i ggonucl eoti de can specifically hybridize to the conponent of hunman
t el oxBr ageneral appicatiey, thehigehaspharamidese oligeampteatidesasriehicledi(pg., diotogisallic| eot i de

conpri se d uence that i s _exactl I nt ar 0. a sequence
of The RRROUE- SR BpS T UTRET shd Bed's? pRRERE for ROFA SR SBIE Gt BPLifrn 4 or 5
wherein bb@dthg@mb%m@e%ngmén&@&e@.sequence that is exactly
conplementary to the RNA conponent of human tel onerase. 6. The

ol i gonucl eot i Aleroativelyitivs thiophpspBprantidate pliganheleotides qayrizebdund tto asokdkact | y

conpl enent ar o the sequence of the onpo t of telonerase is between
about '108%8}42@0rn?j‘@f”é’iet’i °ti‘%8?aéﬁpg?"ﬂ%&%fé‘s NgRieNEomPlge st ébRdi ng t o

any of Chkahpl® sdpafitedVsih & 1ts 3P e shilld ' h is
defined by ﬁg forerrul a: %%H'af %&lﬁﬁ_’_d}% ti%f%eé%blg%?%a%%g%%&%a&?%4
wher ei n Rningbitieddepttosphokamidatt lagalggso URindiog of tHiophgsphbranyldate gigonudleltides ar vyl

and sal t§ t h(?r eof . . .
o 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).

-32-



8. The oligonucleotide according to any of clains 1-7, wherein all
intersubunit 5 |inkages are N3'--BPS' thiophosphoranidate |18kggegms 9. The
ol i gonucl eoti de according to any of clains 1-8, wherein the oligonucleotide
i s between 100 nucl eotides in length. 10 10. The qljgaonucl eoti de
accordi ng ?%n%ﬁﬁg%f clainms 1-9, wherein the oIigonucIeotFE@ WEB\veen 10
and 25 nucleotides in length. 11. The oligonucl eotide according to any of
claims 1-7, 9Dimpndsti®passaysman ibs cargiedibutl seetiing hesthitafl prossaineh, twith sakakle

sel ected ,ron1thetgrgup_qonsistiQg of phosphodi ester, 15 phosphotriester,
met hy| phadpHigRat el thelsybridisation sardifiens ta milaw: thiophgsphermsidatshaligonenientideat e, and

h h ' : i: Jd ' 1 f cl.ai 1-11,
theroi . BHAHASAE o de 1BPerehiBE 067 BLHOT BRERRE Siefe ol Reishi S o7 oup
consi st i bipdaf eledledSehiyeldtard An GISERelplnint¥izesl dompbAETol Aiaifify ol Safgek D.  No.
2) CAGITAGGGITAG (SEQ LD. No. 10) 13. A N3'--BPS' thiophosphoram date

ol i gohuchByencadetriveen thy thicphespheramidate dliponediensidesproBT TMGERTOASIOSEGE LD. No.

1). 14. ' =PS i QR orami date_ol.i gonucl eoti.de having,the follow ng
sLquenceé@%&éﬁ%&%@&%@%&gﬁﬁ@%ﬁae %‘t 18 g’ﬁ’s?’gm tgi_élﬂ%g?f‘%ﬁ%‘%. A N3' - BPS
t hi ophosphor apfiggHoephekdrsiasms Qiigﬁﬁ.\lilg@tidkﬁﬁbd?&eh 6r dseid Mr@&aﬁ&ﬂéﬁ @nd

CAGITAGGGITAG ( SEQ LD. No. 10 , oligonucleotide according to any
of cl ai nether prat§celh edestribadnhén Fhis| digdnsiré emani bke pacicigadida kit nforthf | Thei on to

facili Kk f th i, | ide b 1. 17. A ph i cal
conpos! t PURPRRRRTIECIs Ry soRt i Reporiaer JBisiile i uitees ab SolRe vegee. havi ng
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follow ng se ce:., TA TAGA SEQ LD. No. 2) fornmulated in a

phar n;mce?ﬂri‘@%gfa‘eéﬂ@gﬁ?ﬁiﬂt‘éeé‘kéihki ‘i(é‘ﬂ?? 1opgeacion gr éﬁﬁﬂ?ﬁﬁééﬁﬁa)’acmheEMOsi tion
conpri si ' ' i i dat: i . i .havi ng t he

Fol | ous npogdt e Bby A ARRPRRANNE Syt ARG AL e P

phar maceft i _caDthyr Apsikptiail e exci pient. 20 20. A pharnaceutical conposition
conprising an, oligonucl eotide according to any of clainms 1-11 or 16,

formiP at ed i ninPngRaResh dhe thiophesphoramidats: elisonucisatides eantbe wsed inAnsthadsdel of

ol . i AR SR 1
cont act | Honepfe RIBHBR BT B0 Kbbeabied. 6or sxafiolfnch HESFE cbisoci ¢ on
accor di nehisphogfhofumidat olip@iudRofldes28n beé Zixed/sEa @I)licﬁéhp%lg %Qggﬁédet@tiédllﬁe

according to any of clains 1-16 for use in medicine. 19 OCT 2004
23. Use Smplpmentarysweleicasidi sqauenessofodiexamnler purification of aspesific-mBNArfrarhe

Dot o Pugh fBadles CQMaRRe 81 ol BRI nckufurifey: 6528 1P alfe 1-16 in
t he Do epeicghbsihoRinidatdoliRHbdHRE ark %vaﬁfaﬁ&hmrsu%‘;apgu H6ds since the§ dan 2

pol ynucl eoti de conprising a sequence of nucl eosi uni'ts contal ning at
| east onéraubonsi stablie interectiony witheRIX A rand|daple O TN Adthan-stidard 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
CH, '*C, 3?P, 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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wherein B is a purine or pyrimdine or an anal og thereof; 10 is SR,
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{vqgl gb] X] ca] c: a] ch ] ca] ca] CX,] cz% ﬁzgﬁ )c&gﬁé ?\ﬁﬁfl F %:ig ta "}ukatfca] ca] ca
] ca] ca] c&hemall): behel 87aUPLA) eeddifiddliom]with Mitercalating 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 include, 5' and 3' terminal modifications to the

oligonucleotides (e.g., --OH, --OR, --NHR, --NH, and cholesterol). In addition, the ribose
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109%& () thepspaithedis aD6lighicl¥6tie PaSsphdraBddald Wnsk the fon%m%o &) Qatrity Yl 1D & () -

| . 10%& ()- , 10%& ()- !xY:/ 10bL! 10%& ()-L! 10%&
lyl o%&'ff(“)hl@@@%@c(% inydigllogoenethanem boirg (i) ccmpmmm;m 19sphoramidite and

10b ! 3@#%040 r Lt %19 %?éiog)tnfé, 1691%3,& I(x% cap?f)\l(#gl,og@%/l(lgobutyxc anhydride in
(Y- TA6TBE ()"

9' 1 10%&
5 THF/lutidine, 1/1, v/v, 15 sec; and (iv) oxidation, 0.1 M iodine in THF/pyridine/water,

10/10/1, v/viv, 30 sec.

Chemical steps within the cycle were followed by acetonitrile washing and flushing
with dry argon for 0.2-0.4 min. Cleavage from the support and removal of base and
phosphoramidate protecting groups was achieved by treatment with ammonia/EtOH, 3/1,

10 v/v, for 6 h at 55°C. The oligonucleotides were concentrated to dryness in vacuo after
which the 2'-t-butyldimethylsilyl groups were removed by treatment with 1M TBAF in THF
for 4-16 h at 25°C. The reaction mixtures were diluted with water and filtered through a
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' — P5' 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°-(0O-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.
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i. HBr; il. TMS-bases, TMSOTH; lil. NHg/MeOH; iv. DIAD, PPHg, BzOH; v. LiNg
vi, Ho/Pd; vii. MMTCI; viii. NaOH/EtOH:; ix. CEOPCIN(IPr)

Sugar precursor 1 (from Pfanstiehl) was converted into the o.-1-bromo intermediate 2
with retention of sugar C-1 configuration. Compound 2 was then used, without isolation,
for a Sy2-type glycosylation reaction with silylated uracil and thymine bases, which resulted

5  in formation of nucleosides 3. Stereo selectivity of the glycosylation reaction was quite
high — more than 90% of the formed nucleoside 3 had the desired B-anomeric configuration,
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 7¢,t,u were in the range of 8-12% based on the starting sugar
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Example 3
Synthesis of Oligonucleotide N3' — P5' Thiophosphoramidates

Oligonucleotide N3'—P5' thiophosphoramidates were prepared by the amidite

transfer reaction on an ABI 394 synthesizer. The fully protected monomer building blocks

10 were 3-aminotrityl nucleoside-5' -(2-cyanoethyl-N,N-diisopropyl) phosphoramidite where
nucleoside is 3'-deoxy-thymidine, 2',3'-dideoxy-N>-isobutyryl-guanosine, 2',3'-dideoxy-N6-
benzoyl-adenosine or 2', 3‘-dideoxy-N4-benzoyl-cytidine. 5'-Succinyl-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' thiophbsphoramidates: (i) detritylation, 3% dichloroacetic acid in
aichloromethane; (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 m/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 C'P NMR 8, ppm 58,

60 broad signals Rp,Sp isomers).
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5. station #10 was filled with neat carbon disulfide and reagent bottle #15 was filled with a

| solution of 15% Sg in carbon disulfide containing 1% triethylamine. As the activator the

commercially available 0.45 M solution of tetrazole in acetonitrile was used. Cap A

solution (station #11) was replaced by tetrahydrofuran/isobutyric anhydride/2,6-lutidine

8/1/1 vivlv solution. Cap B was also the commercially available reagent. A new function

10 was created to deliver carbon disulfide from station #10 to the column. The default sulfur

synthesis cycle was modified the following way: sulfurization time was set at 1 min., and

before and after sulfurization carbon disulfide was delivered to the column for 20s. The

synthesis column was filled with 1 pmole solid support N2-isobutyry1-3'-(trityl)amino-2',3'-

dideoxyguanosine-5'-succinyl-loaded CPG (controlled pore glass). The sequence of the

15  compound was programmed as GATTGGGATTG (5'—3") (SEQ ID NO:1 1). The trityl

group was removed at end of the synthesis and the column was washed manually with
carbon disulfide and acetonitrile. The solid support was removed from the column and
treated with 1 ml concentrated aqueous ammonia at 55°C for 6 hr in a tightly closed glass
vial. After filtration most of the ammonia was evaporated and the remaining solution was
20  desalted using Sephadex™ NAP-5 gel filtration columns (Pharmacia) followed by
lyophilization in vacuo. The product was analyzed and purified as described above. All of
the other thiophosphoramidate oligonucleotides listed in Table 2 (SEQ ID NO:2-4) were:

synthesized using the above described methods.

25 Example 4
Acid Stability and Duplex Formation Properties of Oligonucleotide N3' —P5'

Thiophosphoramidates
Oligonucleotide thiophosphoramidates unexpectedly demonstrated an increased acid

stability relative to phosphoramidate counterparts. One might have expected that
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thiophosphoramidate internucleotide linkages were found to be more acid stable than thelr
- oxo-phosphoramidate counterparts.

The half-lives of thiophosphoramidate TAG;T;AGACA, (SEQ ID NO:2) and its
phosphoramidate counterpart in 40% aqueous acetic acid at room temperature were
approximately 6 hours and 0.5 hour, respectively, according to IE HPLC analysis (See

10 Table 1). Moreover, the composition of the hydrolysis products was different between the
thiophosphoramidate and its phosphoramidate counterpart. The acid hydrolysis of the
thiophosphoramidate appears to initially result in de-sulfurization, rather than cleavage of
internucleoside N-P groups, as it occurs for the phosphoramidates. These results indicated a
much higher resistance to acidic conditions of the thiophosphoramidates than that of the

15  phosphoramidate oligonucleotides, thus indicating that this new class of
thiophosphoramidate oligonucleotides has improved potential for the development of oral

oligonucleotide therapeutics as compared to other phosphoramidate oligonucleotides.

TABLE 1
Expt Oligomer Type* Tm, -Tm,°C® Acid Stability*
och

1. GTTAGGGTTAG po 442 -

SEQ ID NO:1
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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“increase of Tm relative to the natural phosphodiester counterpart; -

%half-live of oligonucleotide in 40% aqueous acetic acid at room temperature.

Duplex formation properties of oligonucleotide phosphoramidates with
complementary RNA strand were evaluated using thermal dissociation experiments. The

10 results are summarized in Table 1. The presented data show that the oligonucleotide
thiophosphoramidates formed significantly more stable complexes than the isosequential

natural phosphodiester oligomers wherein the difference in Tm was ~25-27°C per oligomer.

Also, the increase in the thermal stability of duplexes was similar to that observed for the
phosphoramidate oligomers. This 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 5

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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agraghy.obxen 3§ 0)@).5 %), KCl1 (0.3 M) and
GAC CTG TTA CCA guu agg guu ag 3’ [SEQ ID NO:5]; lower case represents 2. O-
methyl ribonucleotides and upper case represents deoxynucleotides) was added to the
extract (1 nmol per 10 ml of extract). After an incubation of 10 min at 30 °C, Neutravidin

beads (Pierce; 250 ul of a 50% suspension) were added and the mixture was rotated

overnight at 4 °C. The beads were pelleted and washed three times with Buffer ‘B’

.containing 0.3 M KCl, twice with Buffer ‘B’ containing 0.6 M KCl, and twice 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 ul of packed
Neutravidin beads) for 30 min. at room temperature. A second elution was performed and
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 MgCI2 1 mM EDTA
1 mM DTT 1 mM DTT
I mM EGTA 10% glycerol
10 % glycerol 0.5 Triton X-100™
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solutions: 50 mM Tris acetate, pH 8.2, | mM DTT, 1 mM EGTA, 1 mM MgCl,, 100 mM

5 K acetate, 500 uM dATP, 500 pM TTP, 10 pM [*2P-]dGTP (25 Ci/mmol), and 100 nM
d(TTAGGG); [SEQID NO:7]. To the individual reactions 2.5, 5 or 10 pl of affinity-
purified telomerase (see Example 4) is added and the reactions are incubated at 37 °C. At
45 and 90 minutes, 40 pl aliquots are removed from each reaction and added to 160 pl of
Stop Buffer (100mM NaCl, 10 mM Na pyrophosphate, 0.2% SDS, 2 mM EDTA, 100 pg/ml

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 ul 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 ANTP/min/ul extract.

erase Activi a
Bio-Tel FlashPlate 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 P is used for measuring telomerase products, as described
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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).

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

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

IV.  The telome;rase reaction was initiated by addition of 10 pl Master Mix to the wells
containing teldmerase 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 ul HCS. -

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

VIL.  The wells were washed three times with 180 pul 2X SSC without any incubation.

VIII.  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
1 mM MgCl,
830 nM BSA
Master Mix (MM) |
50 mM Tris-acetate, pH 8.2
30 1 mM DTT
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5 20 pM dGTP

120 uM dTTP
100 nM biotinylated primer (5'-biotin- AATCCGTCGAGCAGAGTT-3") [SEQID
NO:8]
5.4 nM labeled probe [5'-CCCTAACCCTAACCCTAACCC-(**P) Ajso - 3]
10 [SEQ ID NO:9}; specific activity approximately 10° cpm/pg or higher
Hybridization
12X 8SC (1X = 150 mM NaCl/30 mM NajCitrate)
40 mM EDTA
40 mM Tris-HCI, pH 7.0
15 Using the foregoing assay, the thiophosphoramidate olligonucleotides represented by
SEQ ID NO:1 and SEQ ID NO:2 were shown to have telomerase ICsg 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 , 1C5o(nM) I1Cso(nM)
Oligonucleotide phosphoramidate | thiophosphoramidate
1. S'-GTTAGGGTTAG-3' 1.9 : 0.89
SEQIDNO:1
2. 5'-GTTGAGTGTAG-3' 1000 177.4
SEQ IDNO:3
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Oligonucleotide sequence 2 (SEQ ID NO:3) is a mismatch control for the
oligonucleotides used in experiment 1 (SEQID NO:1). Similarlyb, oligonucleotide
sequence 4 (SEQ ID NO:4) is a mismatch control for the oligonucleoﬁdes (SEQ ID NO:2).
used in experiment 3,

The telomerase inhibition data presented in Table 2 show that the
thiophosphoramidate polynucleotides of the present invention are about 2-3 times better at
inhibiting telomerase activity relative to counterpart phosphoramidates oligonucleotides.
Thus, the inventive thiophosphoramidate oligonucleotides are not only more active in the
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.

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
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.,
between about 100 nM and about 20 uM) for a period of about 4-8 hours after plating
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following the split. The second group of cells were siinilarly exposed to mismatch control
oligonucleotide SEQ ID NO:4.

Each group of cells is then allowed to continue to divide, and the groups are split
evenly again (near confluence). The same number of cells were seeded for continued

5 growth. The test fhiophosphoramidate oligonucleotide or control oligonucleotide was
added evéry fourth day to the samples at the same concentration delivered initially. In one
experiment the célls were additionally treated with FuGENE6™ (Boehringer-Mannhiem)
following manufacturers instructions, FuGENE6™ enhances oligonucleotide uptake by the
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 using' 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 thiophosphofamidate
oligonucleotide SEQ ID NO:2 is a potent in vitro inhibitor of telomerase activity. In the
absence of FuGENE6G™, 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
MM. When cells were coincubated with FuGENES6 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 having the scqucncé CAGTTAGGGTTAG (SEQ ID NO:10) is a potent ir 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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1109 () 5lié‘0:lig(%§6t(d)e§ arlefp%%%i&t"n(\)iﬁ&mgrs of telomerase activity in immortalized human
breast epithelial cell.

In another experiment, HMES50-5E cells were incubated with one of the

-thiophosphoramidate polynucleotides shown in SEQ ID NOs: 2 and 10. The mismatch

5 oligonucleotide SEQ ID NO:4 was used as a control. All polynucleotides were used at

concentrations between about 0.1 pM and about 20 uM using the protocol described above.

The data on cell growth, shown in FIGURE 6, indicates that the cell entered crisis (ie., the

cessatioﬁ 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 HMES50-SE 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 pM using the protocol 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 HMES0-5E 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
(ICs0) against telomerase and other enzymes known to have RNA components by
performing hybridization tests or enzyme inhibition assays using standard techniques.
Oligonucleotides having lower ICs;, values for telomerase as compared to the I1Cs, values

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

c. Cytotoxicity

The cell death (XTT) assay for cytotoxicity was performed using HME50-5E, 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 uM in the presence and absence of lipids. During
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| S| T#19z 16@é qsrs g\P;‘B:L é’%ﬁ%)"- ugs| @jugined fpr the watinys gelf ypes) (showmia FIGURE 8)

T0oa ()- ST BT Eaobe B Tt HEsiaimn oy ey pre enveesd g
I SI T#L" | 10b§egved)at core@Rtfationy less thaygliouf 10054M. It will be appreciated that other tumor
109%. (). SL10% & (sé- L@ 10% & () -/ *000011dEDC | S| T#, LIO% & () - L+

10% & ©) - IFYs Hrspgsich ss the oyerisy fumor_celd lingsOYQAR-5 and SK-OV-3 can be used to

determine cytotoxicity in addition to control cell lines such as normal human BJ cells.

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 ere
divided into two groups. One group is treated intraperitoneally with é 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 deteﬁnined periodically following
the xenograft using standard methods and materials.
~ Inthe 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 cligonucleotides 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.

-49.



LLS 109% & ()- 11-2223V3dEbC !SI T# 6 10% & () -, 5L10% & () - 310%1& () -
. 10% & ()- 0, #10% & ()- |. 10% & ()-V3[3\3] 3"3k334Y5_= ! S! | %- #1{)5«%&) -
| (F-#100& ()- 10% ()-f#-100%& ()- 10( 10( 10(:10%&" () - Y5R66888

| SF' Z#10%&: O& ()-1#Y #100& ()-,!Y #10%& () -, F- #10%

| IF- paooe DO0hS. :::Q:~ _@!'SI2109%& () - FLO% & () - 9$5100P%§$‘%§“°’2“fff 10
10: 10%& () -1 F 2#100& ()- N Y;zX6~ @!!8 Y 10%.& ()-SILY

10% V, V& () - S! Thad)xie (n)eséilt m\?énﬂ&%ﬂo&déé n&le] hopHd¥pHokarhiiat® blibORk1dotid &Y

~==aB~ 9 109% ( & L! 10% & 10% &
0% & () GG K35 [domigpe a@fv&mé,@ Fraiing dision s it (it

1o e ¢ %Wgelﬁﬁﬂag(e/‘ﬁétgl&? Jias Releletifed Bisbol, adibiill Rader CARESRIOPER B OramIdate | g

d CCD+EthﬂIgbxhdc(dohd&¥’/61&hé )mve'ntmii‘-L bidesa fu)gh 1ebVE End bffedtivé Qodadndnk fo
10% & ()- 10% & () - +EEE2GGBHHIEDC 111 ( % & ()-L) 10% & ()- #10%& ()-
L&l | 109 & maligaanteeiiohat repuirg telopegase (asmvnm tp mmai RQOAL) yét- without affecting

HHE(FLO%% o b AR S8 () -

While the preferred embodiment of the invention has been illustrated and described,

it will be appreciated that various changes can be made therein without departing from the

spirit and scope of the invention.
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1098& () -- n¥g#1024 éfié‘oé&cieo_tide (acgorgﬁng to ciaim 1, wherein the oligonucleotide can

specifically hybridize to an RNA component of telomerase.

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
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 exaétly complementary to the RNA compohent of human
telomerase.
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.

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) -0-]-5":

- 51



*byb~bbbbbbvU4 | FZ10%& ()- F", 1098& ()-109%0940% F3: 1098& ()-- Fs6

. 10%&' ()-G WFS) - #10%49%4& ()-bccdQeee| [: VU4 | F FF#10%& ()- F F$ S10608004) -
FSF 1098@& ()- - A@10%& ()-1- Fss 10%& ()- FY 10%& ()- eFgggggh}aAvUs |

F Fy$1098& ()- y$1098& ()- y$1098& ()- FL& 1098& ()-F- F3#1090& ()-

n3#10% % & () - hhhh/ hOh; h<hl P44 1y$1098& ()- y$1098& ()- O y$10°/8/& 0 -

y$109%&' ()- y$10%&' ()- ' <hFhGhPhChZh[ hehi K/ 4 y$10%& () - y$100/8/& ()-

9 09 Jouehbhsht hhb
YS1000e (- "reThbaw( poiech Th el (2ous Bodalng of RRAmaRmIAILh ervl dnd sals
31, f10% & ()her®@10% & ()- 33"S@0% & () - 10X#LOXH#LOXH

3l: 10%(#&'_()-y$100/8/&' ()- hhgigk"mro|[[:[[: " nf #10% & ()- W #10% & ()-
#1096 & ()- #10%"i & ()- |#10% & ()- 3 10% & ()-rooVp[ g gagbqgcgoq| obU4

" 0 " - " 1" " A 0 1 Nl f - / - (Vl &I - 3/ - #10% I‘ - f .
1058 () - oo uer 1o oapclghtdNelidia soanl RS2 skt el ik csogbimit )
f Y" 100" K& lipkagss sz NBESPR' (Hioptb¥pRofazdid lini@gdds 2t uluvv| | bua

9. The olﬂigonucleotide‘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 ohgonucleotlde

is between 10 and 25 nucleotldes 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 consjsting of phosphodiester,

15 phosphotriester, ﬁxethylphosphonate, - P3’>N5’  phosphoramidate, N3’—P5’
phosphoramidate, and phosphoro’lchiolate. k

12, An ohgonucleotlde according to any of clalms 1-11, wherein the ohgonucleotlde
comprises a sequence selected from the group consisting of:
20 GTTAGGGTTAG (SEQLD. No. 1),
TAGGGTTAGACAA (SEQ I.D. No. 2)
CAGTTAGGGTTAG (SEQID. No. 10)

_ 13. A N3’->PS5’ thiophosphoramidate oligonuclcotide having the following
25 sequence: GTTAGGGTTAG (SEQ LD. No. 1). '

14. A N3'—P5’ thiophosphoramidate ohgonucleotlde hav1ng the following
sequence: TAGGGTTAGACAA (SEQ LD. No. 2).
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20 © 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 inhibifing telomerase enzyme activity in a cell in vitro, comprising.
contacting the cell with an oligonucleotide or pharmaceutical composition according to

25 . 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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is O, S, or NH.
15
26.  The 'polynucleotide of claim 25, wherein all subunits are defined by the formula:
o
HN, P P
-S/ o_§
20

54



10

15

19 OCT 2004

27.  The polynucleotide according to claims 25 or 26, wherein the polynucleotide can

. inhibit or reduce telomerase enzyme activity.

28.  The polynucleotide according to claim 27, wherein the polynucleotide can

speciﬁcaily 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. |

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.

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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