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present invention is directed to thiophosphoramidate oligonucleotide compositions, their use

15 as diagnostic or therapeutic agents and methods for synthesizing thiophosphoramidate

oligonucleotides.
Background of the Invention

Nucleic acid polymer chemistry has played a crucial role in many developing

technologies in the pharmaceutical, diagnostic, and analytical fields, and more particularly

20  in the subfields of antisense and anti-gene therapeutics, combinatorial chemistry, branched

DNA signal amplification, and array-based DNA diagnostics and analysis (¢.g. Uhlmann

and Peyman, Chemical Reviews, 90: 543-584, 1990; Milligan et al., J. Med. Chem. 36:

1923-1937, 1993; DeMesmaeker et al., Current Opinion in Structural Biology, 5: 343-355,

1995; Roush, Science, 276: 1192-1193, 1997; Thuong et al., Angew. Chem. Int. Ed. Engl,,

25  32:666-690, 1993; Brenner et al., Proc. Natl. Acad. Sci., 89: 5381-5383, 1992; Gold et al.,

Ann, Rev. Biochem., 64: 763-797, 1995; Gallop et al,, J. Med. Chem. 37: 1233-1258, 1994;

Gordon et al., J. Med. Chem. 37: 1385-1401, 1994; Gryaznov, International application

PCT/US94/07557; Urdea et al., U.S. Pat. No. 5,124,246; Southern et al., Genomics, 13:
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ol i gonugidaetdnde N3'-P5' phosphoramni dates form unusually stable duplexes

wi th conplenentary DNA and especially RNA strands, as well as stable
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(Chen et al., Nucleic Acids Research, 23:2661-2668, 1995; G yaznov et al.,
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N3' -->P5' phosphoram dates are nore potent antisense -2 ) .
properties, nuclease resistance, and solubility (Gryaznov and Letsinger, Nucleic Acids

Resgarch, 20:3403-3409, 1992; Chen et al., Nucleic Acids Research, 23:2661-2668, 1995;
Gryaznov et al., Proc. Natl. Acad. Sci., 92:5798-5802, 1995; and Gryaznov etal,, J. Am.

20 Chem. Soc., 116:3143-3144, 1994). Phosphoramidate compounds contain a 3'-amino group
at each of the 2'-deoxyfuranose nucleoside residues replacing a 3'-oxygen atom. The
synthesis and properties of oligonucleotide N3'—P5' phosphoramidates are also described
in Gryaznov et al. U.S. Pat. Nos. 5,591,607; 5,599,922; 5,726,297; and Hirschbein et al.,
U.S. Pat. 5,824,793.

25 The oligonucleotide N3'-P5' phosphoramidates form unusually stable 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'->P5' phosphoramidates are more potent antisense
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o15 Summary of the Invention '

The compositions and methods of the present invention relate to polynucleotides
having contiguous nuqleoside subunits joined by intersubunit linkages. In the
polynucleotides of the present invention, at least two contiguous subunits are joined by a
‘N3'—P5' thiophosphoramidate intersubunit linkage defined by the formula of 3'-

20 [-NH-P(=0)(-SR)-O-]-5°, wherein R is selected from the group consisting of hydrogen,
alkyl, aryl and salts thereof. In a preferred embodiment of the invention, R is hydrogen or a
salt thereof. The inventive polynucleotides can be composed such that all of the
intersubunit linkages are N3'—P5' thiophosphoramidate. Alternatively, the polynucleotides
of the invention can contain a second class of intersubunit linkages such as phosphodiester, -

25 phosphotriester, methylphosphonate, P'3—N5' phosphoramidate, N'3— P5'
phosphoramidate, and phosphorothioate linkages.

An exemplary N3'—P5' thiophosphoramidate intersubunit linkage has the formula:
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The present invention also includes a method of synthesizing an oligonucleotide
15 N3'-P5' thiophosphoramidate. In this method a first nucleoside
5'-succiny}-3'-aminotrityl-2',3'-dideoxy nucleoside is attached to a solid phase support. The
first nucleoside additionally has a protected 3' amino group. The protected 3' amino group
is then deprotected to form a free 3' amino group to which a second nucleoside is added.
The free 3' amino group of the first nucleoside is reacted with a 3'-protected
20  aminonucleoside-5'-O-cyanoethyl-N N-diisopropylaminophosphoramidite monomer to
form an internucleoside N3'—P5' phosphoramidite linkage. The internucleaside
phosphoramidite group is then sulfurized to form a N3'—P5' thiophosphoramidate
internucleaside linkage between the first and second nucleosides.
In another embodiment of the invention, a method is provided for hybridizing a

25  thiophosphoramidate oligonucleotide of the invention to an DNA or RNA target. The
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conpositiong_and. kitg including 10 a pol ynucleotide having at |east one
N3'-+P5' thto Qram date |inkage, as described above. The inventive
ol i gonucl eot i dW sparticularly useful in oral therapeutic applications
‘based on hybriglzatioon, such as, antigen and antisense applications,

i ncluding the it BIti on of tel onerase enzyne activity. 15 Brief
Description of ghg_Iyraw ngs The foregoing aspects and many of the attendant
advant ages of this isnvention will becone nore readily appreciated as the
sane beconswké Beis ausinie o 99Hmiding 6f & Qxﬁlﬁ@%]ﬂﬁrédf,el i OR| SR} 6&metyRiandd
description, when taken in conjunction with the acconpanyi ng draw ngs,

wher eiRy; is3electedifieim the grhupwsonsisting rof &y drogen,(3+Re SRy kndybalogen) otherein &;

ol i gonuc| eoti de phosphor ot hioates; FI GQURE 1B shows the internucl eoside
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-into its phosphoranidate counterpart, as well as the products resulting
' The present invention also includes pharmaceutical compositions and kits including

10  a polynucleotide having at least one N3'—>P5' thiophosphoramidate linkage, as described
above. The inventive oligonucleotides are particularly useful in oral therapeutic
applications based on hybridization, such as, antigene and antisense applications, including

the inhibition of telomerase enzyme activity.

15 | Brief Description of the Drawings

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to the
following detailed description, when taken in conjunction with the accompanying drawings,
wherein:

20 FIGURE 1A shows the internucleoside linkage structure of oligonucleotide
phosphorothioates;

FIGURE 1B shows the internucleoside linkage structure of oligonuclebtide
phosphoramidates;

FIGURE 1C shows the internucleoside linkage structure of exemplary

25  oligonucleotide thiophosphoramidates of the invention.
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NO 2 that i | t | EQ | NG t hat

cont ai ng nhifécg@@ef %@@%%ﬁ%@p}’% &rﬁgﬁggo%stﬁ%%epf%&é%}g§mq1h§s‘8f#éwhﬁ%ﬁnm tro
el uct ot rae M- 20 e, . ! o

Lo onpo R ol s BUpREbhARREes ) WYY 10T RS MO AT O et ary

to tel oner asgIGRURE ¥l Advls G SoR¥Matibcolting! bf tHE StHVerdloNCa: didusfedtide t hat
are conplenentary to telonmerase RNA, and SEQ I D NO 4 that contains

nucl eot thiephosphoramidate into itsphogpleostnidate codterpert; s welllas thel profudisulfinghows
the results of the thi ophosphoram date oligonucleotides on the telonere

| eng? h &on-bebpdolysisafithe dimpadestideghiophesphoramidate.ne | Cso val ues neasured for
Desor | ptt on PRIPRE £ Ristes the Oy By o A@PELESe ulahitian appesoPertmed ¢ ut ed
| Kyl -havi ng | 2 h.as.. l,
and t he R sk by of ERpRABRoRRRIR: ohESRRHTE b8 SEQ M N2 4 vy
i cal . T : . i
7o’ or hmbREEhRe @ HimiebisERNA or SR NO:4 nft it wicEbioq Bidudep™) ' ©
substituted RIGURE DSws ﬁlk!qr@sxﬁﬁ’ofadnkﬁ&: vitr@ fteldtnétase WiibitioH ds@fySperfdriad t ol Y1 |

et hyl phenyl , bi phenylyl, etc. Also included are heterocyclic aromatic ring
gr olips ubiay imgyeasing amowmw LE thiophospitcoramidaygeliponaclestidel oft SEQ ADENO10tthat isi ng.
"Adigonucleotides" typically refer to nucl eoside subunit pol yners having
bet ween complesisaiary t® ¢ meeagg\éﬂ\mso conti guous subunits. The nucl eosi de

AR ¥ NN I R R I
sk 1 1'eatiipmpes REfA, and SEOPRY NG S mtis uefeBiaf Rismas s oB bt Phose
subuni t gpvEshSESEaEr (e. 9., 2' substitutions),
15 FIGURE 7 shows the results of the thiophosphoramidate oligonucleotides on the
telomere length of HMES0-5E cells.
FIGURE 8 illustrates the ICs, values measured for the thiophosphoramidate

oligonucleotide SEQ ID NO: 2.

20 Detailed Description |
Definitions '

An "alkyl group" refers to an alkyl or substituted alky! group having 1 to 20 carbon
atoms, such as methyl, ethyl, propyl, and the like. Lower alkyl typically refers to C; to Cs.
Intermediate alkyl typically refers to Cg to Co.

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

"Oligonucleotides” typically refer to nucleoside subunit polymers having between

30 about 3 and about 50 contiguous subunits. The nucleoside subunits can be joined by a
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the basqo @idpishe 3' and 5 termini. The term "pol ynucl egidiAgsoonsggsused .
herein, has t?’ue sane 5 neaning as "oligonucleotide" is used :
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understood that the nucleotides are in 5 -+ 3" order fromleft to right.
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2 -degxy 10 apd 2'-hydroxyl forns, as d cribe d Baker.l
|sngar baskbong (g. Mbosemée%ﬁlb%%g“ %P ay %) 2@{{3‘5@% {L‘g -

hg\c?'nga%}&a%“ 5755 304 3 it l@os'u pﬁyd;agie%gaé' 3 P finy ugs'tﬁe%ﬂgs
doge H%%Gng%e& oholBdide Siebly iRt AR | ey, New York,

anal®gs 1 nc e synt etlc nucl eosi‘des deS|gned to enhance

bi ndI Ng Pr Qfhev&San bhigdntelestiddis réprescARACHY i kéduenoé oftlettérskeuctsush as
d| scl osed by Unhl mann and Peyman (Chemical Reviews, 90:543-584, 1990). A

" base"ATGUERETGEdA héll derundersiood | thatethé nhcleytidesaire NS an3! drilék foeradeft faur aci | -
t hym ne, adeni ne, guanine, and cytosine), and (ii) nodified bases or base
anal ogight e. 9. 5-met hyl -cytosi ne, 5-bronouracil, or inosine). A base
analog is a chem cal whose 20 nol ecul ar structure mmcs that of a typ| cal

DNA or RNAAsassed hareinsuicleoside’h inclydesithe antueal nmémgldep,empl,ﬂdm Yrdeony .
occurr| ng in natural nucl eosi de | nc udi n nm.ne, ur aci I
| conharh rhysisexyd derms, &2 8¢ d dessribed inKomhgrgcand rﬁ#ﬁé %?&5% @3%%

?Lgptygfwwuga'a*ﬁ@}%dro b, 3 %Eiﬁ?'eg“%@'f’?ﬁ"dﬁgsﬂ clgbEs 12 BRI o on
25 gr %%e%t %ﬁ%ﬂ@tfb nd QQ‘T’ g% Osegg k‘@lt&%b riﬁogﬁ% talﬁaforcﬁgm%dpwgaf” di ne.

protecC ups are eaucage and lyer (Tetrahedro

48: 223ncdétiel, e bO8ektribé gét&@ﬂyw Sbliblt Nudleotide ATRRIES (Mlﬁ’l Wiley)NewOfsk[ ring in
i ng

nat ural nucl eosides, Inclu adeni ne, guani ne, and hypoxant hi ne, and

commn98m|)al Siwgh ambbge irfcludesyhthetic hhcieasldescdcs:gncd togerdrance bmdinglpropnm@y nyl ,
met hoxy, droxyl, amno, thio, halo, and like -7 WL 01/18
Pt US @@ﬁﬂgﬁ specifieity.:ardhe Like, pueh pedisclasedtygUhlmann-and Reyman

papul wlth p ction groups attached, such as N2-benzoyl guani ne,
N2- i s ?@Sgg%ﬁ%a fé‘é@fbenzoyl adeni ne, and '

A "base" is defined herein to include (i) typical DNA and RNA bases (uracil,

thymine, adenine, guanine, and cytosine), and (ii) modified béses 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 Ng4-benzoylcytosine. Further common pyrimidine protection
groups are disclosed by Beaucage and Iyer (Tetrahedron 48:223-2311, 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,



the like common purine protection groups are dis eaucage
wolfddE . i RS

and |yer bove). 5 As used herein, the term"-pro as a
component of a chemical name refers to art-recognized protection groups

for a Rabdtiteailtd TR tephYaOhied Hq'dﬂﬁ'er &de@uﬁﬂf%t&%t o ?ﬁ‘t?&’tlion in

reference to a nucl eoside includes triphe

p- ani s\grélipsheastedpidelilas (Nz-&nzoﬂgimiﬁé; NQXsdbﬁtyl'ylFuﬁﬁndVNI-bcnzoyIademne and

di - p- ani syl phenyl met hyl (i . di met hoxytrityl or and the liKke.

Art - r ecdhe tike cBurthertcontmem pgmw pmtccrhmhugteupmmedxscﬂbaédsim Bemdbage anéh dyer
follow ng references: Git, editor, Aigonucleotide Synthesis: A Practical
Approac(ﬁe(dlqm tk ess, Oxford, 1984) Amar nat h and Broom Chemnm cal Revi ews,

77:183-217, 1977, .Pon et al., B te ues, 6: 768 775, .1988; Ch suka et
3ol of sl efebn dhe Py o8k BoiincRstt O MEiniFH) DA A 10

ai ford,
IR e R Ay A BT
Editio m I o) esi s
and Apprﬁ %ﬁﬁloniy r?y%éhlA%Eg %m%l{%gem&?mgegsgﬁ%\%ln%r ?(i (f98’7) geaucage
and | ygr -arliSy 1iptiediniéthy] (1661dmbhdﬁﬁeﬁ@i%@@%%dMTb%ﬂﬁﬁﬁky]bﬁéxﬁ%@ihyD(1 e hal o"

is used inits conventional sense to refer to a chloro, brono, fluoro or

i odo s ulimtthioxetnityl é6mDIMIE), andphe tiks. d&a&treuolgnﬂedlmbtedtmmrmdujmemlud,e thedeogen

20 substityent.s are generally fluoro, bronp, or chloro, preferably fluoro
or 18nhi slescribp ﬁenékﬂ&ﬁww tﬁferten@SpGégmﬂqm%mnushomSv@gemd@ {Poadtienli bit or
reduce telo r ct,ivj ratlo s .havi ng

o oreramoah {k  Frest Pl ol Amatath fad (Fghim,, Chemisal i RAYIENS1 e

enzyne Aclgsviiy 1947, GBhlet B Cﬁlb{e‘éﬁxﬁéﬁ QNG 584, i D88. OB deck hiailic A

measured actTvity rélatl 0 a c Tol ex € enzyne or

cells g¥Qeaeh 16: 45599459@ Yo EE]?stélﬁSEdi? WhucleBtiBey aﬁ&%faga@égos& | ment s,

the inhibition or reduction in the measufed activity is at a 10%

r educt irgfctival iApprdichi (DRI Foes, Oxfsid| 1D91)D Crbeneadd Wuts, Pre@ptiee Grbeps! hat
reduction or inhibition of the nmeasured activity of at |east 20% 50% 75%
90%Sor QugenicriypthissisSeebad Eéhliohp(ﬂolmeﬂem& Sons Newi Yarki d921), Narng,asitont

i nvention is_ directed generall o ol i gonucl eoti des containin | east 30
one t hidyprkesinand Arplicationg af 4fead %ﬂﬁ'@%‘)"@ﬁe‘gyﬁﬁ?&esﬁ%l 7hg such

-8 WO e/allzgaogle5an§ / "(J Qe%/a%ovg, and like references.

The term "halogen" or “halo” is used in its conventional sense to refer to a chloro,

bromo, fluoro or jodo substituent. In the compounds described and claimed herein, halogen
20  substituents are generally fluoro, bromo, or chloro, preferably fluoro or chloro.

The compounds of the present invention may be used to inhibit or reduce telomerase
enzyme activity and/or proliferation of cells having telomerase activity. In these contexts,
inhibition or reduction of the enzyme activity or cell proliferation refer to a lower level of
the measured activity relative to a control experiment in which the enzyme or cells are not

25  treated with the test compound. In particular embodiments, the inhibition or reduction in
the measured activity is at least a 10% reduction or inhibition. One of skill in the art will
appreciate that reduction or inhibition of the measured activity of at least 20%, 50%, 75%,
90% or 100% may be preferred for particular applications. '

The present invention is directed generally to oligonucleotides containing at least

30 one thiophosphoramidate intersubunit linkage, methods of synthesizing such
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pol ynucl and met hods of using the inventive oligon | as
therapeu corrpounds and to in diagnostics. The oli gonugﬁé‘m%@%re )
exerrpllfled as having the formula: HO 0O Z R 2~ M R3 R4 5 wherein
each Jalela; oY t e nal og
*hor et TRAMEARRE Gl pedRElsn T Tl 0 h@eﬂgﬁ%ﬁ’?ﬁhu%f’%@ﬂ29%%&““’"

5- net W&mﬂmﬁdﬁggmacil and i nosi ne, isOor NH 10 Z2 is OR .
SR, or nethyl wherein Ris selected fromthe group consi sting of hydrogen,
al kyl , aryl Thealigoni¢leotidesrapméxenpdified as bhviog tht formnlat he gr oup consisting of,
hydrogen, O R2, S-R2, NHR2 and hal ogen, wherein R2 is H, alkyl, or

(CH2) NWCH2) nH, where n is between 1-10, mis between 0-10 and Wis O S,
or NH, 15 R3 and R4 are-sel ected fromthe group consisting of hydroxyl,

ami no and h¥@rqygen aa n2 is an integer between 1 and 50. The nucl eosi de
subuni ts maki 1 ot fgol ynucl eoti des nucl eotides of the present °

I nvention can |be tdgd to be in a defined sequence: such as, a seguence
of bases capabl el R |(hybridi zi ng specifically to a single-strand nucleic
acid target sqqu e or |a sequence that will allow formation of a triplex
structure betyee 1€ py|ynucleotBde and a target duplex. Preferably, the
sequence of nycl eosi de du e joined by at |east one subunit that is.
a N3'-4P5' th-i-ophospho*?mﬂ:ﬁgifl ned by the fornula: -9 WD 01118015

PCT/ US0O0/ 24688 Rs Rs -

5

wherein each B is independently selected to be a purine or pyrimidine or an analog
thereof such as uracil, ,fhymine, adenine, guanine, cytosine, 5-methylcytosine,
S-bromouracil and inosine, |

Z;isOor NH, .

10 Z, is OR, SR, or methyl wherein R is selected from the group consisting: of
hydrogen, alkyl, aryl and salts thereof,

R, is selected from the group consisting of hydrogen, O-R,, S-R;, NHR; and
halogen, wherein Rz is H, alkyl, or (CHz),,W(CHz)mH where n is between 1-10, m is |
between 0-10 and Wis O, S, or NH,

15 R and Ry are selected from the group consisﬁng 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 the 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:



HN, R Z [n Bis a purine or pyrimdine or an anal - Zis
OR, SR &yoﬁ@?@ , Wherein Ris selected fromthe group cwpﬁ‘g&%f _
hydrogen, al kyl, aryl and salts thereof; and Rl is selected fromthe group
consi sting okt_hydrogeng O R2, S-R2, and hal ogen, 5 wherein R2 is H, alkyl,
or (CH2)"WCH2) efe nis between 1-10, mis between 0-10 and Wis O,
S, or NH, with iso that when Z is nethyl or OM, R is not H For
exanpl e, all of ter-subunit |inkages of the pol ynucl eoti de can be
N3'-aP'5 thi opH fami date inter-subunit |inkages defined by the
formula: h HV _ B Y»dis 10 The inventive oligonucl eotides can be used to
hybri di ze to target rfucl eic acid sequences such as RNA and DNA. \Wen
desirabl e, thﬁeﬁidmwmtdr@gﬁmmemxﬁﬁgmebﬁventi on can be | abel ed
with a reporter group, such as radioactive |abels, biotin |abels, .

fl uorescent ZadbeDR, SRJ artmethykewhereinf Reisl seledted iftom dbe @roum condistinge of

pol ynucl eotide itself and its presence in, for exanple, hybridization
conpl exkwdrogen, alkyh aod ped salisfeegeofpandt he i nvention, a kit for isolating or

detecting a ar,get RNAépro a sanple i,s pLovided. '_ cont.ains an

6% RelsPieg G dbe HeawponBisas Ob Ay gt Bt S-Rui FALOEES:
gl : gogtjcl egfi ter u@ S k&éﬁlS 135? ngﬂ hy, it‘@t&gf _I:g: a'ﬂ"ﬂweRB ip&n?dlgy
WO ((Jﬁl 1@’8%%“%’%@0 ﬁgfﬂféﬁ -zm ’Bhf g plbrsl ne o1 yrilrxr‘l dicne or ‘an’ anal og
t her eof and"W 8 OB, orRiT, Rith Y Phyiso Bk wibn 735 BRIATLEOME R4 SR I OUP

consi sting hydr ogen, hal ogen, wheréin R2. is H alkyl,
or (CH2)nWCH2)nH, where n is between 1-10, in is between 0-10 and Wis O,

5 S, or NH, Pérdxatipte, RUIOf sOinteratbutitelthkdgésSofithé Pyllynadledtide. caltbe NS H®5 H, and

thiophosphoramidate inter-subunit linkages defined by the formula:

M\ o T
HN_ Ry
.8 __§

10 The inventive oligonucleotides can be used to hybridize to target nucleic acid
sequences such as RNA and DNA. When desirable, the oligonucleotides of the present
invention can be labeled with a reporter group, such as radioactive labels, biotin labels,
fluorescent labels and the like, to facilitate the detection of the polynucleotide itself and its
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:

-10-



wher ei nwaner/moiggonucl eoti de hybridi zes to the target RNA pd1es00/24688 - .
ol i gonucl eoti des can al so be fornul ated as a pharnaceutical inhibition of
transcription or translation in a cell in a disease condition related to
overexpression of the target gene. Preferably, the sequence of nucl eoside

subunits are joined by at |east ,one inter 10 subunit |inkage that. is a
N3' - P5' t hiv¥isHoB ik 8 PuFne F pyriniding anan gealeg theraofif is QR, SR e methybaad:

it or Soub RlFES AR R SO G RBE pt B droBEh i, ST, Fid FpPRERWEEEin Ry o her
asPectop, LS VBRI SNCHEI T FALEY Khemanly. fb HIAEEerELlT cloa YL 07T 21 10

15 ol i'gohuc hi"ophosphoram 8s Uusl catiofi of the

phgs pleo bANEL iifh th PRIV EEHIGIR LOG¥MYT o OMEOR, Rlncils, and J. O gani c
Chemi sfry 62:7278-7287, 1997). The synthetic stratedy enpl oyed

3' - NH-tri t wWhepéift tiecoligbnucleotids iybridides tsthd @arget RNA. : _ .
5' - O cyanoet hyl - N, N-di i sopr opyl am nophosphoram dites (Nelson et al., cited
above) that were purchased from Cruachem and JBL Scientific, Inc. (Aston,

PA andle®liganuclestidesisan plso beformulatsd @s ia\phaymacemical ynhibition of itvansoyiption ( See
FIG 2) was ¢onducted. uysing the fol]ow ng chem cal procedures: 1)
det r i tOF fr3pslghipon ima "@g‘dﬁ Iaiq’riff“%‘)o“gﬁm rﬁ{j“;ﬁl tﬁ)""%‘&?‘?’ﬁ?ﬁ’%‘?‘i{'gﬁ targe} 8eRe-st ep- wi se

sul furization of the internucl easi de phosphoraniidite group formed after
th i t he i odi ne/smat replaced b
e counl: iR, hUSehSeRR R oo R SN SRR o B
d - bad o ' /2 . The
3nP FOPUAE Sfegd Bk if 32000 WAooy, ARt AR o e
55: 46 . 0)e 4l ' ' . tqr ] I
oSt T Ehr ol BobBRPHAL S8 NP LGRS BRL LALIEGh P! ©
acet Orlir@é%ér??deﬁhe&ﬁ%yéefuggulacsﬂ Et 3N, 99/1 (vol/vol) as the sulfurizing
agent . imeric -+

phosphor am dat e- phosphort hi oam date " '
ol i gonucl eoti des. can be nmade by using an oxidation step(s) after the

coupling stwesults in formation of a
HN\{ Ry
g _§

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
62:7278-7'2.87, 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, respectively). Every synthetic cycle (See FIG. 2) was conducted.
uéing the following chemical procedures: 1) detritylation, 2) couﬁling; 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 S or by the commonly used Beaucage

=11 -



phosphor.agg |t ernucl eoside group. Simlarly,
phosphodi (geé(?gﬁn-%p osphort hi oam dates can be made by using PCT/US00/24688

5' - phosphoram di t e- 3' - ODMIr - pr ot ect ed nucl eoti des as nononeric buil ding
bl ocks. redpefe - IHLIMEbESzcARBIAICNRS 13 | - ayt 1 1
phosphor?r%edat e thym dligzne dliidrllucl eosll’ngog‘\%\g@ e\?\aégmgfe{)a%%%grﬁgém%g#h
types ob55%6b3-4609, TH90R0ThE Dligbsudiebtide s?hﬂl%(@ré Peiformed (1 fhBlecdyafiRiide
group. The reaction m xtures were analyzed and Structure of thé conpound
was conkealeewithya 19 soletieh f Bra(tdpe RAgent GY GEPdPNS 28etoMRileHRL 5%adn31P
NMR. The anal ysis reveal ed that sulfurization of the internucleoside

phos pho C8afELN, 894 (ralivel) s thBeulfirzire ageagent resulted 15 in formation of

appr oxi mat el yi 0- 15% of the oxi di zed di nucl eoside with 3'-NHP(O (O OG- 5'
phosphor ami d&himenin N3geP§ phosphvrarsidateephorpliorthioanzidyte oligoauclectidesicgn be

sul furization with nolecular sul fur S8 produced the desired dinucleotide
cont ai nimage by-using a) ¢xadationsstep(s)rafter thecdouplingl step,rwhioh wesults i fariation bfa
quantitagi v éiggl d, .as was judged by 31P NVR and |E HPLC analysis (31P NWR
8, ppm BBosphotaidate intepnyclensidegroupe nfimilarly o phasphodiaster-phospherthipamidateg ar ds

ol 1 gonu bbbt e by Wik SophoBpsemtis AR Rprosiited Afilestdbs oF Sroboeritn wi ¢ n
Beauca | D t 0r, t containing -15%
phosphgrsgirir?gg?%%ﬁ'ﬁ%%ée ) t%%%?&ﬁﬂ%“ﬂ%éﬁ%%ﬁ ‘anal ysi s of gt he reaction
m xq@re. Chehb added ggs%gofﬂida@%f@@@mhaewa@ m}é.?mmﬁ ?Qeﬂ&PéH fghpad

doubl ets) and 7 ppm road singlet) corresponding to t

t hi ophobpthdypes efasutfuriathgrdpestshunddnis o3 NBP@)(B)0-5' insaraadlecstdeygrobp. quet r ast,
sul furization with S8 produced only -2% phosphoram date |inkages in the 1
1- mer preggien mixbuesdwvers analyzed apd BtruvRranfithescampotind Wi eiftmedaiyyons  of
the oli orﬁer W?I%‘)I n_good agreement with theg, 31P NMR spectrum Structure and
purity B¥chapge(E) aad Teversrophase 4BP) HELG: gad IR NMR. dberanalysis tsyealed that TOF
mass sp f nal ysi s, by .- .12 W 01/18015 PCT/ U 24688 31P NMR , and by
ol yact SHEEaBOTal e iaterilsheiAE R AR L Erow o eAihe TRt rsped

t hi pphogplphadd s - : 1 & GACA2
(SE%S) D NO %exgvgfs g‘#&%ﬁiagtﬁelg ltqg’g éfe%@@%%%e%o%wggﬁ \%\ ly.
The ol ﬁdﬂ{gﬁbaﬁﬁé&hﬁk L{PIPORIRSS) Bk | QRRE | 2405 | D
NO 1) agd ACrBTZAG%\CAZag(eéEQ 51 D’R% 2@&2239& é@m netg"3 i%@@rnent al ;"-';—IQby
MALDI - Tidolétaksr SRRLSLpfodR¥ed Shd Besired’ dinucleotide containing 3'-NHP(0)(S)0-5'

internucleoside group with practically quantitative yield, as was judged by >'P NMR and IE
HPLC analysis *'P NMR 3§, ppm 56.4, 59.6 in D,0, Rp,Sp isomers).

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

25  (broad singlet) corresponding to the thiophosphoramidate and phosphoramidate groups,
respectively. In contrast, sulfurization with Sg produced only ~2% phosphoramidate
linkages in the 11-mer product according to the *'P NMR analysis. The IE HPLC analysis

of the oligomer was in good agreement with the *'P NMR spectrum. Structure and purity of
the final oligonucleotide products was confirmed by MALDI-TOF mass spectra analysis, by
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and 4, 398 or/gsmpecti vely; mobility in 15% PAGE rel ati ve t oPCEUSGIR468] i.al
phosphoram dates was 0.95 and 0. 97 respectively. The nodel phosphoram date
nucl eosi de TnpsTn was quantitatively converted into the phosphorani date

count’sP PAVR, aing by, palyacrylemtidegel electrophoretip andysie Jbe unelepular masy for

01 Whsasmibg vt i3 850 B b ARG ©
onty THERCAwi ieed 58 4877.25084 4205150 PorbertfBF” ARERTRMTTIAISE, Kage
TRt P IR (TR R IDNCI s RSN GRY ™

disnucireRQ:gF whb derRRamield Q&ﬂéﬁ:ﬂéﬁtﬁlly\@? MALDIEOF Qihsb!pé_bﬂ%ﬁ@(?yttarﬁe_ 3,577 _

de-sul furization. process (-15%, tollowed by a rapid hydrolysis of the

r esul 4mind, 203 esspectivelyi; dnohility- iNHBMOPAGE xelafiveuto iscsequantial phbsphotamidiResC and
31P NWR (FIG 3). The 2'-R3 N3'--)P5" thiophosphoran dates can be obtai ned
f r om wae0.85 and 897 nespestiveliophor am dat es as descri bed above. The 2'-R3

ot hodol bolbeEAdebBhepRoratals ARHERNGE JYPETT Yo AorRRRRHY (convertediats 2" €
Phi ot BRERFARE o BRE, ThATA, b el wiff 0 £Re iodine solution in |
0 & BRGHTHER GAPUPT(BYTON, S I3l as jpdacd by IE HPLC gnd TENMR
2E§m-1§§|%_ﬁ g?{'ﬁ%él ﬁ%ﬁ??ﬂ%ﬂf@%ﬂ é’%@? Bt ok Rt K sEic ﬁE Tor
o b RS0, 38 P ncx bR SFRRMA iR ol atefil b7 EoRfls (LT0RF bE MhEnbodle 1O

P nonehestiraRidae ibkdae o Fpp comBariity Mitee (oS | MadRIONST e "parite o

> -0 bﬂ&#ﬂ&aﬁnﬁh&t ARt¥r ?’h\,%“ % Wﬁ%gﬁga&}hzﬂﬂﬁﬁedlcgﬁ(ﬁg@@f lthe NLP®oh 34 0- 4

I mno nitrogen o -13 1801 SO0/ 24688 1 was first protected
wsh ﬂlepdiﬁhelebﬂid&tlﬂéﬂw@f)h&ﬁﬁﬁﬂa%é way dcbempaied by rcontomitadtyde-pulfirizatiohe i n
t he presence of dinmethylam nopyridine (Schene 1). The crude reaction
pr oduptocess (+hi%), fallewdd byl 3 rApidohgidmdysiy | oft the, resnttanth phosphoramidgtd r ee
2' -hydroxyl group was then al kyl ated, Schene |

-NHP(0)(O)O- group as revealed by IE HPLC and 3Ip NMR (FIG. 3).

The 2°-R; N3'—P5' thiophosphoramidates can be obtained from the corresponding

phophoramidates as described above. The 2’-R3 N3'—P5' phosphoramidates were obtained
20 by the. phosphoramidite tfansfer methodology devised for the synthesis of oligonucleotide -
N3'—>P5' phosphoramidates. The syntheisis of 2-O-alkyl N3'»P5’ thiophospht_)ranﬁdates is
described in detail as an illustration of this methodology.
The appropriately protected 2°-0-alkyl-3’aminonucleoside-5 ’-phosphoramidite .
building blocks 4, 6, 11, and 15, where alkyl is methyl, were prepared according to a §eries
25  of chemical transformations shown in Schemes 1-3 below. An inventive step for the -
preparation of these compounds was the selective methylation of the 2’-hybroxyl group in
the presence of either the imino functionality of pyrimidines, or the N-7 atom of the purines.
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
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H1 ~ NH Oi.d'n. TO OTot vi -vii V CE N3 Ac N3 MVT W
ok 2 3 ‘yg"l"lg&li. NH2 NHBz . HOWCCOOME, DMAP vii . Namwg/ﬁ%‘?h%@m vii.
CEOP(NiPr2)Cl iii. A920, CH31 Ix. POC13. Trlazde \ iv. Pipedd ne x. NHg TO

00 v. I{ijﬁa%%sfpr@?e%d'ﬁ’ﬂh Q)%ﬁngr\%g% guHMas M rebdMon Y méhEMropyoleSUCh

as by ne I"at 1’'on using 1 odo st lver oxide. The N-3 protecting

gr oup Wafthe preésenfRvfdimetiylahinspyridiie(Sclisint D). e chaltiesdionprodicthiwas tehch was
then inmmediately protected, such as reaction with 4

nmonomet belegtivelyt 3+-Okdeacétyliated; andjtheaesultingofrex 2'-kysiroRyl gronp was theolatkyjdtedist er
was then cleaved using an al kaline solution, followed by phosphitylation
usi ng kngm&a.gqot ocols to give thegdesired 2'-O nethyl uridine

phosphoram dite nononer 4. The TAQ-iet hyl cytosine phosphoranidite was
obt ai ned by cofjversi on of wuri di nf cytidine

anal ogue 5. Tife®ynt hesis of ired the
use of BydKky ect i Agodr QURSNo Pl i | cycli ] ' der to
prevent theYa x j e i = ' xyl group

(Schene 2). gt vyl - xyadenosi ne
7 was first MddBfotected, sle™is by reactfh Meth 15 NH3/ Me¥WAN 1M v/ v) |

to afford 3'4aziido-3'-deoxytadenosi ne. Thenj, ihe 5'-hydroxyl grbup and the
N-6 noiety were selectively re-protected wi {h bul ky protecting 0N QEPS, such

as the t-butpslsiopinesi Si.lnbn or oup or the 44 mjfonet hoxytr!>l_yl grgup. The

conbi nati oni.oHs P t WO  vil. CEOP(NiPr2)CI S l
. Agzo. cHsl ix. POCES, Triazole Tol o & .
iv. Piperidine %x. NH3 i
v. HyPd xi. BzCl AN e
vi. MMTCl, NMI
MMTMH OMe MMT NH OMe
§ 6

such as by methylation using iodomethane and silver oxide. The N-3 protecting group was
5 removed and the 3’-azido group was reduced to amine, which was then immediately
protected, such as reaction with 4-monomethoxytritylchloride, to give the precursor 3. The
5’-toluoyl ester was then cleaved using an alkaline soluﬁon, followed by phosphitylation
using known protocols to give the desired 2’-O-methy! wridine phosphoramidite monomer
4. The 2’-O-methyl cytosine phosphoramidite was obtained by conversion of uridine

10  intermediate 3 into 3’-aminocytidine analogue 5.
The synthesis of the 2’-O-alkyl adenosine analogue required the use of bulky
protecting groups, primarily for exocyclic amine in order to prevent the alkylation of N-7
during methylation of the 2’-hydroxyl group (Scheme 2). 3’-Azido-2’-O-acetyl-5’-O-
toluoyl-N®-benzoyl-3’-deoxyadenosine 7 was first deprotected, such as by reaction with
15 NH3/MeOH (1/1, v/v), to afford 3’-azido-3’-deoxyadenosine. Then, the 5’-hydroxyl group
and the N-6 moiety were selectively re-protected with bulky protecting groups, such as the
t-butyldiphenylsilyl group or the 4-monomethoxytrityl group. The combination of the two
large substituents at the 5°-O and N-6 positions sterically occluded N-7, thereby allowing
for the selective introduction of a methyl group at the 2’-position to produce the

20 intermediate 8. The N-6 4-monomethoxytrityl group was then removed, such as by
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| ar ge s &“I”&éﬂ ﬁnts at the 5 -O and N-6 positions steri cakhicngg@“gsed N7,

t her eby for the selective introduction of a ne oup at the
2' p05|t|on to produce the 20 internediate S. The N-6 4-nononet hoxytrityl

tg ; g;t men th?ﬁhg‘? tr?ﬁﬁ o}?gg% g?ﬁd?% a%nl éfglam %(’éﬁ’og&hpgméﬁﬁg&&g%ﬁe’as

n an organi c sol vent
di chl fanewed b Re-protbet onVFNL6D YTHeuss 'of berdoyd chiofidé!fér. the e ptisectivh dfansoy |
chloride for'the re-protection of NN6 resulted in the addition of two
benz agbulgsd ip she Tdklitier afdtvixe enyoylggmupswaThe ssegond tknnzbyl igeoupy o¥asby base
treatnment to produce the internediate 9. The azide _group 5 was then reduced
and tsubsequently remoe:d byvbass tgatmentigproducedbe duatermediate %’ﬁb%@ﬁ%gmqﬂ tyl to

piRos pYeS ERoduRSd wil e geputig 3 50 EUROTAo RGP RFOBEHNERE 11,
5?.“.6”‘9 s 0 gitall e ol Rt o g e, A okt e o

o FREPS: Opy! PRAREmbmgT L DU WG N 6 b

10 11 The synthesis of the guanosine-based 2' -0 al kyl phosphramidite 15 is
depi c8ehgmp@ 10 Schene 3. :

3'-Azido-2'-O yl -5 - O tol uoyl -
deoxyguanosi was deblocke\c;lvI<

wer e ‘{yl ded by regaikhon

bi s-si

| car banmoyl -
The 5° 0O and 0-6
N(;.hl oride. The

Ny OAc
7 HNez
i, NHy/MeOH vii. NaOH a \)
i.. TBDPSC) vii. HJ/Pd
fi. MMTCL DMAP ix. MMTCL,NMI  1EDPS -
iv. Ag20, Mel x. TBAF
v. TCA xi. CEOP(NiPr2)Cl .
vi. BzCl MMTNH OMe MMT N4 DMe

10 11

The synthesis of the guanosine-based 2’-O-alkyl phosphramidite 15 is depicted in

10 Scheme 3. 3’-Azido-2’-O-acetyl-5’-O-toluoyl-N2-isobutryl-O°-diphenylcarbamoyl-3’-
deoxyguanosine 12 was deblocked by treatment with a base. The 5°0- and O-6 were
reprotected by reaction with t-butyldiphenylsilylchloride. The bis-silylated intermediate

was then 2°-O alkylated. The O-6 silyi group was selectively déprotected to give compound

13. The N-2 group was re-protected, the 3’-azido group was reduced, and the resulting 3’-

15 amino group was protected to yield the nucleoside 14. Finally, the 2°-O-alkyl guanosine
phosphoramidite monomer 15 was obtained by removing the 5’-protecting group followed

by phosphitylation of the unmasked 5°-hydroxyl.
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was then godngblsy! ated. The 0-6 silyl group was sel ecti vepgrassinbsct ed to
gi ve conpound 13. The N-2 group was re-protected, the 3' -azido group was

reduced, and the resulting 3" 15 amino group was protected to yield the
nucl eosi 8ehema3 Finally, the 2'-0 al kyl guanosine phosphoram dite nononer
15 was obtai ned by fermpving the 5 -protecting group followed by
phosphi tyl ati on %:f%g unmasked 5' -hydroxyl. -15 wo 01/18015 o
S
B

PCT/ US00/ 24688 mM3 0 Ah OO R NH ~ r To N Hibul{ av. TBDPS
g%HibusOAaNa H M 12 13 14 €01 . NH viii
UNHibY ., TBBIPERI\SCN VING K, TRAE TBRPS I“NHitu

0-10 NH2 v vii{
MMICL, N
CEOP( Ni Pr2) v. NASTACN Vi1~ v, 1 Bu anhydride v H2/ Pd MMI' H Owve
16 I n anot hgrggnbodi ment of the pgeggat invention, tRgracisthestability of
ol i gonucl eotiges is increased by plgging subunits Iinked khy N3'->P5

t hi ophosphoram date intersubunit |inkages in the oligonucl eotides. The

hybri di zatjRBcRr opei tmves, f the thi ophosphoram dage ngonucI eotides were -

eval uat ed. Tee#sgt | ve yﬁ-d’%for‘gpl enmentary DNA rlands havi ng
phosphodi&g%ﬁﬁﬁﬂ"or BhdERHST AR dat e Jing ers by ' S>NHHae t her mal

v, iBu anhydride

vi, H2/Pd
MMTNH OMe

16
In another embodiment of the present invention, the acid stability of

oligonucleotides is increased by placing subunits linked by N3'—P5' thiophosphoramidate

intersubunit linkages in the oligonucleotides. The hybridization properties of the
thiophosphoramidate oligonucleotides were evaluated relative to complementary DNA or
5  RNA strands having phosphodiester or phosphoramidate intersubunit linkages. The thermal
stability data for duplexes generated from phosphoramidate oligonucleotides and
phosphodiester oligomers are summarized in TABLE 1 (Example 3).
Hybridization of the thiophosphoramidate oligonucleotides with complementary
nucleic acids is sequence specific and determined by the proper Watson-Crick base pairing.
10  The duplex formed by phosphoramidate oligonucleotide SEQ ID NO:3 with a single base
mismatch with a RNA target component of telomerase (Example 6, TABLE 2,
Experiment 2) is substantially less stable than the duplex formed with Oligonucleotide SEQ
ID NO:1 which is fully complementary to the RNA component of telomerase (Example 6,
TABLE 2, Experiment 1).
15  Applications of Oligonucleotides Containing Internucleoside 3'-NHP (O) (S°) O-5'

Thiophosphoramidate Linkages
Oligonucleotide SEQ ID NO:2 3'-NHP(O)(S)0-5' thiophosphoramidate was

synthesized. This compound was surprisingly acid stable and formed a stable complex with
a complementary RNA target. The N3'>P5' thiophosphoramidate polynucleotides of the

20 present invention have great potential for anti-sense and anti-gene diagnostic/therapeutic
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st abi | i o slas@sf or dupl exes generated from phosphor am datpeTaldoagduds | eot i des

and phosphodi ester oligoners are summarized in TABLE | (Exanple 3).

Hybri di zati on of the thiophosphoram date ol igonucl eotides with

conpl| applivationg. Inagireferred embwdinsens of tienpresey dveintionathe oligomucieotidds e t he
proper Watson-Crick base pairing. ~10 The duplex formed by phosphorani date
ol i gcﬁhﬁ?ﬂé@fyﬂb ‘SEE?Q@SNO3 with a single base mismatch with a RNA target
conpopent H- e 6, TABLE 2, Experinent 2) is

substé aUORe dupl ex formed with Q| gonucl eoti de SEQ-

10007 Vil O oy PRV B B

i
Lnk oAb TR0 B o R Deapaciy g ool WARIBTRAKETH RS | 1t

was Gl ugineprocdds) has ben@mupceni@ge.s TheDNANG! the @ads] oiitelohrrax)ef iy med a
stable conplex with - a conplenmentary RNA target. The N3'-P5'

t hi optiweplosomes ofiteukaryiogesuusuallyi chasists of tandetiprrepeated isimplet segueiese gr eat
potential for anti-sense and anti -gene di-agnostic/therapeutic, -, 16 WO

01/ 1@@@&3@#@3@&&%@ ﬂwm oragres bave an m@r{an&b@h@epl &olsdnmaintaining ¢ he
present inventi t he nucl tides re oI 1 eoxyrib h‘l“Ot | des.
e onheameS R, s e SRR oNOrHEREALYy i ShHsTi BV HERSHIAR

I
S B DA e PRI S e ERERORRRS o1."
cell Uéélfulﬁ%ﬁlﬁcéﬁc@%ﬁ&% &@ﬁgﬁﬂ\etrég(ar R n&ﬁ"telBBférQNAmﬁénzB'Hﬁ 1ﬁ(?&l€ved o

tel oneres, of the chrormsorres of eu otes usual |y consists of tandemy

r epeaﬂﬁoknsmtmiaﬁcs ofltclonrse lengt, anay dhee hapertamirigologicab inpiitaticisongsecs have
an i nﬁgﬂt ant biological role in. maintaining chronosone structure and
f unct Herley, M3 , rMutationyRessarabn 256127 1482 timentsd by HBednanet ad. baveul ati ve

| oss ric DNA ov repeated cel |l di,vi si o y act as ri gger of
cel | umﬁr@smrc@mwfg@m&w% telomerashdn FYTR ling e r@hqamﬁ@ﬁa?g’e an -

o) og iiRed i LwhpiEod, 6% BARRE o, o8 Riface AR o1 356 271 202.

Ex'per ' mant Te%&?&n&r a ¥ibcHucledpifiein enzyme that synthesizes one strand of the
telomeric DNA using as a template a sequence contained within the lRNA component of the
enzyme. See Blackburn, 1992, Annu. Rev. Biochem., 61:113-129.. The RNA component of
human telomerase has been sequenced and i$ 460 nucleotides in length containing a series
20 of 11-base sequence repeats that is complementary to the telomere repeat. Human
| telomerase activity has been inhibited by a variety of oligonuclebtides complementary to the
RNA component of telomerase. See Norton et al., Nature Biotechnology, 14:615, 1996;
Pitts et al., Proc. Natl. Acad. Sci., 95:11549-11554, 1998; and Glukhov et al., Bioch.:
Biophys. Res. Commun., 248:368-371, 1999. Thiophosphoramidate oligonucleotides of the
25 present invention are complementary to 10 to 50 nu_cleotides_' of telomerase RNA..
Preferably, the inventive telomerase inhibitor thiophosphoramidate oligonucleotides have a
10 to 20 consecutive base sequence that is complementary to telomerase RNA. -

Methods for detecting telomerase activity, as well as for identifying compounds that

regulate or affect telomerase activity, together with methods for therapy and diagnosis of

30 cellular senescence and immortalization by controlling telomere length and telomerase
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confi rm?dﬁ&ﬁ,#, rtance of teloneres and telonmerase in controlling the
replicati Ve i g@gan 15 of cultured nornmal human cells. SBETHS t al.,
1998, Science 279: 349-352. Telonerase is a ribonucl eoprotein enzynme that

synt hesi LAR4 i ' as~2q. e.a_sequence
cont ai ngﬁb{’)ﬁ?‘r’\é%lﬁgﬂ%ﬂ%egomohﬁ%’%gtﬁm&%’ngﬂ‘ﬁg%ﬁ%@*%,18%5 ,
pnnu._Rav, 1990 SeRdce, 265201320649, PETHalib pRBIGANDR No. 9329395 diRhaRogSe has
been sequenced and is 460 nucleotidés in"l'ength containing a series 20 of
11- base 25etA93nand Ve Patent Kbat5,656,638/ 87601061, 313671278} $1970,61 Damt £36E9%6 ! .

Human telonerase activity has been inhibited by a variety of

ol i gonucl eot iiheddensifisadon:nf compauods that inkibit tebomerasenactivity tpedvides inpertafie e
Nortgn t atl . I\ﬁlure Bi ot echnol oc(I]y, .14; 615, 1996,  Pitts et al., Proc.
Nat |3 ABSREitity offoss at eatmg humn chiydsse,; Compoendaciielinbibitelomepaastivity

Bi hys. . . 48: 368- 37 99. . Thi h 1 dat
] P oal b il T et ET5iersnetited, dikordess SR ASUHBFemsHIce, Gee aglst o 50
| ti f | j i |
i bi t GRBees leloBeARE antin A porclef HEEAR Somdld Gl IR oS SRR L ve
base segugvigeatiBislogichlly SIBVAFRAER Ve ! Bt LG9 Q@fm&gt %Nﬁ?g&ﬁﬁ BGRedeqE

detecting tel omerase activity, as well as for. i1dentifylng compoun t hat

regul at evermariy exil divisionsk riGsfortamitély) few, sutl g6rapainds) dspediailyésispouds WitBr apy
and _di agnosis of 30 cellular senescence and Imortalization by controlling
t el dfer Bighanieney o1 actidiyoandrcompoundsithat\ate bivatahble 4PET brabadmidaRSion Asivevi t v,
have al $2 be n.g&zcr' ed. See, Feng, et al., 1995, Science, 269:1236-1241,
Kim et 0S¢} 1dentjlae ancsphagaierized s lenge, therg temaipgz nsed &ortcompennduthatiact 4s .

93/ 2357 ished. Nov. .25 1993: and US, P 1 g6s.' 5, 656, 638,
5, 160, 0 ?E‘g%)a?!%?}@%g?r%?%gf‘%ﬁ?%%ﬂu‘@‘g?’&SP@@B&%%‘&%&%@?‘%‘gatt RSOy
o o1 or el Bakttel oA Ba3abids Jorlehy Kinee R bR cisfofSitcc °

acti vi t whichaBloBRrase agtiviey i pRakntShaNpse- medi ated disorders, such as
cancer, since cancer cells” express telonerase activity and normal human

somd?i c cel | Theaewathiophesphomniiéite pHgamnrleotidé compynrls ofitl) pekendlidventioh evant
levels (i.e., at levels sufficient to naintain telonere length over many
cel | di 1 pgidsitablenangd therafose.yhavieemany valuabiepusesdas inddbidars aifl geleteriposinds

with 10 hi gh potency or activity and conpounds that are bioavailable after
or al aqu?ﬂg{qﬁgﬁtq%ﬁtyhé\‘}g}] e dor eqamples 18 dthenfreatment @f cpanser in Hupeans. t her e

remai ns p HEEAHAT SRERIEIIS ! 3 bhdiphoidthidate 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 vivo. 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 above). This analysis, supplemented by data that indicates that the

30  shortening of telomere length can provide the signal for replicative senescence in normal
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t el oner xforA3bisPi tors that have relatively high potency @cyGdooMidsy and
that are orally bioavailable, and for conpositions and nethods for

treati ng cancer and other diseases in which telonerase activity is present

abnor eells| see PCT ApplicationtNio. O3/235F2 odemonsaites that inhibitibieof telbineraseprtivigg of t he
present invention are acid stable, and therefore, have many val uabl e uses
as i npitbbe an sffegtiveantireancer therapy Jﬂms,atglenmasp\apwlty sacprexent thepnsetafipl e, in

the treatnent of h Ph | t f
t hi opAREPKISF 2ATaak EP Sétgé&ye%é‘c‘éﬁ%eyeﬁ%gﬁﬁéhhﬁ Sgpeeel xpbuciiop at feloen °%gi rens
whi ch | | b i bit 20
ool P Bl Pbisfedchulalph B 5fl sefBabht s S e Rt oReiBe Bl ounc”
t
e Pt el AP divisRing 1 Yah W B ere B nREARK Bhcydbyye i€ Bt Y loéé‘?ﬁff nar'y
I nt er g&ll cHale or ppowa Sortitsls 6P Beher gbﬁbtﬁ;d@hxﬁagenantabgence Ry el0RiepdBe dRtifity

ol i gonucl eotides of the present invention nay also be used to treat ot her

t el onpemsits tielledseof ¢elodiericoDN Adrdutingeesib divisionl) rasyltihgrinelaopiosomat her
hyperproliferative 25 or autoi mmune disorders. As noted above, the

i mor mmamm@ﬁs and abarrations thet lesd ultimatelyato eglltdestha cilpweveroin @mcert asllsrer ase.

Mo ec'f'%ﬁ § g c{'rrex%%ﬁ&fﬁtq%ifﬁrhewmr Vistis thosetly RN r at ed
apl |1 rate
aKFu [ Riecihgerde léﬁ%‘%%%ﬁ?wi%& Wit oS B Blonof %@%@#&F Befs o |
Lo RS e ‘?Eﬁﬁﬂ‘ Plefithitas AgivihORP “ﬁﬁ%élﬁc#ﬂ%%y@gﬁﬁgﬁ’%ﬁgﬁﬁe‘&ﬁsg%m

dermnséspaét&a al Wide vaﬁb?bcbﬁ ¢a@6c:efana irRbaditions (d.¢/] fihgaCidfedtions)inalHickt i ve
anti-cancer therapy tel omerase activity can prevent the onset of
ot her whewertalizedudiells baving mlomeraseemmymea [‘gctqmndfsnasermogmssmoomlwhlwluct i on

of telaonere |length and the concurrent cessation of cell replication that
occur dnhibitien ol felamgrase activity siscdesired fordraptment puippses. orfde telomenase r

oFbur IRt of e jPestita,tan e e osdl fipbibt Rlomsest sty B i€ eslsct  vi ¢y
per m {5id m‘ﬁayl'ﬂéﬁse?&l ﬁ’%m&lﬁﬂ)&%ﬁ%g ng cell division, resulting in

chr onoso rearrangenents ‘and "aberrations that |ead ultimat el y to cell
deat h. Howgy @fdition, & WifBe sfpréciated Wt TRerhRuRiceneHts F6F tréhtinent bELAERE I C DNA
Is not lost during cell division, thereby allow ng

can be realized by combining a telomerase inhibitor qf the invention with other anti-cancer

) §

agents, including other inhibitors of telomerase such as described in U.S. Patent Nos.
20 5,656,638, 5,760,062, 5,767,278, 5,770,613 and 5,863,936. The choice of such
combinations will depend on various factors including, but not limited to, the type of
disease, the age and general health of the patient, the aggressiveness of disease progression,
the TRF length and telomerase activity of the diseased cells to be treated:and'_the ability of
the patient to tolerate the agents that comprise the combination. For example, in cases
25  where tumor progression has reached an advanced state, it may be advisable to combine a
telomerase inhibiting compound of the invention with other agents and therapeutic regimens
that are effective at reducing tumor size (e.g. radiation, surgery, chemotherapy and/or
hormonal tréatments). In addition, in some cases it may be advisable to combine a

telomerase inhibiting agent of the invention with one or more agents that treat the side
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10-the ca s to beconme imortal, leading to a term pal Q sis for
the. pati g‘ﬁﬁmiggnt s capable of inhibiting tel onerase act}’ém’g&“(ﬁgf nor
cells offer therapeutic benefits with respect to a wide variety of cancers
and ot hg g #i90%e (Eg ar | | fstive o \Miinik lﬂggwgé 1 cells
havi ng tgfg@rrquaatse ac?’i €|g‘??naafrng@gﬁ%’a?:%g:eﬁ|§sn di sggg?a progrtee55| rﬁ%#éléﬁﬂ whi ch
i nhi bi t iMmué résposse®e.gs eolofy hﬁhﬁmﬁﬁ@fﬁgﬁj‘red for treatnent purposes. The
tel omerase 15 inhibitors of the invention can also be used to inhibit

t el omer ase adihewiotmpoundsjef the presentdhventionvdenmdnstrate inhibitoef attidity against
contraceptive purposes. |In addition, it will be appreciated that

t her apedRlprermss activity frnvivos aatcaarhe demenstreted ascdeschibed dbglaw:e Ihsyincdtpi ni ng

ol Bl AGEGRRLPE bR RPEPPGHL o foe BY s des Sliadeeh dorediatedaipe bp mahaut ent
Nos. 20 : i 5 ;.5 Wi s anl L 3 3: 936. .. Th

chgi ce O scglﬁgﬁigcénﬁb%%g%d%g%e% ‘ihgq%'e%éﬁ& 'tg% Vgef?iéou??ﬁgi‘gagﬁlgeq ?F&%HY‘HE, but
not |imcEl?éjintt&suééiﬁtuf_&’%cﬁ?rog?&%@@&@ﬂsbh&o@ﬂ%s%ﬂ@f‘era' health of the

patient, the aggressivenes | sease progression, the TRF |ength and

tel onerase a@ligontivlestide! tBloniiase databiters described Rethiy stien tysichlly@nipist at y Of
the patient to tolerate the agents that conprise the conbination. For
exanpl e sequencethatis @mplementatyuottelomecaye RNA @wonipasente ihecsdqaenca df homan
state, it may be _advisable to conbine a telonerase inhibiting conmpound of

t he 1 nv &lemeiaseRIVA somponentds provided imbiSRatent No.cy7 ie029. {Thattelomsrase

ef fecti t reducin unor Size (e.g. radjatign, surgery, chepotherapy
ondlor (A hemEptecs BEbtherapesies fah At vt deprndliheR teduetied sibpobel the

advi Sablt}ferég‘} conbine a telonerase inhibiting agent of the invention with
one or nore€-agents that treat the side _19 WO 01/18015 PCT/ US00/ 24688

effects of agkheRfiySthe Blifonucfidtidd @)ﬂ? @é&xﬁriség%ﬁt@mb%n? fl? g?& hU@ng?ﬁiewl ate

the patient's own "1 mmuné response (e.d., ony stinu I ng The

conpoundsat afe speeifiorfeseldmdrasedtiat &) tHée HYBElFza inith tidntirise RN AGbinpbhont agai nst
tel onerase activity in vivo, as can be denonstrated as descri béd bel ow. The

in ¥t r dowe compéntiations oolunddreconditions of greatertstingenvy thanothei awill alvisio otheen
denonst ed using the nethods described herein. As used herein, the term
"in vi t ROYA pREYSRe;Compongn!s.ornther &b snolesules expsgtasio begesent andifimetionallyul t ur e.

Such procedure re al kngwn as."ex Vviyo". I go l,eotide tel onerase
Tnhi bi t BT e BERgt oRily it g‘eﬁaé’ét‘?‘bﬁyf%ﬁlee m@' cﬁwﬁﬁ%éeara ofigortolcotides
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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h S
human Quﬂaﬁq}ﬁerase RNA conponent is provided in U S. P
5,776,679. The tel onerase RNA conponent of other species can al so be used,
depeng id Ty : . aff G Rimlinisfratibh Of a.
ol i gorlﬂhd@?lg%o e v(\!AaFlit Eggﬁg?liég%df%tl\?gésn a Otﬁe%aﬁlﬁdaﬁo nucl eoti des a't hat
are SpRmhdrage inhibitop) RIGHEase aéthaty ¢dn bé Hetrhinkdiwdinpestanddrd redgemey gk RNA
conponent at 15 | ower concentrations or under conditions of greater
st r i ngethoys.t Remexaneple,viclomenaseracvititye in édltureh esltsecanchepoeasured using FRAFR. RNA
mol ecul es expected to be present and functionally active in the target
cel | sacgivity mesay fKimiet alySnience 266281 1.s4997) Weinrichcet al-eNaturg Grnetics di498s
bet ween _abo 0..and 25 nucleotides, exenplified. by.oligonucleotides .
ot woldh A She TeUSWing: Resdy, HES arq FYAIABIS, COMIRTOHY. S5 APRFBEH ERERASS: n rrany
circ ; ' ' ' b t { &;Eﬂi to a,
pon_smg“@ﬁﬁ%@%‘?g{ﬁé{ﬁ%ﬁ%ﬁgﬁ@ﬂ? .7t grl‘tgfréggzg&/é’. %@L '\/g’r deI ess,
|t T STHRERGHE® Te1dnitdhse PER ELIBAPIRTCAR?, (18189 ROEhS Dispinbbticss kifiandpelis t her e
are m smat ched resi dues or gaps or additions in the ol igonucl eoti de,
- especiNy. |y when the |length of the correspondi ng conpl ementary sequence in
t he is longer than 15 nucleotides. 25 One nmethod used to identify
t hi ophosphThalC gdthe quaksniration @f ithecpolpiucldotide ay whichcthe observedsansivityifer
sequences that inhibit telonerase activity involyes placipg celk)z, tissues,
ol0  pa sampletproparatien isiohserved it £all ong-half wEits original o asentghvalng) fog the
tel onerase . in, contact with . sevetal known concentrations of a. .
t hi opRRBHReelide s delemmingy HeinE SBprard tcehaidoes Ofermethinds 05 Srtorining theua
conpoygat. Qe ' ' | 0. wetivity.
Tho | BRpiedty ¢dcBEARE of b Boonf oRAB bl iR bidnst M GpaRe TA 1311 V]
- - - - - employed ayWiIPBé dfifatent REthosEHIAAHitRe aitbasidvistho distlvsaritRréie! ynucl eot i de
i s measuréd. Before ‘and after administration of a. telonmerase inhibitor,
t el omer aseWigthi they abavebdesdeibedni methadsi n§Cs§ avalaes. for esgparak afndhe

met hods. For exa[’g;jlte, _telonmerase acvitity in cultured cel|ls can be neasured
uks ngthiéptiespharemidate gligonuelgotidesinfdbe present Saventior weesdetermined,qod - fougd nri ch

et al., Nature etic 498 . 5 1997). The follow ng assay kits are
avai | Eb\’eebﬂ%wméé?eyﬂf‘ébﬁ’eg&mﬂ? ur poses: |

With respect to the treatment of malignant diseases using thiophosphofamidate

sequenc conpl enmentary to tel onerase RNA corrponeg# 'Eg agguence of
xsohigs

~ 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 HeLa cells, with inventive
thiophosphoramidate oligonucleotides that are complementary to the RNA sequence
25 component of telomerase is also expected to induce a reduction of telomere length in the
treated cells.
Thiophosphoramidate oligonucleotides of the invention are also expected to induce
telomere reduction during cell division in human tumor cell lines, such as the ovarian tumor
cell lines OVCAR-5 and SK-OV-3. Importantly, however, in normal human cells used as a

30 control, such as BJ cells of fibroblast origin, the observed reduction in telomere length is
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TRAPeze(.r)vW(;(rﬁ(g;]gi nmerase Detection Kit (Cat. s7707; Intergen Co., Purchase
NY); and Te Tel omer ase PCR ELI SApl us (Cat. 2, 013, 8§CT{R500{4688
D agnostics, Indianapolis [IN). The 1C50 (the concentration of the
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det erm ni ng t he | nhl bI tory concentrati on O? a Cco ounaeo e | nventl on

agai nst complementay telomeiase RN kapad e thiophosphomptaite Mlighsuddies of theki | |

in the art based on the disclosure herein. Wth the above-described

met hods inveation alse axesexposted to/demonstrite mb significanheytploricdffectsrit dedcentrations

ol i g&nugleﬁotides of _the present invention were determ ned, and found to be
1

bel o M@B@W‘E@?ﬂ%ﬁ?@ 6). Wth respect to the treatnent of
Conpl enment ar 1% 20T, AEASRHEONCAL Hot ChehBRBEIdAte oliggausledtides ofi tReice
i e e T
Lol oo s eing B RO P OC Wil st Wheforhérate hi'd Sk bl )

(See Exanpie tdhawnesstitial RNA chipohemstsut a®tibeuclédak® Fer@sifpdik hiviggce! |
| i nes, such as HEK-293 and HelLa cells, with inventive. thi ophosphor%m date

ol i §dnubavissICoeealugsafor telemenaspisconmpased totthe 1B valis sewardrthe othebetgmesnent
of teloperase is also,expected to induce a reduction of telomere length in

the trReipgacternedare said tapassess spesicifyfer telomssasec| eoti des of the invention
huran ¢ umor 619 (sfing B8 B3R be por R MOUR ReDREEA moqFle ST ORIRES and
stch a0 B REO CARE s (HAUEYAls art, Brafi Bl AENICE it Spieh iR e Wil Brer o
engt h iiophodfholRnlhic 8856h BB 01RO S P Rafld EEEFT 1O

cells treate | substance, e.g., a ‘thiophosphoram

ol i onutiaam alerdgenmalydncreisel fona ipefio fellovehg thamttidl dosREC ButWilhbdeie to
conpl ementary telonerase RNA target. The thiophosphoramdate

ol i gonum mduassopith pentinuing treatment. In contrast, mice treated with a control (eg., a

D,

thiophosphoramidate oligonucleotide that has at least one single base mismatch with the
complementary telomerase RNA target) are expected to have tumor masses that continue to
increase.

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

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

30  inhibitor should be administered and whether other methods of therapy (e.g., surgery,
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I nventi re expected to denonstrate no significant 1L effects
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at conce ons 5 bel ow about 20 pMin the normal cell ion, .
the specificity of the thiophosphoram date oligonucl eotides of the present
| nvenghéfotherapy Qh&ﬁ?faﬁ?ﬁo%@ﬁf‘al&?b&ie&xﬁro?%&eﬁl RIQiGH, dafink teathent,ionkzat i on
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and t camtéstcels 1y etermitteowhether haleereass emtélamefd\Iengtinpeereprogressive ltels

ri bonucl eoase P. Conpounds having 10 | ower I CSO values for telonerase as
conpadisiors is ipecurdsg to d¢menstratp eaatmemieficager enzynes being screened are

said to possess specifici for telonmerase. . In vivo testing can al so be
per f or med M&W&ﬁ%s@swlﬂm&@ Providescompaupds that ey, serye R5
tupor cells.are grafted onto, nude mce. i.n ich mce treated,with a

L o M edini SateR a5 ittt SMePorl Sfinds ool SarS R RS ave
t unor : : ' r [ | Rving t he
it ERaSaRetbaing in, findHREiSue, WBibosE HrEAT Tung! sibmBSY, daerelh, S0 (Ne
t r eat BBRix, Uterus Kidhéys tbladdlef, ol dif; prétatyf dentrdl fOVLLObystéin CNS), retina and

t hi ophosphoram date ol i gonucl eotide that has at | east one single base

m snatciteulating t tumorsofmichmeas deykemionmrd skyniporha). getln qractienlaectthd to -

have tunmor masses that continue to increase. 20 Fromthe foregoing those
ski | | deiophospheramidatepplynuglpetidss of ¢he prasent inveptior esn providera highly general

RO N R R RN
It .hel pf t f ] tri.cti t
P 2, bl S e R R Ty SRR RSO

restr iggib} RospROrai8ate SH?&h{cie%ﬁfiéH oﬁﬁ&ﬂfe@&ﬂfin%dﬁ%ﬁ chf B8 eftB&iveIn pRAvIdmE! C
(T2AG3) N sequence. FolTow ng digestion of the DNA gel electrophoreSis is
per f onreatindms thapaisariidatebeteeén maligreant and oo Selenad bigh @e%ree,saij\&ﬁdin he
separated fragments are then probed with nucleic acid probes specific for
t el onmgmany cfthealelaterious siide-efiferts presént withe mpish sumpéntt dhemothrenapeatic regimesnt s
containi,ng the telonere DNA of the cells in the sanple. By neasuring the
| dfgt Wiish rely emagents thapkill idding cellsindisgiminggelyy ong a t el onerase 30 o
i nhi bié or ﬁﬁulgnpe gdg’ gi.si.ered and whet her ot her methods of therapy

(e.g. = n 5 PCT/ US00/ 24688 chenot her apy and/ or
radiation) &heidhst fletpylfivaiVed BeimihRuadeh bf CRogdhidhs BHgdhRoiaBE that"e

bind to a target nucleic acid, typically an RNA molecule, located within cells. The term

antisense is so given because the oligonucleotides are typically complementary to mRNA

20  molecules ("sense strands") which encode a cellular product.
The thiophosphoramidate oligbnucleotides described herein are useful for antisense
inhibition of gene expression (Matsukura et al., Proc. Natl. Ac.ad. Sci., 86:4244-4248, 1989;
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'-P%

thiophosphoramidate oligonucleotides are useful for both veterinary and buman
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can test. gr)oFishfs deternmine whether a decrease in tel onerepbfRgbdhagise”
progressive cell divisions is occurring to denonstrate treatnent efficacy.
Thus, in one aspect, the present invention provides conpounds that can
serve i applivatiods. Wihie HiglPadié btabilifc 6F the fve AR J1RDAucIAACS AnPARirability to act

mal i gnanci es expressing telonerase, tunors including skin, connective
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ci r cul aPligqpuelentides highiy desirableasitherapeutin antispnssiagemts. I n particular, . the
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current chenotherapeutic regines 15 which rely on agents that kill
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t herapy_invol ves the adm nistration of exogenous oligonucl eotides that
bi nd t oJ-2Medirigat Chaspy 26:83184h 1993 cal Iy an RNA nol ecul e, |ocated within

cells. The tefm antisgnse is.s lyen because the oljgonucl eotides are
typi‘ial |y coﬁb? ERER at"g m‘% %t i myeptiancproxidg sexgrgk advaptages,

SSES??EQ" e MR chiVRfGha liifen b ORI DR iR RlePo i 18 STeBRic oiies on
MVa ; ; ' 26 - X
1 Sy ol Rbrehstrongly, % RN targ 8 € coripondifp shodicdietlin, dSucleORIQNE

Nat|. Secotd, the ithiopkb3pHordmidhicisligohBAEstidal hte1Bére2eistaR 28 Kb hdathindyeictd Aci ds
Research, 25 19:1421-1426, 1991; Stein and Cheng, Science, 261:1004-1012,

1993) . mndiféonsc | Thind; theeellubaywptaka iofi theNSImpbiRhd, dnhurchivgsd tidoplsghsramidank ages
hav theraﬁetitﬁi G a%pl ications for a large nunber of nedically significant
t ar bt sPolyRBelgatide, bagkhonsomay; allew more ichficignt entny o#f & pbosphoshiidate
prolife ' nd i.nterference with infectiopous viruses. The N3'- *P5'

t hi ophoé@éﬁcﬁwefé&&cf: ‘ﬁ}ﬁ%?é‘&%’gﬁ‘ﬂ%‘%&’%& ul for both veterinary and
human  -23 WLt/ %Qﬁsanpﬁﬁkuﬁo%&%g)? a mostly purine strand of a duplex target

sequence, phosphoramidate analog oligonucleotides targeted to the duplex also have

-

potential for inactivating the DNA--i.e., the ability to inactivate a pathogen in both single-
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/ot
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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appl i Caé‘f‘??ﬁgﬁ@e high acid stability of the inventive olg‘?p,pg@}zggé;imdes and

their a 0 act effectively as antisense nol ecul es ,
concentrations (see bel ow) nake these oligonucleotides highly desirable as
t her apeut i @) BlckHBNAE irMEABESH of WbiotiRRMiEh AVRNA sboithedld ¥, BRSHelftion =
continuously bind all target RNA nol ecules so 5 as to iIhactivate tﬂem or
al t er ndTiaiednd PARyseddbehow)imd rat e for endogenous ribonucl ease H (Rnase H)
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met hods of d) targeting sequences eausing napprapuiateexpressippsern prolifexatidncofeediulaxt ed by
standard nethods (Donia, et ,al., 6 J. Biol, Chem, 268:14514-14522, 1993;
Kawas £enes: fer gyample, gengs assoriatad witheell cyglegregulation; inflgmmatany prreessefipounds

o oSO il el (SRE T o bR el on S SHEER rRRARPATPES e Ml 1P
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ol i gonucl eqh iR enfbddifRhE tfa]g@iaﬁb@r& RNAds9cadiig ONindppRplidtelyF eRptebdedns.

Third, in cellular uptake of the conpound, an uncharged t hi ophosphoram date
15 polcgliniat gerdsce bhecketo rExemiplarg! potentizb target deqaemuet ageprotosicogérees, for
phosphorami date oligonucleotides into cells than a charged -

ol i gorexemplet intdudifg buh oot limited tathaRfedlaveng:ockoych g-mytyoefdsy ckit; rasp apdr and of
a _dupl_ex aégg(et sequence, Cé)hosphor-arri de}te anal og ol i gonuc] eoti des targeted
t 40t h BER B (8i8s0WMiekstrom, Jiditar; Brospests itan dntisensejuelgic Arid Therapy ofhe
ability to in | a pat en, i h.shnole- 20 st randed.and

doubl A LAY eI RS RER ok Ny 186 D% emes, fAla B fge-

Seque efidd C . rami,gda ' u i Q64 9. _
potenti a ]I%&ef%)%d\ivelréfdt}l’ q?ﬂg?ggght%fn (z:lg" ofrmééslggilri:lt |ea ?éf gg";}%'ggggg’o?@%’ndi tion

that iCalsteeks, eeal., CinetVBRatnidhf ReFXIBNTY%1 79, TOIS); oRvogehess(e. .5 us53, BagsiRfices can
be targeted for therapeutic applications include: 25 a) targeting RNA

sequeret ek AntizensssReaseapohoahdcDevelopmént23i:388-390¢ 1993)p tramdcription fabters (e.g., .
mai_nt enance i nfectious agents, such as, bacteria, Vviruses 6%east and ot her

f dfigi NI sapraBiGpaswelh of gbeils Iampmols S0HW4L2804, 4893 hangt viral igeneg dpe:, b)
R (P omainE CEVER i erlo ATRBiFIRA AEFBH BRdiSeae 3 Latniads 1985," 11

herpes simplex virus, Kulka, et al. Antiviral Res., 20:115-130, 1993). Another suitable

2l

target for antisense therapy in hyperplasias is the protein component of telomerase (see WO -
99/50279), which is often the limiting component in telomerase expression. The sequence
20  of human telomerase reverse transcriptase is provided in issued U.S: Patent 6,093,809, in -
WO 98/14592, and in pGRN121 (ATCC Accession No. 209016). To further illustrate, two
RNA. regions of the HIV-1 protein that can be targeted by the methods of the present:
invention are the REV-protein response element (RRE) and the TAT-protein transactivation
response element (TAR). REV activity requires the presence of the REV response element
25 (RRE), located in the HIV envelope gene (Malim et al., Nature, 338:254-257, 1989; Malim
et al., Cell, 58:205-214, 1989).
The RRE has been mapped to a 234-nucleotide region thought to form four stem-
loop structures and one branched stem-loop structure (Malim et al., Nature, 338:254-257,
1989). Data obtained from footprinting studies (Holland et al., J. Virol., 64:5966-5975,
30 1990; Kjems et al., Proc. Natl. Acad. Sci., 88:683-687, 1991) suggest that REV binds to six
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i nfl ammat ory processes; 5 snooth muscle cell (SMC) proliferation,

m gr at ioftheaREETBA mhixirheh REV bindidg tegicet oftdbont 4@nﬁﬂbkbtﬁiesdm stem-loop II has
79:1374-1387,1989); certain genetic disorders; and cancers

( pr ot odeengdentified by Cooknet dnifucleisnAcidsrResshuhi 39 1677-R§1&3)or'ﬂnsabmda@ of

| nappropriately expres enes I s, b] ocked. Exe otentia

t ar get TeBighespacke afgetpﬁxst&sr@(ﬁ:%tlggl ' %D t}%ﬁaprwgs (s ﬂ@llddle @? gﬁ{‘c}ﬁe -
I ABL
o e"%@&é%% 14 osie ofs &%&@’%ﬁ?wﬁmﬁ@ﬁe | g;ggﬁc las%i

Ca Y N. Y 1991; Z ,

G pgﬁlr %Q?of’éﬂ'é%gééﬂtﬁeia?@gw 1853 Cal abretta, e? :}NS, | Seﬁit n:rs I n
Cancer B' 0' ‘The3HPPA PR is %gs%anal ﬁ?lvﬁgf Fép‘h@amﬁf aridl is 2 Qﬁtefr ansa BN HESf Rev.

19: 169- 179, 1993), oncogenes (e. Bayever, al . Antisense

Resear dongtegmbay edpeat (TR)- cﬁteaﬁavi?rapgezﬁ%&ﬁiesslbﬁ QDéﬁbm Bt 2IQCdlla a4 94$-94¢, 9., 15
NF. kappa. B, Cogswel |, et al. . I'mmunol ., 150:2794-2804, 1993) and viral

genes (198@, Fishereggial.| bMvc,rii@e‘iﬁ'l—ﬂdv\B%&), 'Eansabtwahmwﬂlmedtby Py Empretetnd
Cheno., 37:171-177, 1993, her pes sinplex vir ka, et al. Antjviral
Red0, 7equires thespresenge of the FAR ﬁbmegh(seaﬂﬁ 8. PataNgei 83133353M1F§1éﬁs‘@°%t¢%py in

by o 16 BT RS R B S GRRRAG e o ore ase xprossi on. The
S “Patent BeoRRabesH %%%iﬁg%‘%&%ea SR8 S BRI e BRE AT o "N

209016)CeuTa3f69umr19d75 ¥h Bidhrint ¥Pthe @g@eﬁ 9ol65tideltE hlgeonthobeh t hat

can be targeted t he” net I nvention are

REV- pr Gif FAR has b&rms@nahﬁﬁaea td BEREgsetiel fonspedifit-and diigh-affinit biwdihg vhthHeon
response el enent (TA ; REV activity requires the presence of the REV
r e3onsAE peoteintto I8 TARElemend (Rayedt al.nGers Davy 4e1365H378, 190 Condingley et al .

Nat 338: 254- 257, 1989; Ml i t | Cel | 58:205-214, 1989 Th RRE
s bl BosONatl ddadp BaosRLPaR5 910, 1890 Ringmall ghials racs gt el 2L Seim 1 oo

338 25 KO E5¢8s 3985 ERR e, Mereeh oaask TRt b This BeeiomeR i e

al ., J-tarfteflfor anfidsenSileraty Pollowing the method of the present invention.
In addition to targeting the RNA binding sites of the REV, RRE and TAT proteins,

20 the RNA coding sequences for the REV and TAT proteins themselves can be targeted in
order to block expression of the proteins.

Initial screening of N3'—P5' thiophosphoramidate oligonucleotides, directed to bind
potential antisense target sites, typically includes testing for the thermal stability of resultant
RNA/DNA duplexes. When a thiophosphoramidate oligonucleotide is identified that binds

| 25 aselected RNA target sequence, the oligonucleotide is further tested for inhibition of RNA
function in vitro. Cell culture assays systems are used for such in vitro analysis (e.g., herpes
simplex virus, Kulka, et al. Antiviral Res., 20:115-130, 1993; HIV-1, Li, et al. J. Virol,,
67:6882-6888, 1993, Vickers, et al. Nucleic Acids Research, 19:3359-3368, 1991; coronary

smooth muscle cell proliferation in restenosis, Zalewski, et al. Nucleic Acids Research,
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stem structure and to three nucleotides in an adjacent stem | oop structure
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stemloop Il has ~ been |den fiéd by Cook, et al. (Nucleic Acids Research,
19: 15%b] I8akr, efhils Bloodli 79:131941i326, qaszpe-fos,r@nryfoa glenk Bibl. Dhéth., RNA/ DNA _
dupl exes (e.g., Li, et al., J. Vi rol . , 5 67:6882-6888, 1993) using one or

nor e ﬂﬂdﬂmwﬁ%am&%tﬂ@w&&}ﬁ&étc&sScian@oﬁﬁ;ﬁ&ﬁGS, 198%). et hods of the
present |nvent|on_ The HI V-1 TAT is essential for viral replication and is

a pot es =0 ' 2 Iong ter m nal repeat (LTR)-directed viral gene-.
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48: 691- 701, 1987). The int egrlty of the stemand a 3 nucl eoti de "(nt) bul ge

on t h@Thst inreaséd Tstddilis dfewripleie vorustured ddrmhed behers employibgf thirdspreand i ¢ and
high-affinity binding of the 15 TAT protein to the TAR el enent (Roy et al.
Genes tlidophosphotanidated 28alog osligomucladtidgs gyovides @ stromgesctoolifor . antigate Sci .
87, 8985- 8989, 1990; Dingwall et al., Proc. Natl, Acad. SCI., 86: 6925- 6929
1880; appliqations, ingludingsvelgrinary apd bumptheispgatic appdigptionsy s r egi on_can be

d f h f ol ¢ h hod of .th .
| hvant  on. Q‘#ﬁ‘f‘é‘éiﬁ?ﬁ?ﬂﬁ eloics, Ser ] b?#“f%@oﬁm”%% Ficet oo SRR Tiler, rre
and T ﬁ ano@?HEféﬁe %ﬂgé‘@hl% %ﬁh&é’%&tﬂeldi%@ hdopr ot ei ns

ve can

t hense e targeted In er t presstion of thé proteins.

| ni ti g pﬁﬁ[l??ﬂiertﬁldﬂ\oﬁﬁmramﬁﬁte 61@&&61@6@&@5@1&1&'@6 B t@i'gewlﬁ?illm'fdbdsl‘é,

dlrected to bind potential antisense target sites, typically includes
testi strahded gdmetit lsequenkess iratvhicht gneostrand suohntaims preﬂbmmﬂy@mmx asd thhen a

t hi ophosphoram date ol i gonucl eotide_ is identified that binds 25 a sel ected
RAA t@ﬂ?@ g@cﬂp@mnspmman@bnm@mde i's furt her tested for inhibition
of RNA t

o b G S o RS RO o3 S S |
20: 11%&&&10111%9«1%&@ yel(]:cte& dupfetx fﬂ'get Jseqﬁéxfcgé using band shift assays (See for
example, U.S. Patent No. 5,726,297 , Example 4). Typically, high percentage
polyacrylamide gels are used for band-shift analysis and the levels of denaturing conditions
20 (Ausubel et al. Current Protocols in Molecular Biology, Hohn Wiley and Sons, Inc. Media.
Pa.; Sauer et al. Editor, Methods in Enzymology Protein/DNA Interactions, Academic
Press, 1991; Sambrook et al. In Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Press, Vol. 2, 1989) are adjusted to reduce any non-specific background binding.
The duplex target is labeled (for example, using a radioactive nucleotide) and mixed
25  with a third strand oligonucleotide, being tested for its ability to form triplex structures with
the target duplex. A shift of the mobility of the labeled duplex oligonucleotide indicates the
ability of the oligohucleotide 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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r el eseadlpiar genas(pypheg senesrassaciated wWish rertain gensgtic disorderfupl ex t ar get
sequences usjng band shift assays (See for anple, .U S,  Patent No,
5726, 207, " ElIaT PEPAO g BB darche PSPk PRAERSTHING TAGH ST 5 ar e
used fo - Shi i R I t YLl ondi.4 140, 20
( AusubeleRER o hish, BRIk sfestiBe’ BRowBY 3o miieqlied st 1ABRO R pira 5 G
Sons, |ag ; - i .1 . .
pr ot ei r L Tt ar SaperpoH BSocthed oy ik brop i INERUNT it A BPP Sihding
Mol ecul sitesCIMeSiRgr, ob dlgbRBidRr Chdva)Fe7:5730L5723pr1i99Q). Alernetivélyespecifi®l . 2,
1989) are adjusted to reduce any non-specific background binding. The
duplfex sequemres mithirofreteimicqding regicmsof genes §¢.g goncogentispean betargetedlas stellde) and
mxed 25 with a third strand oligonuclegtide, being tested for its ability

to form tri pMehenst thiephesphorgmidate tanalagaplignusleotids is Adentified et bindsnbbi ity
of the lse?gc%tlef guﬁgi? ltgr)éetoslséq gﬂ‘c‘éctle&gtfog %xér?lgfe? %§, e tngeband shift mobility assay

described above, the analog is further tested for its ability to form stable triplex structures in

vitro. Cell culture and in vivo assay systems, such as those described U.S. Patent
20 5,631,135, are used.

Target sites can be chosen in the control region of the genes, e.g., in the transcription
initiation site or binding regions of regulatory proteins (Helene and Toulme, 1990; Birg et
al., 1990; Postel et al., 1991; Cooney et al., 1988). Also, target sites can be chosen such that
the target also exists in mRNA sequences (i.e., a transcribed sequence), allowing

25  oligonucleotides directed against the site to function as antisense mediators as well (see
above).

Also, thiophosphoramidate modified DNA molecules can be used to generate triplex
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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and b)alloﬁ%ﬂﬁﬁﬁﬁ%ﬁﬁﬂ%k%lédmpromi ate expression or proliferation of

cel lul'ar ‘genes, such™as oncogenes, for exanpl e, bl ocking or reducing the
transcriptiThe féxibRABBKARY imitlyeeonmREPURS HiR6l tripexC Rrhiih@ re SRAS (tytpisully; as
genes associated with certain genetic disorders). Gene expression or

repl i caimptementary JONK stedeal) yargesedeotéd ogentatigrl depenidingcon tigsnatare ofeieons ta
whi ch required regul atory proteins (or nolecules) are known to bind (for
exanplbase sequenceanidhe tapgato fonexamaplet thel twe triplex farming regionsteach have §'andon.
sites _and SPl binding sites, MShan, et_al., J. Biol. Chem, .

2d9: 57’3?@@%2@,68&@9% can, heo ponpec SY the dlsxible hingg éagieﬁc'@strﬂfa following

I N+ i I Of; f o (8. . b d 1.
Dhon SRR s B0 20t 8 3 oand Sl oS et ot Lot that binds
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a sel ect eqrygipgl aasgf;ﬁfrg% rﬁag%tg&%niaﬁﬁhg at fesdt ofi& ﬁﬁPﬁlf‘ofsﬁ gn

. . Rorafiidat o
shift nobility ass escri above, e analog I's rther tested for its

abi i tiif ehéh 5i@dnd Sdnobe Asdd aPdedsy Tholebuley £ ti'dhscl"gbtidxpfac@h lor DN AWsiRdiagd i n
Vi vo assay systens, such as those described U S. Patent 20 5,631,135, are
used. prateipsi(e.gi,tasyb)an be chosen in the control region of the genes, e.g.,
in_the transcription initiation site or binding regions of requlatory

pddt ei ns ( FinglastrandedigiAnean alsmbe usgdyas gtarges pucleicoasid fqrdsltg@mel oties " 1991;
Co | ., 988) .. Al t t i t h K t.hat, th
Car getotdhe Brésent yehtion Wiie, Jif Sy filePspRerpmiGas inBHobutih dnkade”

al | oW Q3ftaining 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.
D. Pharmaceutical Compositions
The present invention includes pharmaceutical compositions useful in antisense and -
antigene therapies. The compositions comprise an effective amount of N3'—-P5'
thio;ihosphoramidate 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 in therapeutic

applications, can be formulated neat or with the addition of a pharmaceutical carrier. The
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25- ol i gon ' Fises directed against the site to function as_antisense
medi at orswgéeﬂvgo (see above). Also, thiophosphoram date PuzdoBuA
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depending on the nature of the . base sequence of the target. For exanple,
the twoOliBPmicisetidsy piopatatiens nelide yate(panially contpiming additivess; .8 heedlalosads can

be conngct.ed. by the flexibl.e hinge regiaoan in the follow ng orientations:
5 to 3%,“1%&‘{%’ gre?e@{)& FeQum %gmgﬁmq%y SCQI{I’#QFFt $pdution), glcaholonjingiudiag ul es
cont ai ni | 1 dat e ] | nka i.n,each. strand.can be
sed a0 "AoBaAEASaif End BUTRYSRRIRIAR, S reluont 345 me aEfashgB 5751 of e
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acid for oligonucleotides of the preSent i r?Ventlon, usi'ng, tor ‘exanple,

t hi ophophirtzeutied] eadditiesss ilvliihg, bk a6€ 1infie 8, {HeOfIIRWIRED sSTubilizery €S-
Two t hi ophosphor am dat e anal og ol i gonucl eoti des can be selected for

si ngl e- suspendinpgents; goulsiffiers,chwufilerk) thitkegingBigesitsn golks, t¥iscositp regulators;
phosphor am dat e anal og strands to the single-strand DNA target results in
f or mat i BF¢sepvatives, sigbilizary,and.osnmlarity sagulagerst i cal Conpositions The present

i nvention in%I udes tJoh ropaceutical _conpositions useful in antisense and
or parenteral administration of N3'—P3' thiophosphoramidate oligonucleotides the

15 carrier can also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile carriers
are useful in sterile liquid form compositions for parenteral administration.

Sterile liquid pharmaceutical compositions, solutions or suspensions can be utilized
by, for example, intraperitoneal injection, suivcutaneous 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, N3'5P5' thiophosphoramidate oligonucleotides

may be formulated into an aqueous or partially aqueous solution, which can then be utilized
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(85 The Fof e R S R SG. Agont s, emiloiTi era. buffers,
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st abi ers and osnolarity regulators. For parenteral adm nistration of

N3' - PRamlihis@RhesPiRe aEveate ¢f teonyeimomsdpsesehted, lthecfurm esf N3—BB0 be an
oily ester such as ethyl oleate and isopropyl nyristate. Sterile carriers
ar e upbphosphorainfdatd 6ligontitlestides/afid G Raticlasubjectbeinstreated:r al |

adm nistration. Sterile Iiquid pharmaceutical conpositions, solutions or
suspensi onFoe ase hean hétiveziagredient irf @ phasacputical prepargtion; anabigenuclgotide i on,
subcut aneous injection, intravenously, or topical I};/.. For, exanpl e, .
 anbi sofithis invegbents genetally purified away figgn pther reaghiyeLf Oéfipct@hié BERC 20

i nfecti b dm ni,st et ed t.opi ly. b . ' =nd.PS .

i op FOSABFANPISSEEr I eaiCiectl ARG e, 456 brapefiiy . TRBicalt. ich agtive
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| ORSEHRY b a1 RIMASRLPO0R 8 fHopehdift BERSHR bR

aci d, rexa oon cat ation to provide
homogeneity, as determined by functional assay, chromatography, or gel electrophoresis.

The active ingredient is then cdmpounded into a medicament in accordance with generally

20  accepted procedures for the preparation of pharmaceutical preparations.
~ Pharmaceutical compositions of fhe invention can be administered to a subject in a
formulation and in an amount effective to achieve any clinically desirable result. For the
treatment of cancer, desirable results include reduction in tumor mass (as determined by
palpation or imaging; e.g., by radiography, CAT scan, or MRI), reduction in the rate.of
25  tumor growth, reduction in the rate of metastasis formation (as determined e.g., by
histochemical analysis of biopsy specimens), reduction in biochemical markers (including
general markers such as ESR, and tumor-specific markers such as serum PSA), and
improvement in quality of life (as determined by clinical assessment, e.g., Karnofsky score).

For the treatment of viral infection, desirable results include reduction or elimination of the
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the invention can be admnistered to a subject in a fornulation and in an

anmount sfbheits atseitdtde itérvaly ¢hraughout thaidapl | y desirable result. For the

E. Diagnostic Applications

The thiophosphoramidate oligonucleotides of the present invention are also useful in

diagnostic assays for detection of RNA or DNA having a given target sequence. In one

20  general application, the thiophosphoramidate oligonucleotides are labeled (e.g., isotopically

or other detectable reporter group) and used as probes for DNA or RNA samples that are
bound to a solid support (e.g., nylon membranes).

Alternatively, the thiophosphoramidate oligonucleotides may be bound to a solid

support (for example, magnetic beads) and homologous RNA or DNA molecules in a

25 sample separated from other components of the sample based on their hybridization to the

immobilized phosphoramidate analogs. Binding of thiophosphoramidate oligonucleotides

to a solid support can be carried out by conventional methods. Presence of the bound RNA

or DNA can be detected by standard methods, for example, using a second labeled reporter

or polymerase chain reaction (See U.S. Pat. Nos. 4,683,195 and 4,683,202).
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t hi ophosphoram dat e ol i gonucl eoti des are adm ni stered at a concentration
t hat #of nsedsf thefaligonueleotidain s hybtidiaatiorc reastiorny ondiaghestief assayqreittiet ¢ &ri ous .
side effects (e.g., an effective anmount). Such a concentration can be
achi e\qumuﬁmtrpngsta@m literatyre in disfeibubon;prgaiketing ef thekit. or by the

adm ni,stratjon of the dose divided i nto convenient subunits at suitable
i nt-er@—s—%ﬁ%ﬁm day, E. Diagnostic Applications The '

t Ricophosphgr.am.d ' | fis [ 10V Is 6.3 so
a8 D17 P U Rk a3hde At BN plib I cRloRRE Lol WIS I isTo >0

t ar gelenhghiéeRERtiohofORNA 4P ISIGACHS SHRbIeS. A PR bxalple, (43 GRERSAIQbGYE, dat e
ol i gonucl eotides are | abeled (e.g., isotopically or other detectablé

r epor tthiophosphpyansidateuslidnadepides aan foer fixddAtooa sdtidAsupopd @l disedtto dsalate

complementary nucleic acid sequences, for example, _puriﬁcation of a specific mRNA from
a polyA fraction (Goldberg, et al. Methods in Enzmology, 68:206, 1979). The
20 thiophbsphoramidate oligonucleotides are advantageous for such applications since they can
form more stable interactions with RNA and duplex DNA than standard phosphodiester
oligonucleotides. |
A large mﬁnbe_r 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, P, or 35S nucleosides),_ biotin or fluorescent labels (Gryaznov, et al., Nucleic
Acids Research, 20:3403-3409, 1992). Labeled thiophosphorarrﬁdate 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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Thi ophor phoram dat'e ol i gonucl eotides ‘desi gned for use in hybrrdization
assays eodditionst her protocols described in this disclosure can be packaged
in kit form_The oligonucleotide is provided in a container, typically in

a bl fer suiThel driplax | frgpingr PNA modecjes dpscribedopaboval | gpnizisingani ed
7Yoot eSS RaB e e ek € a1, o

o agnos Pl et B pftsphctor3n TAPR HaERld B spdle’ V2L 0P o ed 1| torature.
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exanpl e, purifTication of a’specific nR rom a p ol dber g,
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ol i gonucl eoti des are advantageous for such applications since they can
the friplex structure. Similar screens are useful with N3'—P5' thiophosphoramidate

oligonucleotide complexes formed with single strand DNA and RNA molecules.
G. Variations
20 Variations on the thiophosphoramidate oligonucleotides used in the methods of the
present invention include modifications to facilitate uptake of the oligonucleotide by the cell
(e.g., the addition of a cholesterol moiety (Letsinger, U.S. Pat. No, 4,958,013); production
of chimeric oligonucleotides using other intersubunit linkages (Goodchild, Bioconjugate
Chem., 1:165-187, 1990); modification with intercalating agents (for example, triplex
25  stabilizing intercalating agents, Wilson, et al., Biochemistry, 32:10614-10621, 1993); and
use of ribose instead of deoxyribose subunits.
Further modifications incilude, 5' and 3' terminal modifications to the

oligonucleotides (e.g., --OH, --OR, --NHR, --NH, and cholesterol). In addition, the ribose
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phosphoy%iilgssheol I gonucl eotides. A | arge nunber of appl ?&f&%&%ﬁ

nol ecul ar bi ol ogy can be found for reporter |abel ed thiophosphorani date
ol i gonu | , IoGhl | -tnlibnd,- ' [ : i -Mes.

Thi op%oggﬁgﬁ)g?n&%a?g@% isgg rﬁ@&%@?és caﬁeﬁg&%é%lg%n%\ltﬁﬁ{ ?g%j ?%‘gct | vé

r epor helogedation (€45~F2P, or 35S nucl eosides), biotin or fluorescent |abels
(Gryaznov, et al., Nucleic Acids Research, 20:3403-3409, 1992). Label ed

t hi ophosphdN3riR$at thieployphoransidated oligoauclebtidess anayialed fhecimodifiedobgs i n,

- for exanple, RNA hybridization reactions (Ausubel, et al., Current
Pr ot ocohjagationMa 2 polypeptiticothatyis, takixhop B | spgcificcceBan Such mseful polypeptides;
Sanbrook, -33 s WO 01/18015 PCT/ USOQ 24688 et al., In Ml ecular Coning:

A $ abdnciuds peptideugrmonss.cantigenth and-antibadiesa hBemexanpler 2 polypeptide can bego) .
Al so, doubl e-st,rande ) | ecul es where eagh strand contgins.at | east one
t hi opﬁ%ﬁﬁgrﬂéﬂrﬁ &H‘f“ég?qgsl’@‘égé‘ BB Y FenqeP nP(‘f'Faﬁ{ Wé“@gllﬁﬁpﬁﬁ%gﬁ elixgry Aip| ex

B et o e s o
SUPPOT oA S S EP o AR BAST D s R B kgl 5%,

pr ot ei I 1S . . b ird hC . col um
by cnadiemaflohdCapRitaligh ¥5bliceids 1 BEhASsE DR OIS M Fhnliud BE

degcr ilae o gm0 RumackMat A it ). t hi ophosphorami date nodified Iinkages, can be
used as diagnostic reagents as well, to, for exanple, detect the presence
of an DNA riiHecproperties of sacipnmodiffed thiephosphorintidat: cligémictéotides, when :
ol i gonuc] eotides having N3'-P5" thiophosphoramni date intersubunit |inkages
can bapphedi to dhe gnethads of the qfresent iavention) ¢am bgsdetemnined diynthenmethodsei ns: -
for exanpl e, N3 --BPS thiophosphoram date ol igonucl eotide conplexes with
dupl edesguked BareHb used to screen for small nol ecul es capable of further
stabilizing the triplex structurg. Siirill ar screens are useful with

N3' - - BP5" t hi ophosphoram date ol |’§‘8ﬂﬂ§l eotide conpl exes formed with single
sfjsand DNA and RNA nol ecul €s. General Methods

3P NMR spectra were obtained on a Varian 400 Mhz spectrometer. 3'P NMR
spectra were referenced against 85% aqueous phosph;aric acid. Anion exchange HPLC was
performed using a Dionex DX 500 Chromatography System, with a Pharmacia Bitotech
Mono Q HR 5/5 or 10/16 ion exchange columns. Mass spectral analysis was performed by
20  Mass Consortium, San Diego, CA. MALDI-TOF analysis of oligonucleotides was obtained
using a PerSpective Biosystems Voyager Elite mass spectrometer with delayed extraction.
Thermal dissociation experiments were conducted on a Cary Bio 100 UV-Vis spectrometer..
All reactions were carriéd out in oven dried glassware under a nitrogen atmosphere
unless otherwise stated. Commercially available DNA synthesis reagents were purchased
25 from Glen Research (Sterling, VA). Anhydrous pyridine, toluene, dichloromethane,
diisopropylethy! amine, triethylamine, acetic anhydride, 1,2-dichloroethane, and dioxane
were purchased from Aldrich (Milwaukee, WI).
All non-thiophosphoramidate oligonucleotides were synthesized on an ABI 392 or

394 DNA synthesizer using standard protocols for the phosphoramidite based coupling

-35-



G - Vari at '\98%1/? g/arl ations on the thiophosphorani date oli %onucl eot | des
used in th ods of the present invention include nodif 1T A{500/7468%
facilitate uptake of the oligonucleotide by the ceI | (e.g., the addition

of 2 chalphjaeh Cartichl oL ehhlREL , 24578 28R 199 ?ﬁzﬁn%agej’gﬁﬁgﬁh d,

of chinmeric oligonucléotides using o It er stibun|

Bi oconj uekgnthésheof olighni€lbotide’ h dmidHRdivhdsoRé FSibwih (i) ddtaiytalon! 3?,9

agents (for exanple, triplex stabilizing intercal atT ng agents,

et al. tﬂp}domm;d nB(ﬁchlﬁﬁolﬁethﬁ&Zl mik) 4i3) couplidg, 0.3 M ghosplivestiditesdndad of

deoxyr| bose subunits. Further nodifications include, 5 and 3 term nal

modi fi cdt4dAd tﬁmirem@pefg@ﬁutq, et mirgs(ifip capping,- @5, M ischytyic nelgdrideNi®> and
gse . .-34 WO 01/18015 PCTI USQQ 24688 2

o 8 by, AAT A2 15 st i eoidatian 0ok Mojedine, i LB prpidasdnaint

Iim'ted lon (e.g., -F). N3'-3P5 thiophosphoram date
oli gonucll eo{1 %ﬁgﬁ{]ﬁg so be m)di fied by conjugation to a pol ypeptide that

5 Laken up fonehEA'sohs il e U P ROURERRI 1B el Bl HRREP' | O

hor nones, anti gens a r exa

sel ect edvitiay lafgoBPRE 0.2-0 hin.t EI"}I@iV ] f?dinath@%gﬁ%&?hh& rExﬁH/al 6ie§écf|etdnﬁg in

specific delivery of N3'-*P5" thiop osphoram e oligonucleotides to that

cel | typhosphocamidhteqmrptecting grops ovas gohicetd by indatnsamp with anmphRELOH, BERNS
known in the art (see, for exanple,. PCT International Appli cati on

Publl0catwWerford. h PCT31653The 28igenucleaites Mde cpidzinirated o Rirgness 14 vaduo 409,

Ramachandr, K et al. The properties of such nodified thiophosphoram date
ol i gonuovhieh the@it-buidimethylsilylegronns were removesichy todatrnere vynﬂehMrﬂ‘BAﬁm'ﬂi‘HiFon
can be det erm ned by the nmethods described herein. le 1 15 Ceneral

Met hods tanf-1Mratsdse tr’@%ﬁ@oaunmnneau@wéllwedmthwa filtgred throngh er . 31P
NVR spe wer e: 1referenced a%al nst 85% aqueous phosphoric acid. Anion
exchang@ﬁi’&)@"%@“ dise (frem (ekman SaigneesDABR AIbax MIDO Oligonudleasifies pleye thest em

wth a I:)hgly red anad pBuIr}fPedebglr}E 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’-(0-cyanoethyl-N,N’-diisopropylamino)-phosphoramidites of
3’-MMTr-protected-3’-amino-2’-ara-fluore nucleosides. Preparation of the nucleoside

25 monomers is depicted in Scheme 4.
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Mono Q KE 10/ 16 ion exchange col ums. Mass spectr %éﬁ was
perforne E{/@Sg Mass Consortium San D ego, CA. MALDI TGallL%ﬁg éﬁiof

ol i gonucl eoti des was obtai ned wusing a PerSpective Biosystens Voyager Elite
mass spectroneter with delayed extraction. Thermal dissoci@tion

exper igghine 4'€r € conducted. on a Cary Bio 100 W-Vis spectoperer.. All
reactions were carried out in oven dried gl assware under '§ nilk r ogen

at nrosphere unl ess ot herw se stated. Comrerci aI Iy avail; synt hesi s
r eagerfd pur chaseBO—=5 o om A eR@egearc)Pr (St JOMA) . Anhydrous
pyri di ne, Yol _.d.li;c.hl.c_)rg\éﬁmne,_d.l..l.s bk pi-—etByl am ne,
acetic an ride, 1,2-dich oet hane, . wer e purchased from

Aldrich (MITwaukee, W). Al non-thi ophosphoram date ol i gonucl eotides were
synt hesi zedton an ABlI 392 or2 394 DNA synt &esi zer usi ng st andard protocols
for the phosphoram’ dite based coupl [ ng -35 01/ 18015 PCT/ USOQ 24688

approach (Car aol . Chempy 4. 278 1)n Te chain assenbl y
cycle for the sy Ls of.@lig oti ﬁp.,x phor es was the '
follow ng: (i) det | atTon, 3% Ertoroacet i cacid i chl or onet hane, 1

mn; (ii) coupli n§‘3 0.1 M phosigMGNAnMi dite and 0. 48MFNHetrazole in
acetonltrl_le 10 mn; (iii) capping, 0.5 Misobutyic anhydride in 5
THF/lutidine, 1/1, \s/v, 15 sec; and (iv) oxidation, O.%uMiodine in

THE/ pyri di ne/water, 10/10/1, v/v/v, 30 sec. Chemi cal steps within the
cycle were f<BI1l=dim.dery aBgtadhy,tUra, IQthG\/ammuoyhd REilsMeng with dry argon
for 0.2-0.4 mn. d eavage fromthe support and renoval of base and

phosphor am dat I ctin i e

ammoni a/ Et OH,* %‘p % 99T9'§§¥§"'h'y'€’?““€@g N ﬁ@"})?érgﬁﬁﬁbﬁ‘s‘bh"ges wer e
concent r at ed Vi Uz’Bﬁwd’éMT@hVW&bQUﬂ@*ﬂ-e’r CE@RCINGPDhe 2' -t - but yl di net hyl si |yl
groups were renoved by treatnment with 1M TBAF in THE for 4-16 h at 25C.
The reaction mxtures were diluted with water and filtered through a 0.45
nyl on acSwglr peecufsorrh EdmPfarStieldh oas corvertedrintar the -1 -brGiniogintermiediatel 2les wer e
then analyzed and purified by IE HPLC and finally desalted using get

filtr atithoretention oBlsagardCilacobfightakion. Eompand 2 wadﬂwnus@ladithnm isodatibnt | ons
for E HPLC. sol vent A (10 MM NaQH),, . solvent B (10 nM NaOH and 1.5 M

NaQl ) forPnstype glycopylation seactinnwith silylated umpet and thymipe dasgs cwhigh sesubtedyi t hi n

505 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 titylation, 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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Exanpl e .2 esi s of Arabino-fluorooligonucleotide N3' -> P5'
Pho%horaﬁ%@g@#he solid phase synthesis of PCT/US00/24688

ol i go- 2' -arabi no-fl uoronucl eotide N3'-9P5" phosphorani dates was 3ased on

t he ph | Ibdeothle HISHE i el theip ﬂﬁ% [

bl ocﬁswgﬂ?%byan%hyl -ﬁfﬁ‘°§’§?‘?}sso‘8?so§‘§£ am lr%oq’? P os?pg?:am ia?lgsplyol#lgg

3" - MMIT spictb@eirRdalysidll Dligdnuéledtidd Hanesiuasife HelSarabindPMicbh®iletidet Ne
nucl eosi de 25 nonomers is depicted i'n Schene 4. -36 WO 01/18015

PCT/ USOfioRdmes waSc themecohdReteBiR@n RufRomated. DVA/RINA : ABI 394 Grynltiiesier 45Bz 2 3
4 RO\I;f 1 ROCErOP-OF vt vii y Fvi'"1Ix F N3 MMINNI MMINH 5 6 7c,u,t
Bl = Thyescribed glow. Thy, Ura, Cytei R = Toluoyl R=H, M |. HBr; ii.

TVS- pases, TMSOTf; iii. NH3/MeOH, iv. D AD, PPH3, BzOH v. LIN3 vi. H2/Pd,;
Vii.o MMTCl; viii. NaOH/ EtOH ix. CEOPCIN(i Pr) Sugar precursor 1 (from
Pfanstiehl) was converted into the#%-l-l’&rigrm internediate 2 with retention
of sugar C- 1 configuration. Conpou ag t hen used, w thout isolation,

bacea. i EKp%?ﬁ?"?@%*%‘%&?‘?‘%ﬁ%ﬁﬂéﬁEéf%%%bﬁé@%fﬁ@f@gﬁ/“?fef ?X{“i fCiet v
A ' ' , it L - re a % of t.he forne
e e it T
| - . cl eosi de
3 e B esch o ABF 594 ShSsitet Tho Al oot SonoBiE byfline Bl 5!

0- nz AT ' _f 13 SRy Gl . | ' I el ds

by LreatTent L h0 e R B A P el B o s

groups Aadlécide is 3'-deslyeB§initing) 203U Beoxy-N2-isobutyryl-guanosine, 2',3'-dideoxy-N -
benzoyl-adenosine or 2, 3'-dideoxy-N4-benzoyl-cytidine. 5'-Succinyl3'-aminotrityl-2',3'-

dideoxy nucleosides 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 assembly of oligonucleotide
N3'-P5' thiophosphoramidates: (i) detritylation, 3% dichloroacetic acid in
dichloromethane; (ii) coupling, 0.1 M phosphoramidite and 0.45 M tetrazole in acetonitrile,
25 sec; (iii) capping, isobutyric anhydride/2,6-lutidine/THF 1/1/8 v/v/v as Cap A and
standard Cap B solution; (iv) sulfurization, 15% Sg in carbon disulfide containing
20 1% triethylamine, 1 min. Before and after the sulfurization step the column was washed
with neat carbon disulfide to prevent elemental sulfur precipitation. The oligonucleotide
thiophosphoramidates 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™ ion exchange column
25 atpH 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 mI/min. The products were desalted on Sephadex NAP-5 gel filtration
columns (Pharmacia) and lyophilized in vacuo. 3'P NMR experiments were performed in
deuterium oxide to analyze the extent of sulfurization analysis (*'P NMR §, ppm 58,

60 broad signals Rp,Sp isomers).
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was th ted into the 2,3 -anhydronucl eosi de 4 und
reacti Sﬂoﬁﬁﬂqﬁ{l ons. The treat ment of the 2,3 anhydronucTeS|oc?1ﬁs W th
lithium azi de yielded the key 3'-azido precursor S. This conpound was then

convert ed SR @ S TTAGGGRTAGS T GEQIDANOAN vals,
3'-azido tdolfég uglrgn no g?ogﬁbg%y %nc?raggenat lon, foll owedesbyQS 15 ?I’I tyl ation,

S Os?ﬂlﬂ&ﬂhapﬂieofbmﬁdnéwa@' pAasABI Mbdsli304. sy@itiesizen evashses mpowithi0dlMe 7c was
obtained fromthe 3'-azido precursgr using the ur&al -to-cytosi ne

conv eohitions pf G&tritglamine-2!,3'-didedxysNobenzoyl-gtennsiner @i-ispbetyrylcguangsiper e i n

the range of 8-12% based on_the starting su 37 1. WO01/18
PCT/ (380 Ghymilis) Spﬁ%rezmﬂlylN,1§r¢1@epmxl)gh089ﬁ%f%m r Ehe, peageny R’PF‘len?efd by ' H,

51 nation 10 S, R sk Rerepn Sl b hoatc KBRS AR U 370" ©
%5%? R 5 Yo7 G if cpith, GUIRAF SoAEloife [ ERRNIIER Ao actvitbrER © 5

dig &&ﬁh&eia'u?eax}ﬁabre&b’ss M1 R {tas B @éteHFoRA e Scatenitrilyy wasneddbyCaga anmidite
tran er reacfion on an ABlI 394 synthesizer. The fully protected nononer

bui | djohtidy @edtRoni 1y&v Rpladed byt teiralyidroferardisobutyris' anhydride/2,6-lutidine
- (2- cyanoet -N, N-di i sopropyl) phosphoram dite where nucleoside is
3 - deR/2Al- v/wsvmoﬁhtm Cip B'wadi aclsm&xy <cnmneroiplly wvsilable teagentn A new function

30 éuwgégr??éé«NSm%E%"y' Gaifids bot swisn 0 ior e SR W SheSERRNPURR, (' o
d
3223"%8-5%‘%5 Rt Herfolig RBY Sulilloa i ipladS et w in e S00,

of 5 %a"é? k@h{%ﬂ%ﬁ i gﬂhd@%slﬂgﬁdelfeﬁrto the caaamMer 20! The

ol i gonucﬁ eaol{l osphoram ates i) detritylation, 3%

di chl Syt ! hnﬂr? filed Witk gfn%laego'ﬁa%a dl'tN)Z-lWﬂyIlg' g:ﬂtyl)aMmo-T 3
or am I 1 ra

phosp 0.45 Mte zole in acetonitril 5 sec; (iii)

cappi g o:@% 9@!&9&9{4&1‘%@@6 édntioned BHFe ya!sé)B The s¥quidhcéap thie and

st andar utiron; “(1v) sulfurization, 0 S8 i n carbon disulfide

cot abéuxﬁ&maowéé’/ idgtﬁhiiﬁé& &mcmﬂmcammeqm')a(mwmamm sThe tritykat i on
step the colum was washed

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 thiophosphoramidéte 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' —P35'
Thiophosphoramidates
Oligonucleotide thiophosphoramidates unexpectedly demonstrated an increased acid

stability relative to phosphoramidate counterparts. One might have expected that
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wi th neat carbon disulfide to prevent elenental sulfur precicg_i tation. The
ol i gonucl P PYLB013 ophosphor ani dates were cl eaved fromthé& ﬁfsﬁowzﬁsﬁ’bport
and deprotected with concentrated aqueous amoni a. The conpounds were

B enE kBB b kot Soyebf R BE°HRARIG RGBS T

| inear ghagl ave Mdsultéd liHV& yégﬁﬁd'e'ln Iheadill Nability ﬁg ﬁxﬁl{dsﬁ&aﬁﬂ&ﬁe gg?a%sé%m n.

The products were desalte Sephadex NAP-5 g tration ums

( Phar maciifigrendtdin the iéctioncidnkiing properties b shifit votbay dayiReh Swhith&olRY havemed in
deuterium oxide to analyze the extent of sulfurization analysis (31P NWR 8,
ppm 58, ma&le thecoprdtanatjonlof the 35NH sasier. s Howe@r,\Wonlratyl 36 thisRiFedicton), thé688

A i gonucl eoti de thiophosphoram date 5' - GTTAGGGITAG 3" (SEQ ID NO 1) was
synt Aesithiophespbompridaseinternvelgotidelinkpgesimere fowslstodyermpresdcicb stable shanetheinp wi t h

03M solutiogns of 3'-tritylamno-2', 3" -di deoxy N6-benzoyl - adenosi ne
(N2- i soMPyﬂ%QFHbQEPéWE}ngﬁePXWﬁH&t hymi di ne)

5'-(2-cyanoe l- NN-di i 0 hosphor.apjdit Th hottle of 5
tat on #10 v PRE Jf BioBRinkBARRBaR TRbLr Ak ISFERRTNOBE b sl
was. fil MWeh | f % i dj ' I, R 1%
1S by St SOUMEIDAR. B 40 AToLd SEBHO U IEmphaL Ve

sol ut i onppfoxifiteRZ 6 heuisariCes Hokt, 'fesfciifély UaRdrdia@Ro AE HPL Ot dmalys{sS{sRki on
#11) was repl aced by tetrahydrofuran/isobutyric anhydride/2,6-1utidine

8/ 110 v/Table JolMoreover, theroBipoasition lof thet hydralpsisrprodueatsiwasaliffedeabbetweanthent . A
new function 10 was created to deliver carbon disulfide fromstation #10 to

t he col dhiephosphoratidatetandsity phospheramidaie icountorpag. wike aeidi hydsolysiseofftbe | owi ng
: furization, ti et.at 1 nin. d . bef ft
Sul tur  ShioPiaspRorRRtAte ARRRers Bomiialy qETIE e grieater, EHbeH iha glesvage ot The
t hesi fi ' | id o
ot sopdntsfBbtNat Rep houpS b i dchurs (B B BbbRRSHET Hhese reshts indigptet 8aged
CPG ( contuehl i 8t @%Sacidimnaﬁs&e?meqﬁio@irik?sp&?maﬁa@ey Bfhn'¥8a% di'1RQ" amed

%Her%&
as GATTGGAATTG (5" -*3' SEQ ID NO 11 The group was renoved at

end 16f gihesphmfahﬁ&h& m&%ddi&lmidt@n thas \edidetnguthia! ItHisV ddw cladk belf

di sul fide and acetonitrile. The solid support was renoved fromthe col um
and. t tkiaphasphotamidaterbligamcieotides led improoed potemtivhfon the déedpmmt 6f brali n a
tightly closed glass. vial. After filtration nost of the ammpnia was
evapor atoligonticdeofide thezangnticsag companed émotherphosphoramidate oligonucleotides.

TABLE 1
Expt Oligomer Type* Tm,  -Tm,°C* Acid Stability?
oCh -
L. GTTAGGGTTAG po 442 -
SEQ ID NO:1
2, TAGGGTTAGACAA po 45.2 -
SEQ ID NO:2
3. Same as expt 1 np 72.1 27.9
4, Same as expt 2 np 71.7 26.5 0.5hr
5. Same as expt 1 nps 71.5 273
6. Same as expt 2 nps 70.0 24.8 6 hr
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20 desaigbqg,ly?qgng Sephadext m NAP-5 gel filtration col umsctRivesssss @) -

foll owed b yophilization in vacuo. The product was anal yzed and

purified. as described. above. Al of the other thiophosphorani date

ol i gonucl exy hp$ (cRfrek kb epRosphbficster NN =5 VisHodphedaiigei #afl usi ng

t he above eéggiﬁbeiésstrrcgt ﬁog%.@%e%xadr?gl e 4 Acid St ab\ifllﬂftg and Dupl ex
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pHoshor ani Hotreassas dims eelativg to dihef nagurehphosphodiesteraiounternsrt; donat i ng properti es

of sulfur yerses oxygen, whjch could have npade. the protonation of the

3' -NH easi élfa.lf']!ﬂﬁf Pn\‘;‘g?ﬂt’fd&rl?“ﬁ% 3qYEQUSACEHS a¢id ghroopemperature.

t hi ophosphoram date intenucl eotide |inkages were found to be nore acid

stable than their oxo-phosphoram date counterparts. The half-lives of

t hi ophosph ' T : ' Qr ytlat e
phosp p@f@,ﬁg@?méﬁﬁ propics @%ﬁg%mgau@%iggghoﬁmm e

count er par n 40% aqueou trc acli roomte ture were

appr o¥riplefiletitaby RNK Strandl wlroeviiditited GSIAP Werina® Wissociatiol eipeinients. ETIPLC
anal ysis (See 10 Table 1). Moreover, the conposition of the hydrolysis

pl®@dugdsaltyvase sarhirarized ih@abbeh tTie ptesenmtpd datzhshoownithiett the avligonteleotide
phosphoram date counterpart. The acid hydrolysis of the

t hi opthdepitesphoranidatesafopmed significantly rapteystahle gpmplexes thas the isasgauensial r at her
t han cl eavage of _ internucl eoside N-P _aroups, .as it c%& for,the

phos phatueakphesphadiestereligomess, wherein e difference in fge Wap, r§§@r st eligame. (o -
acidic conditions of the thiophospharani dates t_hap thza;t of the, 15

phos pAdsoa theinceeasg jngythe therasd ngﬂl,typﬁék}ﬂieﬁ%ﬁ vas sigglar fythat g %efvredAantb&s of

t hi oph orani,dat e ol igonucl eqtides, ' .oved potent.i.al f th

dovel BRTRHTGRaLF afieSrvy i Patseioq et iis TRHENEE L8O ERIBe Yt Phe:

P{£S PBARR TR L iRt ndORHGAE P dsPRGramIddR:-Erobip 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 tclomerase (hTERT). 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 stirréd 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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Expt Aig ea Tm -Tm ace Acid Stabilityd ocb 1. po

44. 2 - SE%@%l 2. TAGGGTITAGACAA po 45.2 - SEQ I D NO 2%1@5 expt |
np 72.1 27.9 4. Sane as expt 2 np 71.7 26.5 0.5 hr 5. Sane as expt 1 nps
71.5 27 132 A 7 ‘i_gﬁ’ap A{\Qa, o uffe

PCT/ Usogﬁﬁgggaggﬁ%:ﬁs@g@dn%s&g gr%hess)fp%ﬁéﬁ 0 pﬁosp eoagllqest rQ %‘&H"EE e

phosphot ante@hiRimgnso Vi NeODRS pifef Aidlykié theOd:@1RE wak @eARIThatefot; 300Eh bt N9
tenperature, Tm (0.5C) of the duplexes formed with a conplenentary natural

RNA ol i 26,000 xi ; Prid? toldffilsi€l cliromatdgsaphiyy TritdnoXpl00f¥ (Bu5 %9y KOH (0.34v1) 2nd
i ncrease of Tmrelative to the natural phosphodi ester counterpart;
dhal f - | tRMAOfSOcig/od) wereeadded e Afffinity0 oligoy (8 dhistindEGbiotin T EG-diotinddG-GTA
tenperature. Duplex formation properties of oligonucleotide

phosphofidf €@ ITA CA gonpigermmtay §' [BHQ IDrEOS Iinoveerevasé mepresgntss?’rQ-
t hermal di ssociation experinments. The 10 results are summarized in Table 1.

Il A UL bt et g SO
bhosphoftet b 53R! nd{IFir of efth. AT as freapnitiod [ mi 580" Gavoevidit

D oy BB @isplhiS2n b5 BSOR 0ok s AR B4 EBL phir® ol BARES 0.
| nter nupraiEh gt 4060 e B Nk Hellthel A8 Ppshea et el A R B o
of i@eseoxﬁagﬂg;ue?mmnm&%' Huffég:?@gﬂigﬁlg% 6.8"VIRet ahy u%ckgﬁ&e%ﬁaﬁr

puckering o 3" -al nonucl eosi ncreased sugar - phosphat e

backbonBuff¥OB bht@ihing X 3P K€ STedbnflasr@asdlined i Bufféd B ichitaiing 6.3:04 KiGi} r act

Havi ng Tel onerase Activity.
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
15 pooled with the first. Purified extracts typically had specific activities of 10 fmol

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

Buffer ‘A’ Buffer ‘B’
20 mM Hepes pH 7.9 20 mM Hepes pH 7.9
1 mM MgCI2 1 mM EDTA
1 mM DTT 1 mMDTT
1 mM EGTA 10% glycerol
10 % glycerol 0.5 Triton X-100™
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Extract r screening telonerase inhibitors were rqy '@&’ epared .
from 29§’&§12{£P£500ver- expressing the protein catalytic sum (‘#@’él oner ase
(hTERT). These cells were found to have 2-5 fold nore tel onmerase activity

t han parental 293 cells. 200 m of 9%5% cells (harvested from about 100
liters of culture) were resuspende]gf I'n“an equal volunme of 25 hypotonic

buffer (10 TibiRpas Iakibitith by Oligdrhieledtidd NBLJPET Thidhishpkdramidatel! PVSF)

and | ysed using a dounce honbgeni zer. The gl ycerol concentration was

adj usted to % fonfth | N6 i ion of
0.3 M The I@%g%l/sgg%ﬁgaﬁm%}%%gti rreéoél" fﬂ%rg?%g}fnsﬂ g‘ﬁ&ﬁﬁﬁ@g‘éﬂ et ggﬁ%t?éﬂ

100, 00Go¥utidnb:050 M Trisedetd ,q;mm,qmw@mwmemgqu b, 1000M
supernatoant to reach rA‘fZ% sa%uration._ The material was centri uzged; -41 WO

01/ 380715 aB6tktel/SON]AAGBEIP, 500 Abt TTP, WUMEHBENGTR{S Ci/itfol), drd1 00 nihe
original volume and dial yzed agai nst Buffer A containing 50 "M Nadl .
After _ca(mad)gqswmwo;@s ToChk thaiviRAl k&ictidhs D150 5adr 1 R1 Q@ Qffinify- Prior
to affinity chrommatography, Triton X-100M (0.5 9, K_Cl (0.3’ M and "t RNA
(50 g/ c’?}ﬁiﬂéﬁrt@loﬁﬁ%é (s EkamhplY 4Pis dded and MOiehbtidHT 20¢ HchBHEEaP3PPCNTRG GTA |
5 GAC CTG TTA CCA guu agg.guu ag 3' [SEQ ID NO 5]; lower case represents

2" . 0- 4piddyd0 hiifees) Aogdtdlidastsané rdthpRid Faheatle Pieion hid d@dedyiolpoget ofdes) -
was added to the extract (1 nnol per 10 ml of extract). After an

i ncubatgep Bakfer £ 0iiM MaC3 01 FmM Ay Hdsphatd) 995 SO, 21AE EBTA, 400 Af/nd Sg%

suspensi on) were added and the m xtfure was rotated overnight at 4 C. The

be pe ) ' ; fthekamble i iopi Ng
oot MANPEIO St hed TR 0O, WAl B ffSamfly U Sp st 10,

Buf f er iBe ¢¥BRinnies. OTRe Mxi@e_-is Pele® s nidroeeRirifaRI(120004% § f5rce)For 15
contai ning 03M KC1, 0.15% Triton X-100TM and a 2.5 nol ar excess of

di spl acaimmés. ol Tigopélet- sSTvadked @ith 1AGI 9355 AB&ndlCGindl pélléted3agdibhR the NO. 6]
at 0.5 m per 125 .tl of packed Neutravidin beads) for 30 min. at room

t enper anicrecentifoge (Y2000Ixug force)fos Spainutasirethegpeliet is nesuspentedi in (50t HadH,0r st .
Purified extracts typically had specific activities of 10 fnol nucleotides
i ncor poandtteagsieimed to 812 xatSt glassites? Gbercoptaining 2dSgnhoficercold soltiopoH5%i TCABUf f er -

‘A" _Buffer 'B' 20 nmM Hepes pH 7.9 2 es pH 7.9, 1 MM MCl2 1 nM EDTA
15 and 10 mMNa pyrophogp teF.) The sample i@l/lncu F;’te_d oFrjl ice for 30 minute';/.g The sample :

is _filt_ered 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% ethanbl. 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 tracéf. The activity of extract is calculated based on the ANTP

incorporated and is expressed as fmol ANTP/min/pl extract.
Telomerase Activity Assay

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 reaétion catalyzed by telomerase. The biotinylated products are captured in
streptavidin-coated microtiter plates. An oligonucleotide probe complementary to 3.5

telomere repeats labeled with 3P is used for measuring telomerase products, as described
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1.mM DTT \}'?WI@TIE 1 mM EGTA 10% gl ycerol 10 % gl ycer ol 0'%&@%"%&‘,&5 | OOTM

-42 WO 01 CT/ USO00/ 24688 Exanple 6 Tel onerase | nhi
A i gonucl eotide N3'-BPS Thi ophosphorani dates Three separate 100 |

tel omera 5!9%{?0 < Un. W 0l | W ") 9@% mM
Tris acetﬁg?g}s p éﬁ Q%Jrqﬁénﬁ\sﬂwédibwg&aéaﬂ mvl ?%‘%%gp s Oﬁndr% tog@gt at e,
500 M dAgEhtureeldndrd prbfudth 53R BrkiiHed By (s3ftiGhtidievuhtingnd 100 nM  d( TTAGSS) 3
[SEQ ID NGO 7]. To the individual reactions 2.5, 5 or 10 | of affinity-

puri fi edMethadrer ase (see Exanple 4) is added and the reactions are
incubated at 37 T. At 45 and 90 minutes, 40 1 aliquots are renoved from
each reatt i onThinphasphemmidatesoligenusieotides wept stosed @s coasemteatsd stogksrandia

pyr ophosphat,e, 0.2% S? 2 mM EDTA, 100 g/m 10 tRNA). 10 Al

trich? or oacSissV F’cﬁ}D CA) (100% is added and the sanple is incubated on

S B T ek A AR AP R ©
el et €9 203 ot n PRy PR SOkl B0 NESH BT BieE. T

test tube caphqhsshyrd id dbplidate)f ice cold solution of 5% TCA 15 and 10 nmM Na
pyrophosphate. The sanple is incubated on ice for 30 mnutes. The sanple
is filtelldd t Telughase &tract wmaspealilufedHdQ spieificractivignef 094S) 09 fimoladNTIPn
filtration manifold. The filter is washed three tinmes under vacuumw th 5
m i 8@ col dinewpeeated/min./ploncEelometass Ditution Buffenand |18 plhadded te gach saraple ed
and counted i Bda scintillation coun%er usjng scintillation fluid. The

finol of nudedd® PEranguRets Wiy comppupd %@Pé?lﬁ‘flﬁféa:cWPB’rfFF‘RE"aEB%cific 20 oo
ol f . ! e evere :

o . e e A B el B bL st oL 0 ELOAVER

for “the det conaibhigefipidilee Ghtifet il dHgBRa S AR B Iebled, T Alies

measuri ng t herestdiediand irftubA#EAGZFCEHOIEMi; repeats to a biotinyl ated
t el onerase substrate

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

VI. 25 pl of the reaction mixture was transferred to a 96-well streptavidin-coated
FlashPlate™ (NEN) and incubated for 2 hours at room temperature with mild agitation.
VII.  The wells were washed three times with 180 pl 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



primer; Ihﬁﬁ@H on catalyzed by tel omerase. The biotinyl aﬁg(gﬂﬂg@ﬁg%h?ts are .

capture eptavidin-coated mcrotiter plates. An ol i de
probe conplenentary to 3.5 telonere repeats |abeled with 33P is used for
measuring tef 'BPeA Products, as described -43 WO 01118015 PCTI USOCQx 24688
bel ow. Unbound probe is rermved by washi ng and the anount of probe

anneal i ng tolhiMMg@Qt ured tel onmerase products is determ ned by
scintillation counting. Method: |. Thiophosphoram date oligonucl eoti des
were stored HiO myhEaeetatet ed st ocks and 5 dissolved in PBS. 11. For
testing, the th| 0 osphor am date ol igonucleotides.were diluted to a 15X

wor ki ng st ocl0 Pand 2 pl was dispensed into two wells of a 96-well

m croliter ayed in duplicate). Il1. Tel onerase extract was
dildted to aﬂL &'cﬁg‘?ﬁ activity of 0.04 - 0.09 finol dNTP 10

i ncor por at edﬁ[’a T1p Tel omerase Dilution Buffer and 18 pl added to each
sanple well o”'prel ncubate with conpound for 30 m nutes at room
tenperature. 1doVnMTbﬁ>tﬁa9ia@éaem%er (?%ﬁ@WGWCG&G@@GMG@M g SEQeb 10 pl
Master Mx to the well contai ning tel onerase extract and ol i'gonucl eoti de

conpouril§OB]i ng tested. The pl ates were sealed and |ncubat ed at 37C for 90
mn. 15 V. The reaction was stopped by the addition of 10_gl HCS. VI. 25 pl
of the react$® 6nnM Jabeled probet Eﬁ@@TAMGGTAWG@WAGeCe@?E)VA%m G4t ed .

and_i ncubated for 2 hoyrs at rogmtenperature with mld

Fl ashPI %EeTM '\%F
agi ¥at | HPBC‘%ABF P@wra@pmealm spm{pgechighern 180 gl 2X SSC

W t hout ) : Ce anount of probe anneal ed to biotinylat ed
t el omerase ¢ ¢d in 20 a scintillation counter. Buffers:
Tel onerase %mefn&uii%xﬁWMIbmwma%) PH8.2 1 nMDTT 25 1 mM
EGTA
40 mM EDTA
40 mM Tris-HCl, pH 7.0
15 Using the foregoing assay, the thiophosphoramidate oligonucleotides represented by

SEQ ID'NO:1 and SEQ ID NO:2 were shown to have telomerase ICsq 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 ICs(nM) ICso(nM)
Oligonucleotide phosphoramidate | thiophosphoramidate
1. 5-GTTAGGGTTAG-3' 1.9 0.89
SEQ ID NO:1
2. 5'-GTTGAGTGTAG-3' 1000 1774
SEQ ID NO:3
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1.mM MyClgo iASRNBSA Master Mx (MM 50 nM Tris-acetate, pipBuseezdéesl nMVDTT
-44 WO 01/ 18015 PCT/ US00/ 24688 1 mM EGTA 1 mM MyCl z 150 mM K acet at e

10i MHATP  5_20 gM dGTP 120 pM dTTP 100 nM biotinyl ated primer

(5' - bi oti n- AMSTCOFTACGEPIATGATAA-BSER | D1.64O 8] 5. 4 nM lpafiel ed probe
[ 5' - CCCTAACLCTAA AACCC- (33P) AL.50(- 3'] 10 [SEQID NO9]; specif]c
activity approxi PEEQHINOL cpm g or h| gher Hybridi zafi on Capture Sol ufion
(HCS) 12X SBC (1K = 150 niM NaCl U30_nmV Na3Citrate) 40 nmV EDTA 40 nM
Tris-HC, p[—|47. o} FsTASGICkAAGLHAB0i hg ad¥¥, the thi opHB8Sphor ami datp
ol i gonucl eofi des Elg&r@zﬁﬁt{d by SEQID NG | and SHQ ID NO 2 were shpwn to
have tel onefjase €5 below 1.0f nM (See TABLH 2, experinents 1} and

3). TABLE 2™-20—FE ﬂS‘TEt‘OVERRSE‘T‘NHI“B‘I‘TmS'—I‘NJ

COMPARI SON W TH PHOSPHORAM DATES: EXP I C50(nM 1C50(nM A igonucl eotide

phosphor am dajgg; i, QRERSP B8 iatEat REQ ID N AT Hisfaatch toft:Bl &r the

oligonucleotides used in experiment 1 (SEQID NO:1). Similarly, oligonucleotide
sequence 4 (SEQ ID NO:4) is a mismatch control for the oligonucleotides (SEQ ID NO:2).

5  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

10 telomerase inhibition assay, as compared to their phosphoramidate counterparts, but are also
mote acid resistant than them as well. This combination of characteristics imparts the
inventive thiophosphoramidate oligonucleotides with an important advantage compared to

phosphoramidate polynucleotides.

15 Example 7
Anti-tumor Activity of Thiophosphoramidate Oligonucleotides
Ex vivo Studies
a. Reduction of Telomere Length in Tumor Cells
Colonies of human breast epithelial cells (spontaneously immortalized) were
20  prepared using standard methods and materials. Colonies were prepared by seeding 15-
centimeter dishes with about 10 cells in each dish. The dishes were incubated to allow the
cell colonies to grow to about 80% confluence, at which time each of the colonies were
divided into two groups. One group was exposed to a subacute dose of
thiophosphoramidate polynucleotide SEQ ID NO:2 at a predetermined concentration (e.g.,
25  between about 100 nM and about 20 uM) for a period of about 4-8 hours after plating
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SEQ I D GTTGAGTGTAGS 1000 177.4 SEQ ID NO 3 18015
PCT/ Usogl%i'ééglss - TAGGGGTAAACAA-3' 1.64 0.41 SEQID %@%ﬂg&s

5 TAGGTGTAAGCAA 3 1000 79.3 SEQ DNG 4 digonucl eotide sequence 2 (SEQ ID

If81 { nt 1

(SEQ 1| B, i B O o e el S R B,

m smat oligomdeotideSBQ IMAN@H| gonucl eotides (SEQ ID NO 2). 5 .used in
experinent 3. The telomerase inhibition data presented in Tabl e 2 show that
the thi ophdachgreup dficellspis|thenialloyed mewnunue tredmﬁend the grawps are split about

2-3 tinmes better at nhi bitin elorreras vity relatjive to counterpart
phosph&wswoﬁaaags reﬁargenaepwi sar%a%m ﬂ%wrem/éeqdﬁsicfahsgwam dat e

assdy, SR B tﬁﬂ?@ﬁ&%ﬁ%&%ﬁoﬁtﬁ?@%&@&uﬁ Gt S Rae s "
o7 e i B Y3 B SR U sl B ARAIOR RO BRIt | 05

imparts t or ami eot 1 des wt'h an

| npor t tperid¥mtha ¢RIlS WM&&MIW%&TMNEW (BoktrRigki-NRsnhibm)

Exanpl e Anti tunor Activity of Thi ophosphoram date Qi gonucl eotideS Ex

vi vo Stfollowiiganaredabtadersoinstpdctibnas. OFBGENE6FY ithanvesloligahutleblide gpthlcenbyethe of

human breast epithelial cells (spontaneously imortalized) were 20

prepar @8llsisi ng standard methods and materials. Col onies were prepared by

seedi ng 15- t| met er dISh s wi,th aboyt 106 ce each. di sh. The dishes
ool | acubar EIOPERRE VR G ERRRE v&%%&nséhﬁbi‘fﬁpg%s SHBBIEE §HLUence,

at whi B‘ggtféla{{&b%ﬁfjgﬁgg Eéﬁ'égﬁcdg' o qyiencel ‘other thifd 85" rdpdtifive Y3AY,CRence st 9" OUP

was ex
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 weigﬁt DNA (approximately 2 Kb-15 Kb). FIGURES 4 and 5 show examples of such
' expériments.

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

20 large decrease in telomere length when incubated with HMES50-SE cells in the range of 1-20
uM. When cells were coincubated with FuGENEG6 ahd 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 sequence CAGTTAGGGTTAG (SEQ ID NO:10) is a potent in vitro inhibitor of
telomerase activity. When the cells were incubated with the thiophoshoramidate
oligonucleotide SEQ ID NO:10, telomere size was reduced compared to the control cells at

even the lowest concentration tested (InM). Thus, the inventive thiophosphoramidate
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t hi ophos ) dat e pol ynucl eotide SEQ ID NO 2 at a prede '
concentr&?‘?éﬁ{%’g?g., 25 between about 100 nM and about 20&’%{!‘&5@&/9@8%(3“ od
of about 4-8 hours after plating -46 WO 01/18015 PCT/ US00/ 24688 foll ow ng
the splidgoRtidedtiics Bk fHtemitin %&Eidbfto%ﬁel%id&dﬁ@‘ﬁ%ﬂvi?ﬁﬂqm%zéﬁ el
control oligonucleotide SEQ ID NO 4. Each group of cCells is then allowed

t 0 cont ibresst epith@lial gbtl, and the groups are split evenly again (near
confluence). The sane nunber of cells were seeded for continued 5 grow h.
The test thi dphesether axipdcimenty HMESSEocells werec embatedomiithoone| ebtthele was
added every fourth day to the sanples at the sane concentration delivered

i nitial Ithiophpsphesamidatscpolymupletides skown SER HANOs: hand y0¢ (he mismgtely
FUGENEGTM ( Boehr i. nggL. - L. f ol.| owi n nufacturers instructions,

FucenEs TeoAaRade SPRLEh -2 has st of st T Bl EdEotdsS st werLf engr b
was determ ned.. | | t ' I ction
enzynes %%E%‘%“?X? g%&gg%glgb%&gg%qd%@ ag %‘gn"i’bﬁh@s{éﬁﬁl %°$§e°°¥§§€@b%‘{e uoé)r’?be of
human t el eR£en cdiRErodnh] shobwd)in FIGERH 6GadiesteOMA: HRH %H@feﬁ?ﬁﬂié%%e?, e

usi ng standard techniques of gel electrophoresis to determ ne the |l engths
of the tesenioni ¢f ¢ t@icsionyWithin abpReE00 d&fst fillowinbabiginbtrdtion dLHRREE DNA
probe, on the gel as a snear of high-nolecular 15 wei ght DNA (approxi mately
2 Kb- 15 tkivphosphGtaRiidatd oligahulestides eftbminivertionf such experinents. The
results presented . in FIG 4 indicate that the thi ophosphoramn date

ol i g¥nucl eot i laecaddition, TRIOapalysis pf ibe eplls (FIGHRE o) jusingostandard mathodolegyase
tivit | n .t b FUGENE6IM t he .thi h i dat ..

o1 1 gonuchey® i GG EioRBeBhorigels oleomicl GRS QAR BHORSTWERIGRERYE Pengt h

wh [ : \ S5E I ' f. 1- . n |s were

coi ncubdtSaLiie, WddenERe ;T HERSRS AL g Mi'd® &S,

NO 2 t el @igphBspHofsnitaf pel HIBBRGVRE i SEQVED 304 Ohn §0. ST mBYRAH he

| owest concentration tested (100nM. The results presented in FIG 5

i ndi cat eoligoatcledtidd SEQIDONDNM svak @isdédasrd camtulc | Abpolgaucledtides wei€ ubdicat a

sequence CAGITAGGGITAG (SEQ ID NGO 10) is a potent in vitro inhibitor of
t el difer ssomcentrationt of abowe 9.5 hM vsing shevpratocol adeseribed atiovh. tThe length of the

t hi ophoshor ani dat e . )
telomeres were measured at 10, 20, 40 and 80 days. For the cells with the control mismatch

oligonucleotide, the telomere lenght was measured at day 90, and this data point served as
the end point. In addition to the HMES50-5E 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
(ICso) against telomerase and other enzymes known to have RNA components by
performing hybridization tests or enzyme inhibition assays using standard techniques.
Oligonucleotides having lower ICso values for telomerase as compared to the ICsq 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 HME50-5SE, Caki-
1, A431, ACHN, and AS49 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 pM to about 100 uM in the presence and absence of lipids. During
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ol i gonuey@oisigees SEQ | D NO 10, telonere size was reduced cerpesed4éss the
control cells at even the | owest concentration tested (1nM. Thus, the

i nventive thiophosphoram date -47 WO 01/18015 PCT/ USQOQ 24688

ol i gonuhisepcriaigstharoeptipal densityi (OD) wof ¢h¢ shinplesowas determinadefarsbghtoati SAky i n
imortalized humman breast epithelial cell. |n another experinent. HVES50-5E

cel |'s \ianemetess e Ahsi 10s0 waluessybtained for thesyaions Rel himes showmdnFIGURES) des

shown in SEQ I D , and .The msmatch, 5. oli.gogcl eotide [.D NG 4
wae. s CHeT RN s ity V| Tt P ST SV oot S EEE s AR, eRFrera oo,

bet wee ' %a@ ' tﬂemg]r : | e,

The Qa&iﬁgﬁ}éggf) F&bcrg%vt&%qmg%évm | %0% ?f)??@ﬂ% In |li§5:gat . s&;tl g‘?‘ﬁ'& tgﬁ%& glﬁt"er ed
Cri gi s dellsgines!sigh a§ @S avarih Rindtell lined WVCAR-Bidnd SKADVLE cdhBe d8dBto = -
follow ng adm nistration of ‘the test thiophosphoram date oligonucleotides
of the dewterihé eptotdxicity) imddditioarto cbitfrohoell \limes such ah @ormail burhén BUREIIS)

usi ng standard net hodol ogy. shows that the test thi ophosphoram date

f)' i goEL@thﬁo%SdE%fomfcymTiTimmiaéﬁhw\ktﬁ' es;a:eéaemB@r.x_ﬁdgi otadyBioshemitachiide
T HVE50- 5 i i |

tﬁpg;hoﬁ%ﬂgf@ﬂ@ébﬁl‘ewce Se%%?wh&igs% TWht gﬁgﬁ%@?ﬁégg ysed ag vzml.- The @

i t j ti SEQ | NO 4 . ) )

ol ynucl eot | HEHEY . &, abter my ROResed ARG iR, 8 hiophasihoremicaty ( ne

pr Ofoocoé,l;%%ggl@b@@éé sﬁga\ﬁeoe ﬂ?ﬁmsfegaéw&tﬁéo Bftratioh! BUIGW She WREFof BAGIHkRAyat 10,

20, 40 a days. For the ce the control m smatc

ol i gonuRkeRthcltss, sinte the hﬂ@@f&n&@tﬂhﬁaﬂg?@,nﬁmﬁﬁﬂle@iﬁeﬂﬁ&s 8étived Trbrh el dat a
point served as the end point. In addition to the HVE50-5E cells descri bed
above, ' tytosoxdsseffectan deis peithin nikd wcope avly thel praseat cinyentibnv éhatekhe | i ne,
such as HelLa cells or HEK-293 cells. 20 b. Specificity Thi ophosphoram date
pol ynucthiephogphoranidatecoligenueleotides of thespresent inyention be aammyereéla@:w; desgai nst
known .t 0 have RNA conponents by perform ng

t el omer agse .and .ot her enzymne

hybri di M%‘H‘?@&@%Pe@ﬁﬁﬁ cts A5 hseVed assays using standard techni ques.
Gcis_%onuﬂﬁgc; iaggﬁ lﬁ%&%g | ower 1 C50 values for tel onerase as conpared to the
I ) vart the other enzymes being screened are said to possess
speci ficity AOKurh#] RIERIra&fogiaft M¥ddl iR Witk DVCAR-5 tumor cells are grafted into - .

nude mice can be constructed using standard techniques and materials. The mice are
. divided into two groups. One group is treated intraperitoneélly with a thiophosphoramidate. -
oligonucleotides of the invention. The other group is treated with a control comprising a -
20 mixture of phosphate buffer solution (PBS) and an oligonucleotide complementary with
telomerase RNA but has.a,t least a one base mismatch with the sequence of telomerase .
'RNA. The average tumor mass for mice in each group is determined periodically following
the xenograft using standard methods and materials.
In the group treated with a thiophosphoramidate oligonucleotide of the invention,
25  the average tumor mass is expected to increase following the initial treatment for a period of
time, after which time the tumor mass is expected to stabilize and then begin to decline.’
Tumor masses in the control group are expected to increase throughout the study. Thus, the
thiophosphoramidate oligonucleotides of the invention are expected to lessen dramatically
the rate of tumor growth and ultimately induce reduction in tumor size and elimination of

30 the tumor.
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The cell. deabindpldT) assay for cytotoxicity was perfornmed ysgiaskobPses- SE
Caki- 1, A43 1, ACHN, and A549 cell types. The cell lines used In the assay
were exposed to the thiophosphoram date oligonucl eotide of SEQ ID NO 2 for
72 hours at cobuspthepresent Hentiongrovidés novel ibiopkidsphbianidie WlighRleldbtidest he
presence and absence of |ipids. During -48 WO 01/18015 PCT/ USO0/ 24688

this peri¥d methodspforciahibiting itelpmerssy astivitycansh tishting Whsease tstates ire dvHich

| ight at 540 nanoneters ( . .The | C50 val ues obtained for the various

cel | type@ﬁoﬂﬂﬂ%aqqﬁ‘tﬁllt%éi%ﬁm’u tsy&spsciallyycangers  The thiophasphergmidate

ignifi | f J d ..0b d..
oncent r apyesRELEbAS o e ARk RhTrOTRE R BigplselfptsR B e e reapmest for
t i ' | 3 Il L1 e - .
Sk O3 cond it 08 BaCioalhe MBS ARy AR tond B ver Wil Bing o) |

| i nes suctommaligianteellsiman BJ cells. Qher assays for cytotoxicity such as
the MIT assay (see Berridge et al., Biochemica 4:14-. 19, 1996) and the
al amar Bl ueTM a¥dly tije preferfedteantiodixrent 6f 18 innsipn hanbéem ilagthtetban®edeseribed,
Preferably, .to observe any tel onerase inhibiting effects the

t hi ophos p‘% B‘NA%P #ppreciatey hat vasious changesiean behwadel therein svithoisdepartingafror the
concentratngmgeIOMIt ] evel of cytotoxicity. Nevertheless, since the

ef fecti velds Fwﬂﬁﬁvq@EWW@W“@henntherapeutics derives fromtheir
cytotoxic effects, it is within, the scope of the present invention that
the thiophosphoram date oligonucl eoti des of the present invention be
adm ni stered at any.dose for which chenotherapeutic effects are observed.
15 In vivo Animal Studies A human tunor xenograft nodel in which OVCAR-5
tunmor cells are grafted into nude mce can be constructed using standard
techni ques and materials. The mce are divided into two groups. One group
is treated intraperitoneally with a thiophosphoram date. oligonucl eotides
of the invention. The other group is treated with a control conprising a 20
m xture of phosphate buffer solution (PBS) and an ol i gonucl eoti de
conplementary with telonmerase RNA but has at | east a one base m smatch
with the sequence of telonerase RNA. The average tunor mass for mce in
each group is determ ned periodically following the xenograft using
standard. nethods and materials. In the group treated with a

t hi ophosphoram date ol i gonucl eoti de of the invention,
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25 the tunmor mass is expected to increase foll ow Ltial
treatrreﬁ%/oe#@? per| od of tinme, after which tinme the turﬁf%"ﬁ%’? 4&@
expected to stabilize and then begin to decl i ne. Tunor rrasses |n t he

cont r ol iy Hl Carl LAF Y e

t hi ophgg%hora&ggxt‘tg)&gﬁlﬁ%gnvﬁv"é%?fggg&o the 1 nvgltopmﬁoﬁﬁ‘i@}’le ect eﬁmkela

| essen ag¢ gefiei@slfdllows: he rate of tunor growth and ultimately induce
reduction in tunmor size and elimnation of 30 the tunor. -49 a WO 01/18015
PCT/ US00/ 24688 Thus, the present |vention provi des novel '

t hi ophosphorlani dapelymhclgondm temprising aneh-hembpelymienic seqienvetdfmuclesideer ase
activity and treating disease states in which telonerase activity has

del et ersnbunitsgoined by at lsegiane dntessubanit dinkagerthat is ady rodi$h thiephiogpharamidate.

ol i gonucl eotides of the invention provide a highly selective and effective
treatment for 5 malignant cells that require telonerase activity to renmain
imbrtal; yet, viherpalynudiéasidei olgClaimnl,methérginathe N3'H>B3' thfdphesphoeamidateer r ed
enbodi nent of the invention has been illustrated and described, it wll be
appr ecilinkagestis definedrbiyohs formatligies can be made therein wit hout departi ng from
the spirit and scope of the invention. -50 WO 01/18015 PCT/ US00124688 The
enbodi nents of Ve n which an exclusive property or privilege |s
cl ai mred éqcﬁ'é#ﬁﬁ)éaagséﬁbﬁﬁtﬁl/\s 1. A polynucleotide conprising a

non- honnpolynerlc sequence of. nucl eoside subunits joined by at |east one

I nt er - subuni ks he

pol ynucl eot |‘£d’léérgi?l %qgsélgﬁéd V\';ber el #roHE%@Riﬁméﬁﬂ%@"%ra% %ufsalt-g

| i nkagqRefest, defined by the formula: 3'-[-NH-P(=0 (-SR)-O}5 wherein Ris
sel ected fromthe group consisting of hydrogen, alkyl, ar yI and salts
thereof. .10 3. The polynucleotide of Caim2, wherein all intersubunit

|i npages ar 3. N3'FHeRolynucleotide of Claim 2, wherein all intersubunit linkages are N3'—P5'

)

thiophbsphoramidate linkages.

4.  The polynucleotide of Claim 3, wherein the defined sequence of the nucleoside

subunits has a length of from 3 to 50.

5. The polynucleotide of Claim 1, comprising a second linkage selected from the

15 group comsisting of phosphodiester, phosphotriester, methylphosphonate, P3'—N$5'

phosphoramidate, N3'—P5’ phosphoramidate, and phosphorothioate.
6. The polynucleotide of Claim 5, which is 3 to 50 nucleotide subunits in length.

7. A polynucleotide comprising a sequence of nucleoside subunits containing at

least one subunit defined by the formula:

i\ 0 }
HN\Fé) Ry
Z o_§

20 wherein B is a purine or pyrimidine or an analog thereof;

_—
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t hi ophos r te linkages. 4.. The pol ynucl eoti de of rein
t he defi % ﬁhﬂgnce of the nucl eoside subunits has a Ierfgbﬂﬁ%fmw m3 to
50. 5. The polynucleotide of Claim1, conprising a second |inkage sel ected

];nra?hmylt Bﬁos;ﬁonat gé%?g-%gﬁg&lﬁospﬁgr am ?atgéeﬁ&k% %@%@%&%ﬁ%&gﬁ and

phosphor Bydrbgéd, alkyb arylaad paltsythstedfeand de of Claim 5, which is 3 to 50
nucl eotide subunits in length. 7. A polynucleotide conprising a seguence

of nucl eosi deRquisuselectedcivomatheigngipatonsisting tof daydropehyO-R,, BR) el halogere
formula: HHS p I  Z p_ 20 wherein B is a purine or pyrimdine or an anal og

t her eof ; wheremRa:sH alkyhioz (SHe)aW(GHs)meevheF@pmbm}’eml =10, m is hetween®-10
01/ 18 24 Z i OR .S rein R.is Iectedfrom
t he ouﬁn&; ioﬁl ﬁ@NngWE? s@érwoﬁeﬂthhen QZ\fI%&tlﬁe? and Rl is

sel ected fromthe group consi sting of hydrogen OR2 S-R2, and haI ogen,

sheren 52, o b bBE B KR B ) DRl B

met hyl 0?0%' Rk is not H 8. The pol ynucleotide of daim7, wherein all
subunits are defined by the formula: 1-~- 4 HWKQR -S1 0 1 9. The

pol ynucl eotide of Caim?7, wherein the polynucleotide further conprises 10
at | east one unit_selBected fromthe group consisting of phosphodiester,
phosphotri ester, phosphonat e, P3'-*N5' phosphoram date, N3-4P5'
phosphor am dat e, osphor ot hi oate subunits. 10. The pol ynucl eoti de of
Caim?7, V\herelnHeQRp noiety in the polynucleotide is

.S %

9.  The polynucleotide of Claim 7, wherein the polynucleotide further comprises -
10  at least one subunit selected from the group consisting of phosphodiester, phosphotriester,
methylphosphonate, P3'—N5' phosphoramidate, N3'-»P5' phosphoramidate, and

phosphorothioate subunits.

10.  The polynucleotide of Claim 7, wherein each B moiety in the polynucleotide is
independently selected from the group consisting of uracil, thymine, adenine, guanine,

15  cytosine, 5S-methylcytosine, 5-bromouracil, and inosine.

11. The polynucleotide of Claim 7, wherein the polynucleotide hybridizes with a

target nucleic acid sequence.

12. The polynucleotide of Claim 11, wherein the target nucleic acid sequence is a

20 sequence of telomerase RNA component.

13. The polynuclectide of Claim 10, wherein the polynucleotide can hybridize

with an RNA target.
I —
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i ndepengdgnéidose! ected fromthe group consisting of uracilJCTlﬁgb}sm&g, .
adeni ne, guanine, 15 cytosine, 5-nethylcytosine, 5-bronmouracil, and

i nosine. 11. The polynucl eotide of Claim?7, wherein the pol ynucl eotide
hybridi zes wathThe palyfgdledtidd of ClafhJ, SAEISACe felyndélBodd XoHprRES lade of
Claim 11, wherein the target nucleic acid sequence:is a 20 sequence of

t el onerrgseteRbwietpnponent . 13. The pol ynucl eotide of C aim 10, wherein the
pol ynucl eoti de can hybridize wth an RNA target. This Sheet Has Beep
Replaced 1 ~ ~~ ~ {~~ 11 UL ~l 111 ~ CLt~s ii \ 1 -52 WO 01/18015

PCT/ US00/ 24888 The polypaiclsetide of Claim e wherein shereportompiety, is sedected from

O e m TS BB oA B eerhF s bip TRl abd BuSRrome R o1 oup

consistin% of ;adioactive | abel s, biotin |labels, and fluorescent |abels.. 5
16. A L2l .0l i i R O L~ . .
Lhi Sohosphorign dSFRHEE pELGANEE b SRBGIEHIRE SR iophosphoramidate;

5'-sucgi nyl +3' - am rityl-2',3 -dideoxy nul eoside attached to a solid
phase %%é&ﬂ%ﬁﬁ%ﬁ]ﬁf“%t nucl eosi de having a protected 3' am no group; (b)

depr ot ect | "qa} E?@ieﬁ@% gkt 3is 3%&@&1—@9&&&0&{ ggle%'sid@@uﬁ&&r@“p? 210

(c) reacting ree "3 amno group wth a 3" -protec

ani nonucdotia pheise Suppédt, thy firseaudldsidé hivitig & proteepad Raindapgroaphor anidite.
nmononer to form an intenucl eoside N3'->P5 phosphoramdite |inkage; and
(d) sul furi Abpg dehrotécting theproteated 3eaminosgroup torforin adragr3d aminoogroup;m a

N3' -4P5'  thi ophosphoram date. 15 17. A method according to Clajm 16

whdPei n r ead€) ndeastimesthe isei ¥iaming raroup avithaz SitprotectedamanonyiglessidgyinQ-di zi ng

Do iy aitete- NN RS ST gbehopara e AT fuondifer & Rikiche Blafuelsoside o
al'l oW N31_,p5' phosphoramidite linkage; and : -
phosp. ge; an

(d) sulfurizing the internucleaside phosphoramidite group to form a N3'—=P5'

thiophosphoramidate.
15 17. A method according to Claim 16, wherein reacting and sulferizing are
repeated.

18. A method of hybridizing polynucleotide to a DNA or RNA target comprising
contacting a polynucleotide according to Claim 1 with the target underconditions that allow

formation of a hybridization complex between the polynucleotide and the target.

20 19. A method according to Claim 18, wherein the polynucleotide carries a reporter

moiety.

20. A method according to Claim 19, wherein the reporter moiety is selected from

the group consisting of radioactive labels, biotin labels, and fluorescent labels. -

25 21. A method for determining a nucleic acid containing a specific sequence in a

sample, comprising:
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f or mat i ong@fpr@ggiybri di zati on. conpl ex between the pol ynuclgeinsiefegs t he
target. 20 19. A nethod according to Caim 18, wherein the pol ynucl eotide

carries a reporter noiety. 20. A nethod according to Caim19, wherein the
reporter noiety i# preparivigeairdaction niiitrecangprising giestamyde ahd agsblymecidotide

| abel s, biotin labels, and fluorescent |abels. 25 21. A nethod for
det er mi nmgrdang\tmcqlleimlaap@lmﬁhyémdimg @e@ﬁe@llywhﬁmqme,i n a sanple,
conprising: This Sheet een ced - 53, - | L TEri bl il
LT T 1l dpmwms )‘bﬂés%mq IPFWWGHOHW Waéﬁ 01/ 18015

PCT/ USOQ 24688 a) \preparin 5| ng.the and a
pol ynucl eotide a c‘&nﬁ?mg@yd;ﬁ?ﬁslﬁgﬁg% “H%F‘i g‘ﬁ ptggnﬁ)?ci%

W th he term ni ng hybrids forned in the reaction mxture;
and c oe?lrg#%tl ng Jaa}rﬁlyﬂaleﬁ:ybri ds formed with nucleic acid containing the
specific 5 sequence in the sanple. 22. A nmethod for isolating a nucleic
acid containing a specific sequence froma sanple, conprising: a)

combi ni ng t he2Zanflmethodl for isolating almolciciscid contaihing a tspedifiaisequencafrobl # of
10 hybridi zing specifically with the sequence; and b) recovering the

nucl ei ¢ sample.foomprisipgr i ds forned with the pol ynucl eotide. 23. A nethod for

I nhibiting functiqn of  ,an in a cell, coppr.ising ontac
with a polynucl eo&%@%ﬂt}’ﬁ%@ﬂ%%ﬁ’%@d%&fie BEFRTARR ] € %ql %?Pli%lﬁp di ze

i M £ e e tionll SRS sRBRURB el 1 (he pol yhuol eoti de conpri ses &
Contained in tho DAk esiE T iRt a0 SRR Wip PSR, |

met hod for inhibiting tel onerase

lul 'l

23. A method for inhibiting function of an RNA in a cell, comprising contacting
the cell with a polynucleotide according to Claim 1 that can specifically hybridize with the
15 RNA.

24. A method according to Claim 23, which is a method for inhibiting translation
of an mRNA, wherein the polynucleotide comprises a sequence containing at least 10 bases

complementary to a sequence contained in the mRNA.

20
25. A method according to Claim 23, which is a method for inhibiting telomerase
enzyme in a cell, wherein the polynucleotide comprises a sequence complementary to
telomerase RNA component.
25 26. A method for inhibiting activity of a telomerase enzyme in a cell comprising

contacting the cell with an effective amount of a polynucleotide according to Claim 1.

27. AXit for determining or isolating a nucleic acid containing a specific sequence

in a sample, comprising a polynucleotide according to Claim 1 that can hybridize to the

This Sheet Has Been Replaced
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enzyne | , Wherein the polynucl eotide conprises a ;@qy : .
conpl enen glrlg/ﬁkgo tel omerase RNA conponent. 25 26. A netho gdra&??ﬁgui biting

activity of a telonmerase enzyne in a cell conprising contacting the cell

Wi th a%p@éiﬁ@%&dlﬁéﬁc@,rﬂﬂd”@riﬁén fhdRativhs! fdraRingte Fotptiudledtidt TolidbMiting?dr | A
kit for determning or isolating a nucleic acid containing a specific
sequendsolating the aaclpicaacid>onpri si ng a pol ynucl eotide according to Claiml
that can hybridize to the This Sheet Has Been Replaced r 54_ |
11(11111~11211~21(1 1102121 1111 11 0111111111121 WO 01/18015

PCT/ USO0/ 24688 peci fi¢ sequence, and wittep jndications for usjing the
pol ynucl eot i<de se oferalyaug ggsaccor asaqmgog%uﬁﬁiﬂém iRfepaggiion@fe of a

pol ynucl eot.i de ording t f O .ai -.15, in the preparation of 5 a
rred%g.ca%ﬁ?#weﬁﬁéﬁ?gﬂ?ntoﬁﬁ%mﬁm&%ma%dkm body. 29. Use of a

pol ynucl eoti de according to any of Clains 1-15, in the preparation of a
medi cament for treatnent of a viral infection. 10 30. Use of a

pol ynucl eot ize aodeQifd pillyrRlcdtile Aécofding t® ady d5Clairs 1115, i @R Préfaribndf a
medi canent for treatnment of cancer. 31. The use according to any of C ains
28- 30, avhedieameritifor tredtmentcdfaotitallinfedion. hybri di ze with tel omerase RNA

conponent. 15 This Sheet Has Been Replaced M Il 111 ii;iiii iiitii iiil,
~~~~~ “ill" Iltullll - 55 a
10 30. Use of a polynucleotide according to any of Claims 1-15, in the preparation of

a medicament for treatment of cancer.

31. The use according to any of Claims 28-30, wherein the polynucleotide can

hybridize with telomerase RNA component.
15

This Sheet Has Been Replaced
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