MODULATORS OF PHARMACOLOGICAL AGENTS This application claims priority from U.S.
Provisional Application No. 60/293,231, filed May 25, 2001, and U.S. Provisional Application No,
60/331,037, filed November 7, 2001, the entire contents of both applicattions being incorporated
herein by reference. TECHNICAL FIELD The present invention relates, in general, to an agent that
modulates the pharmacological activity of a nucleic acid ligand (e.g., aptamer) and, in particular, to an
agent that enhances or inhibits the activity of such a ligand. The invention further relates to a
composition comprising such ao n tna of usi e nd compositions in
medical therapeutic and dm&@éﬁ%@e@%r@f@WQ@P%gc ascaids have conventionally
been thought of as primarily playing an informational role in biological processes. Through a method
known as Systematic Evolution of Ligands by EXponential enrichment, termed SELEX, it has become
clear that nucleic acids have three dimensional structural diversity not unlike proteins. SELEX is a
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applicationesiére peotaryod botkapalicgttion berma opratddenisthy defesrmerantifying Nucleic Acid
Ligands”, now U.S. Pat. No. 5,270,163 (see also WO 91/19813). See also Tuerk et al, Science
249:505-10 (1990). Nucleic acid ligands or apttuners are nonencoding single-stranded nucleic acid

(DNA or RNA) that have the property of bind Eﬁ%‘miawéeﬁ desired target compound or molecule,

and that have sufficient capacity for forming d three-dimensional structures
The present invention relates, in general, to an agent that modulates the pharmacologicél
activity of a nucleic acid ligand (e.g., aptamer) and, in particular, to an agent that enhances or
inhibits the activity of such a ligand. The invention further relates to a composition comprising
such an agent and to a method of using these agents and compositions in medical therapeutic and

diagnostic procedures.

BACKGROUND

Nucleic acids have conventionally been thought of as primarily playing an informational

role in biological processes. Through a method known as Systematic Evolution of Ligands by

- EXponential enrichment, termed SELEX, it has become clear that nucleic acids have three -
dimensjonal structural diversity not uniike proteins. SELEX isa method for the in vitro synthesis
and selection of nucleic acid molecules with highly specific binding to target molecules. The
SELEX process was first described by Gold and Tuerk in U.S. patent application Ser. No,
07/536,428, filed Jun, 11, 1990, now U.S. Pat. No. 5,475,096, and thereafter in U.S. patent
application Ser, No. 07/931,473, filed Aug. 17, 1992, entitled "Methods for Identifying Nucleic
Acid Ligands”, now U.S. Pat. No. 5,270,163 (see also WO 91/19813). See also Tuerk et al,
Science 249:505-10 (1990).

Nucleic acid ligands or aptamers are nonencoding single-stranded nucleic acid (DNA or
RINA) that have the property of binding specifically to a desired target compound or molecule,

and that have sufficient capacity for forming a variety of two- and three-dimensional structures



and sufficient chemical versatility available within their monomers to act as figands (form specific
binding pairs) with virtually any chemical compound, whether monomeric or polymeric. Molecules of
any size or composition can serve as targets. The SELEX method involves selection from a mixture of
candidate oligonucleotides and step-wise iterations of binding, partitioning and amplification, using the
same general selection scheme, to achieve virtually any desired criterion of binding affinity and
selectivity. Starting from a mixture of nucleic acids, preferably comprising segments of randomized
sequences, the SELEX method includes steps of contacting the mixture with the target under
conditionsafahvsniiierfoctismdinlgy gaatitionivgilshbowithim tslsivasidesfrom aties digraadie(fcanids that have
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Nucleic acid ligands possess a number of features that can render them useful as therapeutic agents.
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to aptarners’to ra alter their bioavailability and mode of clearance. For example, it has been
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L-aptameorfs ap%eruené?sp %ﬁtgﬂgy%%bﬂ?oye@g Elnction, and more recent studies have confirmed the utility of

these compounds for studying i vivo protein function (Floege et al, Am J Pathol 154:169-179

(1999), Ostendorf et al, T Clin Invest 104:913-923, (1999)). In addition, animal studies to date

have shown that aptamers and compounds of similar composition are well tolerated, exhibit low

or no immunogenicity, and are thus suitable for repeated administration as therapeutic

compounds (Floege et al, Am J Pathol 154:169-179 (1999}, Ostendorf et al, J Clin Invest

104:913-923 (1999), Griffin et al, Blood 81:3271-3276 (1993), Hicke et al, J Clin Invest.

106:923-928 (2000)).

As synthetic compounds, site specific modifications (insertions or deletions) can be made
to aptamers to rationally alter their bioavailability and mode of clearance. For example, it has

been found that 2’-fuoro pyrimidine-modified aptamers in the 10 kDa to 12 kDa size range have



conditions in which aptarners comprising nucleotides of natural handedness (D-nucleotides) (that - is,
"D-aptamers") are subject to degradation. A number of third parties have applied for and secured
patents covering the identification, manufacture and use of aptamers. As stated above, Larry Gold and
Craig Tuerk are generally credited with first developing the SELEX method for isolating aptarners, and
their method is described in a number of United States patents including those mentioned above and
U.S. Patent Nos. 5,670,637, 5,696,249, 5,843,653, 6,110,900, and 5,270,163, as well as other
describedsitte Setditupbekdifpotion biihattnyéritionn holwa Bt Brsceuerdinirspotied bupidakss for
producing ARIAMEIS LY o PALGRLNGE B8RRI oo A AEGD AhmRLE Brecess

uer u
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2:1386-1 Lee et al, Nat Biotechnol 15:41-45 (1997)). A number of patents have
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aptamer produced by the SELEX process.

Other patents have issued that are directed to aptamers against specific biological targets,
and to the methods for identifying these aptamers. U.S. Patent No. 5,756,291 and 5,582,981 to
O Toole, for example, disclose a method for detecting thrombin us.ing a labeled aptamer that
comprises a defined six nucleotide sequence. U.S. Patent Nos. 5,527,894 and 5,637,461 of Gold
et al. relate to methods of identifying aptamers against the fat protein. Other patents that disclose

aptamers directed against specific biological targets include U.S. Patent Nos. 5,496,938 HIv-



target proteins. Several methods have been developed that modify the base SELEX process to
obtain aptamers that satisfy objectives in addition to exhibiting high binding affinity toward a target
molecule. For example, a number of patents disclose the use of modified nucleotides in the SELEX
process to obtain aptarners that exhibit improved properties. U.S. Patent No. 5,660,985, for example,
relates to SELEX using 2'-modified nucleotides that display enhanced in vivo stability. U.S. Patent No.
6,083,696 discloses a "blended" SELEX process in which oligonucleotides covalently linked to

nonnuclele, acid (HOGHNa A 1 SRIEEAREL10S EIOAARAGIOLIRbig:A AR MY Other

patents 4e&tiine post- X'modifications to aptamers to decrease their size, | eGSheir stability,
or increaseanpbilsihding afinig.13aévisylate .qﬂ%t%@'?*sfﬂef%s? %%é@Wﬁ% » Still other
patents Qeﬂ:{i?% 'gﬁfﬁ%@@ggg@lg&ﬁcI.:é%%mpjg,hupﬁoﬂ?@tgmma% FldGBH68, A8 114,120
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the targeiselodtentifytidiardiatsint Hatecgiasmi R atd bid Ecaﬁ?l sues and ¢omponents
thereof U3 PairhiNgsiR§Retasslisaioseseemogiiipation to the SELEX process that yields aptamers
that can discriminate between two or more compounds. -U.S. Patent No 5,567,583 disclos&sﬁﬁlhe
order
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to preferentially amplify. the. highest-affinity aptamerion Kasfinephasgbtaineg-patentsdlisclosing the
generati H@%@g@%ﬁ%ﬁ?ﬁ%@éﬂ rgrﬁ?arge ggglns of stqchastica&ll% generated olisgonl%u eoticie
vectors. ﬁﬁﬁiﬁbﬁh@ﬂtﬁhﬁmmﬁ’g@mmmgamf@ngg}g:zg}txbodxes and cell surface receptors uselul in

the modulation of hemostasis and other biologic events. (See also Ruscont et al, Thrombosis and
Tiaemostasis 83:841-848 (2000), White et al, J. Clin Invest 106:929-34 (2000), Ishizaki et al, Nat
Med 2-1386-1389 (1996), and Lee et al, Nat Biotechnol 15:41-45 (1997)).

| A number of patents have also issued that relate to specific uses of aptamers. For
example, Bruice ef al. in U.S. Patent No. 6,022,691 describe the use of aptamers identified by a
SELEX-like process to detect diugs and other molecules in biological fluids. Gold ef al. in U.S.
Patent No. 5,843,653 provide a diagnostic method using aptamers. U.S. Patent No. 6,110,900
discloses a diagnostic composition that contains an aptamer, U.S. Patent No. 5,789,163 discloses
a sandwich assay that employs aptamers as the capture and/or detection ligand. U.S. Patent No.
6,147,204 describes the use of a@tamers/ lipophile complexes to deliver therapeutic and
diagnostic aptamers to intracellular locations in vivo. U.S. Patent Nos. 5,705,337, 5,962,219,
5,763,595 and 5,998,142 disclose aptamers that are chemically modified to covalently bind to
target proteins.

Several methods have been developed that modify the base SELEX process to obtain
aptamers that satisfy objectives in addition to exhibiting high binding affinity toward a target
molecule. For example, a number of patents disclose the use of modified nucleotides in the
SELEX process to obtain aptamers that exhibit improved properties. U.S. Patent No. 5,660,985,
for example, relates to SELEX using 2°-modified nucleotides that display enbanced in vivo
stability. U.S. Patent No. 6,083,696 discloses a “blended” SELEX process in which
oligonucleotides covalently linked to non-nucleic acid functional units are screened for their
capacity to bind a target molecule. Other patents describe post-SELEX modi’ﬁcgtions to aptamers
to decrease their size, increase their stability, or increase target binding affinity. See, e.g., U.Ss.

Patent Nos, 5,817,785 and 5,648,214,



Weis etal, disclose in U.S. Patent No. 5,245,022 an oligonucleotide of about 12-25 bases that is
terminally substituted by a polyallcyleneglycol. These modified oligonucleotides are reported to be
resistant to exonuclease activity. U.S. Patent Nos. 5,670,633 and 6,005,087 to Cooke! at describe
thermally stable 2'- fluor oligonucleotides that are complementary to an RNA or DNA base sequence.
U.S. Patent Nos. 6,222,025 and 5,760,202 to Cooke! at describe the synthesis of 2%0 substituted
pyrimidines and oligomers containing the modified pyrimidines. EP 0 593 901 B! discloses
oligonucleotide aglirdtezymeandtogubs withesFHibA] Brgesasrd Bobenuaiaside Bokds N9S. patent
No. 6.0LL030,t0 Bold et.al dilpsas.ananiamersmodiben hy.poeiaiiang Gy soLEX Adsmber o
veTissued that describe met
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oligonucleoltlc?gs. In another series of patents, Caruthers et al disclose a method of synthesizing
oligonuclebicBsLiskerenssnBriarnids aRimaredpp san é@}%‘}@%‘f“&%‘ﬁ’ﬁ%&éﬁ? o500 767 4 458,066
and 5,153 39pln.slilanotherserissaipaigstsofan Selsssr ahelisaldseshichldesiof pigclsibide
phosphorodithioates that can be used to manufacture oligonucleotides. See,.€. : Nos.
5,278,302¢8141ata UEEHA 1S 55909 REIUIE 4 & %r%“egée? é%??%@& %“r’fﬁh?ﬁ tt%egt[ﬁ%?%p@}nﬁgs include-
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Nucleotides Nucleic Acids. 2 1 Apr-Jul;20(4-7):441-9; Callin D, van Heijeaﬁgog&|§ B%i&g Ig{;iggsoulme
JJ, Guittet E., NMiRislrardclésibenton bf & ki ﬁw%‘féﬁ?&r?ﬁeq;%%%\‘fé%w FTRRRNA slément of
ETIV-1an %Wﬁéﬁy‘ﬁfbéﬂﬂﬁl&i%&?&ﬁﬁm&%@y&ﬂm&@ww@%@mm BreDi Primo C,
Toulme H., Is a closing "GA pair" a rule for stable, loop-loop RNA complexes? JI3iol Chem. 2000 Jul
14;275(28Y<ppr8d i9he 1eisuabl XIS TMH Vitro selection identifies key determinants for
loop-loop interaciipgsp RNAvaRtamemEEsl aativeoinr, 188 FARRMARdmetitcheialy Rl 2599 Dec;
5(12):1605-14.; Boiziau C, Dausse E, Yurchenko, L , \ egted pgajpst the
HIV-1 tran@%ﬂ\?&%ﬁ%@?}t&%iﬁ@ﬁ{wg{n en %%Iﬁwgrmﬁ%mp exﬁehgg;e?t gijolla%hem. 1999
Apr 30;274(18) 5127307 nathd, L0 DibRve LR KMISHr derudbT dumathesis el iV ihitieh of cell-free

translation by oligonuclgotides targeted.to IR0 -sirete Fiucheie dnids Breidke98 May 15;
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venon & o o el fen S eSS e RERRARKSHEE 30 e, s,
Patent Nos. 4,500,707, 4,458,066 and 5,153,319, In still another series of patents, Caruthers ef
al. discloses a class of nucleoside phosphorodithioates that can be used to manufacture
oligonucleoiides. See, .., U.S. Patent Nos. 5,278,302, 5,453,496 and 5,602,244
Repotts of aptamers designed to bind to other aptamers include: Aldaz-Carroll L, Tallet B,
Dausse B, Yurchenko L, Toulme JJ.; Apical loop-internal loop interactions: a new RMNA-RNA

recognition motif identified through in vitro selection against RNA hairpins of the hepatitis C



duration of activity of nucleic acid ligands. SUMMARY OF THE INVENTION It has been
discovered that the biological activity of nucleic acid ligands can be modulated (i.e., enhanced or
inhibited) in vivo to produce a desired biological effect. This can be accomplished through the
administration of a modulator, or regulator, that changes the binding of the nucleic acid ligand for its
target or that degrades or otherwise cleaves, metabolizes or breaks down the nucleic acid ligand while
the ligand is still exerting its effect. Modulators of the present invention can be administered in real
time as needed based on various factors, including the progress of the patient, as %II as the
physiciaﬁi@éi@ﬁ#&fﬁ{ﬂﬁﬂ@wlﬁg&c@ﬁgg%ﬂtm(&é% ."%iu@,ﬂfﬁ?glﬁﬁl}é’n%ﬁ?ﬁ&/fé\é FOFE first time
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indepent@nt-afthatareretsa th sk R ALL 1y HHBHRSPEEIRY SR abes ot Sire
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to or othrIiselneaulstEel aadvitpbixhetirerapeuticin dcidicResi 28RS iheRiding A%l molecule,
or a chimera or fysign.or lin rodugt of any of thesg. For: [ HOL e an
oligon u%%‘i?d’@?#gtﬂé lg%rrrhop ér%rgﬁ %1@3?0’ al'[%lgacgct’sén ofgﬂ%n&gﬁm%%g%%ﬁg %Hm&f?%ﬁ&)ther
embodinentyltheshddikitohean 158 % bd4sATE28) DINARLYheHaerardotd aWeR EIdRvaR! ligand. In a
further embodime h i j id M‘t phelneieeeighacid
(MNA), I%@%ﬁﬁ@%&%@g%g L%V%%?%@ggu%%g%ﬁé%%@g{r%%%%gfses (PC(E)H)Qtéhat in Iuges' sequence
that is cOPARAREhe RV RN it 8 DRSOR BB 4f tHeHEISe RORH e VA I
nucleic Eﬁj“%i-@%@}@-%Nﬁpéﬂmﬁé)m&%%éé%ﬂ&@B@ﬂﬂ&&fn@%@:{mﬁi@dsynatﬁgcﬂﬂrea-mfs&active tertiary
structure is dependent on formation of the appropriate

i ble secondary. e, refore, while the
mechan@Wﬁﬂﬁﬁ%ﬁ%&l‘ﬁ@%‘ﬁ&%@@ﬁ@%Jrﬁbq]emeﬁ?a?)‘(l?%q?é@ﬁt%%%%ﬁeg ﬁ%ggﬁa%r%‘ the -
invention aRdanpuaeivaGid figandisithe sarweasadhhidéivwd stibftdnearsbiigeribonucleotides, both
the rules for designing such interacti nd.the kinetics of formatjaon,of.sucl ct are impacted
by the in@ﬁ%ﬁ%ﬁ@&ﬂgﬁg%gﬁ i §ﬂfﬁ"&f§§ﬁf§ h‘zgrr%{fé%f’l ﬁ%ﬁlgfghm%%lfcs ir%igg'r{t{gﬁ’t %? orrﬁgjtion of the final
stable dyplexroightiis rate of this step is greatly enhanced by targeting the oligonucleotide modulator

to single-shranded loops andiog sinale-siranded: &, of % gl praseyt dbeudleitiasigdsant For the
formation of the RtETH&IELTRar H@plex t0 occur, the free energy of formation of the intermolecular
duplex hastuacbetfaltariietcomes. Treating medical complications that result from side effects leads to -

additional healthcare costs. The recent identification of this range of nucleic acid ligands useful

in medical therapy has opened new avenues of research and development, While progress has

been made in this area, a strong need remains to provide methods and compositions to improve

the mamnner in which these ligands are used and to increase their efficacy, to better control the

process of therapy, and to provide therapies that have decreased siafe effects over trgditionai

therapeutic methods. The present invention provides compourds, compositions and methods to

improve the process of using nucleic acid ligands in medical therapy. The approach provided by

the present invention allows for more control over the therapeutic effect, pharmacokinetics and

duration of activity of mucleic acid ligands,

SUMMARY OF THE INVENTION

1t hias been discovered that the biological activity of nucleic acid ligands can be

modulated (i.e., enhanced or inhibited) in vivo to produce a desired biological effect. This canbe



with respect to formation of the existing intramolecular duplexes within the targeted nucleic acid ligand.
In an alternative embodiment of the invention, the modulator itself is an aptamer. In this embodiment, a
nucleic acid ligand is first generated that binds to the desired therapeutic target. In a second step, a
second nucleic acid ligand that binds to the first nucleic acid ligand is generated using the SELEX
process described herein or other process, and modulates the interaction between the therapeutic
nucleic acid ligand and the target. In one embodiment, the second nucleic acid ligand deactivates the
effect of thediisphsiaieitasighigendminisinidtherf alteodativercon bemlilmentthatheagtartier bisdehgbinds to
the target can be a PNA, MNA, L NA.or,P S8 e icLli rnatively,
the aptarn':’etér]ti\}vehfilcal ih si %\C/)Lﬁ% a?édé@ltsmag??lgag%%g\%%l_%kﬁl gﬁ@(%%%?fﬁ%%%%gﬁﬁi PNA.
Alternativéheakisel aptatrenuehihabid digrodivditardetisaadin atilhmaipsis sHEt dlosiiptpes Modelator is
an MNA. Allernatively,.the aptamerwhich hindadoithe faraskisia R oMM EMeas ReQuang the
modulator'is an LNA. Alternatively, the aptamer which binds to the target is a PNA, MNA, LNA or PCO,
and the mibduatgicts af R @aiian, 65 telbasdhn iy Tse S8 WeiRem ATHd HakiRYmPBEE W ing
stereochejpistry, of i NANNAIAIL EEHIRGSRre A SIS Y QuRIENM UG IpaIeOfefioteipmple, in a
preferred embodiment, the nucleic acid ligand is in the 1) configuration, and in an alternative
embodimentitetuise aeid ligahbtsiPihe L configuration.  The present invention also provides
methods to identify the modulatqrs of nucleic acid ligands. Modulators can.be identified ir ral,
through binding J%%V@%Bﬂﬁ@ TR tose eI 1 oF ﬁ?l\l/?\r/(gso(? ﬁ{g\ﬁ%f)ogsggé%?ﬁg%lrﬁgegaéér%%%%gn?ggiﬁc_ation
of biologidalcfisnatiane) napre: éndbodidvenofthe witidiby sk nstdusates rouaifueleioderf keletermined by
G e oA e nanelns ekadieal MERAG She cRadbB g IADUA AR dRdde
determined’ y A 13lacore assay. Other appropriate assays are described in the Detailed Description of
the Inventiationallyidaisbioembodimgintenachiidivger faarathyrihsrrisisisdulator with the nucleic
acid ligand is measured by evaluating the effect of the nucleic acid ligand wjth and Wi%{#he
modulator underﬁﬁp‘#tﬂgﬂé@bﬁrbb%h%&?fﬂi%ﬂg@%§ arpdloan féf‘,l?nﬁé?ﬁpé‘f!}%"ggﬂ%c for’Ean be
identified which regylaieapiermblicoand nplicorguiantapiater sr Madulatonediibaeytioan be
assessed i vifro or in vivo through ag%qa% I[?tion testlgh)gssa} sych gs the activated coagulation time
test, the alFHIB@ bR SR AR S i & B RS h e Do trombin fime test. Or the
thrombin ¢Jpifingdiptedestofisingfuhdse Mifiegarapienticapatidatocambbe adniipisteniedtise dkafdsagulant
nucleic acid ligand and then given the antidate when the. lime |s;a iate mal clotting
action. ThiST& WS"I?WS%&F%&F teﬁg{r}ﬁ%?él,%i}?n%ug%? %%gg]ic%%g%%%g%?ﬁ ég r%ﬂgg le gg{cutaneous
coronary iptehvansions: (engidpastyd, ciiepedie suyergetsiiianaime neidfigende dngdeeitfial infarction.
In a non-limiting, illustrativ I faventi i eic acid
ligands thg{nt%%iértl?fls%é@g ég?éﬁr¢ g/é@t%?}@leﬁf E%V?&%ﬁ%?ﬁﬁ% \%)I%ﬂ}?aﬁ(%??)%g%gg(% factor Va
(Pia/facto( M (Exbckedynrdctomisldkb A nansrrdnsy she obgnavsirabae s N AARCHHARX and

modulate the effectsofdheApeiicasitgrnghTinsinvenionalse praiides metidotdcansalipaplatelet

A typical nucleic acid ligand (e.g., aptamer) possesses some amount of secondary structure — its -

active tertiary structure is dependent on formation of the appropriate stable secondary structure.
Therefore, while the mechanism of formation rSf a duplex between a complementary
oligonucleotide modulator of the invention and a nucleic acid ligand is the same as between two
short linear oligoribonucleotides, both the rules for designing such interactions and the kinelics
of formation of such a product are impacted by the intramolecular aptamer structure. The rate of
nucleation is important for formation of the final stable duplex, and the rate of this step is greatly
enhanced by targeting the oligonucltectide modulalor to single-stranded loops and/or single-
stranded 3' or §' tails presént in the nucleic acid ligand. For the formation of the intermolecular

duplex to occur, the free energy of formation of the intermolecular duplex has to be favorable



inhibitors, antithrombotics and librinolytics. In a one embodiment, the modulator is an
oligonucleotide that binds to a Facto DCa aptarner (for example, Aptamer 9.3 or Aptamer 9.3t) that
targets Coagulation Factor LXa. The antidote oligonucleotide can be complementary to at least a
portion of the Factor IXa aptatner. Specifically, the antidote 2'-0-methyl oligonucleotide can consist of
the following sequence, 5AUGGGGAGGCAGCAUUA 3', 55CAUGGGGAGGCAGCAUUAZ,,
5'CAUGGGGAGGCAGCA3c 5'CAUGGGGAGGCAS', 5'GCAUUACGCGGUAUAGUCCCCUAST,

5'CGCGGUAWAGUCECCUIAZ, BICGE GO AUMGHS GEEAVRMpdiatons aidladwatives
thereof WHEHETRFS é%lgr:%n&m(:}i%lrgfto hy%ridgation is maintgﬁed. In another embodiment, the
modulatdizisidn oligonucleotide that binds to a Factor Xa aptamer (for example, Aptainer 111;70 that

targets Coagulation Factor Xa. The antidote oligonucleotide can %% comé?%ementa%%teq, aﬁ%l\([aﬁgt a
onsist of the

portion of the FEzoriernasterrsrbediasacalifP ey sititiotdoROSRIFESHEE Fh following

Sequean%élﬁH&%@H%@&ﬁ%M@% HIIAUALICUICHR GEE FehANEAGEGCBBECAAGS,
5'GGGCCAAGUAUUAU 3, 5' CAAGAGCGGGGCCAAG 3., 5'CC ) or any
modificafidn scardivanve HAMbIYIRPAR ‘&’é’*&%&‘ﬁ“‘%ﬁd ?hﬁyfs “éic?“%éij (Ol 5

degree o ridization 1s maintained. In
another gmbodinnasthgie: sligorHGlestide feadibtatarssincludiienplesesaciasagdelisdifat are

substantially homologous to and that have substantjal {it ' GigiGaeid ligands,
a: the oliﬁtﬁ%l’i%f%ﬂi’ﬁ #?8&?} a 6%&?33%31‘\{138?Lligrae{iirlg.tf%%é%%éﬁ@%&Qﬂl 0% @%Mlﬁ&l |

second nucleic acid ligand deactivates the effect of the first nucleic acid ligand.

"In other alierative embodiments, the aptamer which binds to the target can be a PNA, -
MNA, LNA or PCO and the modulator is a nucleic acid ligand. Alternatively, the aptamer which
binds to the target is a PNA, MINA, LNA or PCO, and the modulator is a PNA. Alternatively,
the aptamer which binds to the target is a PNA, MINA, LNA or PCQ, and the modulator is an
MINA. Alternatively, the aptamer which binds to the target is a PNA, MINA, LNA or PCO, and
the modulator is an LNA. Alternatively, the aptamer which binds to the target is a PNA, MNA,
[NA or PCO, and the modulator is a PCO. Any of these can be used, as desired, in the naturally
oceurring stereochemistry or in non-naturally occurring stereochemistry or a mixture thereof.
For example, in a preferred embodiment, the nucleic acid ligand is in the D configuration, and in

an alternative embodiment, the nucleic acid ligand is in the L configuration.

The present invention also provides methods to identify the r;mduiators of nucleic acid
ligands. Modulators can be identified in general, through binding assays, molecular modeling, or
in vivo or in vilro assays that measure the modification of biological function. In one
embodiment, the binding of 2 modulator fo a nucleic acid is determined by a gel shift assay. In
another embodiment, the binding of a modulator to a pucleic acid ligand is determined by a
Riacore assay. Other appropriate assays are described in the Detailed Description of the

Invention.

In another embodiment, the binding or interaction of the modulator with the nucleic acid
ligand is measured by evalualing the effect of the nucleic acid ligand with and without the
modulator under appropriate biological conditions. As an example, modulators of the invention
can be identified which regulate antithrombotic and anticoagulant aptamers. Modulator efficacy

can be assessed in vitro or in vivo through a coagulation test bijoassay such as the activated



In a further embodiment, modulators of the invention can also be used to reverse the
immunosuppressive effect of nucleic acid ligands that target interleulcin, for example, in patients ,
subject to infection. The present modulators can be used to reverse the irnmunostimulatory effects of
nucleic acid ligands that target CTLA4 in patients at risk of developing autoimmunity. In a further
embodiment, modulators of the invention can be used to reverse the effects of aptamers that target
growth factors (e.g., PDGF or VEGF). Such nucleic acid ligands can be used in the treatment of

tumors anddghtidnginaésit, Shérmnmind oy Serirriagiteste Bedisediepding B play systemic

roles in normal call-survival and proliferatianabusieicasiddiganddatneitehngasetipaibmeakdown
of health)}) tissue If not tightly regulated (e.g., patients, receiying nucleic aciﬁ Ii@qﬂd&t@&tﬁ E}a Qeet
angiopoietim b@dﬂ@@%’%@&%‘ﬁ’éﬁ%ﬂ%ﬁbﬁﬁﬁ}?‘ﬁl'i’)‘aﬁI%@B‘i’%&ﬁé%ggﬁﬁé Cthat target such nucleic

acid Ii9anﬂﬁ&?@a?ﬁr&!ﬁﬁﬁé%ﬂ@ﬂiﬂ@ﬁBﬁrﬂﬁ@%ﬁﬁg\mﬁgﬂJa”ﬂbis reginMadustidrSooftheirieeftivnzgan be
used to reverse the effects of nucleic acid Ii%%nds that target rel%%)rg% .irgl\écgf}{e Oiélgg(?)transmission of
the nerveqmiieré@%{l%héqqé@?ﬁ\ﬁ%sgéﬂ?ﬁﬂuﬂ BT ARTRIRI UL ShaT0r autonbmi danglia (e.g.,
nicotinic ageiy|shnine: epicatinischetinefgin reasiotons)a Subictioe|dicaavid-ligeitive, dhwsbietinade to

produce muscular relaxation or paralysis during anesthesi - 8 ackivity;of,
acetylchoﬁ%ﬁ%@e&%‘i’gi(‘é‘&ﬁé@ﬁ?ﬂ% ié%elﬁgee? né‘u?%r}n%%acu a@%%?é%égglg&rgeggﬁnmon used eduring

surgical preged(reyransk ividaiaienp datiat WaTp AHE R Heewan FaSEL¥ fivtsioN ' Y3648 ossible
alter the syrgical.procedure is compleie fo.1e Rlications apdiMBrOMe Ipatient tid@verein the
operatings)g?‘gﬁ}égptm’g?%?o%%@%xﬁ%%ﬁg%gégﬁﬁﬁgge to gegﬁerate agegrﬁg with predi tatg;
pharmacakinefiestt@filatctucioe doihtispnds tjﬁbl%j%&‘ge’éfé‘ﬁ%ii'iﬁ?d’fﬂ‘é"%?ﬁt?&’b%%‘?ﬁaﬂ’r’ﬁ’@éﬁ iat"r? Psurgical

procedure, @[}%{ggt%ﬁ%rgmqm@gg@@ifbgi;goiw@gtion that target such nucleic acid ligands can be used
e (-4

to provide“% esired control of the activity of the neuromuscular blocker, and thus reduce the
dependence on e patientisBRsiol0eiodulsdta rvdisatal dhiédnéurormdsdolafbiéekiRgragent. In a
still further embodiment, modulators of the invention ca d.iqrevarse ihe-effegtef nygleic acid
ligands thé@‘f‘é?@‘é‘@@ﬁw‘%ﬁﬂ?ﬁ?féé:ﬂ@é{‘%% j[-SI}‘ %%8%%?? yé%%ltg/%%n%a ca\ép be avoided in patients
receiving ghigosedrsgaiettaidelein eiddinplndsatr e Guikitsghicesst i famgrhéaasdiiators of the

invemipn'Speciﬁcaily, the antidote 2°-O-methyl oligonucleotide can consist of the following sequence,
5’ AUGGGGAGGCAGCAUUA 3°, S CAUGGGGAGGCAGCAUUAY,
5 CAUGGGGAGGCAGCA3’, 5'CAUGGGGAGGCA3’,-
5'GCAUUACGCGGUAUAGUCCCCUAS?, 5’CGCGGUAUAGUCCCCUAS’, 5'CGC GGU
AUA GUC CCC AU3'. Modifications or derivatives thereof wherein 2 desired degree of

hybridization is maintained.

In another embodiment, the modulator is an oligonucleotide that binds 1o a Factor Xa
aptamer (for example, Aptamer 111 7t) that targets Coagu%ation Factor Xa. The antidote
oligonucleotide can be complementary to at least a portion of the Factor Xa aptamer.
Speciﬁcaily, the antidote oligonucleotide may consist of the following sequences,

5 CUCGCUGGGGCUCUCY’, STUAUUAUCUCGLUGGAS, 5’ AAGAGCGGGGCCAAGY,
5’ GGGCCAAGUAUUAU 3%, 5 CAAGAGCGGGGCCAAG 3, 5CGAGUAUUAUCUUGS’
or any modification or derivative thereof wherein a desired degree of hybridization is

maintained,



Further, modulators can also be used to regulate the activity of nucleic acid ligands directed against
members of the E2F family, certain of which are pro-proliferative, certain of which are repressive. The
modulators of the invention can he used to "turn on" and "turn off" such nucleic acid ligands at desired
points in the cell cycle. In another embodiment, modulators of the invention can also be used to
reverse the binding of nucleic acid ligands bearing radioactive or cytotoxic moieties to target tissue
(e.g., neoplastic tissue) and thereby, for example, facilitate clearance of such moieties from a patient's
system. Similarly, the modulators of the invention can be used to reverse the binding of nucleic acid

ligands labeled WiAGEIE-EaRI Bt dhs Dlaud FedimndulA R iABms!e P nifsB B SSting) to
target cellgQrtissussditioke pimbldsslinw Ae shal 05:9 23062000 R IRCAUIS LB, o YRMmatMas: 394

(1998)). This reversal can be used to expedite clearance of the detectable moiety from a patient's
system. ac‘ﬂ/ﬁ&ﬁﬂ@ﬁo?%%?ﬂ@ﬁ%’é’?ﬁ%ﬁ%ﬁﬁ%l%%%’ ?&b‘p‘ﬁplhe\}ﬁ% settings to enhance or inhibit the
effect of a nucle'kc a%iéj lll and &g a%tatn r?é)n aoﬁlf e}t ‘r%gleoculg. l;gr x%rsneaI§d rggduéattl%s of the
invention can be ti&ed i fa?&lef) VAlIGAESH STtRE. smd}modu]é%o?s of the invention: it is possible to
confirm thairauwespppsssobseifcedoditeriribibitingzands et motetinedwitinahuckeio@dejddigatieltis due to
specificall |pbiPIGIALIMOIRE Y Rsen: ADRMRAUAI RIAE RERNORGARRGIAAISY Into

pharmaceutical compositions that can include, in addition to the modulator, a pharmaceutically
acceptableficatsief nditleine i digeiple thatlthewpretbdhatpadionitg cenpidsitderini dbpemaaitieast in
part, on the nature of the modulator and the route of administration. Optimum dosing regimens can be
readily establishBtrdy e rimedinsihenaduirars af ParipvEHIRSMBa YR REFateRCAsTar! effect
sought: Gangrally cthesnedulatoncabibe admipistered Wid), IRuSGuelkiopisali-agsapipropriate.
Alternatively, and in view of the specificity. of the modulatars of the invention, subsequent treatment
can invoN@%@‘éﬁHﬁ?@WﬁﬂBﬂ%ﬁ‘g&ﬁﬁB & MR REm ﬂgé{}iﬁé“fﬁs&%é’f& RIS %’gﬁ%&& different as

the origingkusgieievetciddigandiantideiaioligenticleotice s firstadimingstdifeckiion, nucleic acid
ligand treatment can result in a breakdown of healthy tissue if not tightly regulated {(e.g., patients
receiving nucleic acid ligands that target angiopoietin I can be subject to hemorrhaging).
Modulators of the invention that target such nucleic acid ligands can be used to provide the

necessary regulation.

Modulators of the invention can be used to reverse the effects of nucleic acid ligands that .
target receptors involved in the transmission of the nerve impulse at the neuromuscular junction
of skeletal muscle and/or autonomic gzmglia;(e.g., nicotinic acetylcholine or nicotinic cholinergic
receptors). Such nucleic acid ligands can be made to produce muscular relaxation or paralysis
during anesthesia. Agents that block the activity of acetylcholine receptors (agents that engender
neuromuscular blockade) are commonly used during surgical procedures, and it is preferred that
the patients regain muscular futiction as soon as possible after the surgical procedure is complete
to reduce complications and improve patient turnover in the operating arenas. Therefore, much
effort has been made to genefa.te agents with predictable pharmacokinetics to match the duration
of the drug activity to the anticipated duration of the surgical procedure. Alternatively,
modulators of the invention that target such nucleic acid ligands can be used to provide the
desired control of the activity of the neuromuscular blocker, and thus reduce the dependence on

the patient's physiology to provide reversal of the neuromuscular blocking agent.

In a still further embodiment, modulators of the invention can be used {o reverse the

effect of nucleic acid ligands that target small molecules, such as glucose. Hypoglycemia can be
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Finally, one optional embodiment of the invention is the identification and selection of modulators and
regulators that exhibit relevant species cross-reactivity to increase usefulness of preclinical animal
studies. Objects and advantages of the present invention will be clear from the description that
follows: BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows the PI-10i aptamer 9.3t (SEQ
ID NO: 1). All puritiesare 2' -hydroxyl and all pyrimiclines are 2'- fluoro nucleotides. Figure 2 shows
the anticoagulant activity of aptamer 9.3t. Clot time increase is normalized, to baseline clot time in the
absence ofciwhingrtiontsTipard B slevvs AT EErhAdsH Mg RtvinT spiath &t HEF Sata are
pqrmgliz%%lgg @{ﬁ@&ﬁ&%@s%ﬁgﬂﬁzeﬁ%{? 4 s‘ho.wls the clqt _time change of pigs fql‘lowing aptamer
injection. Igures 5A-5C show the in vitro inhibitory activity of cholesterol-modified aptamer,

9.3t-C. Fig. 5A Ghelesterql asdiiaahascomedesvetiaduenithecafinityfohajsianair Baeds for FIXa. A
competition binding assay is used to measure affinity.of 9.3t-C; for EDCa kg 88, I0.Mitr0 ¢
anti-coag‘ilfﬁﬁte%\@ﬁ@fﬁ?'otf’fi‘ﬁ%rtﬁ@g é@?@ﬁrﬁ%l a%eléé%r%?a‘.%é%. zg(e;p%:)ﬁ itro ar?ticohqylant activity of
aptamer Q13tiCai0 Rigr@ldsenalhe modulators of the invention can be used to “turn on” and “turn off’

such pucleic acid ligands at desired points in the cell cycle.

In another embodiment, modulators of the invertion can also be used to reverse the
binding of nucleic acid ligands bearing radioactive or cytotoxic moieties to target tissue (e.g.,
“neoplastic tissue) and thereby, for example, facilitate clearance of such moieties from a patient’s
system. Similarly, the modulators of the invention can be used to reverse the binding of nucleic
acid ligands labeled with detectable moieties (used, for example, in imaging or cell isolation ot
sorting) to target cells or tissues (Hicke et al. J. Clin. Tovest. 106:923 (2000); Ringquist et al,
Cytometry 33:394 (1998)). This reversal can be used to expedite clearance of the detectable

moiety from a patient’s system.

Modulators of the invention can also be used in i1 vifro settings to enhance or inhibit the
effect of a nucleic acid ligand (e.g., aptamer) on a target molecule, For example, modulators of
the invention can be used in target validation studies. Using modulators of the invention, it is
possible to confirm that a response observed after inhibiling a target molecule (with a nucleic

acid ligand) is due to specifically inhibiting that molecule.

The modulators of the invention can be formulated into pharmaceutical compositions that
can include, in addition to the modulator, a pharmacautically acceptable carrier, diluent or
excipient. The precise nature of the composition will depend, at least in part, on the nature of the
modulator and the route of administration. Optimum dosing regimens can be readily established
by one skilled in the art and can vary with the modulator, the patient and the effect sought.

Generally, the modulator can be administered IV, M, 1P, SC, or topically, as appropriate.

Alternatively, and in view of the specificity of the modulators of the invention,
subsequent {reatment can involve the administration of additional nucleic acid ligands that are

either the same or different as the original nucleic acid ligand/antidote oligonucleotide pair first

administered.
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Figures 6A-6C show the in vivo anticoagulant activity of aptamer 9.3t-C. Fig. 6A, In vivo anticoagulant
activity of aptiuner 9.3t-C in pigs following IV bolus injection, ACT assays (dotted line is 9.3t ACT data
at 0.5 mg/m1 from Fig. 3). Fig. 6B. In vivo anticoagulant activity of aptamer 9.3t-C in pigs following 1V
bolus injection, APTT and PT assays (0.5 mg/kg 9.3t from Fig. 4). Fig. GC. In vivo plasma
concentration of 9.3t-C versus 9.3t over time following bolus IV injection. Concentrations were
calculated by interpolation from in vitro dose response curves of APTT assays for each aptamer.
Figure 7 shows alignment of minimal TIXa aptamers (SEQ 1D NO:2 - SEQ ID NO:17). Sequences in
lower case lette ngﬂg ’&’é‘r‘fféﬁi?f&a}mefﬁléoﬁirg@%e%ﬁ%% 6%%%%%8#3%%@58%5%? E@E&%?%ggsos and
sequenceasoiiulapme aodsegldttens tre cdrivitdadormthpadedonssegiovil tedlirasy usddlitthelSELEX
process. S :lsten], L}.ﬁ_‘ji?(g&.c o Figure 8 shows the native gel analysis of binding of antidote
oligonuclltg)rc?‘t(fdfél\1 8 aaf)far‘ner, Bé’t. The ability of the antidote oligonucleotide to bind to arid denature
aptamer 9.3t Wag, VAl AR QX AR BitkelpEAPRORHSn BiieY cladintheiedida han i) was
incubated at 37C for 15 minutes with (from left to right) an 8 fold, 4 fold, 2 fold molar excess or
equimoldPsaistints of the antidote (A.S.) or nonsense oligonucleotide (N S). Native 93t migrates faster
than antidote bound 9.3t in this gel system (compare lanes 1 and 2). Figures 9A and 9B show
antidote oligonucleotide reversg| of a Wi 3 J'&@’ﬁh@@ﬁ%ﬁ% in human plasma. Fig. 9A.
Change in clot time versus antidGte or TonNsense offgonucieoticie concentration, A value of 1,0
indicates no change in clot time over the baseline value. 93tM is a mutant version of aptamcr 9.3t that

‘has no anticoagulant activity. Fig, 913. Fractig O:,(éqf icoagulant activity of aptamer 9.3t reversed
versus the mol “%’)’(’E?eglﬁ‘r"g‘nwggf If@bﬂﬁ%rle‘%%f‘ . Qaﬁé%)@gylg%fb lg%%ﬁ?héﬁ @o@éﬁgﬁﬁgof '
oligonuclgiofiggantideies: PiglhikdA nMikitidbsecondary structure of aptamer 9.20t (SEQ ID NO:18),
Fig. 10B Anticoagulant activity of 9.20t. Fig. 10C. Specificity of antidote oligonucleotide Anti DI.

Figure 2 shows the anticoagulant activity of aptamer 9.3t. Clot time increase is

normalized to baseline clot time in the absence of aptamer.

Figure 3 shows ACT change of pigs following aptamer injection. Data are normalized to

pre-injection baseline.
Figure 4 shows the clot time change of pigs following aptamer mjection.

Figures SA-5C show the #n vifro inhibitory activity of cholesterol-modified aptamer, 9.3t
C. Fig. 5A. Cholesterol addition has a modest effect on the affinity of aptamer 9.3t-C for FIXa.
" A competition binding assay is used to measure affinity of 9.31-C for FIXa. Fig. 5B. Invitro
anti-coagulant activity of aptamer 9.3t-C in human plasma. Fig. 5C. In vifro anticoagulant

activity of aptamer 9.3t-C in pig plasma.

Figures 6A-6C show the in vivo anticoagulant activity of aptamer 9.3t-C. Fig. 6A. In
vivo anticoagulant activity of aptamer 9.3t-C in pigs following IV bolus injection, ACT assays
(dotted line is 9.3t ACT data at 0.5 mg/ml from Fig. 3). Fig. 6B. In vivo anticoagulant activity
of aptamer 9.3t-C in pigs following IV bolus injection, APTT and PT assays (0.5 mg/kg 9.3t

from Fig. 4). Fig. 6C. n vivo plasma concentration of 9.3t-C versus 9.3t over time following
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Figure 11 shows the secondary structure of tailed aptamer 9.3 t-3NT (SEQ ID NO: 19), Also shown are
antidote oligonucleotides (SEQ ID NO:20 - SEQ ID NO:22). Figure 12A and 128 show the activity
of aptamer 9.3t-3N1. Fig, 12k Competitive binding data. Fig. 1213. In vitro anticoagulant data.

Figures 13A and 13B show the in vitro reversal of the anticoagulant activity of aptainer 9.3t-3NT. Fig.
13A. Reversal of anticoagulant activity vs. concentration of antidote oligonucleotide. Fig, 13B,
Reversal of anticoagulant activity vs. molar excess of antidote over aptamer. Figures 14A and
1413 showdhe impgettafitaiCadditiontionieeaptaingrieBtointihpdiiity foreierdealsticoatulasm activity.

Figure 15. Thesa(gliégg}erqgg*oglilg},eeotéﬂ% -2C, but not a scrambled version of this antidote ,
oligonucle%‘ﬁamé, -2C scr ‘IYectlveI%/ reverses the activity of aptamers 9.3t and Peg-9.3t in human

plasma. tgure 16. Kinetics ofote activity in human plasma, as described in Example 6. Figure 17.

DAt Of ANt A o Mo o sl PIRE RIS (SEQ ID NO:2 ~ SEQ ID NO:17).
Sequénces in lower case letters are derived from the fixed region of the library used in the |
SELEX process and sequences in upper case letiers are derived from the random region of the

library used in the SELEX process. S =stem, L = loop.

Figure 8 shows the native gel analysis of binding of antidote olig'ontlcleotide to aptamef :
9 3t. The ability of the antidote oligonucleotide to bind to and denature aptamer 9.3t was |
evaluated by native gel electrophoresis. Briefly, radiolabeled 9.3t (125 nM) was incubated at
37°C for 15 minutes with (from left to right) an 8 fold, 4 fold, 2 fold molar excess o equimolar
amounts of the antidote (A.S.) or nonsense oligonucleotide (N.5.). Nativel 9.3t migrates faster

than antidote bound 9.3t in this ge! system (compare lanes 1 and 2},

Figures 9A and 9B show antidote ofigonucleotide reversal of anticoagulant activity of
aptamer 9.3t in human plasma. Fig. 9A. Change in clot time versus antidote or nonsense
oligonucleotide concentration, A value of 1.0 indicates no change in clot time over the baseline
value. 9.3tM is a mutant version of aptamer 9.3t that has no anticoagulant activity. Fig. 9B.

Fraction of the anticoagulant activity of aptamer 9.3t reversed versus the molar excess of

antidote oligonucleotide.
Figure 10A-10C show the specificity of oligonucleotide antidotes. Fig. 10A. Minimal
secondary structure of aptamer 9.201 (SEQ 1D NO:18). Fig. 10B Anticoagulant activity of 9.201.

Fig. 10C. Specificity of antidote oligonucleotide Anti D1.

Figure 1] shows the secondary structure of tailed aptamer 9.3t-3NT (SEQ 1D NO: 19).
Also shown are antidote oligonucleotides (SEQ 1D NO:20 ~ SEQ ID NO:22).
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Figures 18A, and 1813. Fig. 18A. Predicted secondary structure of aptamer 11F7t (SEQ ID NO:23),
which binds human coagulation factor Xa with a KD of -4.5 nM. Fig. 1813. Predicted secondary
structure of a mutant version of aptamer 11F7t, termed 11F7tM (SEQ ID NO:24), Figures 19A and
1913. Aptamer 11F7t is a potent anticoagulant of human plasma. Varying concentrations of aptatner
11F7t were added to human plasma in vitro, and the clot time was then measured in a PT (Fig. 19A) or
APTT assay (Fig. 1911). All data are normalized to the baseline for that day, so that a value of 1

equalls no changednselor e ﬁig@ﬁgﬁa%&@quﬁymﬁ%@z&%wﬁictﬁ@?ﬁ@.td@%%@«!iﬂ@é ?fe
complimentayy. . F'q ures 21A and 21B. Fig, 21A. the antidote oligonucleotides effectively reverse
the activit‘i/‘ﬁé%t‘é%r@&'l%ﬁﬁﬂﬁ&ﬁt’ﬁ%ﬁﬁﬁﬂ%la Characterization of antidote 5-2 activity
over a larger concentration range of antidote 5-2, and comparison to the antidote activity of a

scrambled sequence version of antidote 5-2, 5-2 scr. Figure 22. Kinetics of antidote activity in
human plasma. RigtiRser far \AB<s b dbeid® pifmrasvisraatehthe vt e inba wbriceriratonsst 125 nM,

and allowedtancubate; ot REHIHESTHRESMANIRIRRgNUEIRaHR AR A Adkid o 5:1 molar excess

or no antidote were then added, and the clotting activity of the plasma determined by measuring the
clotting HERRcIsp Ssaly St fAESTHACARE TBHIRhaCH Y St BaHBTreITRS opthdata e
anticoaguipmabagtivity remaining was calculated by comparing the difference over baseline between the
clotting time iii the presence of antidote to the difference over baseline in the absence of antidote at
each time point. The data collected at a 5:1 molar excess of antidote 5-2 to aptarner 11F7t is not

shown, as reversgheidha aatigeagulrnkastivitpassempleieatthe st limepoint {1 Mty

Figure 23, Duration of antidote activity in vitro, The duration of the inactivation of the anticoagulant
activity of AEEFRS PHERBVA LI oligonucleotide 5-2 was measured in vitro in human plasma.
Briefly, 11F7t was added to human plasma to a final concentration of 125 nM and allowed to incubate
for 5 minutes. Antidote oligonucleotide 5-2 was then added at a 4 fold molar excess, or in a parallel

experiment buffE§BIBnE wakeasidatmobredraidantdobutonjs wmmiHedrsting thtbisvasidmasured
in an a Pliassawalidisusdige aﬁe@&é@'@wmgeém%m?%wa%@@@t%ﬁ@ dizeehto the

baseline for that day, So that a value of I= no change in clot time. It was found that after 5 hours of
incubatio8287A%RE PT of the untreated plasma began to increase, indicating the loss of the clot
forming activity of the plasma, and the

Figure 16. Kinetics of antidote activity in human plasma, as described in Example 6.
Figure 17. Duration of antidote activity in vitro, as described in Example 6.

Figures 18A and 18B. Fig. 18A. Predicted secondary structure of aptamer 11F7t (SEQ
1D NO:23), which binds human coagulation factor Xa with a Kp of ~1.5 nM. Tig. 18B.
Predicted secondary structure of a mutant version of aptamer 11F7t, termed 11E7tM (SEQ ID
NO:24).

Figures 19A and 198. Aptamer 11F7t is a potent anticoagulant of human plasmna.
Varying concentrations of aptamer 11F7t were added to human plasma in vitro, and the clot time
was then measured in a PT (Fig. 19A) or APTT assay (Fig. 198). All data are normalized to the

‘baseline for that day, so that a value of 1 equals no change in clot time.
Figure 20. Sequences of 11F7t to which the antidote oligos are complimentary.
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experiment was thus stopped at 5 hours. Figure 24. Aptarners 9.3t and 11F7t and their respective
antidotes function independent of each other in human plasma. Aptl---9.3t (30 nM), Apt2.---11F7t (100
riM), ADI----A0 5-2¢ (300 nM), AD2-A05-2 (500 nlIV1)- final concentrations in plasma in (). Aptamers
were added to human plasma at 37C as indicated, and allowed to incubate for 5 minutes. Antidotes
were then added as indicated, and the clotting activity was measured 10 minutes after antidote
addition in APTT assays. In all assays, buffer alone was substituted for aptamer or antidote in cases
in which only oreigaptamies endaiBotBiyad Addid totiteprligericlaptidia sEHONALIZEETS the baseline
for that day, so that a value gf-1= n in, Clettimes IG4res 125/ @bHoArtidotaicaptrolled
anticoagﬂéﬁ‘g%géq%aﬁgrf?ﬁniﬁ?&%%ﬁ%bﬁ%iir{l}glsjcgé} a&ﬁ%ﬂﬁwboc topenia, Figs. 25%—2&?0 The
activity obaptarhezdP egrgestrationsntao Rt @Q@R/@ré‘?eé{@ocmﬂ%tﬂﬁﬁ HNBEE Y dEdendent
patients d‘ar%ﬁg?e%fggi&dé_éﬁﬁﬂnﬁé%ﬁEme activify of aptamer Peg-9.3t and antidote 5-2 were

tested in Spasma patients suffering from thromboembolie complications of HIT. Plasma samples
were treated as indicated: aptamer, 125 nMPeg-9.3t; antidote, 1.25 tiM AO 5-2; mutant aptamer, 125

nM 9.3tM. Experiments were performedas dessripachinixamplen2 Apiaite 9 atasisaégarted in
seconds (s) an ($the average range of duplicate measurements.Bgﬁ?L:tialu and

res 26A and B, .

Antidote-aontralldtsanticodgaletioitsl prasad HomPaae i Al HIEEHA MBS iGhenia.

The aCtiViﬁlf}t’6péﬁm1?]fci_ﬁelﬁ¥éo%ﬂgi&m@0§@%%Wﬂr@rtﬁatﬁfbiﬁt plasmaframailemveialiisis-dependent
wit

patient diaghose IT and from a patient suffering from, thromboembolic, ¢ ications©f BIT. For
patient 3,@@@1@%@@@%@%@%&8&‘3@% ?ﬁﬁi‘@ét‘g * lfgar%]g?, Iﬁ%’%ﬁ%ﬁf‘ﬁ?gf%%%%M AO
5-2; mutapt APIAME N AB0 i Rthifoxpsgimenisaudditiper faiméd rgsidieberivechitl ERAPIaLY, Figure

9. For Patient 6, plasma samples were treated as.iadicated; Bl hariM dd Eidiatigetei?50 nM
AO 5-2; mieraiagiERdal Wateh Py SRR DE ﬂllg ?é%%r %cﬁ%vi%ggr%s?s) and is the avgi;gat e range of

duplicate feasHeRmaHEREFANLEDIDESARIBVEION O RTREMENT ORIt THERR LT invention
relates generally to modulators of pharmacological agents iacluding thelapeuti s ndiiRgRasts
agents. Tﬁ@ﬂﬁvﬁﬁﬁ%%?ﬂﬁ& treedl?:l "e%?“ol %agi%ﬁs of enhanc?nﬁ or inhi iti‘rrlf the ,effic)acy of
pharmacalegical aftrtsiiyaministetintyredarusreterikeiAvEiHBRRE™Y SLBIE%.g., a human) in
need thereof. Additionally, the invention relates to methods of using modulators of the invention to

assess the activity of nucleic acid ligands, in vivo and in vitro. ‘ o
Figure 23. Duration of antidote activity in vitro. The duration of the inactivation of' the

anticoagulant activity of aptamer 11F7t by antidote oligonucleotide 5-2 was measured 7 vitro in
human plasma. Briefly, 11F7t was added to human plasma to a final concentration of’ 125 nM
and allowed to incubate for 5 minutes. Antidote oligonucleotide 5-2 was then added at a 4 fold
molar excess, or in a parallel experiment buffer alone was added in place of the antidote oligo,
and the clotting time was measured in an a PT assay at various time points following antidote
addition. All data is normalized to the baseline for that day, so that a value of 1= no change in
clot time. It was found that after 5 hours of incubation at 37°C, the PT of the untreated plasmna

began to increase, indicating the loss of the clot forming activity of the plasma, and the

experiment was thus stopped at 5 hours.

Figure 24. Aptamers 9.3t and 11F7t and their respective antidotes function independent
of each other in human plasma. Apt1=9.3t (30 nM), Apt2=11F7t (100 M), AD1=AO 5-2¢ {300
aM), AD2=A05-2 (500 nM)- final concentrations in plasma in (). Aptamers were added to
human plasma at 37°C as indicated, and allowed to incubate for 5 minutes. Antidotes were then

added as indicated, and the clotting activity was measured 10 minuics after antidote addition in
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The present invention relates to a method of modulating the activity of a nucleic acid ligand, for
example, by altering its conformation and thus its function. In accordance with the invention, the
modulator can be contacted with the targeted nucleic acid ligand under conditions such that it binds to
the nucleic acid ligand and modifies the interaction between the nucleic acid ligand and its target
molecule. Modification of that interaction can result from modification of the nucleic acid ligand
structure as a result of binding by the modulator. The modulator can bind the free nucleic acid ligancl

and/or theﬁyﬂeic acid }i d bound te. its target molecule, ~Modulators af the.invention can be
designed so as tagsl%?ﬁd g?l%pggr%fjlg?tﬁarc é?g %‘é’laéf I?Sgsﬁguev%vel?hf% ﬁPgﬁIﬁéﬁFeaé’% Ostﬁé%ﬁ?gﬁ)s/ %hd a desired
degree of eilfiglitpnlylode katersecan bdidide Wesdddighedisgbvaa upbnlbmdingsthizstttictike of the

nucleic aqid g0 MPdifed 6705 ALPIE.AL 955 AEYA PR For example, the nioduiator can be

designed so that upon binding to the targeted nucleic Ilganci, the three-dimensional structure of
that nucleic acid ligand is altered such that the nucleic acid ligand can no longer bind to its target

molecule or binds.to its jarget,mplecule with less affinity. Alternatively, the modulator can be designed
so that, upon bindli{fﬁu(j?sﬂ%egl t reaeg}gim[genﬁl‘s%lgﬁa Osi%%)é%éreaﬂgfﬁﬁlgtf%é?@ig%ﬁfﬁﬁgﬁﬂfﬁf%d@gthat the
affinity of tepaniveleitecidiligahddapiteniargégmafeeditls Emhanoey. dFhatdsicgeprddutator can be
designed 5q. 1 inding ; ' If iS: produ in the nucleic,acid ligand t the
nucleic ac%g[ II%E%§J gg‘rﬁé %%{?g i‘tf%ggg%qma% ec%ﬁ%d?h g%\%uggrﬁd%%ﬁ |I?rt| ﬁ@e&?%drﬁgéja?%viﬁa?# li.a
oligonucldgdeS ek |igbmeeidstide epiemper &eg-9.3t and antidote 5-2 were tested in plasma from

patients suffering from thromboembolic complications of HIT. Plasma samples were treated as
indicated: aptamer, 125 nM Peg-9.3¢; antidote, 1.25 uM AO 5-2; mutant aptamer, 125 nM 9.3tM.
Experiments were performed as described in Example 2, Figure 9. Data is reported in seconds (s)

and 1s the average * range of duplicate measurements.

Figures 26A and B. Aatidote-controlled anticoagulation of plasma from patients with
heparin-induced thrombocytopenia. The activity of aptamer 11F7t and antidote 5-2 were tested
in plasma from a hemodialysis-dependent patient diagnosed with HIT and frozﬁ a patient
suffering from thromboembolic complications of HIT. For patient 3, plasma samples were
treated as indicated: aptamer, 250 nM 11F7t; antidote, 1.0 uM AO 5-2; mutant aptamer, 250 nM
9.3tM. Experiments were performed as described in Example 2, Figure 9. For Patient 6, plasma
samples were treated as indicated: aptamer, 125 nM 11F7t; antidote, 250 nM AO 5-2; mutant
aptamer, 125 nM 9.3tM. Data is reported in seconds (s) and is the average + range of duplicate

measurements,

DETAILED DESCRIPTION QF THE INVENTION

The present invention relates generally to modulators of pharmacological agents,
including therapeutic and diagnostic agents. The invention further relates to methods of '
enhancing or inhibiting the efficacy of pharmacological ageunts by administering modulators of
the itvention to a subject (e.g., a human) in need thereof, Additionally, the invention relates to
methods of using modulators of the invention to assess the activity of nucleic acid ligands, in

vive and in vitro.
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sequence that is complementary to at least a portion of the nucleic acid ligand. In another
embodiment, the modulator is a ribozyme or DNAzyme that targets the nucleic acid ligand. In a further
embodiment, the modulator can be, for example, a peptide nucleic acid or morpholino nucleic acid that
includes a sequence that is complementary to or hybridizes with at least a portion of the nucleic acid
ligand. A modulator is specifically hybridizable with the nucleic acid ligand when binding of the
modulator to the nucleic acid ligand sufficiently interferes with the normal function of the nucleic acid
ligand to cause Btehargirntiribiolodited mctivigsHthE medwstngditeiRsaxty ohadrpRlsiSiSyical
conditions. In an.alternative ' SIS iGj egqafl neRcWadsar Grigkthinding of
the modj‘%ﬁor}%gxﬁﬁl llecbﬁgg@gr]%yégﬁg%%ﬁh@gzggﬁ@agﬁﬂ nucleic acid.ligand. In & still further
embodirrﬁeummlmwmactuﬁawmméi@%@%ﬁﬁ‘dﬂﬁllﬁ’é‘bﬁ?&%?tﬁ%wé‘ﬁﬁa%‘dd}g&PcS’tﬁﬁ?ﬁﬁ%ur%t & or
othewise injefaots Wil IR eald igaich inedailessranidinen thewmadulosacsiancid
oligosacc?warl e%that binds the nucleic acid ligand. In a specific embodim qI the m[f;pul%for% an
aminoglytigsidesd isnbuzet aaipotmMndife imdiider R EaHR) I%Pdgﬁ’lg e (e, a molecule
that can b Syninelic.of ﬁ%&Hﬁas'%a%%gagam iy biobnip evilseriotricin. vite andlejpivatiytad
molecular weight of less than 1000). The p%esent 'nivelggg)% algggg}gl ??%% Fﬁ?&@&ﬁf& for identifying
modulatotsediensteleiaamdif s i St dmBstiMEh A REINg o & modulator to a nucleic acid is
determined by agy, asaay ket easuks bindieglafiity, ssusticabisd gel shiicalsayclpadsther
embodiment, the bindjng of a modulator.to a nuclejc_aci Qﬂ@dc ' BIREBEaBRSAY.
Other exé’:ﬁi‘)‘f&r‘?"g%%%gpai{ es‘f(i%rllJ g E%'"é?f va\}.ﬂlé a%il%%%g{jher e‘m%é%ﬁ?{rﬁgwtimt%geﬁéi&[%in. or.interaction of
the modujatgesitiedhe mmjeipoa&m«ggnm@mmg@r@ﬂtw@w%it&%ﬁe&t@&rﬁﬁ‘é%@‘é‘h@%ﬂth and
without the regulator under rQpri I8log iti ; @@mp[@,tm@ latoisdiag ke
identified tH4F rﬂ%%ﬁ?atﬁévgrﬁfﬁqfoqrﬁ%%ﬁgobﬁ %r%%?é%?ﬁgrt\%%%%vﬁiﬂof nucleic acid I?ﬁ' nd in Xiiro or in vivo

through atheagutatibnugstchiodsizand b tecarimpenmesg! SHGURRR BB FEEE § e partial

thromboplasip,test, the, hieegingiime asintheaniashortiiiime kestyge theléandmbivintbitingstime test.
The present’invention further includes the use of such modulators in a variety of indications whereby
control oftntgﬂ‘émﬂmwﬁgﬁﬁﬂl%@tﬂf@%’ ‘desired. The modulators may act to inhibit nucleic acid ligand
activity as an anigeie de/ayelrenbedetiposafdiesimeitio iy ligambioAiggitibaaliectiisnaveatgn

provides methods of using modulators qf the inventign to asses W ueleis.acid ligands.
The inverﬁiﬁﬁh@%&@%‘ﬁ%’&?%ﬁ@fﬁi@%@ésﬁ? 1) ‘gﬁ%%étg?%m??&{ggﬁﬂeg@éf%%%f n?gcleic acid ligands

by adminigeyingsasuatasstafitee. inventiotheordratyorandis- Hemaard i hthate o binding, a

structural motif is produced in the nucleic acid ligand so that the nucleic acid ligand can bind to

its target molecule.

Tn one embodiment, the modulator is an oligonucleotide. The oiigonucleotidg canbea
gequence that is complementary to at least a portion of the nucleic acid ligand. In another
embodiment, the modulator is a ribozyme or DNAzyme that targets the nucleic acid ligand. Ina
further embodiment, the modulator can be, for example, 2 peptide nucleic acid or morpholino
nuclei;: acid that includes a sequence that is complementary to or hybridizes with at least a
portion of the nucleic acid ligand. A modulaior is specifically liybridizable with the nucleic acid
ligand when binding of the modulator to the nucleic acid ligand sufficiently interferes with the
aormal function of the nucleic acid ligand to cause a change in the biological activity of the
nucleic acid ligand, under physiological conditions. In an alternative embodiment, there is a
sufficient degree of non-Watson Crick binding of the modulator to the nucleic acid ligand to
affect the activity of the nucleic acid Hgand.

In a still further embodiment, the modulator is nucleic acid binding peptide, polypeptide
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In a further embodiment, modulators of the invention can also be used to reverse the
immunosuppressive effect of nucleic acid ligands that target interleukin, for example, in patients
subject to infection. The present modulators can be used to reverse the immunostimulatory effects of
nucleic acid ligands that target CILA4 in patients at risk of developing autoimmunity. In a further
embodiment, modulators of the invention can be used to reverse the effects of nucleic acid ligancls
that target growth factors (e g., PDGIiF or VEGF). Such nucleic acid ligands can be used in the
treatment of tumors and.in the treatment of inflammatory proliferative diseases. Since growth factors

play systefliBrrbTEs it HIRdHO LRV Hiberasis mrafutismusiiisercid digandafafadhstent can result in
a breakdowﬁbqﬁm@@:it,fmetiﬁrwﬁ;ﬁ_ta@tstwﬁﬁvg@@mmﬁ;{%t gﬂ%ﬁ&ﬂ%ﬁ%}&&%ﬂ%ﬂ@ﬁ@bﬁ%ﬂﬂs rfhat
target angiopoietin | can be supject to hemorrhaging). Modulators of the invention that target suc
ucloic actTTGHR HB G oI RO ER A PO oA RS Gt fvention
can be useadid seymisentblecafteits obh nudieicadig ligabdsthaktargehiaaaiyossanyvioly dchiridhet
wansmission of eere, Impyise 3t e Aepomuselar nelien of skeletal fsple andior autonomic
ganglia (e.g., nicotinic acetyic?l(‘)ﬂney‘r RicOtnIc é?loﬁnergic regcep orsS'.S tich nudieic acid ligands can

be made to prodiibe pruusculayasiaxationioclpdralysisods fimgidmesihesiaoddamts thatbleckattié activity
of acetylch
§]

. §QQ s.r%eﬁgé%ﬂ%%’?&%{hﬁ‘ﬁ? ) 8?&‘&%%%‘&&%’?&98%%%‘%@ A% COMMONy, Yagd during
SUI’gIC&| procedures, and It IS pre erfred that the patients regain muscular Tunction as sooit as %)OSSIb|e

after the susgictiaproeedire s dompléwin redurvraasimbitations bnehirdisrovebpdiesittihsover in the
operating GrRnasf MGG My LR had heal Hadei0e6{3I% 28 RIS with gredictable

pharmacokinetiCs to match the duration of the drug activity to the anticipated duration of the surgical
procedureSXaRBHARAEN S HEdlftobs bPei®invention that target such nucleic acid ligands can be used

to provide the desired contro] of the activify of the neuromuscylgr blocker, and thys reduce the
dependence on IETSAEHELSHBIA AL PrSURGE FLOGHEAT b e RERHOESE AT B GURISe At

In a still fuithed énbacitednty matiwatarhekifeiofartimodbie aseditbaevhesedtieteffeatiaf nucleic
acid ligands that.target.small molecules, such as glucose, Hypaglycemia can,be avoided in patients
roceiving DRI G R I e o B et St e B s of e
invention.antifiForthetic motiilategsleanaalbothelseieio aeidllgtediie votivityiniivadleimgbid ligands
directed agashMAMREES ALPFAN AR GRHAI QLRI ik RierRiQlaralig, eiain of which are
repressive. The modulators of the invention can be used to "turn on" and "turn off"such nucleic acid
ligancls atliesibedpoinisdh thebleddgiane test, the prothrombin time test, or the thrombin clotting

time test.

The present invention further includes the use of such modulators in a variety of
indications whereby control of nucleic acid ligand activity is desired. The modulators may act to
inhibit nucleic acid ligand activity as an aniidote to reverse the actions of the nucleic acid ligand.
Additionally, the invention provides methods of using modulators of the invention to assess the
activity of nucleic acid ligands. The invention is also directed to methods of enhancing or
inhibiting the efficacy of nucleic acid ligands by administering modulators of the invention to

human or non-human mammals,

In a further embodiment, modulators of the invention can also be used to reverse the
immunosuppressive effect of nucleic acid ligands that target interleukin, for example, in patients
subject to infection. The present modulators can be used to reverse the immunostimulatory

effects of nucleic acid ligands that target CTLA4 in patients at risk of developing autoimmunity.

in a further embodiment, modulators of the invention can be used to reverse the effects of

macleic acid ligands that target growth factors (e.g., PDGE or VEGF). Such nucleic acid ligands
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In another embodiment, modulators of the invention can also be used to reverse the binding of nucleic
acid ligands bearing radioactive or cytotoxic moities to target tissue (e.g., neoplastic tissue) and
thereby, for example, facilitate clearance of such moeity's from a patient's system. Similarly, the
modulators of the invention can be used to reverse the binding of nucleic acid ligands labeled with
detectable moieties (used, for example, in imaging or cell isolation or sorting) to target cells or tissues
Olicke et al. J. Olin. Invest. 106:923 (2000); Ringquist et al, Cytometry 33:394 (1998)). This reversal
can be useshtbeaxpdditeheloartnee of thedetettablbatisieneio iafbuiente sysedifsrativeModulators of
the inventipg,can also be userdn i Sstingn to RSheRGE: S (ORI hsieffacefiaauggc acd
ligand (e.g., aptamer o a targe(f motecule. For example, modulators of the invention can be used in
target validatieiv stidiésidsing ot okatorsbimebirakiasn, of spdusisraedleshfishtthatatesdonse

observed th.[ igfa%gm&i rashmalequle it amualpispsidiipardh isdnedeanesifisally inhibiting
that moleculg; The modulators of the invention can be formulated into B_harmaceutlcal
compositibasedireireinMudalainra b st wienbudmest supmursicasiddanpdeedbbaiscddtier,
diluent orﬁmmg@ﬁe'{,@@egg;ﬁgiﬁ%ﬁ]g{wﬁ of the composition will depend, at least in part, on the nature of
the modulator and the route of administration. Optimum dosing regimens can be readily established by
one skilled in thengdjangoeantvis ywii ithecandsiulatdricive patidin effictithel effeict sadid hig@Gdnérdlly, the
modulator is administered IV, IM, 1P, SC, orally or tepjcal opri ath ;
em bodiméﬁ‘tﬁg‘fﬁ éeﬁﬁféi)er ?ci%%?gjvﬁ%lgﬁ%i%%ﬁgsr%lgs %I%{ Oé??é%?b%vgjﬁﬁ%%%lﬁ e{ift:}'ggqcl:ﬂgg _r'%gl%q!li poﬁglxiflcizgon‘
compounaBrictasl choldsterdiydialikgbglircered idifog! gigednat, e abriia RTUHERENCC MR F#dfecular
weight Co%g%%?sgr@S’JX%&&H%E@%QH&?@WS@%Q&%‘ (RER) dnibese chsasiothe phaacokinetic
of the nuclel

properties c acid ligand orrmodulator can be enhanced. In still other embodiments, the
nucleic acititigandestrambaeiiasieiiose Berphsddfaeaiinlias sreeratdre sty SR eV INA
encapsulaigg inside. alipRseae) and theenbaoserdntiacaligenyptrieiesesd bueptbeundabmplexed
oligonucleotide or modulator. The I(ia%ophilic compound or.ﬁfn-'mr%unogeni , h(ij%h(flrl}glgc I?TE \i\é(géght
compound iR RO R A I B o e TR RS R Fo i Cov AR R BT Actions With Tigand or
modulator{s el empaginentasvhereniielipaphiictoompain thisopecitstershaialkibgserohudacy|
glycerol, or the non-immunggenic, high molecular weight compound is.PEG,. clgtion
with the ofGERLER AR ARSI TPBRE \r?ga R (g(% gc%?m%m% \?V%gr%%te% I%%(gﬁﬁ%?g’?n%%ﬁnd is a
cationic Ligpgeraggraahéneithdoligampuoieblidetino ko siealancapbirtddtompiyetie liposome, a
non-covalen associalian il Ine oligeRicleide magIalRI kehin iR nepbadingats where
covalent at3CRHER s emﬁ\oye ,tIEne |po% ilic compound or rion-immunogenic, high molecular weight
compoundimaybeotohtdiity dwouity of heaisarvbpdaiipden e Brgses ERbRABIRHRNSEA! such
as to an exocyclic amino ¢ 19 ! itk £ imidinepuyclaatide, the 8-position of
a purine nﬁﬁgggfag%tégyﬁyﬁggﬁ }Egﬁggfﬁpﬁgﬁ%@fﬁﬂ g?f f h%{f(;?(lyq gro%p%tlﬁgother group at the 5'
or 3' terminus of {he, QliganMsieRtide Mmasklateidiiaiarablie howaser citridbonden tededtier 3
hydroxyl group thereof. Attachment of the oligonUﬁleoEde modulator _other}?org p@gp&lsa% m)ea
complex cefiestdons eiractl israd ir Bz SH8H B RO 8 KRS e Tipophilic compound or
non-immupegesicishighsmelectiknyeighiseantperidcir assd diptedhtouedvinbngbovatenpiniteractions
with the oligonucleotide modulator(s). F?r example, in one embodiment of the present invention, the
oligonucle'éﬂagfg% lﬂ‘ﬁfg]ll?ésé]r?ég 1&gt Within the internal compartment of the lipophilic compound.

In another embodiment of e piesenh NG RO, 116 QlgRRUBIEAlHE aHRINARiaiRavI the

lipophilic compouncf ro%%igec rostatic interactions. For instance, a cationic lippsome can associate
with an anitinicteligeriusiectivecrnofitialBrE Avsithecestaimplevbich AERIOVEISRTHIEr atib A bugh ionic
attractive fosﬁeé Is.0ne Inwhich, 2 Rorien»f teigonusiactide masulatonhybridizes tiaugly

Watson-Chic cbase-p iring or triple helix base pairing to an oligonucleotide which is associated with a

lipophilic comipousigionvidhigmerricleiRrd PRHSHbIBE R WEGht compound.
In another embodiment, modulators of the invention can also be used to reverse the
binding of nucleic acid ligands bearing radicactive or cytotoxic moities 1o target tissue (e.g.,

neoplastic tissue) and thereby, for example, facilitate clearance of such moeity’s from a patient’s
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I.Definitions The following terms are believed to have well-recognized meanings in the art.
However, the following definitions are set forth to facilitate explanation of the invention. The terms
"binding activity" and "binding affinity' are meant to refer to the tendency of a ligand molecule to bind or
not to bind to a target. The energy of said interactions are significant in "binding activity" and "binding
affinity” because they define the necessary concentrations of interacting partners, the rates at which
these partners are capable of associating, and the relative concentrations of bound and free
molecules-in a solution. The energetics are characterized through, among other ways, the
determinatieternf &idissdgidiiomodnktant oKtePretetalslyathiesKacibtestablishéd hisihgeanoubletdilter

it lul fi indi ! di ‘ 93, Proc. Nail Acad.
o UsA b e e A e R e & e
in one ensbodimdntotediventisnierd bilkoriudidofidies havihgl 8pEeiiCBMYIRGnasibhstthbt are
capable %ﬁﬂ%‘é’ﬂ% sompleesythian intepded targelmoleculrythesperiicibuef de binging is

defined in terms of the comparative dissociation constants (Kd) of a modulator of a nucleic acid ligand
as compdpeéts fieardiebieiitiot #§Rstant with respect to other materials in the environment or
unrelated molecules in general. The IQ for a modulator of a nucleic acid ligand can be 2-fold

preferably 5-fold b3 PRt BRI Fs TR HiEK Gt spbeetdtraimsa b RHd tRe

unrelatedepr@iesial ohAcieQFIPARMNY (MG kit Nenervdirgs me e iy eRomerariplefefédiyatibes| €F will be

50-fold less, more.preferably 100-fold’ less da{1d more pr ri%bl%ié)q-ftoldl S - ed can be

determin@&edﬂvee&i Bﬁ%g\iéﬁ% h ngﬁ%gﬁé, LG BaI158 computed even ¥6r clorﬁnﬁfl%x Mixiurés by

methods pomsibstthasdifotlexampisysetlodivid Chodehiddipetaaby Byted(t084)WiB40n86R:i{t has been

observed, however, that for 1] Qh eof irect determination of Ict is difficult, and can
acid 4 anc@k }%%tiﬁ % %ﬁﬁ%%?}gg el;{%ﬁ'ﬁ%ﬁ %lﬁ?%écﬂé .

lead to mlslleacﬁng res esecircumstances, a competitive binding assay for the

target molecule-gg ofhier eanAidate Sibsianae £H-08:5QHUa BB IRRREEEIPHRRIGRCSS Kewn to

bind the target or candidate. The value of the concentration at which 50% inhibition occurs (KO is,
under ide#cERMEBNE 2diivaniraiulanpa s Sih are il areees tHYFI Thus,
determingfigipiehi<bris fhecalternativer spisampRKimeatwa e tadlae waltR phi bnndeithess the
circumstances where technical difficulties preclyde accurate measurement gf K4, ?yeagagfnpe t of Ki
can convBRGPHEGIHEARHES 6 PRI ROPRARR IO cah b bl e o
that a magutatosibindsathe sleimdeigh igandith theAscelnéaificityeisatiefinad! ithéeri st afiGichs. set forth
above, in certain embodiments of the present inventioy it.js preferred to exclude from the categories of
unrelated Hate |§rsﬂ§n130rg\§taetﬂ§1§ tﬁé%?gl%ﬁ ﬁéﬁfrﬁay}:n{}g %%g‘rggg’ iPr)lr%ig ?5?88%‘ gﬁ\?ﬁg%%{i% Ose n%aterials

which are SUfﬁCiﬁ%&%ﬁéﬁ%&%m@nﬂﬂghﬁgﬁgﬁ mrungiagicaly Lot eac tye daswiia B¥ed

"immunologically cross-reactive” is meant that antibodies raised with respect to the tafget cross-react
under stafdditoRbskis EiritibhsuAtETRoleskattadia Haaketacale Al Y6prah 5 3dig8 to cross-react in

standard;gsaaxse e dindingoaifinitissalthe.aptibadiss fory srassrerastive Bapirtials psosemmngyed to
et S e I e e ool OOl g 0 091 outaror can be
enhanced. In still other embodiments, the nucleic acid ligand or the modulator can be comprised
for example, of a nucleic acid or PNA or MNA encapsulated inside a liposome, and the enhanced
intraceHular uptake is seen over the un-complexed oligonucleotide or modulator. The lipophilic
compound or non-immunogenic, high molecular weight compound can be covalently bonded or
assoctated through non-covalent interactions with 1igarad or modulator(s). In embodiments where
the lipophilic compound is cholesterol, dialkyl glycerol, diacyl glycerol, or the non-
immunogenic, high molecular weight compound is PEG, a covalent association with the
oligonucleotide modulator (s) is preferred. In embodiments where the lipophilic compound is a

cationic liposome or where the oligonucleotide modulators are encapsulaied within the liposome,

a non-covalent association with the oligonucleotide modulator (s} is preferred. In embodiments
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In the context of this invention, "hybridization" means hydrogen bonding, which may be Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding, between complementary nucleoside or
nucleotide bases. For example, adenine and thymine are complementary nucleobases which pair
through the formation of hydrogen bonds. "Complementary,” as used herein, refers to the capacity for
precise pairing between two nucleotides. For example, if a nucleotide at a certain position of an
oligonucleotide is capable of hydrogen bonding with a nucleotide at the same position of a DNA or
RNA molevtites themltne aligbmasice tidep aydiHeDNa bitiRponpeandorsiderstiBeecssmpiginentary to
each other, at ihah Posiian. T i anieleciitleiend haiNes i BYAGSARARIRTRN(EY o each
other when 8 SUTHGIERthumMber o corresponding positions in each molecule are occupied by
nucleotidesligbichlcolilhyendgsivh ShehitiNSEF AHEIC THIS BERHCICAMP AR 2apsitign P! »

"complem high e 4864 de dndicatea rutlicientdsareg phcaipplanaentarity or
precise paﬁl’?ﬁ%{%ﬁgﬁqﬁ‘%&%@%e gndi)?pecific binl?(ﬁng oclcurs betwegﬁhg%lég%oaqﬂle%éide, nd the DNA

or RNA tardesphate pideistsoy retRurAt MBTRE SR ALSA e BECHHYEEH At ae 8 880 %'gé%

complemegitai ithatal s farge Qe s aciaiia etpeciicallydivkyidizalpehdcompaahedst
specifically hybridizable when binding of the com%%und to tg%%aré;etpuclei%ea%igagnﬁleckile interferes
t

with the n AHeHos P AR LA SL I T YIS S BRERTE T iy ShdF there

ere id & sufficient
degree of ¢mpiemaBtatity 66 1laic borpspesifithbingipiof thewpompouncntinmowmtaset.deégliences

under conditions.in whigh specific binding_is desj e.Hnderphysialogi \ditions in the case of
in vivo. asﬂ?%%‘f‘?ﬁ&%{égu ic trea r%g?{%, "Ane %%??rjg[f(g:{é@eng# %g\%r%&gs%@s& %%ﬁgg%%itions in which
the assayskgermpeléotiienodulat@ligofverstaornslijomrredtidéaemoiide RrIANGBNASedifences or
mbdures of analogs Rl ALBIREIARARAYRIERIAE AL SRGIE IR T ardiRigH florm and

specificall)cl’;ﬁfij’glrb es short sequences such as dialers and tritners, in either S‘ii’?%tlﬁe chain or duplex form,

which candseninterchdeirneibenatidshat S A FRIfECSh BN, Hin iy Bigeriidsstitide M odified:

forms useq 4, Gang Al RORKS AN AblRAN AR EORBYRIIESHbiRstions TG IBSMIBNA analog s
e

meant to refer to a polymeric molecule which can c;oniain orgg oy more, nucleo id%f trhgtqtggvl% a
nonhydrod@HatibSRRMERHERTIRGHIS MYt GRATPBP IS 0;5‘(51§|ﬂb‘ﬁm & o1 EXAmpla. can contains
at least ong pfthefalavwinga&mslemnu i el tneludiedocdiion)e Ri-ahiiha (preferatfithaot substituted

or mono- or disubstityted), 2'-mono-, di-.or tri-hal thyl, 2:-0-alkyl (in ItrJT?% :-Q-m 0-ethyl),
50 halo- SRR AR D B LS5 B BFON S c: SRS oA o e
f|UOYESCei@ma[ﬂ@@&miﬂ@Ii@yﬁ&ﬂeo@ﬂmmhbcaﬁnmg@,cwmwahmii}m;m,iﬁmttammgrpmm@ﬂ-
2-hydroxy-6-mercaptop ripe and lﬂg{ig{!i‘?i%&% %}Eélbstituted at the 6-position with sulfur or 5 position
with halo d’P’@f@ﬁ%@T’ Y6UPS "8 hasic linkers, 3-deoxy-adenosine as well as other available "chain
terminator" or "non-extendible" analogs (at the 3'-end of the RNA), or labels such as 32P, 33P and the
like. All of the foregoing can be incorporated into an RNA-using the standard synthesis techniques
disclosed herein.y_ Definitions -

The following terms are believed to have well-recognized meanings in the art. I—Ioweyer, .

the following definitions are set forth to facilitate explanation of the invention.

The terms “binding activity” and “binding affinity’ are meant to refer to the tendency of
a ligand molecule to bind or not to bind to a target. The energy of said interactions are significant
in “binding activity” and “binding affinity” because they define the necessary concentrations of
interacting partners, the rates at which these partners are capable of associating, and the relative
concentrations of bound and free molecules-in a solution. The energetics are characterized
through, among other ways, the determination of a dissociation constant, K4 Preferably, the Ky
is established using a double-filter nitrocellulose filter binding assay such as that disclosed by

Wong and Lohman, 1993, Proc. Nail Acad. Sci. *USA 90, 5428-5432. “Specifically binding
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As used herein, a "target" or "target molecule" refers to a biomolecule that is the focus of.a.therapeutic
drug strategy or diagnostic assay, including, without limitation, enzymes, enzyme inhibitors, hormones,
glycoproteins, lipids, phospholipids, nucleic acids, intracellular, extracellular, and cell surface proteins,
peptides, carbohydrates, including glycosaminoglycans, lipids, including glycolipids and certain

oligonucleotides, and generally, any biotnolecule capable of turning a biochemical pathway on or off or
modulating it, or which is involved in a predictable biological response. Targets can be free in solution,

ike thrompin, or @ssaciate With,Selie A MUSES 85 ImERFCRIES BRBANSIGRSPIRIGINEHAON Molecle
that is of SUICIENt SiZé t be specifically recognized by a nucleic acid ligand can be used as the target.

Thus, metisramdestidetrsinssoepifrdintyananionsdhy fie (rattaAiHe Uy SLNEES MR 2Btion

targets. ;.. AR IRNAARIADRSE BN ARIAINS Somprisine hearpslasidennisiiRNAmpaver is also
meant to encompass RNA analogs as defined herein above. .. Tge term "CF%FO%uégtion factor

aptamer-dissarisiivnesrearin(5 SiRGReT BRUHEH - & UAGEF TSRS AR IR Coagulation factor
and modglates its funclion: #he tesRcceagWatiandadion isasdninoselfer taralisatondhatdetsiin either

or both of the intrinsic and the extrinsic coagulation cascade. \ ed herein, .'c ensus
sequencé“’?@ﬁ‘%rsli’éj‘%alc‘rﬂiﬁ‘i‘:rlécﬂfifﬂék<1 aﬁ%f}‘ﬁ:{é“gieﬁgﬁ%ﬁ qcﬁa%%%ﬁg?yﬂﬁﬁi%ﬁreﬁgﬁkgg %ga{gs’enﬁ%%%f
contiguoys:pupipptidas)diatisfeunsin ehk exporerdgionsdiat eeshavonlttbivasiddeguences. A

consensus sequence can be as short as three nicleotides . $Q a0, henasiewp Rkone or more
nonconti@%ﬁ@’é‘@ﬁ’lﬁ'@ﬁ%@}\ﬁ}i ﬁlﬁc otic emseéla"uer‘{%%gn or | o%lﬁﬁgﬁ;?éf ulgdto hundreds of bases long

intersperseddatiestlthoEdrisdasyssbguenpesorddndéisividesuences can be identified by
sequence comparisons between individual nucleic acid species, which comparisorA? can pe aided by

computer progr&msahd Gitvenitsdldirertimpaemtgastensiiedhd i A eStRIRRHE P S8 uence
informati?8?@39%ﬂéi%ré?ﬁy%@ﬁ%%%cﬁ%%ﬁ@é@ wilbeontai @t leastiabewd, w26tnuclBetides, more
y fr

common m 6 to 10 nucleotides. . . .
{1984) 9:340-362. It has been observed, however, that for some small oligonucieotides, direct

determination of Ky is difﬁcult, and can lead to misleadingly, high results. Under these
circumstances, a competitive binding assay for the target molecuie or other candidate substance
can be conducted with respect to substances known to bind the target or candidate. The value of
the concentration at which 50% inhibition occurs (Kj) is, under ideal conditions, equivalent to
K4 However, in no event will a K| be less than Ka. T hus, determination of K, in the alternative,.
sets a maximal value for the value of Kq. Under those circumstances where technical difficulties
preclude accurate measurement of Ka, measurement of ¥; can conveniently be substituted to
provide an upper limit for Kg. A K;value can also be used to confirm that a modulator binds a

nucleic acid ligand.

As specificity is defined in terms of Kq as set forth above, in cgrtain embodiments of the
present invention it is preferred (o exclude from the categories of unrelated materials and
materials accompanying the target in the target’s environment those materials which are
sufficiently related to the target to be immunologically cross-reaciive therewith. By
«immunologically cross-reactive” is meant that antibodies raised with respect to the target cross-
react under standard assay conditions with the candidate material. Generally, for antibodies to
cross-react in standard éssays, the binding affinities of the antibodies for cross-reactive materials

as compared to targets should be in the range of 5-fold to 100-fold, generally about 10-fold.

w22 -



The terms "cardiovascular disease" and "cardiovascular diseases" are meant to refer to any
cardiovascular disease as would be understood by one of ordinary skill in the art. Nonlimiting
examples of particularly eontetnplated cardiovascular diseases include, but are not limited to,
atherosclerosis, thrombophilia, embolisms, cardiac infarction (e.g., myocardial infarction), thromboses,
angina, stroke, septic shock, hypertension, hyper-cholesterolemia, restenosis and diabetes. The

term "about,” as used herein when referring to a measurable value such as an amoun{ of weight, time,
dose etc. is meaht the enderhphausaNandNs GHRTgRREPT 1RO TS ISRIrErI) % B0 e}zr%ore
preferably, 19, and. stillimeis REaTerably Qs Hediaaihoapgeifipshamgatnasstieipiaiatians are
appropriate o perforni the disclosed method. Compo%%%s of the present 'nv'en[tion having a chiral
center maguekistiie andustepslakiah BetiesayRieRsERy g%?grgﬁqs?%’%eénggr‘%%ounds may
exhibit polymarehism, g pRSERNIBYSRIiRARARIOPRESES tAbeNS, "ttinaliysantive] polyswbrphic, or

stereoisorneric form, or mixtures thereof, of a compound of the invention, which possess the useful
propertiesheeairits&riardin ?ﬁﬂ’?@‘ﬁ'pfﬂ%éifﬁcé%ﬁi%%%%%p‘ggﬁnég%?gﬁ%%gp %Sy%rgé{?(a%me, resolution of

the racernjg, formdanracasiallizatioontet inisligenbysidwhesisdbm Dptitagiyndeidéngaitihng materials,
by chiral syricsts,on by chiomaloaraphis ASRAAON KNG A SEURRAAARE Griwenzymati

resolution PHFEISFSrEHEE BMBES ent, the compounds are used in naturally occurring forms. However,
alternativelyyib e: QoMb atndsidderbbiudecimpleropniaay b ot i ra?sNatIdi®Acid Ligands

A "Nucleic Acid Ligand" (sometimes alsonaferied inasanaqnipenss s saes berginiima non-naturally
occurring ﬁH%Péﬁ%qgg{égﬁa\%%%hgigﬁ%able action oﬁ{% target. A desirgaé)le actior}é%cw?cehs,cggt is not
a

limited to, hindingobttnetprgdneaesiyREaliy eHATNET e Rt HES YRR get in'a way which

modifies/ajtets the targel on hedunstionsl Aoty el istgetz aovalentiattathing o thedarget as in
a suicide in?[n |t%r, or facilitating the reaction b_etngen the Iar%e and gngther %gf&cx%gﬁidg El&giprefe_rred

embodimetetrhwieharrisssg demdismam g R S g2 lieofflee(l:}u e, 5uch target molécule being a

three dimegsiQpaichamisa st urues wherslrtheentistait gidcligdide whtealNibleid At EdRhg the
known physiological function of being bound by the target I enbodismenk okt
invention, this RigEIOaL 9 I‘i’é"aﬁ‘f(ﬁg'ﬁf’ hi%l%er%ﬁ*e}g S&Sﬁ%@”&@%@%&%ﬁ?&y. Nucleic anytid ligands
includes nﬂgggrﬁl@i@ﬁggﬁﬁhaﬁﬁdd&ﬂtﬁhﬁbﬁmﬁ&d&phj@aﬁézﬁi&u@@t@ﬁ@éﬂd%ﬁ%ﬁ%@rein the nucleic
acid ligand being a ligand of .a given.target by t Mising.a) seplastingdimereandidate
mixture Wim"ﬂﬁ’@?ﬁ%@w Wel%lgfﬁl}ﬁj%é?é aci g%%?/iggg%ggnce%%?eased affinity to the tlarget rel?%ive t%) the
candidate mixigreahydibopartifierieditonsitie sehis Nawe o RS IR ARG DRGSR

oning the

degree of complementarity to avoid nop-specific binding of the compound to non-target
sequences under conditions in which specific binding is desired, i.e., under physiological
conditions in the case of in vivo assays or therapeutic treatment, and in the case of in vitro
assays, under conditions in which the assays are performed.

“Oligomers” or .oligonucleotides” include RNA or DNA sequences or mixtures or
analogs thereof, of more thau one pucleotide in either single chain or duplex form and
specifically includes short sequences such as dimers and trimers, in either single chain or duplex
form, which can be intermediates in the production of the specifically binding oligonucleotides.

“Modified” forms used in candidate pools contain at least one non-native residue.

The term “RNA analog” is meant to refer to a polymeric molecule which can contain
one or more nucleotides that have a nonhydrogen substituent other than a hydroxyl group in the
2’-position, and for example, can contains at least one of the following: 2’-deoxy, 2”-halo
(including 2’-fluoro), 2’ -amino (preferably not substituted or mono- or disubstituted), 27-mono-,
di- or tri-halomethyl, 2’-O-atky! (including 2’-O-methyl or O-ethyl), 2’—O-iialo—subs_‘tituted alkyl,
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increased affinity nucleic acids from the remainder of the candidate mixture; and c) amplifying the
increased affinity nucleic acids to yield a ligand-enriched mixture of nucleic acids. As used herein
nucleic acid ligand or aptamer denotes both singular and plural sequences of nucleic acids which are
capable of binding to a protein or other molecule, and thereby disturbing the protein's or other
molecule's function. Nucleic acid ligands can be made with nucleotides bearing D or L
stereochemistry, or a mixture thereof Naturally occurring nucleosides are in the D configuration.

Aptamers:haye b el m% MQ%% AlisHdaaptamesscdticleidaadickligands used
3 h%l%,yl &?80%%%)“1{&‘&15&‘6&%6 cohfig,uﬁ%?on%gb t

for therapeutic’gurposes are typically in th [ .can exhibit any configuratign that
providesﬂh@d@ﬁi@@bff@éﬂ‘ﬂ%ﬁ&%&?’?}{)ﬁ% RUCERCR PG AR “@Mﬁé Hﬁ%%ﬁ%l%‘g%dﬂe%nagre the
target of an oliganugieatids meedaiandbs madidaian alstucompisaih-wiblbotide (sedkidr example,
USP 5,780,221).  The nucleic acid ligands preferably camprise about.10 t 0Q, nucleotides,
preferablgraBpuRiBHs 55’6‘?5%&?0“%@%63(%%8?’%%?@ %%Pfg?é}&f} av%%‘@g% tghg%;g%ﬁgg lE{r%lj.]fc!(g?){;ides, in that
oligonuclegicles:ef ayrnatinihel falinevithindhesserRiidds arehdadiivhprepare P pdtaiitiond
techniques. In one embodiment, aptamers or oli cleoti Qs 50 CRUREISSa Minimum of
approxinfiiély BHEBEHERSSIPER P%?f/eébr}?gna qnﬁg?%"ﬁ%‘é Sﬁggl{)?%&%%&r % nucleotidegl,??hat are
necessaryiigigftaatespigcific binding. The only apparent limitations on the binding specificity of the
targettoligonucleotide couples of the invention.concern sufficient sequence to b di,stilﬁ]ct%/)e in the
binding oligonucteotite e suffitieertbipiditg s paerg st tef et ?l%%?é??géet BB S Kecessary
interactiof 'Aﬁlt%?%{ﬁi%ﬁig‘él?‘ﬂer@g&?r&%gﬁ&tam@&ﬁ%u@ﬂﬁ@@hﬁ&ﬁnﬂﬁamﬂc&, engyGaiers, are

o

feasible iPthe appropriate interaction can be obtained in the c .nt}axt of ;lhe emﬁronmgcrggink\&/hich the

target is plageue THUSHHaERIRH GIHEPaERe Bl HREPRIENSR ELE GBECHARY And Tess strength

of bindingﬁ?&‘cgﬁ;[&%iﬂ?%n suheElgiGasid figants, aacbonethads foclikipmiydosticnegidwse, are
described, for example, in the following U.S. patents AQ of th mﬁ%';%i? agid WB gﬁgcribed in the
patents liEridsoitebieomisepaided sedny ﬁﬁ%f’éﬁ%cg"&d |5’aar1“(3‘?5551escrlgétf1 in publications as well as
other desitpgliiveleis:arig digruEensethinimeglicabthetapyncdnlsinmisdeulatbiglbisriagelutediagcording to
the present invention, U.S. Patent No..6,387,635, entifl rhdarepwrimiding.aptissaitintestinal
phosphaﬁé"éhﬁﬁ’aléiglﬁgalfﬂéﬁﬁéfnlsfsfﬁﬁgntaﬁg?g%%%%%%?%%t%%d{m “ o ﬁ%\ﬁ; _

cells or viruses, as in receptors or envelope proteins. Any molecule that is of sufﬁclgnt size to be

specifically recognized by a nucleic acid ligand can be used as the target. Thus, membrane

structures, receptors, organelies, and the like can be used as the complexation targets.

An “RNA aptamer” is an aptamer comprising ribonucleoside units. “RNA aptamer™ 18

also meant to encompass RNA analogs as defined berein above,

The term “coagulation factor aptamer” is meant to refer to a single~ or double-stranded
aucleic acid that binds a coagulation factor and modulates its function. The term “coagulation
factor” is meant to refer to a factor that acts in either or both of the intrinsic and the extrinsic
coagulation cascade.

As used herein, “consensus sequence” refers to a mucleotide sequence or region (which
might or might not be made up of contiguous nucleotides) that is found in one or more regions of
at least two nucleic acid sequences. A consensus sequence can be as short as three nucleotides
long. 1t also can be made up of one or more noncontiguous sequences, with nucleotide
sequences or polymers of up to hundreds of bases long interspersed between the consensus
sequences. Consensus sequences can be identified by sequence comparigsons between individual

nucleic acid species, which comparisons can be aided by computer programs and other, tools for
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Transcription-free selex; U.S. Patent No. 6,379,900, entitled Compositions and methods of use of
8-nitroguanine; U.S. Patent No. 6,376,474, entitled Systematic evolution of ligands by exponential
enrichment: tissue SELEX; U.S. Patent No. 6,376,190, entitled Modified SELEX processes without
purified protein; U.S. Patent No. 6,355,787, entitled Purine nucleoside modifications by palladium
catalyzed methods and compounds produced; U.S. Patent No. 6,355,431, entitled Detection of nucleic
acid amplification reactions using bead arrays; U.S. Patent No. 6,346,611, entitled High affinity TGFI3
nucleic agid Jigagds andJnhinitessiddySuRatepim Saea@difentitied Niwleie geitidigamswhich bind
to hepatoeyte growth factor/scatter f%ctor (ilH EISE o@t@s re%(]argtorré:-%@ %}% (ﬂ%t? t No. 6,344,318,
entitied MEIHEEE SRR Gt Ahid Hyah DS E *hatent No. B.331.398. entitled Nucleic acid
ligands; U.2j-Batent No. 6,331,394, entitled Nucleic acid ligands to integrins; U.S. Patent No.

6,329,145, entitled Determining non-nucleic acid molecule binding to target by competition with
nucleic acid ligafiok tds Patatio MecEB0659E; anditflt diviamlacfisesipledccdihied it drigyte

detectors; U.S. Ratent No. 6,303,316, entitlech@iganie spasenrdugioryepnomiianeomplex and
system; lf}l.)fg.cﬁ’ra en ﬁ%ﬁ%ﬁg 0,074, e?]titled Systematic evglution of ligands b

] ‘ r &% Qélueén&gliﬁ)qrichment:
Cherni-SEoEkpits,. srensrent Brow adnconamelns) Suarsayar AIBRS? igaRts By &pdhential |
enrichmag%%pgaoltgsﬂﬁ%i%p&mﬂgl@g linards smgnsoluticincsalax;tidriS  Raterbdiodi8] 287,765,
entitled Methods fin- detecting and identifying singl nl(oIFculetS' U@ici"llf?teef%ﬁgstgr&%%%s’ entitled
21-fluoropyreiitine tAIIEAReH RSHARI T p“fﬁl?fé%ﬁgﬂﬁclel?fcp gy igands, U8, Patent No. 6,280,932,
entitled High.affinity-nusieigacid ligands to lectins; U.S. Patent No. 6,264,825, entitled Binding
acceleration techniques for the detection of analytes; U.S. Patent No. 6,261,783, entitled
Homogeneous ct&temiﬁﬂ“@batﬁargewwmh:ghimm@@icf%férﬂiﬁaé‘?\éfn@&?\’tﬂaﬁ@aWiFﬁélﬂé'étﬂih?]@%%atent
No. 6,261,774, entitled Truncation selex | : + P4 246 .ehititeddligiain acid
ligand dia‘bfn% thBTC?ﬂSOE? N ﬁ%{g#tl%lil(gg %ﬁgggt%%sfv ﬁ%&%és'l%gnfs}%n-c nucleic. a %}I li ar{dt?s/' uU.S.
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[ll. Types of Modulators Modulators (i.e., regulators) of the invention include any pharmaceutically
acceptable agent that can bind a nucleic acid ligand and modify the interaction between that ligand
and its target molecule (e.g., by modifying the structure of the aptamer) in a desired manner, or which
degrades, metabolizes, cleaves or otherwise chemically alters the nucleic acid ligand to modify its
biological effect. Examples of modulators include (A) oligonucleotides or analogues thereof that are
complementary to at least a portion of the aptamer sequence (including ribozymes or DNAzymes or,
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Oligonucleotides and Analogues Thereof 1. Polynntleic Acid In a preferred embodiment, the
modulator of the invention is an oligonucleotide that comprises a sequence complementary to at least
a portion of the targeted nucleic acid ligand sequence. For example, the modulator oligonucleotide can
comprise a sequence complementary to 6-25 nucleotides of the targeted nucleic acid ligand, typically,
8-20 nucleotides, more typically, 10-15 nucleotides. Advantageously, the modulator oligonucleotide is
complementary to 6-25 consecutive nucleotides of the nucleic acid ligand; or 8-2001,10715

consecutivedhicleotidesndEhmdengutiorf sae b Bt Rbb R ot ide CAMEE YIRS S imized taking

into account the, taraeted %@&!&Q%‘P ligansiand the rifestesaughbntypicaliyetheonadedatti S.
oligonucleoﬁ e15'5-80 nucleotides in length, more t ,picagﬁ, 10-3r$ and most. tyglica

| -20
nucleotidealengNa 5,298, ItRecalidon Jeriematccao BER LU é(c?é%%%%%ea%ﬁ%%’r L
stereochemsirysef A iKWertherest, Naissalbs aasilshHoieasitsiastinitios Deemfilragin

Formation of duplexes by binding of complementary.pairs, of short.qli leatidesis.f fairlyrapid
reaction witsleicemd ek 8?’1‘%3?@88%%?&%@2’3?%@%’ yobtg%vlgjé%x%%%%%xl%l\f st. The
initial phagg gfithe-Rindingy epelioniinseS Damaltisn. 5198 hRbLoeides Sasepaicsupieiote?med

"nucleation". After nucleation, pairi roceeds i el JlecampRpRNtary
sequencel a4y ‘Fﬁ%‘?‘?‘é‘f@%gﬂﬂ?ﬁ%%}félgﬁfﬁé %Qgeg}éjgl%e'r%agggg%baet %%@Tl?us, the m(g%ulatory effect

on a nuclejgiagi¢ digasickbyl formatienmbiaidgplesifithradeipsndhtar Broncedtide fs rapid.

Stability of short exes is highly. LoR Ahsslengthsand baseraempasit el 1heetiflek. The
thermodyﬁﬁm?gdp%f’%lﬁgtaécrggg%%%‘?ﬁggt%%gsﬁghlgﬁ nhL%Ig% acid duplexes ha\éﬁbeen r{g%rolyﬁb('

measuredMietuliifiy ivreiesttmigisomenad e AHEEESHIS BRI PURS &tk B nctirats predictions
of the freego”%% To.andithusyialidifeRtrginan aligosiunnudestdelduplbxitanisaicuated (e.g.,
Xia et al., Biochern. %_7’:14719 g1993r%]§=,ee also Eguchf' %%%I.I@(Qgg%*nshsc euéci@ﬂg%dg%\f.@gchem.
60:631 (1981 synihgontcleBaGai NG iASS of HEYRVention are é&vanfégeoﬁ y targeted at
single-strafjdeqs 1egions efahecneciaiatasic igand:id bisitaiititafdemibi dationadtitherardractie rate of
nucleic acid ligand activity modulation ,?JSO generally leads.jq-iatermolsgulanduBlgxeghat
contain m@ﬁé@a@@ﬁaﬁ“sﬁﬁ?ﬁ%ﬁ%@é@? ut%ﬁt(g%g%r%gang o -
entitled Vascular endothelial growth factor (VEGE) nucleic acid ligand cowmplexes, U.8. Patent
No. 5.858,660, entitled Parallel selex; U.5. Patent No. 5,853,984, entitled Use of nucleic acid
ligands in flow cytometry; U.5. Patent No. 5,849,890, entitled Figh affinity oligonucleotide
ligands to chorionic gonadotropin hormone and related glycoprotein hormones; U.S. Patent No.
5.849.479, entitled High~atlinity oligonucleotide ligands to vascular endothelial growth factor
(VEGF); U.S. Patent No. 5,846,713, entitled High affinity HRGF nucleic acid ligands and
inhibitors; U.S. Patent No. 5,843,653, entitled Method for detecting a target molecule in a
sample using a nucleic acid ligand; U.S. Patent No.5,837,834, entitled High affinity HKGF
" nucleic acid ligands and inhibitors ; U.S. Patent No.5,837,456, entitled High affinity
oligonucleotide ligands to chorionic gonadotropin hormone and related glycoprotein hormones;
15.§. Patent No. 5,834,199, entitied Methods of identifying transition metal complexes that
selectively cleave regulatory elements of MRNA and uses thereof, U.S. Patent No.5,817,785,
entitled Methods of producing nucleic acid ligands; U.S. Patent No.5,811,533, entitled High-
affinity oligonucleotide ligands to vascular endothelial growth factor (VEGF); U.S, Patent
No.5,795,721, entitled High affinity nucleic acid ligands of ICP4; 13.S. Patent No. 5,789,163,
entitled Enzyme linked oligonucleotide assays (ELONAS); U.S. Patent No. 5,789,160, entitled

Parallel selex; 1.8, Patent No.5,789,157, entitled Systematic evolution of ligands by exponential
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Various strategies can be used to determine the optimal site for oligonucleotide binding to a targeted
nucleic acid ligand. An empirical strategy can be used in which complimentary oligonucleotides are
"walked" around the aptamer. A walking experiment can involve two experiments performed
sequentially. A new candidate mixture can be produced in which each of the members of the
candidate mixture has a fixed nucleic acid- region that corresponds to a oligonucleotide modulator of
interest. Each member of the candidate mixture also contains a randomized region of sequences.
fccoédi”&ﬁ%ﬁﬂ{é]ﬁ?%mg éEﬂé@?Sbﬁt@Eﬂql?‘m'fx@w,han,arﬁitaa‘@ﬁm m‘agtyeasfeﬁdekﬂgm‘sleit acigl
igands, which contain regions that can_bind to mor, one.hinding damain 2 nygleic aci
ligand. IAAYcbrgupise FAthrasppkbach5pt 'eghfﬁg(; gdr?&éﬁe%&ﬁ%l(le?%% y%fcr;fgl]ectnﬁlﬁ!{a
oligonucieptidies), ahaut LbNwelentisies T7iEpgtheain bisyseshthatardistagolliathdy Ebout 5
nucleotides on the aptamer (e.g,, oligonuycleofi compl 0 AHG Lot , 6-20, 11-25,
etc. of aﬁﬁ?ﬁ@@.@t?ﬂf?}é‘ﬁ%ﬁgﬁ}‘gﬁ%‘ié‘a ta beﬁbaé‘? |C%ﬁ?§ﬁé%cév%gg%caus%%%? act of the
tertiary siaegture.abiher apiaatanon ﬁhﬂeé&fkdﬁri@mfﬁhmﬁ&ﬁz‘éﬂﬁn(éﬁnl’@éﬂ@ﬁm%gp?ggict. Assays
described in the Examples that follow,can : il sgifferept gliparycleotides
Co hybriﬂf%l&‘i{e 555%‘88 i(o} ﬁ%T‘éﬁ%“é&dl 1%3#;) g\lglt %ﬁ?ﬁiﬁgﬁéﬁ%@éi&%&tﬁ? m%l&a’r_ excess of the
oligonucidetidgsegeteehtolet RiptaatmpretetismailigardnBrtslerc Hatergshterh ity of the
different gligonrcieasian Mpdialors iy neiraRa e Aie Rl dismasitionsahiieugieisoadid ligand [tom,
iorn‘of t

or associa e nucleic acid ligtual with, its target molecule can al termingd by canducting
standardexinetivstudieaesshaeion "ﬁaﬁfﬂref}%iwé%éé“ééé’g‘i}é‘?ﬁﬁ &Eﬂlggﬁd%%“%n% U g}t‘cg)?/’f(%’n be
selected &&ﬁ%&fﬁhé&éé@@i@?l%ﬂ@|ﬁm@m&oqbnugpﬂiyﬁieﬂﬁde, OrdeBsieis Moyijfsa,28 Tnouliffede

n

interaction between the nucleic acid ligand and,its target m in the, desired. .
Alternatividigh efE Rl HGEraTe H’éﬁ'&?lﬁ‘@rénajg%r? Etgn%%}aif?g stéi%js ?(I)Rﬁnl(e: ugfg%ai% ls%:%}g Z{%gﬂ%ged tail (3'

or 5') in QugEiR. RAARROtE) ASFasiAting. Withicus aliganlididbttisonddulgtod. iSuikable ehs B comprise 1
to 20 leotides, ferably, 1-10 ides, ' . . bly,
o 20l Pt £ et T gl ekt

Id€S such as met quencesé. Tailed nucleic acid ligands can

be testedyify bimdingenWbopssaysi¢e.§3 abdesoiibatifiethelEianisiEs malasirsie) tsansy that

addition of the single:st ed tail not-di I | ruEtdrg.ehdiernycaieacid ligand. A
series bf%ﬁ@BWm eiﬂ%é‘?} of ﬁ?ﬁﬁf@é@gﬂw g%%%t&\g?e%{tides)t at can for Ijo ample, 1, 3
or 5 baseNpai g WitvthetdiledEhigie ntfntn R BET euidrie ddf dgaedadior %ﬁ“&ﬁﬁﬂ&% aéggciate with the

tailed aptamet aionenasell a5 heliakiity o nsraase thadrre e disseriation wdneucieic acid
ligand froffl, or association of the aptamer with, its targ)le)t molecule. Scrarinbled sequenge cqnteols can

be emplo§Sdaderiytithes Sratereis i b P IcHRINEH AHI RO RO SpacTic eftects. The
native gelassay.dessiipsein e dmamesishasiteliow sancheatigedioimbasard sectare; U.S.

dissociation/association rate of an oligonucleotide modulator from/with L. an
illustrativ@embommdne. e, SrEsHIRVERISH Bro F&%%‘#r%%rfé o%]l% ?ﬁ%%}%&gﬁ%gﬁﬂg@%;&%ﬁsreverse

the anticaggutant@nd Bmithrenmetis Bifcetsinédbickdidcasitl igands thét Raigat BonigtitieRts-Of the
coagulation pathway, particularly nucleic acid liganci IStsr Qf | fagten@F)daciriFV1la),
factor ViIIWEWIéYHé&SPFXﬂW%&??@gng Wa%%ﬁ?ggﬁa%ﬁg% %r?gﬂ?n%%oﬁfexeg and platelet
receptorspgugibiaacgpliphials of tisgp&/taffmtdﬁﬁr{mméqm%ﬁ%@sﬁﬁ?mg‘@l%?gllgﬂ%léﬁ%fﬁ% such as GasG,

factors involved in promoting, or maintaining fibxia elok{ormaton.sHel aseab4b(plasminogen activator
inhibitor 1‘31&988%%5}}%?0Wé%?o’grol\lﬁﬂ%?@%IIali,@ nd%a%t itional factors involved in promating or
preventingiibrinisiotdiorfaligmetleptidesAmiheimruins s In5eR AR ETFFEC 68‘@5&%0 ctor Xla
(M2). In 3georganos Wik s AMPAUNRIOSRIASS Grihineaseviphibis saduantageously
ollgonucleoatlme inhibitors) afe administered that reverse the u&iel_c a}%d(#ganq i acid ligands:

blended SELEX: U.8. Patent No. 5,674,685, entitled High affinity nucleic acrd Ugands;

U.S. Patent No. 5,670,637, entitled Nucleic acid ligands, U.S. Patent No. 5,668,264, entitled

High affinity PDGYF nucleic acid ligands; U.S. Patent No. 5,663,064, entitled Ribozymes with

RINA protein binding site; U.S. Patent No.5,660,985, entitled High affinity nucleic acid ligands

containing modified nucleotides; U.S. Patent No. 5,654,151, entitled High affinity HIV

=30 -



activity. In specific embodiments, modulators of nucleic acid ligand activity according to the present
invention are nucleic acids selected from the group consisting of, but not limited to the following
sequences; SAUGOGGAGGCAGCAUUA 3' (SEQ ID NO:25), 5'CALIGGGGAGGCAGCADUAS' (SEQ
NO:26), 5'CAIJIOGGGAGGCAGCA3' (SEQ ID NO:27), 55CAUGGGGAGGCA3' (SEQ ID NO:28),
5'GCALRIJACGCOGUADAGUCCCCUAS3' (SEQ ID NO:29), 55COCGGUAUAGUCCCCUA3 (SEQ ID
NO:30), 5'CUCGCUGGGGCUCUCS' (SEQ ID NO:31), 511AUUANCUCCOUGGGS3' (SEQ ID NO:32),
S'AAGAGRGISLNGCAAGR {GE QoI I3 HEGB CORAGCUANMUIKG Bi(SEGt DB ettod

CAAGAGCOGGGCCAAG 3: (SEQ ID,140:35), 5'CGAGL/ y 140:36)._
oG A O G b B e et hhich
hybridizatidfinisymbintainkdialeié pptioratyednibakigs s ssmesi 6y 618 tBatke SBetieheg29, cutitlsd
example, dne ANDIAL OF ARHSIsif ARic igansiagsAslon X araldia s esanidowanigpica e an

antisense (ﬁlgonuc otide. The antisense oligontcleotide hybridizes to the nucleic acid ligand in vivo
and blockstBné:bRidih i adcleisie aebiersertoihdame Was- Patoph &e1ig8A (ke 8B b dulators of

the inven%ghg ARESEIRSRMENRR SOmRe D e AR ieasEARQ O of Papiscivis agsiigand.
solute complementarity is not required. A sequence "complem ntarg/ to.at Iea\ést.a Pportion
gt

However, a )
of a nucletotiiid lipands oFilel To Rarsisinndand 4 QiRmed hirin AP BIREM ity to be

able to hybrigizeiwith dasonemiriccasichigandilheialiitk oty ridinevas, depert enibedthgh degree of

GOSN 1 BT PPARE S SRS IRttt e et R Rl i

fucleic acid Trgand” can contain and still
form a staligoglugiexiferisinléxadithecagmmby, loERRTd Skiktehiine SR LHB audilediFlgblerable

degree of mysmatch by yse of standard procedur in ' iQt-pf ridized
complex. ng‘élbtgé‘iﬁgoé%éﬁee&%a?ﬁl %%o%ugg égi%%é%%)%%bl%?ﬁﬁggag?éggkg%ggsﬁ? Fi%%u%%é%ﬁtﬁéb at least
15 or 17 riysdsciticie spiied ddtR6 dnlpstidesnagmasidasebblitaeiolitdsPatme Birgdbrtiefiftides of the

invention cat

ingle-s trgﬁélé\%&%'g\iﬁlﬁﬁrwﬁu&&&%QJHLFHQJEH%%@%@M@@QM@!\@% ormpdified yersionsthrraof,
High-affinity nucleic acid ligands that discriminate between theophylline and caffeine; U.S.
Patent No.5,567,588, entitled Systematic evolution of ligands by exponential enrichment:
Solution SELEX; U.S. Patent No. 5,543,293, entitled DNA !i—gands of thrombin; U.S. Patent
No. 5,527,894, éntitled Ligands of FITV-1 tat protein; U.S. Patent No.5,475,090, entitled Nucleic
acid ligands; U.3. Patent 5,866,334, entitled Determination and identification of active
compounds in a compound library; U.8. Patent 5,864,026, entitled Systematic evolution of
ligands by exponential enrichment: tissue selex; U.S. Patent 5,861,254, entitled Flow cell-
SELEX; U.S. Patent 5,859,228, entitled Vascular endothelial growth factor (VEGF) nucleic acid
ligand complexes; U.S. Patent 5,858,660, entitled Parallel selex; U.S. Patent 5,853,984, entitled
Use of nucleic acid ligands in flow cytometry; U.S. Patent 5,849,890, entitled High affinity
oligonucleotide ligands to chorionic gonadotropin hormone and related glycoprotein hormones;
U 8. Patent 5,849,479, entitled High-affinity oligonucleotide ligands to vascular endothelial
growth factor (VEGF); U.S. Patent 5,846,713, entitled High affinity HKGF nucleic acid ligands
and inhibitors; U.S. Patent 5,843,732, entitled Method and apparatus for determining consensus

| secondary structures for nucleic acid sequences; U.S. Patent 5,843,653, entitled Method for

detecting a target molecule in a sample usiog & nucleic acid ligand; U.S. Patent 5,840,867,
entitled Aptamer analogs specific for biomolecules; U.S. Patent 5,840,380, entitled Phenotypic

characterization of the hematopoietic stem cell; U.S. Patent 5,837,838, entitled Bax inhibitor
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Antisense techniques are discussed for example, in Okano, J., Neurochein. 56:560 (1991);
Oligodeoxynucleotides as Atilisense Inhibitors of Gene Expression, CRC Press, Boca Raton,FL
(1988), The methods are based on binding of a polynucleotide to a complementary DNA or RNA.
Oligonucleotides of the invention can be modified at the base moiety, sugar moiety, or phosphate
backbone, for example, to improve stability of the molecule, hybridization, etc. The oligonucleotide can
include other appended groups. To this end, the oligonucleotide can be conjugated to another

molecule, e.g., a peptide, igi%' ?Bﬂ Nt -l!qkﬁe PRGIL ARG ROHAYSR inhibitors;
hybridiza?&?ﬂﬁ@g@e}’ggg fﬁgiévgge agé{%{’,ﬁég:gg%%g}gl%%%bcleo%ﬁegc?ér%iéc?cm% rige 1@.t Ieasit'nolrﬁezurﬁ%dified
base moigit \Waiehtis, BaTetiemisiect hbairafinichigirrydhwtidedirantsdasherionie gaadgiropin

5-bromouyracil, 5-chlorouracil, S-iadoLkrac NiPReXeNINgod- A0 ISHARINEOT
5-(carbox%?&%??%%ﬂ%%ﬁ?%@%ﬁgﬁgﬁ%gﬁrﬁ%?gr%Eﬁ%tﬁh’yl tﬁiourigine °

carboxymdthiikyinin tavettyumatil, citipleses st &?@ﬁiﬁlgﬁ‘éﬁ%(jﬁé@%ﬁ&mﬁé RBNA and
isopentemdadenine: & -methyloyaninesd-trsthvinosinesdeidinmetidauaninesZepateyladsnine,
2-inethylguanine, 3-inethyleytosine, é-methylcytosine, N6:adenipe,7-m§}:§ylgﬂangr%eg151-533
methylanfrisricuyilrsH eaiekvisiaftiRbRratky P BT PEE M B T man 68yltiedsine, 5'-
methoxycarhaaxymeinylamsoRopirtexyds aghndsnethyliio-téisogahtenyiddenioe \JE&d oxyacetic
acid (v), wybutoxosine, pseudouracil, guec sinq, 2-thioc [ocsinehgﬁg%ettgl detrmcf)uE %Um@r&*ﬂ& racil,
4-thioura& +,%Rﬂw1ﬁ%%ﬁ?9am‘&8}ﬁ%-@§&a%a‘ﬁ& A PREHhYEEter uracilyoxya etic acid (v), 5-methyl
thiouracilyBsk3sReinre: 3. cailexy syl aedif6- HimtnitOpityine; eic agkhlatigoandEdliie fodulator of
the invention can alsq comprise at least one madifi L. moiety ¢hfrpm thggroup including,
but not Iirﬁﬂ@’&ttg’,%%%%og t,“%ﬁ@%% ara lf%{gg%%/cﬁgg%% igge%ggsé&@%gﬁy)ét another embodiment,
an oligonscleofide, raailisaidmaiu somplist Releaist.3p RbaHdE RIS sAeRBRCEASRAEY from
the group including, but not limited; 10spNerothiatey @ RReSRRRIQANNeaIF IRy ssDNA .
phosphoa%#r%%?ﬁ%% %gl,eglp(i?c}gsép‘Eg}ggr%(?dsg%%’a@gﬁo%%horodiarﬁdateL a meﬁ%ﬁlpy(;s ﬁonat%, an alkyl
phosphotigstds, aiidI¥ fbrrvatstHRBICAIFAGY U.S. Patent 5,786,203, entiiled Isolated nucleic ac

encoding corticotropin-releasing factor.sub.2 receptors, U.S. Patent 5,786,145, entitled
Oligonucleotide competitors for binding of IV RRE to REV protein and assays for screening
inhibitors of this binding; U.S. Patent 5,783,566, entitled Method for increasing or decreasing
transfection efficiency; U.S. Patent 5,780,610, entitled Reduction of nonspecific hybridization by
using novel base-pairing schemes; 1J.5. Patent 5,780,228, entitled High affinity nucleic acid
ligands to lectins; U.S. Patent 5,773,598, entitled Systematic evolution of ligands by exponential
enrichment: chimeric selex; U.S. Patent 5,770,434, entitled Soluble peptides having constrained,
secondary conformation in solution and method of making same; U.S. Patent 5,766,853, entitled
Method for identification of high affinity nucleic acid ligands to selectins; .S, Patent 5,763,595,
entitled Systeratic evolutibn of ligands by exponential enrichment: Chemi-SELEX; U.S.

Patent 5,763,566, entitled Systematic evolution of ligands by exponential enrichment: tissue
SELEX; U.S. Patent 5,763,177, entitled Systematic evolution of ligands by exponential
enrichment: photoselection of nucleic acid ligands and solution selex; U.S. Patent 5,763,173,
entitled Nucleic acid ligand inhibitors to DNA polymerases; U.S. Patent 5,756,296, entitled
Nucleotide-directed assembly of bimolecular and multimolecular drugs and devices; U.S.
Patent 5,756,251, entitled Aptamers specific for biomolecules and methods of making; U.S.
Patent 5,756,287, entitled High affinity HIV integrase inhibitors; U.S, Patent 5,7503342, entitled
Nucleic acid ligands of tissus target; U.S. Patent 5.739,305, entitled Nucleotide-directed

=32~



thereof. Oligonucleotide modulators can be prepared that have desired characteristics, such as
improved in vivo stability and/or improved delivery characteristics. Examples of such modifications
include chemical substitutions at the sugar and/or backbone and/or base positions. Oligonucleotide
modulators can contain nucleotide derivatives modified at the 5- and 2' positions of pyrimidines, for
example, nucleotides can be modified with 2' amino, 2'-fluoro and/or 2-0-methyl. Modifications of the
modulating oligonucleotides of the invention can include those that provide other chemical groups that

incorporatg; addifiopal chargsi Rektizatignohvdranhabicing vdeegan Hangingsard/os £lestigstatic
interaction. Such modifications include but are not limj e? to 2'&]‘?@2{? suga,rg]%%;ﬂf;_catl?ng, locked
nucleic aomé‘flsl‘b%ﬁiBﬁ%@rfﬁhﬁiﬁ%‘%&fﬁ@éﬁé’ﬁ&@%’] StHSNE: MbEHications mdtitc4tion at
exoocl:_}/_clic_ MQﬂH@ﬁs ﬁjﬁb@t@ﬁ_{iﬁk@;ﬁhﬂa&ﬁiﬁzlmiﬁﬂﬂﬁ@mhquﬁtitﬂt_ipﬂqﬁ S;bmmmlplerﬁ{iedwgiamﬂiildagakbong _
tnodificatiQn ophorothioate or alkyl phosphate catic ylations . unus| ase-pairing
combinati%r@: 58? # Q%Cilgbcb%%al%géf/ﬁ ﬁwg‘%%] ‘”n‘é“og}l%adn%fﬁe‘é?%?éﬁnfo%nﬁé%%%%%ﬂ gn%i;%sjég Include 3' and
5' modificatgnscsuchdd cappiiga(Ge® AsBulvidncHaba, GidabtEHizBidfhis Hstd £489mdl7it1999);

Herdewija, Antisense lgic Aci elq -0 : ier: N anic Letters
815 (O et o e e known

in the art, egjetjass® & Dntanitbiiatsdbrnittyhthiatizeinisn R ad arsleisrmeitblicriir oV afabiéetiom
BioseEtrchy, Appigd BIOSYSIRME Rl selex USRS NS USHORS Providadihenain eae.Qfioxinary skill

can easily practice’the’invention to regulate any therapeutic nucleic acid by the timfﬁly administration of
a complerReiepirin feTdib HEd HEI® AL T OIHERRISE HOUHEE HECHERR) B T Ek A5 fic
Egan& Thisitechniguacambe si5ed,766r @xanpigeifoddbnedtainwitboany of dhemibelsisiacid ligands
described or referred to in the pat ments cited abave. 2. Ribozymes and DNAzyme

Likewise, %f%‘iﬁﬁ‘fﬁé%%tﬁ%?i‘gﬂgop%%ge% i@?&f@gr%égo?né?%fn%vr@hgh 1(%?? %gsﬁr}) Fggﬁgéaﬁf%?invention
to regulateraivh therapeetic SRk, scid Hgandhy ety atihidBitiorofiag an 18 Kd CDRS

inhibiting protein; U.S. Patent No. 5,698,426, entitled Surface expression libraries of heteromeric

receptors; U.S. Patent No, 5,698,401, entitled Use of muclear magnetic resonance to identify
ligands to target biomolecules; U.8. Patent No. 5,693,502, entitied Nucleic acid ligand inhibitors
to DNA polymerases; U.S. Patent No. 5,688,935, entitled Nucleic acid ligands of tissue target;
U.S. Patent No. 5,688,670, entitled Self-modifying RNA molecules and methods of making; 1.5,
Patent No. 5,686,592, entitled High-affinity oligonucleotide ligands to immunoglobulic E (IgE);
US Patent No. 5,683,867, entitled Systematic evolution of ligands by exponential enrichment:
blended SELEX: U.S. Patent No. 5,681,702, entitled Reduction of nonspecific hybridization by
using novel base-pairing schemes; U.S. Patent No. 5,674,685, entitled High affinity PDGF
nucleic acid ligands; U.S. Patent No. 5,670,637, entitled Nucleic acid Ligands; US Patent No.
5,668,265, entitled Bi-directional oligonucleotides that bind thrombin; U.S. Patent No.
5,668,264, entitled High affinity PDGF nucleic acid ligands; U.S. Patent No. 5,660,985 , entitled
High affinity nucleic acid ligands containing modified nucleotides; U.S. Patent No. 5,660,855,
entitled Lipid constructs for targeting to vascular smooth muscle tissue; U.S. Patent No.
5,658,738, entitled Bi-directional cligonucleotides that bind thrombin; U.S. Patent No.
5,656,739, entitled Nucleotide-directed assembly of bimolecular and multimolecular drugs and
devices; U.S. Patent No. 5,656,467, entitled Methods and materials for producing gene libraries;
U.S. Patent No. 5,654,151, entitled High affinity HIV Nucleocapsid nucleic acid ligands; U.S.
Patent No. 5,650,275, entitled Target detection method using specﬁoscopicaliy detectable

-39 -



ribozyme or a DNAzyme. Enzymatic nucleic acids act by first binding to a target RNA (or DNA, see
Cech U.S. Pat. No. 5,180,818). Such binding occurs through the target binding portion of an enzymatic
nucleic acid which is held in close proximity to an enzymatic portion of molecule that acts to cleave the
target RNA. Thus, the enzymatic nucleic acid first recognizes and then binds a target RNA through
complementary base-pairing, and once bound to the correct site, acts enzymatically to cut the target
RNA. Cleavage of such a target RNA will destroy i.ts ability to direct synthesis of an encoded protein.
After an enzymatic nucleic adid has bound and cleaved its RNA target it is released from that RNA to
search fonuaniet reiddigredant. SaRatepedite yp4iid Ardidled VB gheriiiniiyeatigtmrdbytididigaglfan
inactivati ‘ st:Ji rt Isplay a
diterent Qe o acs 00 1 S o SR ™
require aWdhitheidigendeduendatipninbuiaely). 5o bratie lefeHilyeErtyanti diheagdsdonlvlsistides at the
51-side ofifhe clgavade it rhers @rﬁeﬁvw?,é@%@,r&am@@fﬁ&ﬁ&e'ﬁlﬁi%g]ﬁamﬁy fRrepigynd in

Tetrahyrnena thermophila rRIVA, fungal mitochondria, chloroplasts, phage T4, blue-green algae, and
others. ARBitR¥efhacke reidraapiRRKcIMIYSIIS) 2SihierrE R d o aeaTuticoddédidsize, They are

the RNA periionkof adithenHeleogmiRinansReant ceave hentRNARIseUrsade: oIy mature tRNA.
There are rou%;hly 10 known members of this group_andﬁlll:gare bacterial in origin, A third example are

HammerbeiERIBoRte FhRHILFE S38teraltrAielatnnes H20ds b AERPRSGHAEC IS Y sequence
Ul-l immedgliatefy Sclekilie Slearageisite aaighbidraiNal iHble affimbetinvcledtidesad hefleisides] of the
cleavage.site.. T re atlea wn.me of this clas r %{Ldi number. of plant
pathogen}‘1 &f}ﬁsﬁ%ﬁs??ﬁ%% lﬁ%%ﬁﬁ’% the i edc |0'uj§ %lgcgé{f‘%a o%i‘ﬁ?@l%s&sﬂ are ifﬁlé% %ﬁ%p?ﬁ |BIOzymes,
which ard:50Pateciebtid8$i, $ike eThdydrBiinreptthetangd eatipstmibetGlUC ddemetiately 3' of the

cleavage %?qiég()@f;\g@ig%@irl&g%qeae 40 - gl it denvageris.and a vagable puaer (o the

3'side of the cleavage si ere are found in one plant pathogen (satellite RNA of th acco
ringspot WRud)entiidingsad RKIR @B Khinihdanoetegerid THEMRHI g fatipters S ePuanisivelta Virus
(HDV) Rib@zymes, amfich afig nGOGealdRSIBHAS lipandshE RIRYIAI BRI Y, Pgzyme can be

advantage’.ous over other technologies, such as antisense technology, in certain applications since the

effective BoneSREAASnBHHES Hirteaibribe oty driided #arsia sae sant P RaliPae18ss than that of
arr: antise@@%&lé%@mptmti@?sel;t;}s@dmt,@ggi E‘ﬁﬂﬂ@ﬁﬂﬂmeéﬁiiﬁéﬁﬁ?éthil@ﬁ%ﬂﬂ@:@i:ﬂﬁb&&zgmaﬂcm|y-
Thus, a single ribozyme maoleculg is aple to.cleave. many molecules of target RNA aptamers. In
addition,lfﬁ%“r‘fﬁ ﬁﬂ@f?ﬁ%@kﬁf %égﬁiceﬂ%ﬁ%q ,\Wﬂﬁ‘%’ﬁ?g‘ﬁ%éﬁ%ﬂy%fl}fﬁ‘ﬁb‘m%‘h depending not only
on the bagipaiciagtiiechafisnaftiedihgoharglsaidadiievaeohapisinehiywbliigtheantticule inhibits

the expression of t NA to which itbinds. That is,the ighibition is.caused by cl of the RNA
target and 86" %‘Eb%s(fi |C%%8%%ﬁ%d%§s%zﬁ£égﬁ8§§e @3‘%@‘%‘@#&&%‘%&’5 %‘Lfglt%égt%%%ge{te% NA over the rate
of cleavaneeghpgiftardeted RNA, THigekavade sebhahishiistegantentuporfantoesadditional to

those invplved inhase RalEngsThusy e SRECIisiG PhASHRNAL SRRANME JHIARE S8R ween

circumstances, can be greater than that of dntisensc oligonucleotide binding the same RNA site.
Another ¢hasshotlinaandicatiorasibs Hatesahd SDRAAmENAspmedcawbiHgleesiigandtband

 cleave both, RNfand RNAeA: geieish vedekiar e RNARme iasheen, pienasad.andss known as
the "10-23" model. DNAzymes following the "10-23" model, also referred to s&‘ngl as "10-23

DNAzytn6@2rREVE BRRablGiRiersinm 2t abtertisgytimbiticrstily ebptatitey ais&trate-recognition
domains g seven todingideoxygieRuciEnideseaeiin Visoranalyses Shondmttitgdype of
el i e T Y

1.8. Patent No. 5,503,978, entitled Method for identification of high affinity DNA ligands of

HIV-1 reverse transcriptase; US Patent No. 5,472,841, entitled Methods for identifying nucleic

acid ligands of human neutrophil elastase; andU.S. Patent No. 5,459,015, entitled High-affinity

RNA ligands of basic fibroblast growth factor,
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a DNA molecule that specifically recognizes and cleaves a distinct target nucleic acid sequence, which
may be either DNA or RNA. Ribozymes and DNAzymes comprise both substrate binding domains
and catalytic domains Rules for the optimal design of the regulatory ribozymes can be found within
Methods in Molecular Biology Volume 74 "Ribozyme Protocols” edited by Philip C. Turner (Humana
Press, Totowa, NJ, 1997). Strategies to identify reactive sites for ribozymes within a targeted nucleic
acid are also described in this volume. Using these standard rules, hammerhead ribozymes, hairpin
ribozyrnes, hepgiitig-gedtaoy hisdiitaoymes and ribozymes derived from group | introns can be
specifically engineered to bind to and cleave a target nuclei¢ acid ligand. The

| \r ) ﬂeﬂoilité/ of such ribozymes
or DNAzymes thiolieirersieaargetipissiief 4bfd TyRHaHAA e ORI T SR hiiRBer of assays. For
example, fo"%@g?innﬁ ion.of 24ihpryma exd RiREMmeiwihaRubiabetediar bgatisled (Bg. 3217?)
igan

target nudféic aci under conditions favoring reaction, the target nucleic aci nalyzed
by denattmige gelestéeté@gh@ﬁ@@%@&f&é&él’ﬁ%%‘i‘i‘?&@%ﬁ%@’%@ B‘I%Aifﬁﬁﬁ%e‘&%ﬁa%% ?r?éﬂ lg%%kbone of

the targea%t,ag,!@gc asishligand Allpmativelie:iies ebeenat yesenaheeeneyciddiset lormdifige in

fluorescence inténsity can be used to measure cleay f an appropriately | i,acid
igena. 51 olinetelo st WFATOCE (RO NTEIE Kot B e R AR des
(MNAs), lacked NuglsieAsidsd kNAeY) a podiBsefitie-Qyolic:Gtgomae|Codddsgrosymes Rucleobases

of the oligonucleotide modulators of the.inventi ROiIvia intesnudRebeee AiRkages, e.g.,
peptidyl INAFEE 2485 REE: eofpﬁggﬁaglﬁ%%(l%er}c& ggl@? (%glé}zrzz);;&Niélsein et al, (1991) Science 254,

1497 and befadPaichie. 5:ERI0SA) AndBorgrislrssHREGEP oSt BPLY ARSI ?\’iﬁc?l‘gi% Atcid Drug

Dev. 10, 11(2000); Symmertan i Nudlei id-BaRave &t 48 eI Stieadhedeton et al.,

Antisensé‘Wf}Hé“g ng ‘E)?‘&‘g‘sqﬁ‘é’éﬂ%%esﬁg g(@é%%%%%ﬁﬁ ét_ a’f_, J Bic_)gl égem. 271, 17445 (1996},

Partridgerss albsARHSBREEONNCIEN AiBasDryBiss (581891856 S5 ans BB natlral or rodified

linkage. The qligenuc] Al eaNsicIesofeids PriddisNieskendetnd AgkBidmol
‘i‘%fﬁ%@r fy ?gg@%@ﬂcﬂ 8RS bRk s

Striact D ( etersen et al., J.Mol Recognit 13, 44 (2000); Ni : QW jug
Chem 11(1228)2000ymall meirgalenad Sl W&??h?e\ishr%parﬁgll’g%gsbégsot%}%rlié}ﬁﬁgl%lgt}ilgg bat differ in

compositjgn. in PNAg, thrKerayribeseibaskimne CREIGOHUCKRE saublatétififth 435e e

backbone. Each subunit of the peptide backbgne is atta ) dbtéjé RafHLallY-RERUNIAE Bk present
non-natumnmwm%&ng%ﬂ%%uE"g%r%nmac Iral polyatnide backbone consi ting of N-(2-

invention: Chase et al., Ann. Rev. Biochem. 56:103 (1986), Eichorn et al, I. Am. Chem. boc,
90:7323 (1968), Dale et 2{1., Biochemistry 14:2447 (1975) and Lippard et al., Acc. Chem. Res.

11:211 (1978)).

In an alternative embodiment of the invention, the modulator itself is an aptamer. In this
embodiment, a nucleic acid iigand is first generated that binds to the desired therapeutic target.

In a second step, a second aptamer that binds to the first aptamer is generated using the SELEX

process described herein or other process, and modulates the interaction between the therapeutic
| aptamer and the target.
fnt other alternative embodiments, the nucleic acid ligand which binds to the target isa
PNA, MNA, LNA or PCO and the modulator is an aptamer. Alternatively, the nucleic acid
ligand which binds to the targel is a PNA, MNA, LNA or PCO, and the modulator is an MNA.
Alternatively, the nucleic acid ligand which binds to the target is a PNA, MNA, LNA or PCO,
and the modulator is an LNA. Alternatively, the nicleic acid ligand which binds to the targetis a

PNA, MNA, LNA or PCO, and the modulator is a PCO,
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aminoethypglycine units. The purine or pyrimidine bases are linked to each unit via a methylene
carbonyl linker (1-3) to target the complementary nucleic acid. PNA binds to complementary RNA or
DNA in a parallel or antiparallel orientation following the Watson-Crick base-pairing rules. The
uncharged nature of the PNA oligomers enhances the stability of the hybrid PNA/DNA(RNA) duplexes
as compared to the natural homoduplexes. The non-natural character of the PNA makes PNA
oligotners highly resistant to protease and nuclease attacks. These properties of PNA oligomers allow
them to serve as efficient antisense or modulaﬁrs .ofpucleic acid ligand activity. Indeed, peptide
nucleic acids hddHEMRAS SIS IBAROBHSTEH & ession on the transcriptional and translational
level, and microinjecteg ENA oljg?cmfcr%demonstrate a strong antisense effect in intact cells. See
www.bioscience.org/199 ?vwgf"soome{sffulltext.httn; and Frontiers in Bioscience, 4, d782-786 (Nov 1,

1999) for details on e8! achievEmRRiE,ARPNA anisensearRlicaliancrsPscaliihrsesancerned
with whole cell or tissue é)llvery of the’PNA. See also Nielsen, P.E., Egholm. M. Bergéﬁlﬁ . &

Buchardthat (089@)sPeptismueeasRlaas TRRYAY. 35 KA h BRI et SRR sad in

"Ant/ Sen%@ﬁ&&%@fﬁb&%fg&'iﬁ@%ﬁﬁfeplﬂigmﬁd;&m@ac& {elC RS qUans BagleRatanypp
363-373. PNAs bind to both DNA and RNA and form PNA/ N%\_%PNA/R_{EQ3 duplexes. The
0 i

resulting PIGA/DMAl e ERIEReAHBRRABICIHE 30 RGP TR SotrelpdRel ATDNA or

DNA/R Ne}ga%l\?xqms guiglenices bydheinpighe mekingdempestsuresiEbmje Bhisthidinthermal
stability of PNA/DNA(RNA) du lexes has been attrib tfed to, theﬁzéj'glalii%{ (%f tge gg@vgackbone, which
results elifhititiSRTSFEHEHRFAHERST I%ﬁ@ ?é%gﬁtgir{%ﬁlﬂx% Kot RNATRIR (iuﬁlexes_. Another
advantage;et:RhNAd DNA (RN duexed s that!EOniserditicaih bindegéndetindtstiebascatration.
DNA/DNA duplexes, on the other hand, are/highly de n LORIC or Since PNAs
are an ar?gfbodﬂé%? Bﬂ%&tﬁ? @v‘h%ﬁct%%ﬂgiagﬁ%i(wégaapg%ﬂg%{)gggtiggggﬁé&?#a%%? gr, they mimic the
behavior aif fahiAlanddoiisch sthaptéentifieaiy relbicnurilspiarids. IOnvaidaPatidutaSes  dith as
D SRS 5 OB PR fech e ISy AToNG e alheifng oo e be
mcorpora% in PNA'syiitlions; PNAs are’ most commonly synthesized from _onong};as (PNA
synthonstpretelstedsttcording o inderBtc Neus i pASRIETBA LFRBYJ Me BN $IEEAREmino
group of the growing polymer is protected with the tbutyloxycarbonyl.(t-Boc).group and the exocyclic
amino groups of the ndEBE4NE fpless Ry 3:‘@‘%?&%%?88}6\%/%%%%ﬁ%ﬁlgg%%%%onyl (benzyl) group.
PNA synm%‘m}g@g@ﬁy§iﬂ@@1@§ﬁpﬁi&my®aﬂﬂa®gymimmmmen@ialIgoaataﬂﬁtﬂenef&HPNA is
both biologically and ghemijcal ahble.and readily availabl t . ' B.,.
Eaholm, BERENAAOVE N S P £ B Lk B T IR R SR fing
affinity ofipeptidaree @t&i@m@@ﬂsm%ménﬁmmwma&iae’hdé@@amgﬁd@ﬁsﬁtiﬁ@%ﬁe‘is through

2-Arninoethyl--Alapine ,or 3-Amitiopro in ' . C : 653:8:519);
Demidovfi{?. F%‘éé%%’?@é?n"e‘?%‘é?&‘%ﬁ“@ﬁﬁ%%ﬁéﬁf%‘%ﬁm%%% %&Nie%s%}r?, P.E. (1993). Sequence
selective sabbesirarRDTN Al lohe sthageodylFa this vig: Bsme rrrikhgrn s et Rci< Res. 21,

2103-2107)..Th r ' Nyety aerd madifar anlisensepgseeithgapeutic drugs,
and in vit@%lt%xd??sa ]l%ag/%%f fﬁﬁgﬁ%ﬁ%ﬂgﬁ‘%ﬁ%& antiggnse pot%ti?&%\lieﬁen, PIIE "Peg@?ttide Nucleic

Acid (PNAypRisetcsthadeneshandrhassriomrasligB b tReiuRETiar B P Y OBy 205145 49557
Egholm, M, Beliepssifor GiUliSienseaupleBe 1gwR HdenNighsem! RS But ety Peptidg nucleic

acids containing adenine or guanine recognize thymine and cytosine in complement
sequence¥ighbesuls BpallepsihicsiintiR 15 3h C?(?—%‘f)af?)érl@,mé‘f)&’, i%‘%gr:\g} %%#GM
Buchardty:s Bargi iR it a&idardepeoiRighstientiadetripiekdonhetibd tveaieptide Rietdisiacid
PNATS8 and poly(dA).shown by linear and cirgular dichrgis! tr " . $gC. 1993,
SEREAbShoN: oY B A% AL ARG SRR RSGOBAATET oS Do

115, 64776 nsen, L., Behrens, C., Freier, S.M., Driver, D.A.,
Berg, R.11,, Kim, SIC.. Nor Y ENAYRdiZeSI reeRtanseligonucleotides
obeying the nggﬁg ?%%?ﬁ:rgggﬁ%%ﬁdéﬁglﬁf&mﬁ%g 1993,'%?%5, 595%3-%%8; uch Brdt, 0., Egholm,
M., Berg, RagiedetssonsoEthepeptiderriddiernhddss rvgh guHe pb Rt &i‘%‘ﬁgf&a{%%% Shedicine
and biotegQleqy TSR BIONBCHRAIAGNLA IR i, 38ferig)icads RNiAS appeatiialbpithesiny useful

for a number of special applications. When targeted against raye all-purine sequences, PNAs can
block trarstatiom BATIREREHT HIIRIA IR HING S HEUDIEE M mp structure. With such rare RNA
sequences one segment of the PNA binds to the target sequence by Watson/Crick bonds and the
other segment of the PNA binds to major-groove sites of the resulting PNA/RNA duplex. Probably
because of their very flexible backbone
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structure, PNAs also readily form triple helix structures with rare duplex DNA sequences comprising
mostly purines in one strand arid mostly pyrimidines in the other strand. Lastly, under low salt
conditions in cell-free systems PNAs have been shown to achieve sequence-specific invasion of
duplex DNA sequences, resulting in inhibition of transcription of the invaded duplex. Recent
studies by several groups have shown that coupling of PNA to different carriers can improve their
uptake into cells. Among these, "cellular uptake peptides,"” fatty acids or DNA, especially several
peptide sequences haveapRan shovwmbtaherbledacdeyRNA higgmers derdssoliypoallentdebranes.
Vector pegtide-P_NA conjugéi?tes have. qée;n &Bo nto crl%sdf ttfllag neuron mem E?Qveﬁ%ﬂd suppress
targeted tHARIAL RIS PEGIE 0kt 487 S)g[)‘ RTS8 25 0985, “Biotinylated PNA linked
to a conjuggip Lhsteptavitiorantidhid X256 muking monodidraipttibody ol kiegretpransighivireceptor
have been reported to cross the rat.blood-brain barties in viva (Rardridge. . AS
92:5592-5888Y CHMAS BOES &F éf.ré ?glc eé%%hgeﬁ E)Qréée%eu%ecr?‘é(g gé%%lg%%%}%ce&%g%: egggﬁ%gr(?ed human
cytochromehihxicass (RO hesunftinicaodblatinyiatecs PasA WrdmveiEcstiddeedamigtported into
isolated migehanaia ) IR ACHINANEak, Riek: AR8RenR T hithnbel 3182 BnRlvarvalibe

e

biotinylate%?rﬁeesﬁﬂ to-mitochondria in intact cells was confirmed by confqcal microscopy. In
addition, @khorisasaphobioiedtceiwithlersusageenteBiging forbis it dtit s W BN Rimer has
been Sho‘é’d%iﬁié%%&%%@&é@l%Q@‘%‘E&Qﬂmtﬁ&ﬁéﬁl@d&ﬂmghﬁas,cﬂﬂﬁc(ﬁﬁﬁﬁﬂixﬁeg&hn@ﬂwami, G.
Damonte & U. Benatti: Synthesis ,uptake,,an%(intra(?:fllgla‘r. &Th%étab Iif,m %fo a ngr%ﬂqmg L
tetrapepti@@tﬁ’e"ﬁtf&@"ﬁﬁ&%i%”&&iﬂ‘fipﬁﬂf’-‘ﬁ’ﬁiﬂr? ABIBLIRES BTG CHER BiophAYS e Eamiin 1997, 236,
323- 326) ;RaskoANE WiskstrDot Synthesidearte chzirieribatiohphagbeptite) nuciéitSacid conjugated
to a D-peptide analog of insulin-like growth factor 1 forincr |l IRsQRiLgate Chem
007, b, JEEASE S b TeH A L e e 1
(IGF1) mimstigking Ipetickecwasl speuificatly taiestidps Hy1de fs8x pleasintr tRE Aes i Ectipténalthough no
antisense activity was described. .. e.E¥anRips OhethermaskaseaiNielsertRelos i
Egholrn, R E?%aéﬂ%‘{ é%lcﬁ%%{t 1%%%%2%?5?selective recogni ign of DNA bl)%{f[ra d digp acement

with a thymjinesulvstitutetfistsipanitisySisdntonss g rirshir@seiy: eyRormiRrssidnan, p. E.
Nielsen 81y b S5 RARHASAYEIREACIdSEND «ligooeelcaiiasnalaguesiuiiianachiral peptide
backbone: JAnf Chem S'oc 114, 1895-1897 (1992); Nie_lsep,_Pgb%., M. Egholm i& 0. Buchaydt. Peptide
nucleic achytrdize)ton BreairimielsirRcid Jisfide s HoREGRR A BTouIRtIG At 3%?§ﬁ§cg§%%x%16994);
Egholro, Ny oﬁ&lg%@l%‘?@q@r&%%‘fﬁgv& é%ﬁiﬂ;e&a;‘gdla?gaﬁgiaﬁtmgf@ml' ili'%mh;ﬂadabiﬂ'eymig)NA by
cytosine and thytnine containing peptide nuclejc acid. J Am Chem,Soc YR : ;
Egholin, Mbealifierbplgnuefik 86’%%?1{%9’@@?1Pé?%§?§%.r rce?g:{,hf)s.oﬁ? (}FV%%Z%%%YI%E%?&S& K. Kim,
B. Norden R4 BoMielsanobbtAvhyistisizes igccatipigmdntity iligopeckedtiokswhelingthe
Watson-Crick hydrogen-bonding rules [see.comments] u 6 D Witturig, P., P. E.
Nielsen, Odﬁﬁ@ﬂ&%%moé ﬁ%ﬂﬁgg@%éﬁﬁggﬁl Wé}hﬁg%@%é@%ﬁ@ ger’h%d y%ﬁe%%?ﬁ%ﬂucleic acid.
Nature 368)f64:063H1084) Brownc:B. 1€ seBod Thantkdrt, I3 Manpler Dx@s1¥vis: NMR solution

structure of a peptide, nuclejc acid complexed with RN Jol e 1994 skRepaidgy, V. V.,
V. N. Potaﬂ%ﬁfﬁ“l{%eﬁ% raor{li%aﬁ%erﬁ%lt}gfiﬁ?,%g%ﬁ%)%?%tigu%ﬁ?ggég% ﬁgg%ﬁﬁiﬁ%%%l FI% E. Nielsen:
Stability ofipeptidenmieteie acitls dasigrharsstum and cellular extracts. Biochemical Pharmacology 48,
1310-1313 (1994); Peﬁ‘gr, N. J., J. C. Hanvey, J. E. Bisi, S. A, Thomson, C. F. Ha sman,‘SﬁA. Noble
& L. E. Babiss: Siteraaivelsidhedrersseomes B%B%%i‘&la%é@%%%“&?a&%‘é’rg?ﬁ SENAAGHd Sci
USA 90, 10648:110652:61898) in ordéPth piemiolias 6:8460307itp Shaj etatislisidloses as that inhibit
telomerase activity in mammalian cells, U.S. Patgn't Npﬁ,%?&ﬁ?ﬂ to Bakery et al. gisr%l%sf%)[ 1-
compositicHstEHe HEFRHECBPRibitthg HECFRHERSBIS St Eapped 1argeted HiRINA bsing PNAs. U.S.
Patent No 56,1G5%46 distlarsdabatingief e RNActdmile., modding cacledisity prépasd alPNA or
MNA that is complementary at least in part to a nucleic acid ligan ing { w
complememeifir) SAEGEE of Déﬁ@l?‘tﬁ%@é: %(éﬁiﬁ agssigaagu&? ?%'l%[aégpéégléégr%%%s%%%h%gg?%ﬁ al
oligonucleqtigle;atisehsdiratpbisldsit follow) to verify that addition of the single-stranded tail does not

disrupt the active structure of the nucleic acid ligand. A series of oligonucleotides (for example,

2°.0-methy! oligonucleotides) that can form, for example, 1, 3 or 5 base pairs with the tail
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Morphotino nucleic acids are so named because they are assembled front morpholino subunits, each
of which contains one of the four genetic bases (adenine, cytosine, guanine, and . thymine) linked to a
6-membered morpholine ring. Eighteen to twenty-five subunits of these four subunit types are joined in
a specific order by non-ionic phosphorodiarnidate intersubunit linkages to give a morpholino oligo.
These morpholino oligos, with their 6-membered morpholine bacicbone moieties joined by non-ionic
linkages, afford substantially better antisense properties than do RNA, DNA, and their analogs having

5-membered ribose 0[?3 Xyribos 055 ?%@93}1{@9&?&&@1%'a%axtéovmﬁl'mmﬁ@& 458er alone, as

Wwwgené?ggf%ng%r%gv oS y_morpho finosk Morphlinos, devised by Summerton
in 1985, cedbtitfeia ahﬁmtyauoremesnmbcf mmﬁﬂmw@waglwmﬁlﬂ&reaﬁ&@ﬁﬂaﬂéfd%mages of low cost

starting maleriale g INEXRERAME RSB ISR BIAS, cAATploRlgscAce camalelslysesistant t

nucleaseS3nd tha ey appear to be free of most or all of the non-antisense effects that are seen with

S-DNAs. wnphntcéstbm%m,ﬂsﬁ whestirdspoiine soclimisi Sxeation aidus neserssilig SRS Hbihos also

have mu | RNA bindipaaffipities ihadens: RNAS ciAagRdacbasdigheatdPNAs. Probably as a
result of t elr s stantial RNA binding affinities, long mor ‘30“”%58&5 mer é provi e redictable

targeting @a@v@%ﬁ@ﬂﬂbﬁwaﬁm@w@%@% 6’HP1 BP6 P AR AN %emflmty The

same factors that underlie their exceptional ii % enccta .S e %:ltg/ als renod tpgphgpswtable for
targeting point mttatidhestigiye Ryt B A KAARShBIANR 6t Al ls directed to derivatized

oligon ucl@p&;@iﬁwyaf@ Rathigld mkmsnwmma}mufammméﬂm@wmﬁgmdégu@maﬁlsi water
soluble wéa ng?lr I| ipid eolurpll% \{é% m| %“;I' i I%lﬁglg gr&wﬁ &@g@&lﬁpmg§@taﬁslggﬁﬁitherapeutlcs
cle

by modificétl u €s WI rotein’sequence that aids in the selective entry

of the com@@mmmefemmlbb@/@mﬂéﬂ% HafERs Siotsie \HRE Bl MRS N be
%S:r?] oo o a§8|§ iheyansier dihsantsansedhpieRaUin pLiiagnesiraosasasmelylar
p[bIX gpV1, factors involved in promoting platelet activation such as Gas6, factors involved in
promoting or maintaining fibrin clot formation such as PAI-1 (plasminogen activator inhibitor 1)
or coagulation factor XIla (FX1Ma), and additional factors involved in promoting or preventing
fibrin clot formation such as AT (anti-thrombin 1IT), thrombin or coagulation factor Xla
(FXIa). In accordance with this embodiment, modulators (in this case, inhibitors,
advantageously, oligonucleotide inhibitors) are administered that reverse the nucleic acid ligand
activity.

In specific embodiments, modulators of nucleic acid ligand activity according to the
present invention are nucleic acids selected from the group consisting of, but not limited to the
following sequences; 5’ AUGGGGAGGCAGCAUUA 3 (SEQ ID NO:25),

5 CAUGGGGAGGCAGCAUUAS’ (SEQ ID NO:26), 5’CAUGGGGAGGCAGCA3’ (SEQ D
NQ:27), 5’CAUGGGGAGGCA3’ (SEQ ID NO:28),

5 GCAUUACGCGGUAUAGUCCCCUAS (SEQ 1D NO29),

5 CGCGGUAUAGUCCCCUAY (SEQ ID NQ:30), $*CUCGCUGGGGCUCUCS” (SEQ ID
NO:31), 5"UAUUAUCUCGCUGGG3 (SEQ ID NO:32), 5' AAGAGCGGGGCCAAGS’ (SEQ
ID NO:33), SGGGCCAAGUAUUAU 3° (SEQ ID NO:34), 5° CAAGAGCGGGGCCAAG 3
(SLQ ID NO:35), 3"CGAGUAUUVAUCUUGS’ (SEQ ID NO:36),
5'CGCCGGUAUAGUCCCCAUY (SEQ ID NO:41), or any modification or derivative thereof in

which hybridization is maintained or is optionally at least 95% homologous to the sequence.
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The efficient and sequence specific binding to RNA or DNA combined with very high biological stability
makes PNAs and MNAs extremely attractive leads for the development of modulators of the present
invention. Peptide nucleic acids which can be conjugated to the carriers are distinguished in U.S.
Patent No. 5,864,010 entitled Peptide Nucleic Acid Combinatorial Libraries and Improved Methods of
Synthesis, developed by ISIS Pharmaceuticals, which is hereby incorporated by reference. In addition,
the peptide nucleic acids which can be conjugated to the carriers of the pr_%?fg% invention are

distinguished in ExSeradar o 810861053 antliaiscpe ettt yda’ LIRS Bebtide
nucleic a%i%%;ét nds. and angipdsieic il sHamsidehd isigonaviebathssybfilidéA iatielaguemthetipossess

some features that make it a prime candidate for m dulatoc{lstof tcpte |ﬂ\é&@t&g}z The LNA monomers are

bi-cyclic dismpbimdsemsthipaly Grhiaring RNASRERBHEFS. TR SRare thost of the chemical properties
of DNA and RNA, it is water-solyble, be separated ! I anol.pecipitated etc
(Tetrahedron, 51}‘@66"5-%&%35@?3 E%EI(\}IIGSVOG?I’&I?} }ggﬁgﬁggn&o ?I%%%%%%%%ﬁ%%?o either IgNA or

RNA oliggs rastiipdnibighfthevtelcsiedilityof. diiptexes witelbbhepleninta NS RUASHhfe, at the

same time obeying the \Watson-Crick base-pairi I is highithgrmal.aiability @fithe, duplexes
formed wﬁﬁq}iﬁ’ﬂeg]fé’f}?ﬂ e@%ﬁ“e’f#@r%? ) ﬁ@%@%é’%@l %irglirggyg cé)gr?gihing.? Iocat'eclzlr Il, A(s) are

substrateg feqencymatisextEisionsoaglethmPUR kebeabie, & sl WIEHsIR It &Hiton to
significantly ingraase g Phecitibualdrieslian of vatiant mglaadiisin ihariniyiodsuayse bscribed
in the appiL ation. The amplification processes of mdwfég Iglltales oceur hlgp%%s% iminative, {gross
reactions aféinettisitseyardsavidrdrradallprilngpta g‘?ééé AR SEmE veessel,.[?ee or example
U.S. Paterrhtii}fr%tc@l@sl@fiﬁggtargeﬁﬁ%&t‘i’@a@}&ﬂgdﬁuﬁﬂﬁﬂembﬂﬁ@m(m%)mm@f@(@ fepirgethas a

modulator in the present invention (see U.S. patent No. 6,383,752)..P o e gligopueleotide
segmentstdpasticdiphretrRakeics s '%?I%I%l Hh@g.%r%no?st%eé,t %‘ggarﬁ(g%%??h&é%g%nctioﬁal segment") of

the PCO Ras, Sopre HBcHOpARI(R @ waltiantiserae elijoppiestidlée dyipldirrsamnplera Barget mRNA).

Another segment (the "protective segment") is coy L y&gtt{@ré'-lggtﬁ-ggﬁglm{qsq)pﬁ’qhe
functionalsP&gifePtREfEhé ‘Bmﬁ%uﬁ%%éﬁ%nedc “ro%awgé |cr?di}t%srgttachedq[o the function | segment). As a

result of copleRentariy:helveendielfnctivlaiatipritetidoe Shggligpucteotides of the

invention can be DNA or RNA. or chimeric mixtures or derivatives or modified versions thereof,
single-stranded.
Antisense techniques are discussed for example, in Okano, I, Neurochein. 56:560
. (1991);Oligodeoxynucieotides as Antisense Inhibitors of Gene Expression, CRC Press, Boca
Reﬁon,FL (1988). The methods are hased on binding of a polynucleotide to a complementary
DNA or RNA.

Oligonuclieotides of the invention can be modified at the base moiety, sugar moiety, or
phosphate backbone, for example, to improve stability of the molecule, hybridization, .etc. The
oligonucleotide can include other appended groups. To this end, the oligonucleotide can be
conjugated to another moleculs, e.g., & peptide, hybridization triggered cross-linking agent, ‘
transport agent, hybridization-triggered cleavage agent, etc. The oligonucleotide can comprise at
least one modified base moiety which is selected from the group including, but not limited to, 5-
fluorouracil, 5-bromouracil, s-chlorouracil, 5-fodouracil, hypoxanthine, xanthine, 4-
acetylcytosine, 5-(carboxyhydroxymethyl) uracil, 5-carboxymethylaminomethyl thiouridine, 5-
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, M6~

X . . ~ . 1 ‘ L . h PR
isopentenyladening, 3 -methylguanine, 1-methylinosine, 7,2-dinmethylguanine,2-methyladenine,
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segments, PCOs form intramolecular pseudo-cyclic structures in the absence of the target nucleic
acids (e.g., RNA). PCOs are more stable than conventional antisense oligonucleotides because of the
presence of 3'-3' or 5'-5' linkages and the formation of intramolecular pseudo-cyclic structures.
Pharmacolcinetic, tissue distribution, and stability studies in mice suggest that PCOs have higher in
vivo stability than and, pharmacoldnetic and tissue distribution profiles similar to, those of
PS-oligonucleotides in general, but rapid elimination from selected tissues. When a fluorophore and
guencher molecules are riately linke f ] inveniiaRe the molecule will
fluoresce WHEN Eﬁlgl?ﬁl?h%q %@@@ﬁ%&f%ﬁﬁ%ﬁkﬁa&&%ﬁms{(?égl&%@’zgﬂﬁgm ed in the gyclic,
conformaiiahyAxiuaieiticidch) rﬁqumpmmw%%@ﬁﬁa@m@%?@%%maﬂﬁ?&&}ﬁ@ﬂﬂa‘éig acid

interactions are involved i many:cejl tions HincludingidansrHptisanftiutosijcingiand
transIatiéﬁo.tg?ﬁﬁaéhg%%@éﬁ@% Egl }:%?h{hgiir%lwith hié;h arfinity to spegqifice%equgnlc' s of €2
single-straydedinaciéle)auiuheesitie PO MHEYRE WitheRESE MSer AR 2 S hrdilable

way. th%%?%ﬁrggﬁl{b%ltgl@i\{’esbﬁ%gﬂﬁggﬁgdlm@ﬁﬁﬁﬂxbﬂaétﬁjEﬁ@dlmﬁfﬂh@wskemzaaixiﬂ segaaizes. One
main group of préteins that directly bind to DNA are transcripgbon f %ogs Sglr(p%g%(gmples of
transcriptiod b tbrseyi e wiactb (oG aia sk s CBU S SAYAY ?320 S

ih anscription factors (leucinezipper
factors, CREB, helix-loop-helix factors, helix-loop-helbd leucine zi 1(';@%5%% cellzcyslagantrolling
factors, NF-1, RElignfeslaghoq {po b%r't%é\%tﬁ% %ﬁ&%’fﬁclﬁg&l ! 8%%%? tirqns'cripstion factors (eys4 zinc
finger of guelesbiageptandie thyroigduprindndingdeptortikeited torsraiinsse hermaeshingsts,
CysZHiSZ%inc fin%, r domain, metabolic regulators in fungi, large factors with NF-6B-like binding

Y

properties &Ly <Ein

S8, . . . . . ' .
éine-zinc cluster, zinc fingers of alternating composition, homeo domain),

Helix-turn-helix fhomeo domain anik.ROH Somainitatier s:dualed: kax clankdead/singed helix, heat
shock factors, tryptophan clusters, LEA domain), beta—Sc;affoI"gilBFaﬁtors \{v{th mlcq_%r groove contacts

(REIR. STiadifipéphaialrts biskhseestisried HRRADE SR ARLE BB RS ™ FAT A Binding proteins,
HMG, he %B%Hiﬁﬁ&ﬁ&w JRsigsranaimdeacyealthehatdadoimadg fabtomhawntdaBier transcription

factors (copper fist proteins, HMGI(Y), Pocket domain, ElA-like factors, APZ/ETERR-felated factors).
In additiaPhesithopdaarg e CRR LY RISHINN e aﬁ’b%it%h%ﬁ%hﬁ 6%08511% exatglrgt%ary structuresgal

consisting.af.sich local motifs as loops, bulges, pseudoknots, and turns. It is not surprising that, when
they occur in IINAs that interact with proteins, these local structures are found to play important roles
in protein-RNA inteyactitnsidthis diversityof o qareimettBridigy siaeirec HEWEREF $hakes Fimpossible

to design, synthetic agents wi H%rxaim MRl -4eryse eRPaREiRARU IESaMe@dyscto those for the
formatior BP 48 Ilér-‘a‘nodsfﬁ%{%%%%cal nucleic acids. ripeptideth%ve geen idg tified that.are able to
specificalyddifid aidotertimtydstahsiuied SilbEieRns at the sugar and/or backbone and/or base p :

Oligonucleotide modulators can contain nucleotide derivatives modified at the 5- and 2' positions
of pyrimidines, for example, mucleotides can be modified with 2! amino, 2-fluoro and/or 2'-0-
methyl. Modifications of the modulating oligonucleotides of the invention can include those that
provide other chemical groups that incorporate additional charge, polarization, hydrophobicity,
hydrogen bonding and/or electrostatic interaction. Such modifications include but are not limited
to 2' position sugar modifications, locked nucleic acids, 5 position pyrimidine modifications, 8
position purine modifications, modification at exocyclic amines, substitution of 4-thiouridine,
substitution of 5-bromo or S-iodo-uracil, backbone modifications, phophorothioate or alkyl
phosphate modifications, methylations, unusual base-pairing combinations such as isobases
isocytidine and isoguanidine, etc. Modifications can also include 3' and 5' modifications, such as
capping. (See also Manoharan, Biochem. Biophys. Acta 1489:117 (1999), Herdewlija, Antisense
Nucleic Acid Drug Development 10:297 (2000); Maier et al, Organic Letters 2:1819 (2000)).
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, acids (Hwang et al., Proc. Natl. Acad. Sci. USA 96:12997 (1999)). Thus, in one embodiment, these
tripeptides may be used as modulators of nucleic acid ligand activity. Peptide-based modulators of
nucleic acid ligands represent an alternative molecular class of modulators to oligonucleotides or their
analogues. This class of modulators are particularly prove useful when sufficiently active
oligonucleotide modulators of a target nucleic acid ligand can not be isolated due to the lack of
sufficient single-stranded regions to promote nucleation between the target and the oligonucleotide
modulator. In addigsmypleptides wfoleiarsrsipRow BB HASORY SHABRT égeéiﬂ‘i‘fif) ?i'\aaié&ﬁheetics than
oligonuclegtide ’Bé?%éa&?!iﬁ’ AN iheraig Jansepeiagel nueleionsitdgandsandydoipreferable.
Several s%rdte’éie to 1solate peptides capable of binding to and thereby modulating the activity of a
target nuBiecatibl ipmisGEERyaRABIE Ebr example, encoded peptide combinatorial libraries

immobilized on beads have been described, and have been.demgnstrate niain.peptides able to
bind viral RNA s‘é?}ﬂéﬁ’&%gl%!iﬁ‘bc{ﬂ?élﬁﬁfﬁﬁ%agwxﬁﬁg%gﬁwb% \%g}]a%é?c bﬁg?'ﬁ?}%&%%g gﬁ\%al regulatory

protein that spesificaib:find sisaiteRPbAFHwahdeetcal. pPtoc tatlyrdad der yisn ©8: 12997 (1999)).
Using such libraries, modulators .of nycleic. acid, i n@ s 6RD bedsplated Ry-arpsnding.a-kabeliéeg. Dye)
to the tarGEERIRISE &GS 8‘8&‘%%8&%@%3&%5%%%% er the Iab(eled.-target aﬁg bead-immabilized
peptide ligemaunies wohalitiensinbehich, Bimairrpiptews SAESRIEHTERMBEIS I SHBRFE the nucleic
acid are favored. The. bindin cleig acid dsand o dhe shecifisreptide on a given bead causes
the bead '?5 3'518 Srflebd‘dtﬁ’;? {%fgg%g&on thegnucleic eLlcid ligand, and thus enables the identification of
peptides able to bind the target but simple isolation of the bead. The direct interaction between
peptides isolated by such screening methods and the target nucleic acid ligand can be confirmed and
quantified using any numbanefstineshindiDiNassays described to identify modulators of nucleic acid
ligands. The ability of said peptides to modulate the activity of the target nuc_lgicﬂacid:*i_gar]d gan be
confirmed in appriesidte, bidassaystructines anothied ety P iR REIBiCAGFIGREEHR be
RATL(GH BlEscufesd.nR) Ruamperdipaiheeppapliaieralloityandle (eg
sur

immobiizad on 8,501 SH
biotin for eﬂtaw in coate aces) or reactive site (eg. Aliphatic amine) to either end of the target

nucleic acidhdigameiatarinl) dhgRfical synthesis. Alternatively, biotinylated RNA or RNA containing the

desired modification can be prepared according to standard transerintiop Breiocalsehut inauding a
5-fold molar excE88 RS TUSkstRTRREY nragf erwise &o§|¥|e§) ?IMP over GIFP in the reaction

mixture. Mgthedader synthesizing 5 Riatis tmodified guegrdindinpoksttives aheaaridhBNgGinosine
nucleotide derivatives and incorporating.said OMP derivativas.int@ in.Miatianssiipts areadesesibed in
WO 98/3072b ehiHa MB T 8&&6}%1%%) |gaonn?fg| ﬁéggg¥ﬁ§£%?%ﬁg}%arget RNA has been
immobilizeg-on rosarfanes, peptidgseapatéonf dwiddiinef S%ﬂﬁ%?@éﬂ%%ﬁﬁ‘%ai% te screening

combinatorial peptide libraries, for. example, randamyBasedisplap dhraniesderpaptidesatanable of
binding thE1ArGECRTBSEACHEiGARd Using standard methods for screening ph(g%e_disﬂag libraries.
Once isolatadhihergick¥inteHaativgr bEowden pestided ard e irglt HUtIZiICAUITgER &R Be
confirmed and q%%aﬁtiﬂ% gislfiﬁe?m{ QHMherOf (R biRginB.assaxs descbad tositentitypotcntial
modulator®dtfUciéi¢ aci ligands. The ability of said ¥ ddl

released from that RNA to search for another target and can repeatedly bind and cleave new

targets thereby allowing for inactivation of RNA aptamers. There are at least five classes of

ribozymes that each display a different type of specificity. For example, Group 1 Introps are

300 to >1000 nuclectides in size and require a U in the target sequence immediately 5' of the

cleavage site and binds 4-6 nucleotides at the 5'-side of the cleavage site. There are over 75

known members of this class, they are found in Tetrahymena thermophila rRNA, fungal

mitochondria, chloroptasts, phage T4, blue-green algae, and others.

Another class are RNaseP RNA (M1 RNA), which are ~250 to 400 nucleotides in size. They are

the RNA. portion of a ribonucleoprotein enzyme and cleave the tRNA precursors to form mature

{RNA. There are roughly 10 known members of this group and all are bacterial in origin. A third
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peptides to modulate the activity of the target nucleic acid ligand can be confirmed in appropriate
bioassays. In addition, the mass spectral assays described can be used to screen amino acid and
small molecular weight peptide libraries to identify those capable of binding to the target nucleic acid
ligand (see U.S. Patent Nos. 6,342,393; 6,329,146; 6,253,168; and 6,221,587). Once identified, the
direct interaction between such agents and the target nucleic acid ligand can be confirmed and
guantified using any number of the binding assays described to identify potential modulators of nucleic

id i . The ability of said. ' ul i ' id ligand
pe conmmiSi A Sy meac e M o A e RS T S <"

disclose mmdmfmgeﬁ%iméﬁ@ebcﬁéeﬁih@cﬂ@m@ﬁ&é aﬁé@énét@r@mithezmvmmlmides _
Oligosacchatigesiides HGRSACLRALEIES FRE-INRIACWiN NUEIRIG ARIMS IS ANIDIRUGAmIpeglycosides

are products of Streptomyces species and are represented by streptomycin, kanamycin, tobramycin,

neomycin feradiiniinaheikalmoah sadeaain Ciuspiisa dhahtin it & axdhe G SRS By Birfamgio

bacterial f%%%%@ﬂ?[ﬁmﬂgﬂﬁa{@@ imitiatiar of prataisyRthesis. ATinealyseside anghiotics
interact specifically with diverse RNA malecules such as various ribozymes and the 1111/-Ps TAR and

RRE sequéReECeARhdBIEES R ah it Shaesinits & thamsbs tisdediied A Lte rida ohilige

misreading@f e geneliccndrRedinkibiiy arstosaiarTihaamipegiycasicde artibipticpas@mornycin
binds specifically to the RNA. oligonucleotide at the 30S A site, This antibigtic binds the major groove
on the A-d1E FRATH T DLEHOR r  By SROANERE SR I B

air anda single ulgedxﬁ‘éenine. There

are,severahdritseidtionsptinat docditietwesmnth Elgniito ivtiesidechdMtat roypsand thle aensérved

nucleotides ip the RNA. Thus, oligosaccharides, like arninoglyeosides, can bind to nucleic acids
e eog 685 111 Saze. g . A .
and can be used to modulate the activity of nucleic acid ligands. In addition, the mass spectral assays

described can bgsgd 10, S6LEEM I RIBQSRLFRRELLS:(E19 2 AIEIDRINER IR e HRABFEINBIXtUTE,
that are capable of binding to the target nucléic acid ligand (see U.S. Patent Nos. 6,342,393;
6,329,146 antisense technology, in certain applications since the effective concentration of r1quyme

necessary to effect a therapeutic treatment can be less than that of an antisense oligonucleotide.
This advantage reflects the ability of the ribozyme to act enzymatically. Thus, a single ribozyme
molecule is able to cleave many molecules of target RNA aptamers-. 1n addition, the ribozyme is
a highly specific inhibitor, with the specificity of tnhibition depending not only on the base
pairing mechanism of binding, but also on the mechanism by which the molecule inhibits the
expression of the RNA to which it binds. That is, the inhibition is caused by cleavage of the
RNA target and so specificity is defined as the ratio of the rate of cleavage of the targeted RNA
over the rate of cleavage of non-targeted RINA. This cleavage mechanism is dependent upon
factors additional to those involved in base pairing. Thus, the specificity of action of a ribozyme,
under certain circumstances, can be greater than that of antisense oligonucleotide binding the
same RNA site. ‘

Another class of catalytic molecules are called "DNAzymes". DINAzymes are single-
stranded, and cleave both RNA and DNA. A general model for the DNAzyme has been
proposed, and is known as the "10-23" model. DNAzymes following the "10-23" model, also
referred to simply as "10-23 DNAzymes", have a catalytic domain of 15 deoxyribonucleotides,
flanked by two substrate-recognition domains of seven to nine deoxyribonucleotides each. In
vitro analyses show that this type of DNAzyme can effectively cleave its substrate RNA at

purine: pyrimidine junctions under physiological conditions. As used herein, "DNAzyme” means

i



6,253,168; and 6,221,587). D. Small Molecules A small molecule that intercalates between the nucleic
acid ligand and the target or otherwise disrupts or modifies the binding between the nucleic acid ligand
and target can also be used as the therapeutic regulator. Such small molecules can be identified
by screening candidates in an assay that measures binding changes between the nucleic acid ligand
and the target with and without the small molecule, or by using an in vivo or in vitro assay that
measures the difference in biological effect of the nucleic acid ligand for the target wjth and without the
small moletie Qolewdesimalirrolualie lecrismrandicaes blsine Feiot SR SRMIGHES such as

combinator'ﬁléﬁ%rogggﬁep he 1§84 4o optitnize the chemical structure for the desired regulatory
effect. ASSays stitable for use in screening small molecules a}ﬁg‘ described in USE 5,834,199 and
in further detail FelowyireaaaiioN Ameneaepschoth U FNRATES SRR BR IS o sCreen small

Qolecule 38@%’:‘& Rufengputd Bgﬂmr&@iglm;mm&e@mmrmg@nwmbeamumﬁgwammamgg_
e 42’393" e Kot 6’25§iljig08i 6:‘393 I‘Grbztggdﬁsaéhited by Philip C. Turper (Humana

in Molecular Biology Volume 74 y

Press, Totowa, NJ, 1997). Strategies to identify reactive sites for ribozymes within a targeted
nucleic acid are also described in this volume. Using these standard rules, hammerhead
ribozymes, hairpin ribozymes, hepatitis delta virus ribozymes and tibozymes derived from group
I introns can be specifically engineered to bind to and cleave a target nucleic acid ligand. The |
ability of such ribozymes or DNAzymes to cleave the target nucleic acid ligand can be
determined in any number of assays. For example, following incubation of a ribozyme or
DNAzyme with an unfabeled or a labeled (eg. *°P) target nucleic acid ligand under conditions
favoring reaction, the target nucleic acid can be analyzed by denaturing gel electrophoresis to
determine if the ribozyme or DNAzyme cleaved the backbone of the target nucleic acid ligand.

Alernatively, fluprescence resonance energy transfer, or change in fluorescence intensily can be

used to measure cleavage of an appropriately labeled sucleic acid ligand.

3. Polynucleic Acid Apalogues (Peptide Nucleic Acids (PNAs), Morplmlizao.
Nueleic Acids (MNAs), Locked Nucleic Acids (L.NAs)), and Pseudo-Cyclic
Oligonucleotides (PCOs)

Nucleobases of the oligonucleotide modulators of the invention can be connected via |
internucleobase linkages, e.g., peptidyl finkages (as in the case of peptide nucleic acids (PNAs);
Nielsen et al, (1991) Science 254, 1497 and U.S. Pat. No. 5,539,082) and morpholino linkages
(Qin et al,, Antisense Nucleic Acid Drug Dev. 10, 11 (2000); Summerton, Antisense Nucleic
Acid Drug Dev. 7, 187 (1997}, Syummerton et al., Antisense Nucleic Acid Drug Dev. 7, a3
(1997); Taylor et al,, J Biol Chem. 271, 17445 (1996); Partridge et al., Antisense Nucleic Acid
Drug Dev. 6, 169 (1996)), or by any other natural or modified linkage. The oiigonucleobasgs can
also be Locked Nucleic Acids (LNAs). Nielsen et al., J Biomol Struct Dyn 17, 175 (1999);
Petersen et al, J Mol Recognit 13, 44 (2000); Nielsen et al, Bioconjug Chem 11, 228 (2000},
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E. Chimeras, Fusion Products and Otherwise Linked Materials The oligonucleotides or analogues
thereof (including ribozyines or DNAzymes or peptide nucleic acids (PNAs) or mopholino nucleic acids
(M_NAS)), nucleic acid binding peptides, polypeptides or proteins (including nucleic acid binding
tripeptides, oligosaccharides, and small molecules can be combined covalently or noncovalently to
provide a combination regulator as desired. In one example, an otigonucleotide, PNA or MNA can be
linked to a peptide or protein to provide desired properties or therapeutic effect. Alternatively, an

oligonucteotide or analogue thereof or peptid or rotein.can be linked to all molecule to enhance
its properties. Tﬁ@%srﬁrﬁtgﬁ%o&&f%ﬁ ablﬁ‘é’(ﬁi@ﬁﬁﬁgat8r#ﬁ?é‘8°\i/?gt§r%dg%&§%d% %{gﬂ\ﬁgﬁlﬁﬁg to
those skilledAR the asbxiribne eahbdimentiitiesivalideoterylecincivides geptidioligdhdns Bivar
detectable agent that can be mopitored using standard techniques. In this way e pro ﬁsand
location o?”t?%"rte%tfhu Ao %%nebg crg%?ﬁgf?olrsea N ﬂ?grg% |\%?§/lf ‘%ﬁ% shiall niolecu 1erf§{ % {Lﬁéré‘ﬁ%{ﬂ%i atis
brought tauthiediteaf thekagiebhihenredutatonlzmui dedndbtonatiystibayedNo(Brovide its therapeutic

effect at the -as’&ﬁgsﬁf%%;#%%?&ﬂ@pmm srbadimean vl Al RAlErUiens A atRIcgIdains two

. . ami :
biological materia ether to produce a combined effect. The chimeras, fusion products or

otherwisecrabitizbiidsnEhBidguiatst Barpenismsatioy ardeiyvanithiddo bk et emraiaas

describedﬂfgﬂ SIRHRAI M, gmﬂ@fisﬁg%mﬁeﬁsmamfmm ulatarason StanEBAshinding assays
can be used to identify and select modulators of the invention. On“m't'ﬁ%ﬁﬁ@gﬁﬁﬁre gel shift

assays afdlBIABORICEga] 2atrke PIbFR hatieRsisrs Sl iesdbR R eic acid ligands
to be targstediurdarteshcaniitienssabipical physialogicbhoabdiitneantandetsiminbtimranade as to
whether the test 'modula%%%éﬁ faﬁé binds the rilucle.icta%igl ligand. Ta%sltrmaqlgslat%{ésdt{haﬁ%% found to bind
the nuclef® Rd Ry R P BE R EE T A SEh IO S AR i AL 4y CRRISWAT vary depending on
the aptamgsntkitsfanget shigleaele aflomethampleevags ik te sts)stogate mmireldfdrectostdedulator
can affect the biolagical effect caysed by the nuclei id ligand. onyd ule, .k
Gel-snit SIS e e B s e i
containinghietesnsequemckisdirsnilditatdel oljtrthaiessipreted Backirines demeansiit Putative

binding prﬂetei“??%fggngaee@zé&%rﬁ%@& anie 96l bysleierhaiesisabe DA fragmanidsdaund by

protein, itWill B arger in size and its migration will therefore be retarded relative to that of the free
fragment.aFéFecatingiél Birssirattod ra dRcthiphbréiey drrdshittyoenmtet el 2EBatE tontacting
in a mixtupe;A RHGIRIGAEI RIRRIRg Rpeiein wvithe RvpEAdiaastve/Rsladioac tivarbhgiee nucltie acid
molecule comprising a molecular probe ynder suitable conditions tq pro ecific bindin
interactiohBetweiefthastetaid ﬁwdﬁtﬁ?ﬁo% ﬁef&’rﬁlig & ﬁdﬁaﬁfé& évr@?é%ﬁ?ﬁ?&%?%’g?%%elected
from the grou PRSI SHMEAOS KRN, sBDNAI ARG RNAcKI)eldatfdphieresing shednbeadre; (C) |
transferring, using positive pressure blot transfer or illary transfer, the,complex to a membrane,
wherein tl‘%ff{{%?ffﬁfhni"?éﬁfmiié@gﬁf)&ﬁﬁ’agjaqﬁ\}lgir?ﬁcgﬁgs(%)%&éjﬁe%ﬂﬁgﬂﬁﬁg %%(?r;%?lgex bound to the
membrane by detsetirtg: itheortonkrRtioactivR A raci dactiFEMABRNA thdBdrRdtek duplexes. The

resulting PNA/DNA or PNA/RN A duplexes are bound tighter than corresponding DNA/DNA or

DNA/RNA duplexes as evidenced by their higher melting temperatures (Tr). This high thermal
stability of PNA/DNA(RNA) duplexes has been attributed to the neutrality of the PNA
backbone, which results elimination of charge repulsion that is present in DNA/DNA or
RNA/RNA duplexes. Another advantage of PNA/DNA(RNA) duplexes is that T,, is practically
independent of salt concentration. DNA/DNA duplexes, on the other hand, are highly dependent
on the ionic sirength.

Since PNAs are an analogue of DNA in which the backbone is a pseudopeptide rather
than a sugar, they mimic the behaviar of DNA and bind complementary nucleic acid strands.
Unpatural nucleobases, such as pseudo isocytosine, 5-methyl cytosine and 2,6-dlaminopurine,

among many others, also can be incorporated in PNA. synthons. PNAs are most commonly
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The Biacore technology measures binding events on the sensor chip surface, so that the interactant
attached to the surface determines the specificity of the analysis. Testing the specificity of an
interaction involves simply analyzing whether different molecules can bind to the immobilized
interactant. Binding gives an immediate change in the surface plasmon resonance (SFR.) signal, so
that it is directly apparent whether an interaction takes place or not SPR-based biosensors monitor
interactions by measuring the mass concentration of bionwlecules close to a surface. The surface is
made specific by

flows over tH&* E’ﬁﬂ”ﬁ W éﬁgﬂ%g?é&%@[ﬁrad (Zn art%%?ﬁfﬁ (féj fﬁ%céﬁoﬁr%é nmﬁr‘?f@ﬁ%%ﬁr p%ert‘rpﬂeé‘@

surface, th etk@ﬂ@ypmﬁmﬁ&tﬁiﬁac&’lm@emﬁndyms BRiregpovisg @measuredzt&imi fegpohse. is directly
proportion Ito he m ss 9 (fgﬁ ules tha%td l]nd to th surface rise en I| t is reflected

under certail CORANTONE Har & conduBtng filf ex?‘fﬁe interace Betne 15 h‘f\/(/BC R&rehe
refractive imgkeprdivdted Blﬁnﬁ;@heulyhnd@gybdmelrﬁmﬂwa@@he %ﬁ%@mﬁdrmmlas&mhmma%r chip,

and the corﬁj{r?:b tegilggﬁea%\yth in I C ang K:jl1 Tl‘?‘eaﬁ};{l%surface SPR causes a reduction in the

intensity of re light at'a speC| ction. This angle varies with the refractive index

close to the surfaé’é‘Téri&tﬁéfb|B@1@Ef§e§bt@4ﬁb¢h€me0?€ﬂéét@@ fighrewhe avwidibledie sutrtatehmple bind
fo the sensgrslasRrG Concemaion et ineieiole aseiTeciveiden di ieisyiaes, dyanges and

an SPR response is detected. P otting the response against time durlna the course of an interaction

provides a G9aAlMadHIFAHAR Gl hsr g isrotflldly s it raclin asffe Yt BEsRshsures

the angle q‘iﬁl&BHﬂm&%ﬁlﬁﬁ{g@ﬁ@ﬁdﬂi@@&wuﬁt}eﬁw&wsmﬁ&@e&;@g@zpmhelﬁmpIehmﬁtgad the light
energy is di S|pat dthrou h SP |nt old im. SE respon

e re ex;r)%es in resonance
units (RU). et éﬁté 45k o Oé(ﬁ” BRSBTS SR, Mt THF o Pmost
proteins, th@snﬁmekg Iﬂ;lleqmmeﬂetm@mmam1m donb:!emtramkbﬁ)ﬁfé\adﬂem@qo@jmm ongthimgensor
surface. The ex%%% onvaﬁsmc c/);;ct ﬁetyy%ea ] %@g%faﬁﬁeﬁor t<f;]ent1%|S 1m(;eepl(;;gg%}(%%pr%ertles of

the sensor SUI’ ce an € nature o e moléecu respons concentration change There

are a numlseodficwhérassaysereanedhedineritidesshetddr ol ptiotivosdurdieasdivgubaled idef;
peptide, p%ﬂ%@%@o@f%ﬁ aerharids er smpllwelsaule ﬁefalg;?s&xpﬁ oGgIEaRidiaaRd in a

manner such that the interaction with the target is modified exam Ele electrophoretic mobility shift

assays (ENSmeydinragisiic alaseat Qr%fﬁﬂlﬂﬁﬁgﬁ Brokirity B33y s Eseatmartabish et ifbrium assays

using analytjcalstacentifugation (S8 or, eOEVAWICRIRS, t@ah}eguémﬁre@tmdﬂu@ﬁeﬁﬁergce
polarization assays, fluorescence anlsé tropy assays, fluoresce ce intensit ssa s, flugrescence

resonancea@ﬁ%’l‘b“y‘{?ﬁﬂé‘f@?ﬂ(%f’ 25BN AP i ‘?lﬁ‘é‘f“é‘ﬁ%’fﬁﬁaé% PIYERES EYONAS (see,
for exampleakin &, 78830 8. avesuiiiort i, diaty SSasdlsaan. Be Mgadmotaum&he ability of

an agent to bl?id 1 ﬁﬁu g’z%l%rden B. “Right-handed triplex formed between peptide nucleic acid PNA-
T; and poly(dA) shown by linear and circular dichroism spectroscopy” J. Amer. Chem. Soc.
1993, 115, 6477-6481; Egholm, M., Buchardt, O, Christensen, L., Belirens, C., Freier, S.M.,
Driver, D.A., Berg, R.H,, Kim, 5.X., Nordén, B. & Nielsen, P.E. “PNA hybridizes to
complementary oligonucleotides obeying the Watson-Crick hydrogen bonding rules” Naiure:
1993, 365, 556-568; Buchavdt, O., Egholm, M., Berg, R. & Nielsen, P.E. “Peptide Nucleic Acids
{(PNA) and their potential applications in medicine and biotechnology™ Trends Biotechiiology,
1993, 11, 384-386).

PNAs appear 1o be the very useful for a number of special applications. When targeted
against rare all-purine sequences, PNAs can block translation anywhere in a mRNA by forming a
double-clamp structure. With such rare RNA sequences one segment of the PNA binds to the
target sequence by Watson/Crick bonds and the other segmeﬁt of the PNA binds to major-groove

sites of the resulting PNA/RNA duplex. Probably because of their very flexible backbone
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acid ligand. Direct assays in which the interaction between the agent and the nucleic acid ligand is
directly determined can be performed, or competition or displacement assays in which the ability of the
agent to displace the nucleic acid ligand from its target can be performed (for example, see Green,
Bell and Janfic, Bioteclunques 30(5), 2001, p 1094 and USP 6,306,598). Once a candidate modulating
agent is identified, its ability to modulate the activity of a nucleic acid ligand for its target can be
confirmed in a bioassay. Alternatively, If an agent is identified that can modulate the interaction of a
nucleic acid ligand.with its t binding: anhe verify adthaagent is
interactir%md#%iceﬂ% Iv‘illil%ﬁ ?ng %%:l?gc% %@?J%%&gnﬁdg fr%%%ﬁ&meas‘u?eﬁ?hqéégfﬁnity of ?qai ?ﬁ%{fction. In

another eonitime oA EpECREMRIEL ALY RF M IREhACS AT DF S Yo d@itdr that binds to

a nucleig agid !g%@@&ht the site()tinteractipndhatween thedpelatonand skinuceieacie ligand, and
the relative binding affinity of agents for the nucleic aﬁc_;id lj arxld see f(%r exam g%nLJO%hPeatent No.
6,329, 4@ eCoole B o BlieHR N S X The T e S AIE R Q584 1oF Scréening chemical
mixtures; o linraggsisgspecially combinatorial libraries, for individual compounds that bind to a selected
~ target nucleic acid ligand that can be used in.as modulators of t nuH 5 iﬁ, cid:l oF rmore,
mass spectral t%%ﬁ%@@éh%@%@%@?&%ﬁ%ﬁﬂﬁ&éﬁ grcé)gfﬁr%%féic ac%%i%‘ggg%gsﬁg}&%ﬁeously
against, g4 idFRIMSIEEOkRKIB AN @fisomponmndrsdtreibier uptaiss mpedtral fednaiidesddh de used
to identify interaction bejween, 4 plurality of malecular species, ially psmalliispelssulesand a
moleculFSRRERBASTY €t pc?ﬂ%‘?a%%? I%ﬁ%l%‘% Bic |§%;‘1?1%Rﬁ% %?na%%/%%géﬁqr? vitro aslségys that evaluate the
effective aassetifdattiataranodifying-Idanteriuises havwbern shoueldiccsrid 2R aRd a target are
specific for taﬁ{diSog1 er bei'ng ttéleg%[ggl n&&@ﬁg@@gﬂgﬂi@ﬁ@&d@rg @gq@gggmmmag{@@érties that

are well RNBIHARG CaR BE tise xamples of biological assays are {g_rovided in the gatents cited in
this applipatiendhdidesyhibel Caffalinkedtioie eoniBrrfs ol apdanehlsidd68 8% As a nonlimiting

example, coa g%gfgﬁg)?é%[%m}gqg%{{ggmﬁ@&@{Q&W@ﬁ@ﬁge@wﬁi@f wsdiltdsedests are

generallyn?ﬁnc lona int assays, in which a patient sample ma,or wholg hlogd),is incubated
with exo@eﬁmd&tﬂ‘é@l@@ﬁt@ﬁ@ﬁé&!ﬁ%@“{hét@éab?ﬂgﬁmgsiggé?' éheéﬁ%ﬁ’ewﬂﬁtﬁgb{%g}maﬂon is
measuregy, The clotlingdmeRkhe-patientsampleisiitetdimpaneg telthecioting a8 Booled

normal plasma or whole blood to provide a standard measurement of th iept. fic: status.
As descrivétBeloUt Mﬁtﬂlﬁlﬁfﬁa %@a‘?’glﬁpew%?ﬁ?ﬁ%ﬁﬁ gapaogteé) m‘to‘%sB%t%S@BﬁtQ@me&}ﬁ&

screening tests that evaluate the

functioning Qf @mhgﬁlagrpatLerﬁ%Sai.nIH%iﬁmdfhxtriﬁs}i@'i@@%@uIQﬁémesygféh@iOtiﬂWﬁ@%@%Wé@éd Clotting

Time Test (ACT) is a screening test that resemble: ' jal MbARIARIN HNRMAPTT)
test, but RLyRrBHEY aﬁaf?géﬁ% %ﬁgst%lg Os%kﬁ% 2@? %é%rﬁé%% %%{E%g%q‘{for?nponitor a patient's

coagulatippdstplsin panidection thitbeglictcalyprtiortbrdd, eoroddeioBdAHAMUBRETHE Sififfhistration

of high d?(? ?r?tgrilgl? eairril?o(ﬁﬂ%img: e%h@g%glgﬁ)}iama}wa cells (Scarfi, 8., A. Gasparini, . Damonte
& U Ben.atti: Synthesis, uptake, and intracellular metabolism of a hydrophobic tetrapeptide-
peptide nucleic acid (PNA)-biotin molecule. Biochem Biophys Res Commun 1997, 236, 323-
326). Basu and Wicksirom (Synthesis and characterization of a peptide nucleic acid conjugated
to a D-peptide analog of insulin-like growth factor 1 for increased cellular uptake. Biocory‘ugaz‘e
Chem 1997, 8, 481-488) showed that PNA. conjugated to an all-D-amino acid insulin-like growth
factor 1 (IGF1) mimicking peptide was specifically taken up by cells expressing the IGF1
receptor, although no antisense ac{ivity was described.

For some examples of other works, see Nielsen, P. E., M. Egholm, R. H. Berg & O,

Buchardt: Sequence-selective recognition of DNA by strand displacement with a thymine-
substituted polyamide. Science 254, 1497-1500 (1991); Egholm, M., 0. Buchart, P. E. Nielsen &
R FL Berg: Peptide nucleic acids (PNA). Oligonucleotide analogues with an achiral peptide

backbone, J Am Chem Soc 114, 1895-1897 (1992); Nielsen, P. E.,, M. Egholm & O. Buchardt:
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The Activated Partial Thromboplastin Time Test (APTT) is a common central laboratory test, APTT is
used to evaluate the intrinsic coagulation pathway, which includes factors I, II, V, VIII, IX, X, XI, and
XIl. The test is performed using a plasma sample, in which the intrinsic ' pathway is activated by the
addition of phospholipid, an activator (ellagic acid, kaolin, or micronized silica), and C82t. Formation of
the Xase and prothrombinase complexes on the surface of the phospholipid enables prothrombin to be
converted into thrombin, with subsequent clot formation. The result of the APTT test is the time (in

e I AR AT, ATTITLA0AE URR opsee Rl oinlomaRenRs ol B s

coagulatio em, as a pre ive screening test eeding tendencies, and as a routine test for

monitoring héasiihBeapim AviotRelr SNntpie @f BuehadTd B. fedtrindiaesrsiions! Siptnsiésd plasma
s collected,gligr he bload wasauhisaieth b RnbiuaRLRSRAIRION.AAE Jben Arlinais,Added hereto. In

addition, calcium ¢ ded. The period of time is measured until coagulation is formed More in
detail, the BGHHIBELMACR esludom M s Gurdstake MU EEBBdm BE W Bu ghiehFifigR: eparation

of blood. Agfiuating agent of © & mliwhichywasrarmedinRnaterhayindiaderpergleraaiay C. for a
minute, is poured into a test tube containing 0.1 ml of the plasma The mixture is allo ostayina

ater of 3 0BRBHUAR OB FHLR A o P E O GRS L G B G VA oo
placed in agwatesdawing eotgMpRLaidr@ OP3E. GlieclscaddeBwihdet o S3ghrelmAftBisNnoiéerDi stop
watch is swijtched on, The test tube is heated in.the. r.of 3Z.C. far , tupe is
taken out, Likg @B@ﬁ&}ﬁlg If]seéjggé’r?}gl ,e*[ﬁ‘écé lé}pm\i\i/\(g{é:\tﬁl ﬁzéggugré%ds @.@i@@r’%ﬁ%ﬁ# vs\%i'c | the

blood coagalatingntiongicanh beah&addufedravis: THE bledding tmettesréamtiéidswerie atdtiagnosis of

hemostatic dystunetion, VR 1V istrand axdispase, andaessulpiglisordersy Ihaleq ambeiuged o
screen for p?a Bigt Gbnormalities prior to surgery. The test is performed by making a small incision on

the forearrFrankt-iKickinet el hmbod Grdidirsdn U dSsinechanding. Erhlelsswrittalinho stop is

recorded %B%{[h&%&{&'c%%9&%&&9&&%&%@@%&5@%@%. Rrolpngaionplhecblegding time is
indicative of qualitative or quantitative platelet defects rombin T_ig]h%Test PT), thic-h was
[

. ... The Prot .
first descrid8dbi3ELIARIM1BeEmdabutels thanisdut E&%bﬁ’ziﬁdf}cég%gﬁ%lgt a8 viodd or
plasma. It igyiged:as g sessRniRa-iastiieavaludtaitiiedDisgrity pfthid-axidniicddadgtatiers phtbavay, and
is sensitive to coagulation factors | 11, V, VI X. The test can be performed by adding
thrombopld‘&‘l’tﬁéﬁ%%bpﬁﬁ{g%ét?éﬁ?*siagrﬁf}{ed%?measuring the time for clot formation. A prolonged
clotting time suggestedihetpiesends, oi At ifhibitoatolienecdtidibntyeirinohs wonersoptitypayulation

factors of the extrinsic pat y..But PT cloti ' al -prol Ratie . arin
therapy. or O BRI T et ane o e e ot S Bt R R A
assessmenbohilibigxgrihsicaohdgolato rapaediagstad diSNideip a 88t thenteegriiPafti®adtiation

therapy. Fg;%?e Tf%%%{ﬁ?i%ﬁh%t}'y&gﬁé% Jest (T CT) measures the rate of a patient's clot formation

; £X° :
compared At of & horm plasma cor?trol. The test can be performed by adding a standard amount

of thrombin to a patients gisiknacprie rdS Heenlbipihativ FoRmomRI AR P ieb I AR H0eiHE$ g uired
for a clot to, form. This destashiren used @npaichin e dieanasis ofidisseninatad kttavestular
coagulation (?DIC% and livér disease. . )

the preparation of conventional oligonucleotide antisense molecules.

Morpholino nucleic acids are so named because they are assembled from morpholino
subunits, each of which contains one of the four genetic bases (adenine, cytosine, guanine, and
thymine) linked to a 6-membered morpholine ring. Highteen to twenty-five subunits of these four
subunit types are joined in a specific order by non-ionic phosphorodiamidate intersubunit
linkages to give a morpholino oligo. These morpholino oligos, with their 6-membered
morpholine backbone moieties joined by non-ionic linkages, afford substantially better antisense
propé.rties than do RNA, DNA, and their analogs having 5-membered ribose_: or deoxyribose

backbone moieties joined by ionic linkages (see wwwgene-

tools.com/l‘viorpholinoslbbdy__morphoiinos.HT ML).
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There are also a number of tests that can be used in the diagnosis of a patient's coagulative status.
These fall into two categories: complex tests, some of which are based on the screening tests outlined
above, and immunoassays. Complex Tests include specific factor assays based on laboratory tests,
such as the API T, Pt, and TCT tests. One assay measures the level of the activation peptide factor
IXa or the factor 1Xa-antithrornbin Il complex. These measurements are used to determine the levels
of factor IXa or factor VII-tissue mediated complex. Assays for activated protein C resistance,

antithrombin; pratein C.deficiency; apd iRiRiR.S defigienenare @lsesant of digreliprisymptomatic
individuals who have rﬁleter’ogeneoys deficiencies of proteins C and 5, and resistance.to activated
protein Gucieie sighificithieateisatiod 3evanrasrod SFoAS BTG AgHE ﬁpsl'—af ‘BBIRpared to controls. V.
Method of Regulating Nugleic,AnichbigR@:E Reimi¥iely reimethodofmedulatitig biplogictt aetivity is
providedaﬁmt inc¢ludes (1) administering to a atien‘trin need theg %f ﬁgdé% Q&I}(a iganehihgt binds to
a target @%@ﬁ@@é@*fﬁ&@ﬁéﬁﬂ@’bﬁ@&?%‘?&ﬁ?@ﬁ LR nc:%dE or esirsédt time, (i) administering to
the patiepfamespRIolthalmadiies the therapeuit:éffeMinpbniincaséicthevmotalaés her RS e the
therapeutic effect. In another embodjment, the modulator re S gl ipimizes 0t terminate
the therabiadinzaferiis Yar 4hot ‘éﬁa@bodﬁ%weﬁ? %ﬁ(lan %oﬁu ato%'egLOgEEg} %@tﬁgﬁggggﬂp effect.

The base,therapruticiefisstiscetarmingtbiy theparieteid-the D rersidapadiganls THe¥8dification of

the therapeutic effect is determiped by the latar. APLdevelopsstimdgleiaReikhiigand can
be regula’i‘t‘é‘ﬁ‘fﬁ%&%r‘cﬁ’ K@e‘%% ?él %ﬂﬁt?gﬁg’%&wé@fg@ﬁ%&mgﬂt, theprgéjgho : prises: (a)

. 3 C
administgsingroiarpatienteiiiciudimginpel apmisissoeaciansurte” ﬁ’i“izféé}dc’tﬁé‘f@liﬁagfﬁe flective amount
of a nucleic a%id li airqtqujtgt)llt\)lﬁaptruner that selectively binds a coagulation pathway factor, the RNA

aptamer F%%f’n%l%\ Issociation constant for the coagulation pathway factor of ut 20 rjM er less; (b)
modulating the BidloBidetddeity .13 EodBuRiHeH Shtiv "fﬁ@f‘é%};‘ﬁ%?fé"%hzr%l?@%g%?}?/oeﬁr)%g rate
through th%ggm @igaﬁ(ggg Qi dhe RNAAPRAmES iR BePa); Rpdde) prowiingranzmliddtevitareisrse the
effects of the aptamer by administration of a modu(é?tor. or exam ;%5@&%?9&?%%%9" the present
inventionasdipisialed Ao seiiiiy 4560 T YALRI L EEC (ifactor Vila (FNila); factor Villa

(FVIlla)/fagid%ail ¥edifasiadadée vatfacionpide (hapehzymestonipesiss dhdpratefétieceptors

such as gp libilla and gp |bliX and modulate the effegls: [ id: ligangh-{hisbirvention also
provides ﬁ‘ﬁﬁﬁ@fé%?ﬂ%ﬁ’{fﬁ b'ﬂﬂé?@t i #JEﬂoer%\,’ez?ﬁﬁlu%%@%%%i%ﬁ?%%q%ﬂcs%

vitamins can be used to assist in the transfer of the anti-sense therapeutic or diagnostic agent
across cellular membrares.

The efficient and sequence specific binding to RNA. or DNA combined with very high
biological stability makes PNAs and MNAs extremely attractive leads for the development of
modulators of the present invention. Peptide nucleic acids which can be conjugated to the
carriers are distinguished in U.S. Patent No. 5,864,010 entitled Peptide Nucleic Acid
Combinatorial Libraries and Improved Methods of Synthesis, developed by ISI5
Pharmaceuticals, which is hereby incorporated by reference. In addition, the peptide nucleic
acids which can be conjugated to the carriers of the present invention are distinguished in U.S.
Patent No. 5,986,053 entitled peptide nucleic acids complexes of two peptide nucleic acid
strands and one nucleic acid strand.

LNA is a novel class of DNA analogues that possess some features that make it a prime
candidate for modulators of the invention. The LNA monomers are bi-cyclic compounds
structurally similar to RNA-monomers. T.NA share most of the chemical properties of DNA and
RNA, it is water-soluble, can be separated by gel electrophoreses, ethanol precipitated etc

(Tetrabedron, 54, 3607-3630 (1998)). However, introduction of LNA monomers into either DNA
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At least three clinical scenarios exist in which the ability to rapidly reverse the activity of an
antithrombotic or anticoagulant nucleic acid ligand is desirable. The first case is when anticoagulant or
antithrombotic treatment leads to hemorrhage, including intracranial or gastrointestinal hemorrhage.
While identifying safer target proteins may reduce this risk, the potential for morbidity or mortality from
this type of bleeding event is such that the risk can not be Overlooked. The second case is when
emergency surgery is required far patients wha have respived.antithrombeticreatnent Thia clinical
situation Qﬁé@gﬁ)gﬂ%‘)ﬁg&‘ﬁg‘g&g % Bgée\slr\%% o?%r\quire emergency coronary arter;g bypass grafts
while undgrgieing Mereuianeatishoyiogry Wistvelith bptcpaiinsoveradBibRE PRSI RHBHY.
Current practice in this situation .i loyy for clearanee: ofitheneamprientk(fonsmatinelecues'
antagoniﬁ%tgﬁg"l‘%‘gng)g i a?fg‘é“)‘,%vﬁ%‘g% O\#%% 1ta'lke gﬂ hours, or Iatelgt_infu,sion Sfﬁr ciximab
treatmentodihel IHitd Ehse isihietea foantcoadinarimaiinte aidRdand TRy BiiRy 8 e
Cardwpulmonars\/in%%gg Fg(%%%%ggnﬁyjﬂ%&qﬂg@&@m@yagla@@sﬁdntom@ﬁhmp&raniteabldedmg. In

each casé’,r%c’gﬂ e reversal of the anticoagulant effects of a compound via an aptidote .
oligonuclebeidevitrodskatsr dsrendarve HiforP P GERRY B‘%ﬁ%ﬁféﬂ L ARGrSh .fﬁ[}%}ﬁtgié(ﬁég‘}%%%c acid

ligand) allgws for.impaayeshanrgikels aatakimadicahoonkidlef the entobagultms orarigin epotic
compoung. & ethod of treating cardioya culatrﬂir;s Ie6it119%atients is also provided in accordance
with the pie SsrRAmgcisEsHh. ﬁ??ef?ﬁgﬁ%&’]@o%%r HEH Gifintstering an effective amount of an RNA
aptamer that selpgliygly-finds Roenaglition pedtayfacter, inesRNA apedntduilg 8788 ciation
constant for the coagulation pathway INL QL leSE. i RIVEhte AR svbigek Sufflering
from cardiﬁ%‘é‘é‘ﬁﬂa{r‘"’%%égsgflwggg’bé%%a?&ggfgj%% gljggials?e&in the verteb;atq‘iéub'ect ] ér?ated, then
providing apcaRlidRie I3evesss' heleffbetebitheaprath &by Harimstwesit of hﬁﬂ%ﬂ&i r
method of modylating E2F activity in pafient:incliding:a.warmibleofes vestebrateriNwiich such
modulatiofP'f&% é‘ﬁiéglfg’%ﬁs%ﬁr’oﬁgl{ gg%%h% rﬁ“é’gﬁo_d colrg)risgqg: (a& a%ménisteéjéngrton}a W rorpigéooded
vertebrateranbiiestyecanitenipostapiRnsseapaimds BRaIEERUHIRY DIt = E2E TRy member, the
RNA aptamer havin }ﬁﬁ@‘e ?&m SRS foutha. ERmfRmitisaambet of tabGut2OmiV| or less; (b)
modulatinjgJ Efﬁllgrfﬁit g}\?\%ar -b oc')dle! v:erteb_rlate through the administe in%toétgggslg%%g@tamer of step
(a); and (GprovitingsanestideeoreEar P ErRsS Gr tu g Eé[?c{ﬁ/l administration of a
mOdU|atoréeegr;|ne];%e Padent e algd i hairesenionyetitonintitsniathe ehibouinidhes 1ark avalsi a
human patiéht, although it is to be understoqd that the pringi of dhe inventiordngicasethatthe
invention iacisfdeset ﬁﬁ)fg%ﬁ%Iﬁﬂ%é?%%’ré%“s%@&%%f%’h%% ﬁrgs warr%%lood vertebrates (e.g.,
birds and pemeale) srhich areintdnttegetobtinciited imnbinmelsHiR PR Edhtext, a
mammal is understoad to include. any mammalian, spaeies:immhichite amens lgasdiouasciar
disease isHasH4Rie’ Fﬂ?ﬁ%}f é%%}ésaﬂ%@%%@%o?nestiq mamgmalian species. s simil ¢

have higher in vivo stability than and, pharmacokinetic and tissue distribution profiles simmlar to,

115 A

those of PS-oligonucieotides in general, but rapid elimination from selected tissaes. When a

flyorophore and quencher molecules are appropriately linked to the PCOs of the present

invention, the molecule will fluoresce when it is-in the linear configuration, but the fluorescence

is quenched in the cyclic conformation.

A Nucleic Acid Binding Peptides, Polypeptides or Proteins

Protein-nucleic acid interactions are involved in many cellular functions, including
transcription, RNA splicing, and transtation. Synthetic molecules that can bind with high affinity

to specific sequences of single-stranded nucleic acids have the potential to interfere with these

interactions in a controllable way.
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Contemplated is the treatment of mammals such as humans, as well as those mammals of importance
due to being endangered (such as Siberian tigers), of economical importance (animals raised on farms
for consumption by humans and/or social importance (animals kept as pets or in zoos) to humans, for
instance, carnivores other than humans such as cats and dogs), swine (pigs, hogs, and wild board),
ruminants (such as cattle, oxen, sheep, giraffes, deer goats, bison, and camels), and horses. Also
contemplated is the treatment of birds, including the treatment of those kinds of birds that are
endangered, kgt 19 ZofSaBWEbaS fQwiiiand merephiiculesty gomestitated! fewheness pluttry, such

as turkeys, chickens, ducks, geese, guinea fo nd the like,.as th r gmigal
importaﬁ@éﬂ@cgmmé’ﬁﬁ@ffﬁésﬁa’é‘%gﬂ{a 335‘6‘8 fé&k %t%%%%ﬁ&%%%%%%é%ﬁéagi%go %r)la a tissue

contemplaies ¢oRAGHAG:S tissus imydonbvaardibisasc iasidisease iswsoiphpy [t alexsiofor

occurring, with a Com%%%%?a%%qggsjgg& Qﬁ&gg%%ﬁ%ﬁ%ﬁgﬁ&%&m@ﬂﬂp% aiRNAARLEeT

capable #PBFRdRTEE: or as'we roviding an antidote to reverse the effects of the

aptamer Qy@eiminisiasionif-a, RBAW AR cHoeondéhioedoh hEEE e RIRIIFITEIARY Yatient a,
therapeutically effective amount.of a physi ' ( QsiligncantaiingsthivaNA aptatner
as well a@‘ﬁ%e@ﬁ'ﬁ ' 8’&%%%035H“%%éﬁ?égt@g}}eﬁégﬁf?g&%ﬁ% the_%gptamer by administration of a
modulataryss zifbédpsagly s2Hgdsior quiﬁiﬂﬁﬁtr%ﬁbéflﬂfé%’éﬂﬁﬁfbﬁ%béﬂgi%8WfﬁX‘V ’f@lrm of the
modulatqr,.and its pot I bekherein.and are AReLNGS datgeagmpugh to produce the
desired Z{%%Fégezﬁ%ﬁ%%ﬁé% %Q\/_?E?:é#gggaégyﬁation is modulated, W?%@h,) corresp ng'ggly ameliorate
cardiovasculgrsilioaabensici e ripebrme at-Balid RAIRE (A HEL 8L fh%gadog%uens Olﬁd’ not be so
large as é%;%&yﬁ&aﬁ%fﬁ&&i de eifeqisi sushaniypREvissasihtsyndromee splitdatangildivs;

e

extont ofSdkErseom 1 SREEREEI A BE AL by i Lt hRs el
physician i ihe, exentieh amsemplicatisndiag miseiad st thadesayaic CCAAT fastors, _
grainyhead, cold-shock domain factors, rurt), Other transcription factors (copper fist proteins,
HMGI(Y), Pocket domain, E1A-like factors, AP2/EREBP-related factors). |
In addition to its primary structure, RNA has the ability to fold into complex tertiary
structures consisting of such local motifs as loops, bulges, pseudoknots, and turns. It is not
surprising that, when they occur in RNAs that interact with proteins, these local structures are
found to play important roles in protein-RNA. interactions. This diversity of local and ten:iary
structure, however, makes it impossible to design synthetic agents with general, simple-to-use
recognition rules gnalogous to those for the formation of double- and triple-helical nucleic acids.
Tripeptides have been identified that are able to specifically bind to tertiary struclures of nuclqic
~ acids (Flwang et al., Proc. Natl Acad. Sci. USA 96:12997 (1999)). Thus, in one embodiment,
these tripeptides may be used as modulators of nucleic acid ligand activity. _
Peptide-based modulators of nucleic acid ligands represent an alternative molecular class
of modulators to oligonucleotides or their analognes. T his class of modulators are particularly
prove useful when sufficiently active oligonucleotide modulators of a target nucleic acid ligand
can not be isolated due to the lack of sufficient single-stranded regions to promote nucleation
between the target and the oligonucleotide modulator. Tn addition, peptide modulators provide
different bioavailabilities and pharmacokinetics than oligonucleotide modulators, and therefore,A

for some target nucleic acid ligands may be preferable.
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A therapeutically effective amount is an amount of a modulator sufficient to produce a measurable
modulation of the effects of the nucleic acid ligand, including but not limited to a
coagulation-modulating amount, an E2F activity-modulating amount coagulation, and/or angiogenesis
factor activity (e.g., Angl or Ang2 activity)-modulating amount. Modulation of coagulation, E217 activity,
and/or angiogenesis .factor activity (e.g., Angl or Ang2 activity) can be measured in situ by
immunohistochemistry by methods disclosed in the Examples, or by other methods known to one
skilled in the artgeverdl prfestecimaduiatephidss tpaibiof bindulsstantd e b Ry & HiEI8iEaid ligand in
solution at madulator concentrations of less than 15 tnj erably less than 0.1
pM, and #3rats é‘r%i”ﬁ%?tlgggﬁ? 6. aﬂixf’.“%?‘“‘s%%%?(agéﬁ%@%&%ﬁt%{gﬁ a 50 percent
reductiondgiisrgabhidlbgiedt sictivitpitszabseved handisadeirit e pldssa e BrdREPEdYet and at
50% reduction s teferfedto erei 33,2 1G3A YallBaces oE4oMBFRE: MOseROf Rinstatian of the

materials%%%?gggrf Invention to a mammalian hogst are parenteral, intray enous1t intr@deéinal,
intra-articuile, Ritrasyhovied] fepdereziorndbarEmaiiy ?8%%’5“??1‘%% g S ibeuiSReous,
intrambital, IntkacaRsKIBL ANERBRIDAY TSR, danioRlktiensdettnabpaschyvisrectd!izagial or
urethral supposnizlory, peritoneal, percutaneous, nasal spray, sur ilcal imgl@ntmi{%&qﬁ(lﬁ% k? | paint,
infusion peampeoseiaehterreIfipha labsb g, 'f?@% %?téﬁ% Carter are ad'mlnlstergag i a slow
release fqupulation; sieasAimRlarbdbRlusbhiccapticle limioyospivre i dntieiidt
nanosphere.. For standard information an pharmaceutjcal fop ions, ; 158},.9}i8ling of
Pharnzaceiggéss %@3@%9@8%63}?3%?3&1 afiga aél)k/isIgeerrillg‘,l(,%l |§t%§§(%%o§n?%{/€ﬁ;ams§jwﬁﬁqg (1995).
The modQi@tg{@i@a‘cthacpr%ﬁammvempimﬁfmamtﬂédpr@ferabdwmﬁ@%@%‘é‘i‘éﬁ@ﬂ%ﬂly%ﬁ]ﬁ}ﬁ@cll?é’n or by
gradual infusjon over.time. Although the tjSsu dreaied sambuically ahessestin shel body by
systemic gﬁ#ﬁh%t‘?gt%%’%’g’ It%%?lea%?ﬁejﬁr?ibbg%gg ﬁggted_b int[gvenous ;?ﬁmlﬁilr_]i tratiqgn oé Bherapeutic
compositigrsaatentistuek mudkdenvéthaberhidhes et b‘i‘é&ﬁ%ﬁ‘\/ﬂ’?@"@%@?@tléﬁ ’ﬁﬁ%‘?fﬁ od that the

tissue ik &&%ﬁ%i”%%&ﬁ&&f GBS MOISFHEnTINIE I diglaiots:oh e pTesenhinventitii edeitipically
administe o%lca y to a vascular tissue, intravenously, intraperitoneally . i traqgs%lgrly,
e R

orally, ) (= ntr
subcutaneaysiypintraCthvlindisasgewn drgcrilnd Qe R sl artd igues. As noted

above, thg@]ﬁ@fg}%@&lﬂ&%&&mp&%ﬁwm aanbevRIoYidRe tiogheninttividuid I adwaridy efrbunss such
orally, topica Q’ to a vascular tissue, intravenously, intraperitoneally, intramuscularly, subcutaneously,
intra-cavitip, m@%‘ﬂ?ﬁ&l‘@?ﬁ‘é%“-can be delivered by peristaltic techniques. Representative, non-liming
approaches for tapigabadministiatian terpevascidartizbligsnthat d¢ inasdikis 6 PigrahaHRPE blood

vessel tissue with a gel comprising a pucleic acid |i Jardeli 0, ViV@nErg- stedpinalanting the
coated orﬁﬁgﬁ@@%}tgﬁﬁ%’é@ b 8%‘@%%%%%5&?? (g)%g?ség?g(}j{%%g%el tissue ssetgérpnent that was
removed Q@ RyPassamds Q) M@E}ﬁﬁéﬁ(@cAiMMQIEW@S@@TH%%H@@W@F&%“&%%8?’(‘?) pumping

a nucleic acid ligand compasition into.a yessel | is,i8 lmlgmdom@@@ﬁ@mh@maﬂvely, the
nucleic aciteH AHE ¥ In’ﬁ Iﬁh"trgﬂl&@gs *in ot%(:%gég %/fyﬁswli)crggﬁwfg%ction, or by Iiposorn%e}g'\ca sylation.
Advantageesisiyt nud!icaoiclighageepinbapresting InArBHIM ETBIERTSISra iR Y B0 aily
dose, or the tatal daily dosade 628 e, iy modified GMP or otherwise modified GMP over GTP in the

reaction mixture. Methods for synthesizing 5'-biotin-modified guanosine nucleotides and
additional guanosine nucleotide derivatives and incorporating said GMP derivatives into in vitro
transcripts are described in WO 98/30720 entitled "Bioconjugation of Oligonucleotides”. Unce
the targ-et RNA has been immobilized on a surface, peptides capable of binding said target RINA
can be isolated by screening combinatorial peptide libraries, for example, random phage display
libraries for peptides capable of binding the target nucleic acid ligand using standard methods for
goreening phage display libraries. Once isolated, the direct interaction between peptides and the
target nucleic acid ligand can be confirmed and quantified using any number of the binding

assays described to identify potential modulators of nucleic acid ligands. The ability of said
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administered in several divided doses. Thereafter, the modulator is provided by any suitable means to
alter the effect of the nucleic acid ligand by administration of the modulator. The therapeutic
compositions comprising modulator polypepticles of the present invention are conventionally
administered intravenously, as by injection of a unit dose, for example. The term "unit dose" when
used in reference to a therapeutic composition of the present invention refers to physically discrete
units suitable as unitary dosage for the subject, each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic effect in association with the required diluent;
I.e., carrigr.gryehicl8odulatbhBecamaosiine fargeadministerddiradrerrrercsmprititi RPEARAEYosage
formulation, and in a therapeutically effective amount. The quantity to be administered depends on the
subject toPBE¥@&%kted, capacity of the subject's system to utilize the active ingredient, and degree of
therapeutic effegt desired, Praciss mt&sﬂyadﬁwiimﬁémémwwlﬁ%ﬂfﬁérb@lﬁ%ﬁnﬁﬁét@gd depend on
the judgment of the practitioner and.are peculiar 1o each.individ. ek 1S uitahale dlosage danges
for systeniiB&ph g% gFégglsspc%%ged l{ﬁé%éll%s zfl?]l %ﬁg&%“&?ﬁ&mﬁgﬁnﬁmra %n. Suitable
regimes f@giaqiirg&ﬂismaéimhsaﬁa‘abﬂd\mriéﬁléz,,b@ﬁ&é&?/ﬁﬁi@é@%ﬁqgﬁﬂ&ﬂgd’)r%?r’@ﬂ%lt Ffollowed by
repeated dpse ne .or mare hour inte beeqidant inieetian:Ri0ibiargdnaristration.
Alternativé ?té%%ir%%ﬁlgﬁénﬁ}gt\%éﬁ%ﬁsﬂ ?ﬁ\%ﬁ%ﬁ %%Jé%gg%nt to mqeﬁnt”;l%@ concent atio(g\%:} nthe plood in the
ranges spegifieddorid yivatifierpiags awy é’@ﬁt@‘?ﬁBfék@d’ﬂglﬁ%ﬁlsﬁ‘ésrgﬁ??@?gcié?rhse p{#( maceutically
acceptable.” ‘ahysiologically. toler abledand arammationl vaprtions, tiekdof; ds theyirefef tee
compositions, carriers, diluents an re%s, adre used irgt%réc@%n%%a?ly and represent that the
materials ta@eapalsis 7 HAnTstAHSH RIS S TSR BAT 6 debilitating toxic side effects. -
Pharmaceutically usefil SOUPRSEIOns, COMBIIsH) ta modlatod of dielpre swthody&rsmeriite
formulated according to known mett%%fjs sucl t?sib¥e£Q§> admixture of a pharmaceutically acceptable
carrier. EMW@@P&&%WF%?B HREHE AL F 1Fmulation can be found in Remington 's
Pharmaceutical Sciences. To form a pharmaceutically acceptable composition suitable for effective
administration, such coggp?%siiltiggsc\é\(liurggggain an effective amount of the aptamer. Such compositions
can contain admixtures'df Mote than one modulator.

Oligosaccharides can interact with nucleic acids. The antibiotic aminoglycosides are
products of Streptomyces species and are represented by streptomyein, kanamyein, tobramyein,
neomycin, netilmicin, amikacin and gentamicin. These antibiotics exgrt their aclivity by binding
to bacterial ribosomes and preventing the initiation of protein synthesis. Aminoglycoside
antibiotics interact specifically with diverse RINA molecuies such as various ribozymes and the
FIIV-1's TAR and RRE sequences. Aminoglycoside antibiotics that bind to the 30s ribosomal A-
site RNA canse misreading of the genetic code and inhibit translocation. The aminoglycoside

 antibi
antibiotic binds the major groove on the A-site RINA within a pocket created by an A~A pair and

otic paromomycin binds specifically to the RNA oligonucleotide at the 308 A site. This

4 single bulged adenine. There are several interactions that ocour between the aminoglycoside

chemical groups and the conserved nucleotides in the RNA.

Thus, oligosaccharides, like aminoglycosides, can bind to nucleic acids and can be used
to modulate the activity of nucleic acid ligands. In addition, the mass spectral assays described
can be used to screen for oligosaccharides (e.g., aminoglycosides), alone or in a mixture, that are
capable of binding to the target mucleic acid ligand (see U.S. Patent Nos. 6,342,393, 6,3 29,146;
6,253,168; and 6,221,587).

D. Small Molecules



The effective amount can vary according to a variety of factors such as the individual's condition,
weight, sex, age and amount of nucleic acid liclgand administered. Other factors include the mode of
administration. Generally, the compositions will be administered in dosages adjusted for body weight,
e.g., dosages ranging from about 1 rig/kg body weight to about 100 mg/kg body weight, preferably, 1
mg/kg body weight to 50 mg/kg body weight. Modulators of nucleic acid ligands can be particularly

usefill for the treatment of diseases where, it is beneficial.to inhibif coagulation, {E2f-a6tivity, and/or
angiogenesis faété?’é’(gtmﬂwgﬁ%‘ﬁﬁ% e(r)craekl%%‘;zbg%g%g),%r prever?t su%h activity from occurring. The

pharmaceuiisalicomaositions:adifiasithinistdieg atiresaeutichty siddgradano iieet 2t 9P amounts
sufficient to FS%enerat%a coagulati n-OIEZf activity-, and/or angiogenesis factor activity (e.g., Angl or

Ang?2 acthA %8}?& ﬁ%elr}e%%szg, or in prophylactically effective amounts, that is in amounts
sufficient to prevent a coaguiation fagips draRkAGLNG R AeaRGIAININRaseatie: sa plievent e ESF

activity-mediated response, or to prevent an angiogenesi factp_r activity,(e.qg., A / g2
activity)-rhiediete dhangso HSBVCER @ﬁ}@?ﬁ'ﬁ&ﬁﬁgl@g%%%@éﬁg#ﬁ%ﬁﬁw ét:lllcfl %F&%?ﬁ:?%a%& %?fective

amount C&%é\é&ﬁYefsPegﬂjaggaﬁhlﬁ MReRhmegylaiary The pharmadeutidireom pobinbrg i deect

administered in single or multiple doses. Generally,.oligonuclegtide, modu hg invention can
be adminisitireauspgrestiBnen &y &S@E%qg‘ﬁﬂg?éa%ﬁ‘g{r%%éqns% %nga%ﬁ%g?%'e%ggga S’ Ele{se nted in

Example § indigats temetivtyafaitherape disirudoiic-asiiligand sah sewoliaitby the

intravenous infusion of antidote oligonticleoti i TRneiheLanal hurhammare, because
the modu%%%ﬁ@%&ﬁ?éﬁ?e?‘%ﬁ %?e(?l? e%n{%ﬁe’g‘t\/ll"e}:d{c‘)?‘l%modifjIation1 of ?%% nucleic acid ligand by

112
Icee[he esire
the modulator isgcgievse

geisvednpugioneliempdaipn cav baier minaiediatawiogrésdadal ioddiator to
clear the human’F ahimal. This allows for subsequent re-treatme nucl ngoasmd ggand as

nt,with th
needed. Adténnativatphhdinyiowdgiting, SpomsEPertRbIRIBHsieND ?Filé%f VeRtion, subsequent,

treatment can, invalve the,ise.of AReeepshdiffespasipueainiagiddigansigoailaion g bliganddeetide)
pair. odulators synthesized or identified ??gogg]%tg Eh% ods disclosed herein can he used
atone at ApiSraprientidesagee detined By it festing i Otder1o dbtain optimal modulation of nucleic
acid ligand activity in coagulation, E2F, and/or angiogeriPsis factor cascades (e.g., Angl or Ang2
activity) while minimizing any potential toxicity. In addition, co- administration or sequential

administration of other %gi%s can. bﬁuq%;riapé%ulggrmﬁémg@etmﬁmMw'&hmre than one active
agent, where th.e activé agents aré in separate dosage formulations, the active agents can be

administered COW@%?%%U&E@%S%Q@QJ@@ grinisteretial sepanatelyrSRgyerpdtinagsptide
nucleic acids (PNAs) or mopholino nucleic acids (MINAs)), oucleic acid binding peptides,
polypeptides or proteins (inctuding nucleic acid binding tripeptides, oligosaccharides, and small
molecules can be combined covalently or noncovalently to provide a combination regulator as
desired. In one example, an oligonucleotide, PNA or MNA can be linked to a peptide or protein
t"oi:')‘}ovide desired properties or therapeutic effect. Alternatively, an oiigonucleotide or analogue
thereof or peptide or pi’dtﬂiﬂ can be linked to a small molecule to enhance its properties. These
materials can be directly linked or linked via a spacer group as well known to those skilled in the
art. Tn one embodiment, the small molecule includes a radioligand or other detectable agent that
can be monitored using standard techniques. In this way, the progress and location of the
regulator can be monitored. Alternatively, the small molecule is a therapeutic that is brought to
the site of therapy by the regulator, and then optionally cleaved to provide its therapeutic effect

at the appropriate location. In a third embodiment, the small molecule is a chelator that joins two

biological materials together to produce a combined effect.
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The dosage regimen utilizing the modulators of the present invention is selected in accordance with a
variety of factors including type, species, age, weight, sex and medical condition of the patient; the
severity of the condition to be treated; the route of administration; the renal and hepatic function of the
patient; and the particular modulator employed. A physician of ordinary skill can readily determine and
prescribe the effective amount of the aptamer required to prevent, counter or arrest the progress of the
condition. Optimal precision in achieving concentrations of modulator within the range that yields

efficacy withoul foxielly tegulies 2 fegimen baseelan.he iasfiss:ah the.madulaiossiavalaailty to
|

target sites. ThidfSRIEE S CERSdEIAtIon of the tribution, equilibrium, and elimination of the
modulatgfid evalifaitiefimethogs oicthfipresendinvabribin, 4B RSHators herein described in detail can
form the active ingredient, and are typically administered in admixture with suitable pharmaceutical
diluents, excipients or carriers (collectively referred to herein as "carrier materials) suitably selected
with respect to the intended form of administration, that is, oral tablets, capsules, elixirs, syrup,

suppositories, g&ls aﬁ@ﬂfﬁéﬁﬁ%’é’?'&ﬁﬂ%éﬁ@i@ﬁﬂﬂlﬁw%H%‘ﬂ’%’hal pharmaceutical practices.  For

instance, for oral adminjstration in the form of g tablet o ca I@ Jhﬁjﬁ\ﬁﬁ{/&sd@ﬂl&@gm%@&ﬂt can be
combined with SR RER RS BRR AL ?caail yiél%%:té%tg esléfngrtlcarrier such as ethanol, g}lycerol,

water ang dheri@oMarepver awheh desirdyornd GlsaAR Buksbe Hikddrs!atibrrAHRCtiSHdSrating
agents and coorng AGeS 520 150 e GRIARTEISA YO i Tty bl pinders nclude wiou
|

Iimitatiorﬁcg’ttﬁ%‘ﬁi, hs{ atily, hatural sugars such as glucose or beta-lactose, corn sweet%netrg rglatural and
synthetiggyitosiet asidiaiapnhgdetntineHssdnads é@m&t@thﬁk%&ﬁﬁ&ﬁ%&%ﬁﬂ [8s8¢ po‘i}/e%hyl'ene

glycol; waxes and the like, Lubricants ysadrinihese dasage farmsinglude, avithintiihviatibap sodium
oleate, s ity 'sfearate, ~’magnesium stearate, sodijm be%zoatﬁ, SOdilﬁm acfetate s%gg%ggloride

and the IteBlighotbiratorenltats, bisaseut (RGB! SYHRTIEHE LeliiSea féaa}l,( entonite,

xanthan gum and the like: 1o coRQHIliaitiamMS thecastiveitiugaompdulent can #éeoibined in suitably
flavored suspending or dlspersmgézgents,sucgfg{gf snyﬂtqs}%a}ﬂgl&%}gral gums, for example,
tragacantilagislecireiRALESIRGSE HHPtR BB BRITE HisPErsing agenits that can be employed
include glycerin and theﬂll_ieﬁ% For pg\reiré;[; {1aluaed1@éﬁi§$r9§§95b gtrg{j}% %Hﬁﬂﬁﬁﬁj.o%x%ﬁrﬁpl@;ﬂ@ns are
desired. Isotoniglﬁf’t‘%@ o it g%neraffil/ contain suitable preservatives are employed when
intravenqys; agrinisiiatien mtesibedest sequence is first incubated with the test protein or a mixiure
[=
containing putative binding proteins, and then separated on a gel by electrophoresis. If the DNA
fragment is bound by protein, it will be larger in size and its migration will therefore be retarded
relative to that of the free fragment, For example, one method for a electrophoretic gel mobility
shift assay can be (a) contacting in a mixture a nucleic acid binding protein with a non-
radioactive or radioactive labeled nucleic acid molecule comprising & molecular probe under
suitable conditions to promote specific binding interactions between the protein and the probe in
forming a complex, wherein said probe is selected from the group consisting of dsDNA, ssDINA,
and RNA; (b) electrophoresing the mixture; (c) transferring, using positive pressure blot transfer
or capillary transfer, the complex to a membrane, wherein the membrane is positively charged -
nylon; and (d) detecting the complex bound to the membrane by detecting the non-radioactive or

radioactive label in the complex.

The Biacore technology measures binding events on the sensor chip surface, so that the
interactant attached to the surface delermines the specificity of the analysis. Testing the
specificity of an interaction involves si%npiy analyzing whether different molecules can bind to
the immobilized interactant. Binding gives an immediate change in the surface plasmon

resonance {SPR) signal, so that it is directly apparent whether an interaction takes place or not.
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Topical preparations containing the active drug component can be admixed with a variety of carrier
materials well known in the art, such as, e.g., alcohols, aloe vera gel, allantoin, glycerine, vitamin A
and E oils, mineral oil, PPG2 mydstyl propionate, and the like, to form, e.g., alcoholic solutions, topical
cleansers, cleansing creams, skin gels, skin lotions, and shampoos in cream or gel formulations.

The compounds of the present invention can also be administered in the form of liposome delivery
systems, such as small unilarnellar vesicles, large unilatnellar vesicles and multilamellar vesicles.

Liposotngsiean e fasmeesfsemauatietyscfiphosphelpitdsssiemas chotesterdinstt Bigmine Sr

phosphatidylcholines,  The compounds of the. present invention « P ddwith soluble
polymers P detattecaily SaMerds §ﬁ1§ﬁ %iff?ﬁ%rg (B,ga%cltﬁ%ﬁj%eggg@\%%%%gﬁé%%%f%gran
copolymg&&ﬁb’@&ﬁt@mgn@@ﬁfﬂ@tbaﬂuﬁ@miﬂiewklemﬂlpmgﬁg@ﬁ‘ovweéthw@@[é@ftmgpﬁéﬁ&%eor
polyethyleneoxidepolylysine substituted with [ L - &f . dhesappounds of the
present iREHIACEHF étﬁlgfﬁjﬁc 1?f)}lrtté)fgl}%Sﬁ%%qgﬁggéglggﬁg#mﬁgﬁo a class of biodegradable
polymersaigefiskirs aghievidg Bontestetsestetises @i BrapagideH é%gfﬁﬁfé%%qw fe'gicaP(PEa),

polylactie acid, Fgolyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals,

polydihya’ils-%g'f e

NS, polycyanoacrylates and cross-linked or amphipathic block copolymers of

hydrogels. Chol %ﬁﬂ'swmi'?t%W@a cancbedinke coialhena fitamers tohintnedBeandharolong
bioavailability. The oligonucleoti

liposomaltferfctdtRbivasr éﬁﬂ'r‘ﬁﬁéﬁgé%t(é?ﬁ!i?égfriZ?%%ga%ﬁag@;ﬁ@ée%gﬁgﬁ%@%c %ﬂﬁgeg%i
are the sample and thé-glass of the sensor chip, and the conducting film is a thin layer of gold on
the chip surface. SPR causes a reduction in the intensity of reflected light at a specific anglg of
reflection. This angle varies with the refractive index close to the surface on the side opposite
from the reflected light. When molecules in the sample bind to the sensor surface, the
concentration and therefore the refractive index at the surface changes and an SPR response is
detected. Plotting the response against time during the course of an interaction provides a
quantitative measure of the progress of the interaction. The Biacore technology measures thg
angle of miniroum reflected light intensity. The light is not absorbed by the sample: instead the |
light energy is dissipated through SPR in the gold film. SPR response values are expressed in
resonance units (RU). One RU represents a change of 0.0001° in the angle of the intensity
minimum, For most proteins, this is roughly equivalent to a change in concentration of about 1
pg/mm?2 on the sensor surface. T he exact conversion factor between RU and surface

concentration depends on properties of the sensor surface and the nature of the molecule

responsible for the concentration change.

There are a number of other assays that can determine whether an oligonucleotide or
analogue thereof, peptide, polypeptide, oligosaccharide or small molecule can bind to the -
nucleic acid ligand in a manner such that the interaction with the target is modified. For
example, electrophoretic mobility shift assays (EMSAs), titration calorimetry, scintillation
proximity assays, sedimentation equilibrium assays using analytical ultracentrifugation (see for
eg. www.cores.utah.edu/interaction), fluorescence polarization assays, fluorescence anisoiropy
assays, fluorescence intensity assays, fluorescence resonance energy transfer (FRET) assays,
nitrocellulose filter binding assays, ELISAS, ELONAs (see, for example, USP 5,789,163), RIAs,

61" equilibrium dialysis assays can be used to evaluate the ability of an agent to bind to a nucleic
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USP 6,011,020). The nucleic acid ligand or modulator can he comprised of a oligonucleotide
modulator attached to a non-immunogenic, high molecular weight compound such as polyethylene
glycol (PEG), In this embodiment, the pharmacokinetic properties of the complex are improved
relative to the nucleic acid ligand alone. As discussed supra, the association could be through covalent
bonds Or non-covalent interactions. In one embodiment, the modulator is associated with the PEG
molecule through covalent bonds. Also, as discussed supra, where covalent attachment is employed,

PEG may be covalently bound to a varjety of positions an the oligonticleotide I n
preferreoﬁé‘ﬁiwHgﬂﬁm'eﬂﬁeﬁﬁaaf@ﬁﬁﬁgfg&{?&tgerﬁ%%ﬁ%%gpE%%%e e %%gt%né %m%ﬁ%ltl r%%%%gfr% Igiarﬁide or
vinyl sulfgnefunstionatitinbl anshemblidinmentrapluraiitpobrbaldacorent apstis BseGEEES with a
single PEG molecule. The madulator, can be to the,Same ] ! : AR ndiments where
there are? Hmﬁg%‘f’o%ﬁ%ﬁg}s& tggLif 16 glg%%(ﬁ lﬂccflecilcaaa11 %@gﬁﬁ%ﬁﬁ%g ggﬁéngi%gﬁl%idity due to

multiple hiagipgeintes dhtonsaitarthdaliganBidieeiqutaARED eRBbAMEM, 22 IIREIRABF-PRB: molecules
can be aftached 1o 1%%9: %Qﬂralﬂagﬂgeﬁmp%ﬁmﬁ%,%%mw%%M&t@%%&myem&met or

different ta¥§efsCan be associated wit each PEG molecule, This also results in an incregse in avidity
of each maduliatorltfoits tareest demdmpdirmradinoHisesiit A FvdRRIFL 8 gaeRic i d 8me target
are attacped to PEG, iherg s ihe nassiilineiringing dheisameriangess indloselprpxisaiy taeach

other in order to generate specific interactions between the same t%rﬁ\tets. Vl\lhaenr(?arrq chfia[[)lle modulators
specific fbe difdrenviefydhatabe Wrathdalispiie Pty {Hbﬁlb%%%? 5i ,f/mcl)?l bMgIng the distinct targets

in close preximithie s@ehpUISkinierdetdagenerate specific interactions between the targets. In
addition, in embodiments wherg there are modulators to the same target g{iﬁﬁﬁgg%@gets associated
with PEG, a drulj*anBrRss e, %Bﬁdﬁ@ﬁ%ﬁﬁﬁcﬁgﬁr@?{? S the 6 orgrﬁ%ﬁaé%vlv%gtﬁt provide targeted delivery

hus t
of the dryg il P seIviagkam ddidnicet ligan@nlecpitiidnf encociteledvisah ereesatietd in vivo
diagnostic use of nucleid acids is, that gligonucleotides in thei edlisstarformamayRe sudickly
degradedifi Bd§ %f@r%@eﬁ 5@3%‘@5;%%85%@@2’2‘%%@& as endlonuélea%s Igﬁénd '
exonucleasesdefgeciife Besiteeffetids Atafifeckectihifuarieanroaiestivnds saladeeic acid

can be mad {0 increase the. i vive, stablity,fi e auclelc.asid Qnisienbancm.ek e madiate the
delivery oli‘sﬁgei%u% éﬁgnz%dgﬁfﬂoig#}i/c%ﬁ%%ﬁs oflthe ndcl’eic%%acid I%a_ncis contemplariged in this invention

include, Hutlaidudtimjteents, tbbdusiarspestad atrcr et b deh SRS id Additional

charge, pn%'a%ﬁ%%liéyaf'?ﬂg reRhabicity )i bysiiopeReansisaneleatosiatisdnteraction, anddbiionality to the
nucleic acid bases or to the nucleic acid as a whole, Such modifications include, but r@bnotyli{;@ited to,
2'_positi oﬁCS@@amﬁiﬁﬂ}ﬁ é%h%u(gg th%wiwﬁganeously agawmst, e.g. a combialona Ithrary o

compounds. Moreover, mass spectral techniques can be used to identify interaction belween a
plurality of molecular species, especially remall” molecules and a molecular interaction site on a
'target.nucleic acid ligand.
In vivo 61‘ in vitro assays that evaluate the effectiveness of a‘regula)t‘q‘r in modifying the
interaction between a nucleic acid ligand and a targétj are specific for thie disorder being treated.
" There are ample standard assays for biological properties that are well known and can be used.
Txamples of biological agsays are provided in the patents cited in this application that describe -

certain nucleic acid ligands for specific applications.

As a nonlimiting example, coagulation tests can be performed as bicassays in clinical
laboratories. These tests are generally functional end-point assays, in which a patient sample
(plasma or whole blood) s incubated with exogenous reagents that activate the coagulation
cascade, and the time until clot formation is measured. The clotting time of the patient sample is
then compared to the clotting time of pooled normal plasma or whole blood to provide a standard

measurement of the patient's hemostatic status. As described below, such clotling assays are
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modifications, 8-position purine modifications, modifications at exocyclic amines, substitution of
4-thiouridine, substitution of 5-brorno or 5-iodo-uracil; backbone modifications, phosphorothioate or
alkyl phosphate modifications, methylations, unusual base-pairing combinations such as the isobases
isocytidine and isoguanidine and the like. Modifications an also include 3' and 5' modifications such as
capping. Lipophilic compounds and non-immunogenic high molecular weight compounds with
which the modulators of the invention can be formulated for use in the present invention and can be
prepared bymmyoofthesdaxicos tebimictedregdumly ledineiivtine of stk tssedigarit i HEvtapdd.

Typically, t@&%rﬁf@ &ggﬁg}gﬁgﬂf@g{eﬂlghospholipid, for example, distearoyl phosphatidylcholine, and may
include other materials such as neutral lipids, for example, cholesterol, and also surface modifiers

such as positivelyr ghagaM (@ €icHBRY BTN @AUITONARReSE:Qf RENIMAIERRIEN:Ias vativarof
cholesterol) or negatively charged (e.qg., diacetyl phosphate, phosphatidyl glycerol) compound
liiarmel R B SRR A S RRAR ) 8 T EILETRR 6 A By PRI & Chlected
lipid on the:ingide swalloha:suitabie Rovtainenbn vesealbjndissodving thiHiphd inlaneppguoprjatelsolvent,

and then evaporating the solvent to leave a thin.film on the inside. of the el ray drying. An
agueous p?'?a@@sl% ﬁ“&&%&éﬁ%ﬂt RSP i%rnvﬁ? |cﬁsgog5 VBHexmg motion lﬁr%fgfrie&ults in the
formation of MLVShéNaicardientiad Toromech by diorfioge Rizai ok, J80rcation e esdnirsiol {thadergh
fiters) of MY S Adiion, LIVAGA0 Be RNed dy AriBran P A S hRIdNRS ML ceal v
embodimefits 6F this invention, t:ﬁe complex comprises a liposome wit a;arge_tmqényclem acit
ligand(s) a¥4Bcied with aié $UrfAbe fesitisertifortrd &rung apasrtapsurited Mbrighedrtdrdtagnostic
agent, Preformed iposames 6enias megified jnassagiaieaviththnnusinisasidligams.dror example, a
cationic liposome associates throygh electrostatic interactions with the nucleic acid. Alternatively, a
nucleic acitisreasrrstsibea)lpapbfific COPRBBIRTOSHEH AL A6 BEEIN RN e SRR T ERrmed
liposomes yyheeeby thethgpsian heoamenassasiatadbyitbrhetiposomabmembrianeubdigratively,
the nucleic acid can be aisopiate‘d. _gr;él}jyj{igoson% qijrinﬁ ltk%ecg)r N Ir%ticnjpegfftpﬁliisplpsg%%
Preferably ¥ HiRabnath 1 St 8 e i "iﬁésng&énn‘% By 8RR THES Preformed fiposomes.
Alternativeyp pliganwelestitie meeksl dtors ahthevinyentionof arpieepi'e doggdeitovivstefallemwing
administration of a construct comprising a.sequence .e co%ing t?g ?ﬂgg&%&e Bql?to I R 'CJH S
available fBFSREAING fistFSE8iRl ?Q 2 i\l}erc)}i 181%%5{1 Cﬁngloegh ators o guelr[e ekpres%glon c%.r%eggse% (see
generally SulfepgesmtdieMetn@blld8ibh ADTEB B¢y as follertaiHintplens slaweriseplivnedan be
described gﬁ&rﬁ%t%{o%%t%};lmmsﬁbﬁg&%‘{B@éﬂﬂﬂ‘@ﬂ‘@ﬁlﬁﬁﬂﬁ?ﬁﬁ@ @\ acting is added thereto. In

addition, calcium chloride is added. The period of time is measured until coagulation is formed

More in detail, the blood plasma is stored in a refrigerator afler it was obtained through

centrifugal separation of blood. Activating agent of 0.1 ml, which was warmed in a water having

a temperature of 37° C. for a minute, is poured into a test tube containing 0.1 ml of the plasma

The mixture is allowed to stay in a water of 37° C. for two minutes. Then to this mixture, 0.1 ml

of CaCly of ©.02 M, which had been placed in a water having a temperature of 37° C., is added

under pressure, At this moment a stop watch is switched on. The test tube is heated in the water

of 372 C. for 25 seconds. The test tube is taken out, and if coagulation is observed, the stop

waich is turned off. This is one way in which the blood coagulating time can be measured.

The bleeding time test can be used for the diagnosis of hemostatic dysfunction, von
Willebrand's disease, and vascular disorders. It also can be used to screen for platelet
abnormalities prior to surgery. The test is performed by making a small incision on the forearm

and wicking away the blood from the wound site, The time it takes for bleeding to stop is



EXAMPLE 1 Apt amer to Factor Dca Nuclease-resistant 2'-fluoro pyrimidine-modified aptamers to
human coagulation Factor IXa were generated as described in WO 0226932 42. Eight iterative cycles
of selection were performed, yielding a family of 16 aptamers with high affinity for FIXa; Ku's ranging
from - 0.6-15 itM in physiologic salt and pH at 37C. Comparative sequence analysis made it possible
to predict and synthesize the minimized version of the highest affinity aptamer, termed RNA 9.3t ("t"
for truncate), shown in Fig. 1. This 34 nucleotide aptamer has a molecular weight of 11.5 kDa and
binds FIXa with essentially the same affinity as the.full-length se e (. 2 Lcontrol, a
mutant vEYRSFES RN S %FH?é‘H@.?f‘tﬂWyg lgvn?w;ls'|§zle{i:ﬁ??{\a/%vh%ﬁ(?ﬁ%aa@o%tﬁé?y%égrﬁﬁe%gggks in the
internal lpop yyere,awitatadiiei ¢ o1 kignljattbigphyptméiisiids FIXa with a Ku > 5 nM as determined by

competition binding assays. In all acfjvity gssays. RN is.empl genyokia measure any
non-specific eﬁér@f’sgpdﬁﬂggﬁlw i%%‘fgﬁ%yﬁ %i’tﬁ?gcé}o?n%gisﬁﬁt%#& fgt%grgg?%%?ﬁocks FX activation by

FV1lla/FiXatipidsiand- atdopdrtialyubitcksisymbbliodabatrate hideoyeiepy BIREngS tefid®xamine

the specificity of the aptarner for F1Xa yer Heteally.similad coaasiaion lasamiiteradfinigy of 9.3t
for FIX, F%(I%%ﬁf( lel'—'&% and’ 5%&%3@%%%@%%%%% in direct émdin assays as %rqyious}éggracribed

(Rusconifelaly THIOrebbEisTandestaembes resio9m821 BUe ©OePP Pl St bik A FHSnly -5-50
fold less Uahily. an e failediie el ianificanbindiagal pceisip deaocagiations up (o 5 p.M

(fraction Sund < %) to any of the other proteins testedfﬂ heyefgrleﬁglllefs%%ggg%iggeof aptamer
9.3t for FiesuersobaR UEbIOTA0FX i dsipiprs 1L 6 0 F8IG™ ©F W tdimine the anticoagulant
potency (gffxlé.[}{ﬁb Qtwiernhitity b 8idt oy olongsdiseqiatiing dinfer phhiemmarmplaskia hb@t_}é’e n
evaluated In activated partial thromboplastin %E%QPTTC)&%QF&% ?rgtbé_gl{[%@@nclottmg assays.

Aptamer 9rdprBiRssorEoHtibPEptaAE- e BN &4 prolong the clotting'time of human plasma in

a dose dependentmannek(FigicioNeithemaptdwmer, hadliawekbctod thenPiiefeibnstrating the
functional specificity, of aptamer 9.3t for FIXa and demonstrating that this type of oligoinicleotide, at
concentr%@%ﬁlﬁ%ﬁﬁfa@ges not non-specifically increase the clotting time of human plasma. Thus,
RNA 9.3 is a potept Bitiotdg @antingithiraeriaxitidl Brieetoretaepts pidimt %Stﬂai[%i’i Y in FIX

deficient plasma, Similar experiments, ARG HRRN REFelPesh iRRRrtMnRlagmadiapd simiargotency

and compared to

amount of thrombin to a patient's plasma that has been depleted of platelets, and measuring the

time required for a clot to form. This test has been nsed as an aid in the diagnosis of disseminated
intravascular coagulation (DIC) and liver disease.

There are also a number of tests that can be used in the diagnosis of a patient's
coagulative status. These fall into two categories: complex tests, some of which are based on the
screening tests outlined above, and immunoassays. Complex Tests include specific factor assays
based on laboratory tests, such as the APTT, P, and TCT tests. One assay measures the level of
the activation peptide factor IXa or the factor I'Xa-antithrombin T complex. These
measurérhents are used to determine the levels of factor IXa or factor VII-tissue mediated
complex. Assays for activated protein C resistance, antithrombin, protein C deficiency, and
protein § deficiency are also part of this group. Asymptomatic individuals who have

heterogeneous deficiencies of proteins C and S, and resistance to activated protein C, have

significantly elevaied Jevels of the prothrombin fragment F1.2 compared to controls.

V. Method of Regulating Nucleic Acid Ligand Therapy
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specificity have been observed. To determine if this molecule is capable of inhibiting FIX/Ma activity in
vivo, the ability of this aptamer to systemically anticoagulate small (1.5-4 kg) pigs following bolus
intravenous injection was tested. For these experiments, an intravenous catheter was placed in the
femoral vein for sample injection and an arterial catheter was placed in a femoral artery of the animal
for serial withdrawal of blood samples. A pre-injection blood sample was taken, and the ACT time
measured on site to establish a baseline whole blood clot time for the animal. Aptamer 9.3t at doses of

0.5 mg/kg (n=4) andd.Q malkeBFA) Petamer fathyas povidgikgihinsldey EhideifHeg)imidthen

delivered by intravenous bolus injection. Blood s les yere tvarous.times,pegt injection, and
the ACT MWEW%@WE%&P@%%@I%%%T \#agsmggg\(/}vﬁ%gfge%e miErimatioan of ipPTT's at different

times posipnieclion: As:BHewadBRia: Hoapidrier(B) Auirsrtis cottroraisein ey Sap ot dEnicle,

was able to ir_lhibit FIXa activity in vivo as evidence ignificapirdasadepaniartdncease in the
animal's }X@‘iﬁé@s‘ﬂ%]%‘&fﬂ'g?ﬁt}&?gﬁﬁ\wﬁl ﬁ)f}lgigfsﬁiqglgggrgnxé%lEg%ﬁificalIy pro,lgﬁged the APTT, but not

PT of the apimals: B aidese denandsatmeminers UswgiTiadh uidogbael {ESpBIEL Ry Hgdsie

APTT experiments, the change in,9.3t pl 9@&3@}{@;@@ Quektimedaliowig injection can be
estimatecﬂ%mﬂ%%aé’ﬂg}?fpergi% rrzlltlzl?leegs’tpe%%rg%%availabili:ty of 9.3t a%ersi?Fg of tt‘@ ﬁ% ptamer with a

5'cholesterol mojeiybansisyathesizetkdeinistroubted bY Hee CHER A SPHIBEIAE Shtaifher retained high

affinity binding_ to FlXa.(Fig, 5A Hent AnicomeHpR aethity (igs. A &ndve G dheelopeilo effects
of this mdﬂﬁgdggﬁ@ﬁogr%ﬁ%?r%ﬁ%ﬁﬁ% %%{I%?ife of 9.3t-C ve%s,ﬁlés 9.3t (n=2 animal for each aptamer) have
been testadclisingihEgsiy syaterirealrd SHRISHIANOHED RPEIWRY ﬁ\]ectior] of 0.5 mg/kg 9.3t-C, the
ACT of the anima| ingreasesnchd deldmndwespusiaineantnstoied for PHEH. PEStTHRERSH (Fig.

OA). Fig. 611 shows analysis of the APTT and PT of the animals this xpgument\Whjle the
anticoaguteastrpotsiey Wffﬁ@%WdIhﬁ‘éﬁ-é‘%“ s fagrs,c Eﬂ’g ﬁé&%{‘%?ﬁ%&% Ealilnti(:oagggiljjant effect of 9.3t-C

Is Sig”iﬁc%ﬂxﬂ&%g{ (Figy HG) YENAMRIEBtion pathway factor, the RINA aptamer having a
dissociation constant for the coagulation pathway factor of about 20 nM ot less; (b) modulating

the biological activity of the coagulation pathway factor in the warm-blooded vertebrate through

the administering of the RINA aptamer in step (a); and (c) providing an antidote to reverse the
effects of the aptamer by administration of a modulator. For example, the modulators of the

present invention can bind fo nucleic acid ligands that target tissue factor (TF)/factor Vlia

(FVIla), factor Villa (FVIiTa)/factor 1Xa (F [Xa), factor Va (FVa/factor Xa (Fxa) enzyme

complexes and platelet receplors such as gp 1bIla and gp 16IX and modulate the effects of the

ancleic acid ligand. This invention also provides antidote control of platelet inhibitors,

antithrombotics and fibrinolytics.

At least three clinical scenarios exist in which the ability to rapidly reverse the activity of

an antithrombotic or anticoagulant nucleic acid ligand is desirable. The first case 15 when

anticoagulant or antithrombotic treatment leads to hemorrhage, including intracranial or

gastrointestinal hemorrhage. While identifying safer target proteins may reduce this risk, the

potential for morbidity or mortality from this type of bleeding event is such that the risk can not

be averlooked. The second case is when emergency surgery is required for patients who have

received antithrombotic treatment. This clinical situation arises in a low percentage of patients
who TequiTe emergency coTonary artery bypass grafts while undergoing percutaneous coronary

i age of b/Hla inhibito ent ice in this situation is to
intervention under the coverage of GPIIb/MHa inhibitors. Current practic 7

allow for clearance of the compound (for small molecule antagonists such as eptifibatide), which
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Oligonucleotide that Reverses Interaction of the FIXa Aptamer with Coagulation Ma The secondary
structure model of 9.3t is shown in Fig. 1 and was developed from comparative sequence analysis of
the related FIXa aptamer sequences shown in Fig. 7. These data strongly support formation of the
stem-looped structure depicted in Fig. 1, In addition, mutational analysis of aptamer 9.3t demonstrated
that disruption of either stem | or stern 2 resulted in a greater than 1000 fold loss of affinity For FIXa,
Therefore, a 17 residue all 2'0Inethyl oligonucleotide was designed (sequence 5' auggggaggcageauua
3) (Anti-iL), complemeniany: teitheeBhakiof aptanerSmddbheginniny fithtBtens:of opma4L,2 in Fig.

7) and extending to the 3' end of the aptamer. This design allows for,| i anftermolecular
duplex baBietPHRbIBORTCIESHTE NS 156 2'BF 'lebgf)%g} ‘éxrmﬁas”lg ‘%%gg(ﬁa?i%%%&fﬁthé ﬂesrmolecmar

duplex isjhemmogynasigallyciyoses dpeddvbolhettindefytrcntidsasentoisisositionles the

complimentary oligortucleotide. A ribonucleotide dup| fthi . energy
o1 26,03 REGHIBHARLE T A ThotR 3 L e o) L e reaty

exceed 24houi targaldetermitenifgiisiotigortitbieothusicousenitbieauprativar d9t, radiolabeled

aptamer 9.3t (125'nM),was incubated with.in | entiatians, AtihemabliseteiRliganucleotide
(from eqdifR6MAF oaéqu) g’f’ OPGS%(% a?“éeg‘é\gisg?lg?‘gs??gﬁ%ﬁ? Srﬁﬁ\wsutelg(}%e;t Fi%‘g%,_ and tﬁll amount of

intermolecular dupeshfofnfadwing visdialiaeellsy Hatnie FopisetidhHePdery “&8%&&?\?88, 150 mM
NaCl, 2 il Cacls f4p 0 kXIiSTOIALR i ek i) fetlawerkty ahospharmaGineg, (Fig. 8).

To generate an (ﬁlgonuc eotide-aptarner complex as a g I-mobgiﬁtmtr%l,lég?,oli onucleotide was
annealechiteaptatieirsel St b HdisirprR B iR PURY A 4 1id eSS LT the bligonucleotide at

95C for 5 inuies BhinHNe.31C isubation (heay FigiB)offhe sane\det disxperineiviyitas
performed with a nonsense oligonucleotide of the géme base ompo ép N (%geth tﬁ‘é‘Ugﬂ%rate
oligonucledhige & ripediguByarNe @ 3 488in }ar_eg’yt e antidote oligonucleotide readily
denatureg gpiarnar &:3uamevidenideas y neatcomplstesiohmelionsoffithe aligaiueikeotide-aptamer

complex when the gligonucle ti(ii%% was present at an 8 fold molar excess to the aptamer. In addition,

this inter ACHBRIRTGERT SHBMREUET

Ho complex is observed, with or without heating, between the
aptamer and thesngasgenisef cantnbitoiggoitietsiviiplén patiens, déﬂéﬂﬁﬁlé?f%‘%ﬁ?ﬁg@%ﬁéﬁﬁ%@otide

Id e die anti slant activity of apt 9.3t . i :
moasured A SICUEUE Bl U SN Tharing RerEeTor o (s Aot oone

. easing concentrations of the antiqé)fg?#gonucleotide
(Fig. 9A and QB;)nJhidmi&aémémsntmapﬁfam@ﬁg!quﬁéé BN RS AGRL S B Bhior to
addition of the.aniid | Qlde iR IENSIRle ARtaRelHoT Xoaarpifxese 1 dntidote or nonsense
oligonucf.let“o%?c‘f%1 wgﬁ%ﬁ%%%%cdiﬁgn%%e incubg‘{%n,comin ed for rllaqdc'\tiond?ltilq n&i)%t plior to
y Qs v % & 11?['1

adding Ca@ibe dfiitkast A6 od-Aaesn(DASISHBIRH R 4 8 SHYTOB e Antidote. eofide is

e oligen

able to effectively rewesseahouh 8ol esapliapagulttaotivitysafiaptiiner 9. 8ycHoeefcte molar
excess of antidote oligonucleotide required to 1:ﬁf?leve this effect is substantially larger than the

amount redihearerasrdriven dehator ot M HAREF in the absence of protein.

The patient treated in the present invention in its many embodiments is desirably a human
patient, although it is to be understood that the principles of the invention ind.it:ate that the
invention is effective with respect 1o all vertebrate species, including warm-blood vertebrates
(e.g., birds and mammals), which are intended to be included in the term “patient”. In this
context, 4 manmmal is understood to include any mammalian species in which treatment of

cardiovascular disease is desirable, particularly agricultural and domestic mammalian species.

Contemplated is the treatment of mammals such as humans, as well as those mammals of
importance due to being endangered (such as Siberian tigers), of economical importance
(animals raised on farms for consumpiion by humans and/or social importance (animals kept as
pets or in zoos) ta humans, for instance, carnivores other than humans such as cats and dogs),

swine (pigs, hogs, and wild board), ruminants (such as cattle, oxen, sheop, giraffes, deer goats,
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EXAMPLE 3 Specificity of Oligonucleotide Antidotes In order to assess the specificity of an
oligonucleotide antidote, aptamer 9.201 was prepared (see Fig. 10A). Stern 1 of 9.20t is identical to
stem 1 of aptamer 9.31, as is the 3' half of stem 2. The main differences between 9.201 and 9.31 are
found in loop 2 and loop 3 (compare Fig. 1 with Fig, 10A). Aptamer 9.20t binds FIXa with a Kip
comparable to that of 9.3t. APTT assays were used to measure the cicit time of human plasma as a
function of the concentration of aptarner 9.201. Its in vitro anticoagulant potency in human plasma was
comparablgoig ihatoh8i8] (i dotoB). Mpmaeropkochid kdasiniet GH&H*%I&%%‘%& e oncentration
of 50 id\il and allowed to bind t for B 1ni IHG: Cangenuations atiantdote
oligonuclgcﬁ)’ﬁt&g’ 1ﬁr?tl Svsgirlg t g%maﬁdﬁgéﬁ%%a%g%ﬁ@%ﬁ%ﬁgﬁqgg&rﬁt 10 minutes alter antidote
addition tpaptiasindy Tdrecesietion Erdnée. HQIBEH S EALISBECEY 8905 AR %eii‘%s‘%%hlﬁ%aﬁs’w

unaffected by the addition. of shis spfidaisorliaanusientiste comptunentary to aptatner 9.31 (Fig. 10C).
EXAM PL@%@%&% 'gypt,g%g%b’,!% o

The present method for treating cardiovascular disease in a tissue contemplates

contacting a tissue in which cardiovascular disease is oceurring, or is at risk for occurring, with a
composition comprising a therapeuticaily effective amount of an RNA aptamer capable of
binding a coagulation factor as well as providing an antidote tq reverse the eﬁgctg of the aptamer
by administration of a modulator. | Thus, the method comprises administering to 4 patient a
therapeutically effective amount of a physiologically tolerable composition containing the RNA
aptamer as well as a method to provide an antidote to reverse the effects of the aptamer by

administration of a modulator.

" The dosage ranges for the administration of the modulator depend upon the form of the
modulator, and its potency, as described further herein, and are amounts large enough to produce
the desired effect. For situations in which coagulation is modulated, which can correspondingly
ameliorate cardiovascular disease and the symptors of cardiovascular discase, the dosage should
not be so large as to cause adverse side effects, such as hyperviscosity syndromes, pulmonary
edema, congestive heart failure, and the like. Generally, the dosage will vary with the age,
condition, sex and extent of the disease in the patient and can be determined by one of skill in the
art. The individual physician in the event of any complication can also adjust the dosage.

A therapeutically effective amount is an amount of a modulator sufficient to produce a
measurable modulation of the effects of the nucleic acid ligand, including but not limited to a
coagulation-modulaling amount, an EZF activity-modulating amount coagulation, and/or
angiogenesis factor activity (e.g., Angl or Ang2 activity)-modulating amount. Modulation of
coagulation, EZF activity, and/or angiogenesis .factor activity (e.g., Angl or Ang2 activity) can
be measured in situ by immunohistochemistry by methods disclosed in the Exampleg, or by other

methods known to one skilled in the art.

A preferred modulator has the ability to substantially bind to a nucleic acid ligand in
solution at modulator concentrations of less than one (1 ) micromolar (j:M), preferably less than

0.1 pM, and wore preferably less than 0.01 pM. By “substantially” is meant that at least a 50
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In order to determine if a single-stranded "tail" added to the end of an aptamer promotes association of
an "antidote" oligonucleotide with the aptamer, a 3' tail was added to aptamer 9.3t, the tailethaptarner
being designated 9.3t-3NT (Fig. 11). The 3' tail of 9.3 t-3NT is a 3 nucleotide 2'0Omethyl modified RNA
tail. This tail sequence was chosen to reduce the likelihood of impacting the activity of the aptamer,
and to reduce potential secondary structures within the complimentary antidote oligonucleotide:

The affinity of aptamer 9.3t-3NT was compared to 9.3t in competition binding assays (Fig. 12A). The
affinity of aptamer 9.3t-3NT for FIXa was comparable to that of 9.3t (Ko 1.5 nM or less). AM assays
were uselgie;geme;@%gtﬁhﬁl@ﬁ@ggimleghﬂamaﬁ\ﬁiaémiﬁ)mdmmimméi@éhmémﬁﬁpﬁﬂﬂb%amers
9.3t-3NT and 9.3t (Fj%. (;2‘13).\The.an't'poa%¥(l)a€t %(f‘{i}\l/gtjef‘lsi@%q}ﬁlgptamers were similar, and both
aptamerdangsie #i@ o LBRIBENSHAY IMATTTEIX AetVity T human plasma.  Aptainer 9.3t-3NT was

added to human plasma af 8 copcsniralion;oh o0 AlzAleld inareasein/ARERIandb allowed to bind to

plasma FIX for g arying concentrations of antidote oligonueleotides (see Fig. 11) were then
added, anchiheNRT Tostasapeastoel] atroarmaddatershigsie diition 8% gﬁ]véah:ig. 13A). The
fraction of the anticoagulant activity (eversed by ihe-antidate aliganuciectideis tietditierenice between
the APT'IH}H%%}?%‘résence of aptamer alone and the APT". in tl%i resence of_l%p}amer ;@g‘g’dote
divided binthamhahgerstamaiTieniet bHIBIRET R e g8rRd ‘ff‘%“& S ABReN D S o effect, 1=
complete reversal) gj;ﬁfrjgagggng FRRmeNiansatideraeliganuseotided testediasalis e @verse
>90% of the antico gulant activity of aptamer 9.3t-3NT wi_t,hinri @ﬂg}%@é of aaqglgiggej&guman plasma,
with AS3NIT 3tiersroratPaarg g Mol Hitart et AT Ay (Fig. 1311). ahis reversal activity is
comparabje to the ahility of protamingtolieveise theidR Tl inpmBass foNowiriFisep AaHsaBRi6N to

human plasma. The reversal of the anticoa Wity ofQa3t:3NE By, antifipteQligeucleotide
AS3NT-3kpastBetAphrag o 2V RYES 16‘?%%%%?&%%%%%%ac?ivity of 9.3t by antidose oligortucleotide

Anti DI. The,.agdiiomef dhe mwwamnm&é@%&imleﬁ@é%‘i/‘%fwmglgﬁs? an antidote
oligonucleotide with sequences complimentary to the 3' tail of th% _— v b
The modulators of the present invention can be preferably administered parenterally by

injection or by gradual infusion over time. Although the tissue to be treated can typically be

. accessed in the body by systemic administration and therefore most often treated by intravenous
administration of therapeutic compositions, other tissues and delivery techniques are provided
where there is a likelihood that the tissue targeted contains the target molecule. Thus,
modulators of the present invention are typicafly adrainistered orally, topically to a vascular
tissue, intravenousiy, intraperitoneally, intramuscularly, subcutaneously, intra-cavity,
transdermally, and can be delivered by peristaltic techniques. As noted above, the
pharmaceutical compositions can be provided to the individual by a variety of routes such orally,
topically to a vascular tissue, iniravenously, intraperitoneally, intramuscularly, subcutaneously,
intra-cavity, transdermally, and can be delivered by peristaltic techniques. Representative, non- A
liming approaches for topical adnﬁinistration to a vascular tissue include (1) coating or
impregnating a blood vessel tissue with a gel comprising a nucleic acid ligand, for delivery in
vivo, e.g., by implarting the coated o impregnated vessel in place of a damaged or diseased
vessel tissue segment that was removed or by-passed; (2) delivery via a catheter to a vessel in
which delivery is desired; (3) pumping a nucleic acid ligand composition into a vessel that is to
be implanted into a patient. Alternatively, the nucleic acid figand can be introduced into cells by
microinjection, or by liposome encapsulation. Advantageously, nucleic acid ligands of the
1;resent invention can be administered in a single daily dose, or the total daily dosage can be
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aptamer (Figs. 14A and 14B). In addition to the foregoing, the following oligonuc eotide modulators
have been produced that target aptamer 9.3t, and are effective at reversing its anticoagulant activity in
human plasma in vitro (all are 2' Omethyl oligonticleotides): Anti D Tl: 5' cau ggg gag gca gca uua 3'
AS 9.3t-2: 5' eau ggg gag gca gca 3' AS 9.3t-3: 5' eau ggg gag gca 3'. The following oligonucleotide
modulators target aptamers 9.3t and 9.3t-3NT, and are effective at reversing its anticoagulant activity

in human plasma in vitro (all are 2'Omethyl oligonueleotides): AS 5-1: 5' gca uua cgc aua guc ecc
ua 3' AS adininiceedgtisainblicided dm%r.%@#&%ﬁ?@f&fb}&%ﬂ&?@@ﬁﬂ‘@%ﬂb@égﬁggﬁe

et either

aptamer 9,31 of %pa?ﬁé‘?%ﬁe% -ANFuand ate mutanieligsnaniaatides siesighes dadestrspecific aspects of
the design ofmodu ating oligonueleotides to these aptamers (all are 2'Ornethyl oligonucleoticles):

The therapeutic compositions comprising modulator polypeptides of the present
invention are conventionally administered intravenously, as by injection of a unit dose, for
example. The term “unit dose” when used in reference to a therapeutic composition of the
present invention refers to physically discrete units suitable as unitary dosage for the subject,
each unit containing a predetermined quantity of active material calculated to produce the

desired therapeutic effect in association with the required diluent; i.e., cm‘rier or vehmle.‘

The compositions are administered in a manner compatible with the dosage formulation,
and in a therapeutically effective amount. The quantity to be administered depends on the
subject fo be treated, capacity of the subject’s system to utilize the active ingredient, and degree
of therapeutic effect desired. Precise amounts of active ingredient required to be administered
depend on the judgment of the practitioner and are peculiar to each individual. However,
éxti‘table dosage ranges for systemic application are disclosed herein and depend on the route of
administration. Suitable regimes for administration are also variable, but are typified by an
initial administration foltowed by repeated doses at one or more hour intervals by & subsequent
injection or other administration. Alterpatively, continuous intravenous infusion sufficient to
maintain concenirations in the blood in the ranges specified for in vivo therapies are

contemplated.

As used herein, the terms “pharmaceutically accepiable,” “physiologically tolerable,”
and grammatical variations, thereof, as they refer to compositions, cartiers, diluents and reagents,
are used interchangeably and represent that the materials are capable of administration without

substantial or debilitating toxic side effects.

Pharmaceutically useful compositions comprising & modulator of the present invention
can be formulated according to known methods such as by the admixiure of a pharmaceutically
acceptable carrier. Fxamples of such carriers and methods of formulation can be found in
Remington’s Pharmaceutical Sciences. To form a plmmlmceuticaliy acceptable composition
suitable for effective administration, such compositions will contain an effective amount of the

aptamer. Such compositions can contain admixtures of more than one modulator.
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AS 9.3t-M: 5' eau ggg gaa gca 3' (SEQ ID NO:37) AS 9.3t-3NOH: 5' aug ggg agg ca 3' (SEQ ID
NO:38). AS 3NT-3M: 5' gac aug ggg aag ea 3' (SEQ ID NO:39) AS 3NT-3 MT: 5' aca aug ggg agg ca
3"(SEQ ID NOAO) EXAMPLE 5 Antidote Oligonucleotide to Aptamer 9,3t The antidote
ol!gonnoleotide 5-2C (5' CGC GGU AUA GUC CCC AU) but not a scrambled version of this antidote
ollgonuclt_—:'otide, 5-2C scr, has been shown to effectively reverse the activity of aptamers 9.3t and
Peg-9.3t in vitro in human plasma. Peg-9.3t is 9.31 with a 40 KIM polyethylene glycol appended to its
5'end via a linker. In these experiments, aptamer was added to plasma ( M 9.31, 125 riM

kY 5

: . 50
Peg-9.30 and gl}BWééﬁt@ﬁmBat@%inSWihaf@e?%*?&i@o%é’”d‘rfdés ' ?8%%8@%%3?&&%@‘5%‘3%, and APTT
assays wesgpitiatedid0 ainuies afteraptislose additiorid hdpradultmaiBishalviOihcFigurerd 5.

include the mode of administration. Generally, the compositions will be administered in dosages
adjusted for body weight, ¢.g., dosages ranging from about 1 pg/kg body weight to about 100
mg/kg body weight, preferably, 1 mg/kg body weight to 50 mg/kg body weight.

Modulators of nucleic acid ligands can be particularly useful for the treatment of diseases
where it is beneficial to inhibit coagulation, E2F activity, and/or angiogenesis factor activity
(e.g., Angl or Ang2 activity), or prevent such activity from occurring.  The pharmaceutical

" compositions are administered in therapeutically effective amounts, that is, in amounts sufficient
to generate a coagulation-, B2F activity-, and/or angiogenesis Tactor activity (e.g, Angl or AngZ
activity)-modulating response, or in prophylactically effective amounts, that is in amounts
sufficient to prevent a coagulation factor from acting 1n a coagulation cascade, to prevent an‘EzF
activity-mediated résponse, or to prevent an angiogenesis factor activity (e.g., Angl or Ang2
activity)-mediated response. The therapeutically effective amount and prophylactically effective
amount can vary according to the type of modulator. The pharmaceutical composition can be

administered in single or nnaltiple doses.

Generally, oligonucleotide modulators of the invention can be administered using
established protocols used in antisense therapies. The data presented in Example 6 indicate the
activity of a therapeutic nucleic acid ligand can be modulated by the intravenous infusion of
antidote oligonuclectides into a human or other animal, Furthermore, because the modulator's
activity is durable, once the desired level of modulation of the nucleic acid ligand by the
modulator is achieved, infusion of the modulator can be terminated, allowing residual modulator
to cleaf the human or animal. This allows for subsequent re-treatment with the nucleic acid
ligand as needed. Alternatively, and in view of the specificity of the modulators of the invention,

subsequent treatment can involve the use of a second, different nucleic acid ligand/modulator
(e.g., oligonucleotide) pair .

Modulators synthesized or identified according to the methods disclosed herein can be
used alone at appropriate dosages defined by routine testing in order to obtain optimal
modulation of sucleic acid ligand activity in coagufation, B2F, and/or angiogenesis factor

cascades (e.g., Angl or Ang2 activity) while minimizing any potential toxicity. In addition, co-
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EXAMPLE 6 Rapidity and Durability of Control of Aptamer 9.3t by Antidote Oligonucleotide Aptamers
9.3t or Peg-9,3t were added to human plasma in vitro at a final concentration of 50 nM for 9.3t or 125
nM for Peg-9.3t, and allowed to incubate for 5 minutes at 37C. Antidote olig,onucleoticle 5-2C at the
indicated molar excess to the aptamer was then added, and the residual aptarner activity was
determined by measuring the clotting time in APTT assays at the times indicated following antidote
addition. The % residual anticoagulant activity equals 1 - the ratio of (TAptarner alone - TAptiinicr +
antidote) to (TAptiimer alone -Thses.) X 100, vvhere clot time. The duration of the inactivation of
the anticoagaimAERII SPDEGLEIEHFINE SRl AIEBITa 528 EoiAb I ESEARPIRRR N human
plasma. ByigflyyResd3hyesiadded iohumanplenmaite adiralxgencenitationoiit 2bsleand allowed
to incubate for 5 minutes. Antidote oligon clegtide 5-2% was then add%geat a %chol? molar excess, or
féoti

in a paralléPERPBHANSHISFREY SRR S B Al ot S HHE SibuStd Sl Gieotie, and the

clotting timgwasimedsusepnashARIgEasdayseat various time points following antidote addition. The %
residual anticoagulant activity was determined as above. The APTT of untreated human plasma was
also measured irifpardtektorestablistilizisasblineodwiting thibenresssh ilreatiuing. spisssedBund that after

5 hours ofncubaliondh 3/ G lis ald 2l awmlieind Plaseciecenda, A eashelidienting the loss
of the clot?ormlng activity of the'plasma, and the experiment was thus stopped at 5 hours..

condition of the patient; the severity of the condition o be treated; the route of administration;

the renal and hepatic fimction of the patient; and the particular modulator employed. A '

physician of ordinary skill can readily determine and prescribe the effective amount of the

aptamer required to prevent, counter or arrest the progress of the condition. Optimal precision in

achieving concentrations of modulator within the range that yields efficacy without toxicity

requires a regimen based on the kinetics of the modulator’s availability to target sites. This

involves a consideration of the distribution, equilibrium, and elimination of the modulator.

Tn the methods of the present invention, the modulators herein described in detail can
form the active ingredient, and are typically administered in admixture with suitable
pharmaceutical diluents, excipients or carriers (collectively referred to herein as “carrier”
materials) suitably selected with respect to the intended form of administration, that is, oral
tablets, capsules, elixirs, syrup, suppositories, gels and the like, and consistent with conventional

pharmaceutical practices.

For instance, for oral administration in the form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic pharmaceutically acceptable inerf carrier
such as ethanol, glycerol, water and the like. Moreover, when desired or necessary, suitable
binders, lubricants, disintegrating agents and coloring agents can also be incorporated into the
mixture. Suitable binders include without limitation, starch, gelatin, natural sugars such as
glucose or beta-tactose, corn sweeteners, natural and synthetic gums such as acacla, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants
used in these dosage forms include, without mitation, sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch, methy! cellulose, agar, bentonite, xanthan gum

and the like.
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The data presented in Figures 16 and 17 demonstrate to the ability to rapidly and durably control the
anticoagulant activity of the FfXa antagonist aptamec 9.3t, and its derivatives, using antidote
oligonucleotides. Together these data demonstrate that the onset of action of the antidote is rapid, that
the time needed for the antidote to act is at least in part dependent on the antidote concentration, and
that once the antidote has inactivated the aptamer, this effect is durable. EXAMPLE 7 Antidote
Oligonucleotide to Aptamer Against Coagulation Factor Xa Depicted in Figure 18A is an aptamer

(designated 115«5:%?@@@5&&9%‘%@@9@5@@%%&0&%& s patenbanicaagittang Buvitratin human
plasma. Depicted in'Figure 18B is a mutant version of aptamer 11F7t, desi nat? el%r“ZE?'\ﬂth
Alterationgspéittiagderbity oriteapeRiEsHE SR THRIYC 188 18R fzoug@’l%gb%%lfda Gss of affinity of the
mduéagt a%meﬁ]@f;ﬁg&gm%gg @{Jangg \ﬁa@yiqgh@p aeeatsations ok dptacaets B @idehEP04 were
added to human plasma in vitro, and the clot time was then measured in a P 19, ARTT
assay (FBjYQPgB)a.qﬁH th?g}ﬁ]‘?@' l@r afﬁﬁle%a S Ry S&&E!gxs]agéa‘é{&ﬁfgﬁ)

s 8ias'§|?/ré ?:?%;ng In clot time of plasmas containing
10% Or ﬁ%&ﬂf@ﬁ;&%ﬁh@dmﬂﬂ%dﬁmm&tﬁuahﬂbmhl@Iemmﬁm@mﬁlﬁ&@ﬁﬁaﬁm@oaguIant effects of

aptarner 11F7t. All dgta, are normal'ze.datp the baseline for that day, so that a value of 1= no change in
clot time TAERAY £ ﬁﬂlﬁéf&%’d‘é%&?é‘"nf anticoagulant of human plasma when assays in PT clotting

assays, as would e expected 01 &,FoSa BRIRIQL: 108 MpLARLARLAMAR M ahalied aarsnf
coagulation acti R} i BiA&T tHe BT or AP assay. L
of carrier materials well known in the art, such as, e.&., alcohols, aloe vera gel, allantoin,
glycerine, vitamin A and B oils, mineral oil, PPG2 mydstyl propionate, and the like, to form,
e.g., alcoholic solutions, topical cleansers, cleansing creams, skin gels, skin lotions, and

shampoos in cream or gel formulations.

The compounds of the present invention can also be administered in the form of liposome
delivery syé,tems, such as small unilamellar vesicles, large unilamellar vesicles and multilamellar
vesicles. Liposomes can be formed from a variety of phospholipids, such as cholesterol,

stearylamine or phosphatidylcholines.

The compl::unds of the present invention can also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include polyvinyl-pyrrolidone, pyran copolymer,

' poiyhydmxypmpylmethacryi-amidephenol, polyhy droxy-ethylaspartamidepbenol, or polyethyl-
eneoxidepolylysine substituted with palmitoyl residues. Furthermore, the compounds of the
present invention can be coupled (preferably via a covalent linkage) to a class of biodegradable
polymers useful in achieving controlled release of a drug, for example, polyethylene glycol
(PEG), polylactic acid, polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, potydihydro-pyrans, polycyanoacrylates and cross-linked or amphipathic block
copolymers of hydrogels. Cholesterol and similar molecules can be linked to the aptamers to

increase and prolong bioavailability.

The oligonucieotide modulators can be administered directly (e.g., alone orin a
liposomal formulation or complexed to a carrier (e.g., PEG)) (see for example, USP 6,147,204,
USP 6,011,020).

The nucleic acid Hgand or modulator can be comprised of a oligonucieotide modulator

attached to a non-immunogenic, high molecular weight compound such as polyethylene glycol
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The following antidote oligonucleotides were screened for the ability to reverse the anticoagulant
activity of aptamer 11F71: in vitro in human plasma: A051: 5' CUC GCU GGG GCU CIJC 3' AO 5-2: 5'
TJAU TJAU CUC GCU GGG 3' AO 3-1: 5' AAG AGC GGG GCC AAG 3' A03-3: 5' GGG CCA AGU
AUU AU 3'. Figure 20 shows the sequences oft 1.177t to which these antidote oligonucleorides are
complimentary. As shown in Figure 21A, the antidote oligonucleotides effectively reverse the activity of
aptamer 11E71. in human plasma. In these experiments, aptamer was added to plasma (final
concentraligi. A5 B)oanshéieue diopnoubatsort mimsies Ahthestesllgo AR W tien
added, and ATT] gssars wersdniiated 0 miauigs aferanide.addiiand i asdiignie eantidote
oligonuclé%ﬁlﬁ%guﬁzeégﬁé@é\{ %%vaéi,a the gl%vg\%ag se&%feﬁces were also found to Qa_é? anﬁ)lg te activity:
against apameslddtotsBa2ost ChmGhGECBhatsTet AR EPls e RIEFA M AIICU UG
3.  Figure 2113 shows the characterization;of apliglQigemlsaptyivnemesaiasgeataoherniration range
of antido?g%c?mgjpwwggﬁ\%%?@oaotél%he antidote a’ctivity of a scra‘mbled §§q ence vl%r%ggg of antidote
5-2, 5-2s@imphedh R mon b atsabotdnbREGE R FRHGH PARGEB 2 SHEYPESTCY of antidote
oligonucleotide activity, as demansiratediRkiacn oligyerad aitiviehatbOiSbasded to the 5" thiol

throusch a maleimide or vinyl sulfone functionality. In one embodiment, a plurality of modulators
L=

can be associated with a single PEG molecule. The modulator can be to the same or different

" target. In embodiments where there are multiple modulators to the same nucleic acid ligand, ‘
there is an jucrease in avidity due to multiple binding interactions with the ligand. In yet a furiher
embodiment, a plurality of PEG molecules can be attached to each other. In this embodiment,
one or nore moduia;tors to the same target or different targets can be associated with each PEG
molecule. This also results in an increase in avidity of each modulator to its target. In
embodiments where multiple modulators specific for the same target are altached to PEG, there
is the possibility of bringing the same targets in close proximity to each other in order to.generate
specific interactions between the same targets. Where multiple modulators speciﬁf: for different
targets are attached to PEG, there is the possibility of bringing the distinct targets in close B
proximity to each other in order to generate specific interactions between the targets. In addition,
in emibodiments where there are modulators to the same target or different targets associated with
PEG, a diug can also be associated with PEG. Thus the domplex would provide targeted delivery
of the drug, with PEG serving a5 a Linker.

One problem encountered in the therapeutic and in vivo diagnostic use of nucleic acids 15
that oligonucleotides in their phosphodiester form may be quickly degraded in body fluids by
intracellular and exiracellular enzymes such as endonucleases and exonucleases before the
desired effect is manifest. Certain chemical modifications of the nucleic acid can be made to
increase the in vivo stability of the nueleic acid or to enhance or to mediate the delivery of the
nucleic acid. Modifications of the nucleic acid ligands contemplated in this invention include,
but are not timited to, those which provide other chemical groups that incorporate additional
charge, polarizability, hydrophobicity, hydrogen bonding, electrostatic interaction, and
fluxionality to the nucleic acid bases or to the nucleic acid as a whole. Such modifications

o ; 1l el = b L 1 e
include, but are not limited to, 2'-position sugar modifications, 5-position pyrimidin
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Figures 22 and 23 relate to the ability to rapidly and durably control the anticoagulant activity of the
FXa antagonist aptamer 11F7t, and its derivatives, using antidote oligonucleotides. Together these
data demonstrate that the onset of action of the antidote is rapid (Fig. 22), that the time needed for the
antidote to act is at least in part dependent on the antidote concentration (Fig. 22), and that once the
antidote has inactivated the aptamer, this effect is durable wig. 23) Together these data indicate that
antidote oligonucleotides can be intravenously infused into a human or other animal would be'a
potential me(} i

'Eé’%égn‘és antidote oligonuicleotides 1,madalehe activityohAitheransutcapamer.

FurthermBf& Betalse e antidote activity is durable, once the desired leve| of modulation of the

aptarner bylthersditidotebisiathinvdd; ntusion SfeHe-artdohs dde I eRRFARY:; allowing residual

antidote tg clear the human ar. animal; This, alews for:sukepduesid eniteaimass-piitgzhuman or animal
with the af%lt%f %eoriggnlr%gm&iged? g?AMgPLE 8 Independent Functioning cgu;ﬁ@ég;%?or ‘d tidote Pairs To
-Zca

demonstretetiht mptamdr arilieitebpisrdeastkHRE g BIaRP Y BSHIS: Aptamer11177t
and its anydote AGa-Rhidnstispuirderandenhy.otapeizother, aptamers were added to human plasma

at 37C, as indicated in Figure 24, and allowed to incubate.for 5 minytes. Antidot Ih‘ﬁ[‘ added
and the clotting ]atﬁﬁiiﬁ}}W§§‘H?@&Qﬂ?@&‘h@oﬁﬂﬁﬁ?é’é}%%&}ca?ﬁﬁ%6?8 8¢ gﬁﬁé"r’ﬂ%ﬁ%ﬁ@@%&‘ in all

assays, byfieh alnaonasisubstitiastataptames dsrantigetelin veasesin phicht Brigiors apddter or

antidote was added to the plasma, All data was normali ' Libatday, so that a value
of 1= no &?ﬁ@éﬁﬁ%‘%’t%@&aﬁ %‘olﬁ%ﬁé?f%é“gg?ﬁagsﬁ%%qgﬁg\ﬁg%%%awﬁf%lo%%lean sample Apt

1&2-(AD210cARica. AloprAspalfiga@4dpis:diGanthatamiddisidelureaarlviFiespdcific for the

e e IS BRSO AR! A ACHbEIRANG Reesengs af ADsiaanlace versa), and

the activi WH@ e was effectively unchanged by the presence of the second aptamer.
These resilit:fiaxs, tmd isporimdmplidaeroneciFrsponbyede et AfshiSHARING Yose a patient with

nucleic acidigand| (&g &A% RRISE oatacleln amittliang wikhgisiogichedetidpiliasyihen

amingiuan Ehy th
re-treat the patient with a second nucleic-acid ligand. Secon thﬁz results dergo?str%tﬁ: the utility of
nucleic agitbkighaie ahtisitesigshsi Yeprel gerpanddfor U AHEMTE LS B B SEREMIGAT Bathivays. The
antidote enables; ong 59091%{&[‘{9;&ﬁ@,%ﬁﬁ@g@g@;@gl&@egm@cmmdaﬁemmmmzm tﬁ_frigemprblein with an
nucleic acid ligand is due to specifically inhibiting that protein. Isn I%ggtltl% ’We% a\%[%%% ‘{%%85 it
possible tmd‘ét@ﬂﬁﬂﬁé’?ﬁﬂ:ﬁ‘rﬂéﬂrfbsé‘?ifﬁégﬂé}ﬁ{é?é(]a‘&8‘“ GHeRe target ‘pro%eln eabls 10 protein turnover.
For examplg, Jf,4Bqp:a8tdate medisioncariplese hroteinhativityissedtora /it anyeessthbithéte was no
net change in protein concentiation 28.afesult oL RLASICAsiE ieRAd PRGN the formation of

MLVs. UVs can then be formed by homogenization, sonication or extrusion (through filters) of

MLV's. In addition, UVs can be formed by detergent removal techniques.

In certain embodiments of this invention, the complex comprises a liposome with a targeting

nucleic acid ligand(s) associated with the surface of the liposome and an encapsulated

therapeutic or diagnostic agent. Preformed liposomes can be modified to associate with the

nucleic acid ligands. For example, a cationic liposoiﬂe associates through electrostatic

interactions with the nucleic acid. Alternatively, a nucleic acid attached to a lipophilic

compound, such as cholesterol, can be added to preformed liposomes whereby the cholesteral

becomes associated with the liposomal membrane. Alternatively, the nucleic acid can be

associated with the liposome during the formulation of the liposorme. Preferably, the nucleic acid

is associated with the liposome by loading into preformed liposomes.

Alternatively, oligonucleotide modulators of the invention can be produced in vivo

following administration of a construct comprising a sequence encoding the oligonucieotide.
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EXAMPLE 9 Aptamer PEG-9.3t and Antidote 5-2C Function in Plasma from Patients with
Heparin-Induced Thrornbocytopenia (1-HT) The ability to control the anticoagulant activity of
heparin with protarnine enables safer treatment of patients undergoing procedures requiring a high
level of anticoagulation, in whom the post-procedural risk of hemorrhage is high. However, -3-5% of
patients receiving heparin develop a drug-induced immunologic response termed heparin-induced
thrombocytopenia H-IIT), which contraindicates further treatment of these patients with heparin

(Warke““%&ﬁitéﬂ@ﬁ%‘i’l:Jia\{é’iﬂﬂ%'ifti}?lfﬁiﬂgﬁmﬁm&)hr ?i&i%@f@f@@mxﬁwﬁ%%iaﬂgemﬁﬂ%@gﬁﬁ@e in the
n

platelet count and an increased risk for hew or recurrent life and limb-threatening thromboembolisin
(Warkentireent b, tepddnb seaeilbsbrdenser ot b5 ev8iRidiPriive kitiBdagulants are available, but
none of these anticoagulants can be contrplled by a reversing agent. This,significantly limits the
treatment option@@?fgémﬁ'\/ﬁfﬁhﬂw e R ?H?ﬁ&ﬁ’é%‘ggﬁﬁﬁ%%ﬁﬁggg 169 ?%%8?%1}/ fing
thromboerﬁggﬂﬁmwmﬁ@mrgoing treatment are common Greinacher et al, Circulation 99:73- 80.
(1999), Lewis et al, Circulation 103:1838-1843. (2001)). Therefore, the ability of aptamer Peg-9.3t and
antidote 5-2C to serve as an anticoagulant-antidote pair in plasma samples from six patients with HIT
was investigated, three with end-stage renal disease requiring hemodialysis and thus repeated
anticoagulation, and three with tluomboembolilc_ém) IQns requiring anticoagulant therapy.
(Serologic criteria included a positive heparin-i ;? let aggregation assay (Oriel et al, ihronzl,
Manion' 67:292-296. (1992)) and/or elevated heparin/platelet factor 4 antibody levels detected by
ELISA (GTI, Inc., Brookfield, WI). Five patiefpsamert sothcediniéal and serologic criteria; one patient
fulfilled clinical criteria but had negative serologic studies.) Aptatner PEG-9.3t prolonged the AM
clotting times of plagmeadramsahsix FRiLH S, andiAptidotkibd wasable taetieciveljatverseithis

anticoagulant activity to the pre-treafment haseli each patient (Eig. 25). Impog v, patients
were receil AR HIRESAYAEhEIRERSHYS ‘fhg%n?é%%)r%ap(?s? vl\;%%afé%'[]g?éég‘%pg%ﬁ? %Pg%z%g%ﬁp%% sodium
and patienp & @ewarfaddn e diRHE .86 apiditiors teithl awhalfioiy theSéXaferits igiembatithe clot time
over the treatment baseline and antidote 5-2C yever IS hack, reatmeatihaseline,
demonstra%ﬁ@%ﬁﬁﬁﬁ?ﬁ { ﬁ) [ﬁ%\%gfﬁ% ?Hé%‘gﬁ%%ﬁ%ﬁf ggﬁ %grggﬁén indé%é%%%ntlfgy? arll "on
board" antigoagtilentadradtition theamimantat thesensitinkighestdEamprRsvH IS Satamer
9.3tM and an i?‘g}%?’ﬁé&e glded E}Pﬂl’grﬁaﬁi%mﬁuﬁ%ﬁ%%ﬁm&%é@gk@@lﬁlﬂlﬂﬂ&&@gﬁpaﬂﬂe@tides of
the composition' o the a famer or antidote do not inherently possess Ségnlflcant an#ggggylm activity.
The ability ldpapterhiads FE¥T wahchisersiaiashoRtieg AHidor e 4l kasia s dhtitd Agtiaft:-antidote
pair in plasma samples fiam,2 AAURAISMANA T easwithendhslagmenaldiseasehataiing
hemodialysis and,thus repeated anticoagulation, and one with thromboem ollﬁcom?al}ﬁ%ugpsd requiring
r

anticoagulahtahiselpgoasitamhdr 4 ERE EIBRYRPIERETH G 6iHeE of piaShE F8Mm both patients,
and antidojg #5218 &hle o affactivehniguerse thismiiticoagulan @stivity ltoahecprétresemant baseline

of each patient (Fig. 26). Importantly, these two patients were receivin tico ] at the
time samplR&/{vér %&%ﬁltﬂﬁﬁéﬁfﬁé30‘?1085?&‘&81%@83@“ %(ﬁidsggﬁelﬁteg %%r?sﬁg?%agﬁlr@{j ‘;%(%}gi%é?it
addition to giasgefrpayithese paiients ntleasethetlatitmty GV8IHBHediprénehbsistnaeifdantidote
5-2 reversed this res_ﬁonse nacl%t(?ltgl%{rggtf)nelglzﬁglaseIine, demonstrating that in patient plasma this
drug-antid&t}é’%i%& CHSASH A gpenéfe‘nt;?’ of an "on board" anticoagulant. In addition, treatment of
these patient plastaesanpiasamithcilisivontibkaptamsefo Siicarrasan fbeeslyyieniat srasHldese in
the clot time, furihey. ndicaing shatraligpauetanlides otae srmaestienelifs aniameccomatigote do
not inherenK’/ %%Ssess &gHiﬁcaht anticoagulant activity. ) _

assays as previously described (Rusconi et al, Thrombosis and Flaemostasis 83:841-848 (2000)}.

The aptamer binds FIX only ~5-50 fold less tightly than FIXa. It failed to exhibit significant
binding at protein concentrations up to 5 pM (fraction RNA bound <10%) to any of the other

proteins tested. Therefore, the specificity of aptamer 9.3t for F1Xa versus FVila, FXa, ¥XJa or

APC is >5000 fold.
To determine the anticoagufant potency of RINA 9.3t the ability of 9.3t to prolong the

clotting time of human plasma has been evaluated in activated partial thromboplastin time
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All documents cited above are hereby incorporated in their entirety by reference. WHAT IS CLAIMED
IS . 1 A metho_d of altering the affinity of a nucleic acid ligancl for a target molecule in a patient
comprising admlnlstering to a patient receiving said nucleic acid ligand a modulator that binds to said
nucle_lc acid ligand, said administration being effected under conditions such that said modulator binds
to said nucleic acid ligand and thereby alters the affinity of said nucleic acid ligand for said target
molecule. 2. The method according to claim | wherein upon binding of said modulator to said

e W R e e T T e
g‘cec g:;'&@Y%gtggﬁ]sr}%mfé?ﬁlﬂgfg&ﬂ@é&fﬁ@lﬁl_ﬁﬁéﬂﬁtﬂﬁ?@fﬁﬁhlﬂﬂ&_ieml'f_mﬂ:@ddpendem_m:ﬂ.@qﬁéﬁg)d |
5. The et B B I LA S e A B said
patient i 3sseciationinithesaidstanget nolddutspe of oligonucleotide, at concentrations up to 1 M,
does not non-specifically increase the clotting time of human plasma. Thus, RNA 9.3 is a potent
anticoagulant, with a maximal effect on the APTT similar to that observed in FIX deficient
plasma, Similar experiments have been performed in porcine plasma, and similar potency and
specificity have been oﬁserved.
To determine if this moJecule is capable of inhibiting FIX/FIXa activity in vivo, the
ability of this aptamer to systemically anticoagulate small (1.5-4 kg) pigs following bolus
intravenous injection was tested. For these experiments, an intravenous catheter was placed in
the feroral vein for sample injection and an arterial catheter was placed in a femoral artery of
the animal for serial withdrawal of blood samples. A pre-injection blood sample was taken, and
the ACT time wmeasured on site to establish a baseline whole blood clot time for the animal.
Aptamer 9.3t at doses of 0.5 mg/kg (n=4) and 1.0 mg/kg (=4), aptamer 9.3tM at 1.0 mg/kg
{(n=3) or vehicle (n=3} was then delivered by intravenous bolus injection. Blood samples were
taken at various times post injection, and the ACT immediately determined. Additional blood
was drawn for determination of APTT’s at different times post-injection. As shown in Fig. 3,
aptamer 9.3, but not the control aptamer 9.3tM or vehicle, was able to inhibit FIXa activity in
vivo as evidenced by a significant dose-dependent increase in the animal’s ACT post injection.
As shown in Fig. 4, aptamer 9.3 specifically prolonged the APTT, but not PT of the animals ina
dose dependent manner. Using the in vilre dose response curves from the APTT experiments,
the change in 9.3t plasma concentration over time following injeétimn can be estimated.
As an attempt to increase the bioavailability of 9.3t, a version of this aptamer with a
5 cholesterol moiety was synthesized, termed 9.31-C. The cholestercl modifed aptamer retained
high affinity binding to FIXa (Fig. 5A) and potent anticoagulant activity (Figs. SB and 5C). The
in vivo effects of this modification on the circulating half-life of 9.31-C versus 9.3t (n=2 animal
for each aptamer) have been tested using the pig systemic anticoagulation model. Following
injection of 0.5 mgfkg 9.31-C, the ACT of the animal increased ~1.4 fold and was sustained at

this level for 1 hour post injection (Fig. 6A). Fig. 68 shows analysis of the APTT and PT of the
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6. The method according to claim 1 wherein said modulator is an oligonucleotide complementary to
said nucleic acid ligand, a nucleic acid binding peptide, polypeptide or protein, or a nucleic acid binding

oligosaccharide. 7. The method according to claim 6 wherein said modulator is said
oligonucleotide. 8. The method according to claim 7 wherein said oligonucleoticle comprises a
sequence complementary to 6-25 nucleotides of said nucleic acid ligand. 9. The method

according to claim 8 wherein said oligonucleotide comprises a sequence complementary.to 8-20
nucleotidgg:afisdidmticlexpoidikgand/hile ﬂmn"lih@ﬁﬂém'dd)ﬁ@élﬁ@ﬁ@ﬂé"’@léﬂﬁ‘@%ﬁ%ﬁé‘ﬁﬁ‘@éﬁd

oligonuclgotde comprisesa seguansecaMRIRMeNiankia IRakpusigaiidss alsald nucleic acid igand.

U.The m ccording to claim 7 wherein said oligonucleotide comprises 5-80 nucleotides.

EXAMPLE 2

Oligonucleotide that Reverses Interaction of the

FIXa Aptamer with Coagulation FIXa

The secondary structure model of 9.3t is shown in Fig. 1 and was developed from

. comparative sequence analysis of the related FIXa aptamer sequences shown in Fig. 7. These
data strongly support formation of the stem-faoped structure depicted in Fig. 1. In addition,
mutational analysis of aptamer 9.3t demonstrated that disruption of either stem 1 or stem 2
resulled in & greater than 1000 fold loss of affinity for FIXa. Therefore, a 17 residue all
2’Omethyl oligonucleotide was designed (sequence 3’ auggggaggeagcauua 37} (Anti-D1)
complementary to the 3half of aptamer 9.3t beginning at the 5” end of Joop 2 (L2 in Fig. 7) and
extending to the 37 end of the aptamer. This design allows for nucleation of an intermolecular
duplex between the oligonucleotide and loop 2 of the aptamer. Also, formation of the
intermolecﬁlar duplex is thermodynamically favored due to both the length and base composition
of the complimentary oligonucleotide. A ribonucleotide duplex of this sequence has calculated
free energy of —26.03 keal/mol and a predicted T 0f 75.4 °C. The half-life of such a duplex at
37°C would greatly exceed 24 hours,

To determine if this oligonucleotide could denature aptamer 9.3t radiclabeled aptamer
9.3t (125-nM) was incubated with increasing concentrations of the "antidote” oligonucleotide
(from equimolar to an 8 fold melar excess) at 37°C for 15 minutes (-heat Fig 8), and the amount
of intermolecular duplex formed was visualized by native gel electrophoresis (12% acrylamide,‘
150 mM NaCl, 2 mM CaCly, run in 1Xtris-borate buffer +2 mM CaCly ) followed by
phosphorimaging (Fig. 8). To generate an oligonucleotide-aptamer compiex as a gel-mobility
control, the oligonucleotide was annealed to aptamer 9.3t by heating the aptamer and an 8 fold
molar excess of the cligonucleotide at 95°C for 5 minutes prior to the 37°C incubation (+beat
Fig. 8). The same set of experiments was performed with a nonsense oligonucleotide of the
same base composition as the antidote oligonucleotide (N.S. in Fig, 8).* As can be seen in Fig. 8,

the antidote oligonucleotide readily denatures aptamer 9.3t as evidenced by near complete
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12. The method according to claim 11 wherein said oligonucleotide comprises 19-30 nucleotides.

13. The method according to claim 12 wherein said oligonucleotide comprises 15-20 nucleotides.

14. The method according to claim 7 wherein said oligonucleotide bears a chemical substitution.

15. The method according to claim 14 wherein said oligonucleotide comprises a pyrimidine substituted
at the 5 position or a sugar substituted at the 2 position. 16. The method according to claim 15
wherein said oligonucleotide comprises a 2-amino, T-fluoro or 21-0-methyl substitution. 17. The

method aLEGRAE € T e AR AL L eSS 10 L g
region of sgiig Mukleizasictdiganghtamer. In addition, this interaction is very specific, as no complex is
observed, with or without heating, between the aptamer and the nonsense control
oligonucleotide.

To determine if this antidote oligonucleotide could reverse the anticoagulant activity of
aptamer 9.3t, the APTT of pooled human plasma was measured in the presence of 50 nM 9.3t
and Increasing concentrations of the antidote oligonucleotide (Fig. 9A and 9B). Inthis
experiment, aptamer 9.3t was pre-incubated 5 minutes in plasma prior to addition of the antidote
oligonucleotide to generate aptamer-FIX complexes, the antidote or nonsense oligonucleotide
were then ad(ied, and the incubation continued for an additional 10 minutes prior to adding
CaC1, to initiate clot formation. As shown in Figs. 9A and 9B, the antidote oligonucleotide is
able 1o effectively reverse about 80% of the anticoagulant activity of aptamer 9.3t. However, the
molar excess of antidote oligonucleotide required to achieve this effect is substantially larger

than the amount requited to effectively denature the aptanier in the absence of protein.
EXAMPLE3
Specificity of Oligonucleotide Antidotes

In order to assess the specificity of an oligonucleotide antidote, aptamer 9.20t was
prepared (see Fig. 10A). Stem 1 of 9.20t is identical to stem 1 of aptamer 9.3t, as is the 37 half of
stem 2. "The main differences between 9,20t and 9.3t are found in toop 2 and loop 3 {compare
Fig. 1 with Fig, 10A).

Aptamer 9.20% binds FIXa with a Kp comparable to that of 9.3t. APTT assays were used
+o measure the clot time of human plasma as a function of the concentration of aptamer 9.20t. Its
in vitro anticoagulant potency in human plasima was comparable to that of 9.3t (Fig. 10B).
Aptamer 9.20t was added to human plasma at a concentration of 50 nM and allowed to bind to
plasma FIX for 5 minutes. Varying concentrations of antidote oligonucleotide Auti D1 were
then added, and the APTT was measured at 10 minules afler antidote addition to plasma. The
relative change in clot time caused by 9.20t addition to plasma was unaffected by the addition of

this antidote oligonucleotide complimentary to aptamer 9,3t (Fig. 10C).

T -



19. The method according to claim 18 wherein said oligonucleotide is complementary to a
single-stranded region of said nucleic acid ligand and a double stranded region of said nucleic acid
ligand, 20. The method according to claim 7 wherein said nucleic acid ligand comprises a
single-stranded tail. 21. The method according to claim 20 wherein said oligonucleotide is
complementary to said sing stranded tail of said nucleic acid ligand. 22, The method according to claim
7 wherein said nucleic acid ligand and said oligonucle)oti_de comprise D-nucleotides. 23. The
method according to claim 7 wherein said olig ffe-is produced in said patient following
administration to said patient of a construct comprising a sequence encoding said oligonucleotide.

24. The method according to claim 1 whereitngeddAmicleic @éid ligand inhibits fibrin deposition or fibrin
dissolution. 25. The method according to claim 1 wherein said nucleic acid ligand is an

anticoagulant Orﬁ%@ﬁ%ﬁ@@&@ﬁlﬂ%&?L?sﬂ%%lmﬂged "tail" added to the end of an aptamer promotes
association of an "antidote" oligonucleotide with the aptamer, a 3' tail was added to aptamer 9.3t
the tailed-aptamer being designated 9.3t-3NT (Fig. 11). The 3' tail of 9.3t-3NT is a 3 nucleotide
2'Omethyl modified RNA tail. This tail sequence was chosen to reduce the likelihood of
impacting the activity of the aptamer, and to reduce potential secondary structures within the
complimentary antidote oligonucleotide: ‘

The affinity of aptamer 9.3t-3NT was compared to 9.3t in competition binding assays
(Fig. 12A). The affinity of aptamer 9.3t-3NT for F1Xa was comparable to that of 93t (Kp 1.5
nM or less). APTT assays were used to measure the clot time of human plasma as a function of
the concentration of aptamers 9.3t-3NT and 9.3t (Fig. 12B). The anticoagulant activities of the
aptamers were similar, and both aptamers were able to completely inhibit FIX activity in human
plasma. _

Aptamer 9.3t-3NT was added to human plasma at a concentration of 50 oM (~3 fold
increase in APTT) and allowed to bind to plasma FIX for 5 minntes. Varying concenirations of
antidote oligonucleotides (see Fig. 11) were then added, and the APTT was measured at 10
minutes after antidote addition to plasma (Fig. 13A). The fraction of the anticoagulant activity
reversed by the antidote oligonucleotide is the difference between the APTT in the presence of
aptamer alone and the APTT in the presence of aptamer +antidote divided by the change in
APTT over baseline in the presence of the aptamer alone (0 = no effect, 1= complete reversal).
Fach of the complimentary antidote oligonucleotides tested was able Lo reverse >90% of the
anticoagulant activity of aptamer 9.3t-3NT within 10 minutes of addition in human plasma, with
ASINT-3 demonstrating the most potent reversal activity (Fig. 13B). This reversal activity is
comparable to the ability of protamine to reverse the APTT increase following hepaﬁn addition
to buman plasma.

The reversal of the anticoagulant activity of 9.3t-3NT by antidote oligonucleotide
AS3INT-3 was compared to the reversal of the anticoagulant activity of 9.3t by antidote

oligonucleotide Anti D1. The addition of the tail to the aptamer increases the efficiency of
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26. The method according to claim 25 wherein said modulator reverses the anticoagulant or
antithrombotic effect of said nucleic acid ligand. 27. The method according to claim 25 wherein
said target molecule is a tissue factor (TF)/factor Vila (FVIla), factor Villa (FV111a)/factor IXa (FIXa),
factor Va (P/a)/factor Xa (Fxa) enzyme complex, gplibllla, gplblX, gpVI, Gas6, PM-1 (plasminogen
activator inhibitor 1), coagulation factor Xffia (FX111a), ATIII (anti-thrombin I11), thrombin or
coagulation factor Ma (FMa). 28. The method according to claim | wherein said patient is subject

to infection and receiving,a nugleic acid li fhat pinds ItapgMEIRa 8N whereaim saigienodulator
reduces ‘fﬁ@’ﬁ?ﬁr[ﬁ’f%iag&gjé% r?uocﬁg?é] %1%% |g(gén ?or&?]terleukln {Jhereby reversing an immunosuppresive
effect of gaighRuitis.ddid ligdddB).  29. The method according to claim 28 wherein said modulator is

an 0|i90nUC|90[p{g g%mP e’H %evegaiﬂc%ﬂl%@r@%ﬂé&ﬁﬁ%onde sodliaemaihedaacording to claim

| wherein said patiént is at I’IS ping autoimmunity and recelvm% r’luclequ acid.ligand that
binds ClpAwlaatitivieneir Baﬁ@tfmb?}dtaﬁﬂﬁir@é@@f?%*fﬁ%“éfﬁﬁﬁ?‘&géﬁ‘lﬁ’ﬁ e Aty andor cTLAG,

thereby igversing ap, MmHIAiatenaliorbsl saidamdaly acid ligand. 31 The metho
accordlnguto C 0 wherein said modulator is an oligonucleotide complementary to said nucleic acid
Haan&

Anti D T1: 5" can ggg gag gea gea vua 3’
AS 9.31-2: 5" cau ggg pag gea gea 3
AS 9.31-3:5" cau ggg gag gea 3’

The following oligonucleotide modulators target aptamers 9.3t and 9.3t-3NT, and are effective at
reversing its anticoagulant activity in human plasma in vitro (all are 2’Omethyl

oligonucleotides):

AS 5-1: 5° gea uua cge ggu aua guc ceo ua 37
AS 5-2: 57 cge ggu aua gue coo ua 3.

The following ofigonucleotide modulators target either aptamer 9 3t or aptamer 9.3t-3NT, and

are mutant oligonucleotides designed fo test specific aspects of the design of modulating

oligonucleotides to these aptamers (all are 2’Omethyl oligonucleatides):

AS 9.3t-M: 5 cau ggg gaa gea 37 (SEQ IDNO:37)
AS 9.3t-3NOH: 5” aug geg agg ca 3° (SEQID NO:38).

AS 3NT-3M: 5° gac aug gag aag ca 37 (SEQ ID NO:3 93
AS 3NT-3 MT: 5’ aca aug ggg agg ca 3’ (SEQID NO:40)
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32. The method according to claim 1 wherein said patient bears a tumor and is receiving a nucleic acid
ligand that binds a growth factor, and wherein said modulator reduces the affinity of said nucleic acid
ligand for said growth factor and thereby reverses an adverse effect of said nucleic acid ligancl on

healthy tissue of said patient.
oligonucleotide complementary to said nucleic acid ligand.

33. The method according to claim 32 wherein said modulator is an
34. The method according to claim |

wherein said patient is receiving a nucleic acid liaand that binds glucose, and wherein said modulator
reduces the affinity of said nucleic acid ligand fexglagpse, thereby avoiding hypoglycemia in said
35. The method according to claim 34 wherein said modulator is an oligonucleotide

complementary to said nucleic aci%'{gg&%O%gggcg&%mgtmg&ﬁ%ggrﬁing to claim 1 wherein said
i

patient.

patient is receiving a nucleic acid ligand that

impulse to the neuromuscular junction of skeletal muscle or autonomic g%glia thereby blocking

neuromuscular aH%%ﬁ?‘é@f&%ﬂ%’éﬁéﬁ%@&f@%ﬁﬁ&ér@g&%ﬁyﬁﬁﬂ

said receptantbRIEDY-ERYESSING thehes iopusaibanblockinpsactiap nkaaithualeiaeit dgand.

The method acco

nucleic adit"iGi&

E2F family Aoekilepolyethylene glycol appended 1o its 5”end via a linker.

In these experiments, aptamer was added to plasma (50 oM 9.3t, 125 nM Peg-9.3t) and
allowed to incubate for 5 minutes.‘ Antiidote oligonucleotides were then addéd,‘ and APTT assays

were initiated 10 minutes after antidote addition. The results are shown in Figure 15.
EXAMPLE 6
Rapidity and Durability of Control of Aptamer 9.3t by Antidote Oligonucleotide

Aptamers 9.3t or Peg-9.3t were added to human plasma i vifro at a final concentration of 50 oM

for 9.3t or 125 nM for Peg-9.3t, and allowed to incubate for 5 minutes at 37°C. Antidote

oligonucleotide 5-2C at the indicated molar excess to the aptamer was then added, and the
residual aptamer activity was determined by measuring the clotting time in APTT assays at the
timses indicated following antidote addition. The % residual anticoagulant activity equals 1 - the
ratio of (Taptamer alone - Taptamer + antidote) to (T aptamer al0n€ -Thasesine) X 100, where T=APTT
clot time.

The duration of the inactivation of the anticoagulant activity of Peg-9.3{ by antidote
oligonucleotide 5-2C was measured i vitro in human plasma. Briefly, Peg-9.3t was added to
human piasma to a final concentration of 125 nM and allowed to incubate for § minutes.
Antidote oligonucleotide 5-2C was then added at a 10 fold molar excess, or in a parallel
experiment buffer alone was added in place of the antidote oligonucleotide, and the clotting time
was measure in an APTT assays at varigus time points following antidote addition. The %
residual anticoagulant activity was determined as above. The APTT of unireated human plasma
was also measured in parallel to establish a baseline clotting time at each time point. It was

found that after 5 hours of incubation at 37°C, the APTT of the untreated plasma began to

-5 -
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39. A method of reversing the binding of a nucleic acid ligand bearing a label to a target tissue
comprising administering to a patient receiving said nucleic acid ligand a modulator that inhibits the
binding of said nucleic acid ligand to said target tissue. 40. The method according to claim 39
wherein said modulator is an oligonucleotide complementary to said nucleic acid ligand. 41. The
method according to claim 39 wherein said label is a cytotoxic label. 42. The method according to
claim 39 wherein said label is a radioactive label. 43. The method according to claim 39 wherein

Paman, M5, A BB T B D e S e aman mamma.
thus stopped at 5 hours. : :
The data presented in Figures 16 and 17 demonstrate to the ability to rapidly and durably
control the anticoagulant activity of the FIXa antagonist aptamer 9.3t, and its derivatives, using
antidote oligonucleotides, Together these data demonstrate that the onset of action of the
antidote is rapid, that the time needed for the antidote to act is at least in part dependent on the

antidote concentration, and that once the antidote has inactivated the aptamer, this effect is

durable.

EXAMPLE 7

Antidote Oligonucleotide to Aptamer Against Coagulation Factor Xa

Depicted in Figure 18A is an aptamer (designated 11F7t) against coagulation factor Xa
that is a potent anticoagulant in vitro in human plasma. Depicted in Figure 18B is a mutant
version of aptamer 11F7t, designated 11F7t M. Alterations of the identity of the positions shown
in Fig. 18B leads to a >1300 fold loss of affinity of the mutant aptamer for coagulation Fxa. -
Varying concentrations of aptamers 11F7t and 11¥7tM were added to human plasma in vifro,
and the clot time was then measured in a PT (Fig. 19A) or APTT assay (Fig. 19B). In Figure 19,
dotted lines indicate relative change in clot time of plasmas containing 10% or less than 1% the
normal plasma level of X, demonstrating the potent anticoagulant effects of aptamer 11F7t. All
data are ndrmalized to the baseline for that day, so that a value of 1=no change in clot time.
Aptamer 11F7t is also a poteit anticoagulant of human plasma when assays in P'.I‘ clotting
ésséys, as would be expected for a FXa inhibitor. The mutant aptamer, 11F7tM showed no anti
coagulation activity in either the PT or APTT assay.

The following antidote oligonucleotides were screened for the ability to reverse the

anticoagulant activity of aptamer 11F7L i vitro in human plasma:

AQ 5-1: 57 CUC GCU GGG GCU CUC Y’
AQ 5-2: 5° UAU UAU CUC GCU GGG 3
AD 3-1: 5 AAG AGC GGG GCC AAGS
A0 3-3: 5 GGG CCA AGU AUU AU 3
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46. A method of screening a test compound for its ability to alter the affinity of nucleic acid ligand for a
target molecule comprising contacting said nucleic acid ligand with said target molecule in the
presence and absence of said test compound under conditions favoring binding of said nucleic acid
ligand to said target molecule and determining whether said test compound enhances or inhibits
binding of said nucleic acid ligand to said target molecule. 47. A method of screening a test
compound for potential as a modulator of nucleic acid ligand activity comprising contacting said test

compound w'#mg@i@l dbsleicacid igand andidetervliningwbatiidbaaid jest cietrdesnd binds to said
nucleic acid ligand, wherein a test compound that binds to s%id nuc ei(i.%cid i qnd[is a eoter&'gial
modulator SPERIEHIEETe AdiERg4nE SERA 1 A thEARGONG NP B ARt 1§ fhe ahirty Br A nudteic acid
ligand for a.tarae} srejRewie NVitrmoemansihgisentating sajd neleicacititigansiddaopddulator that
binds to said nucleic acid ligand, said contacting being, effected under conditions ht I
modulator BiHa54Br&aR ﬂ@gzﬁg el ﬁ8§ﬁéﬂ)§ﬁ thoelrneqog]ﬂaa{?g%%%% ?ﬁit}?%’?légl %ﬁtgc(:glgilc& agéi%iﬁgand for
said target wmolegulesdibéreid AR Tameynvelscivitiised dOthronttsinlter antido pdditienl decstdiipg!to
claim 48 whereln, seif madater an.clgamelaniide camplemenlanyssald endlels Reddigand
50. An olig5?1 §86H6e ha g a sequence set forth in'SEQ ID NO:20, 21, 22, 25-36, 38, 39, 40 or 41,
or a sequeheecainlddstc 969sityorpulogepamsréWiti 51.A composition comprising an oligonucleotide
according to claim 50 and a carrier.

AO 3-2: 5 CAA GAG CGG GGC CAAGD

AQ 5-3: 5 CGA GUA UUA UCU UG 3.

Fi‘gure 218 shows the characterization of antidote 5-2 activity over a larger concentration
range of antidote 5-2, and comparison to the antidote activity of a scrambled sequence version of
antidote 5-2, 5-2scr. The data demonstrate potent reversal activity of antidote 5-2, and
specificity of arﬁidote oligonucleotide activity as demonstrated by lack of reversal activity of AQ
5-2s¢r. _
Figures 22 and 23 relale to the ability to rapidly asd durably control the anticoagulant
activity of the FXa antagonist aptamer 11F7t, and iis derivatives, using antidote oligonucieotides.
Together these data demonstrate that the onset of action of the antidote is rapid (Fig. 22), that ihe
ti/me needed for the antidote to act is at least in part dependent on the antidote concentration (Fig.
27), and that once the antidote has inactivated the aptamer, this effect is durable (Fig. 23),
Together these data indicate that antidote oligonucleotides can be intravenously infused into a
human or other animal would be a potential method to use antidote oligonucleotides to modulate
the activity of a therapeutic aptamer. Furthermore, because the antidote activity is durable, once
the desired [evel of modufation of the aptamer by the antidote is achieved, infusion of the
antidote can be terminated, allowing residual antidote to clear the human or animal. This allows

for subsequent re-treatment of the human or animal with the aptamer as needed.

7T -



EXAMPLE 8
Independent Functioning of Aptamer Antidote Pairs

To demonstrate that aptamer-antidote pairs (aptamer 9.3t and its antidote AOS5-2¢ and
aptamer 11F7t and its antidote AO5-2) function independently of each other, aptamers were
added to human plasma at 37°C, as indicated in Figure 24, and allowed to incubate for 5 minutes.
Antidotes were then added and the clotting activity was measured 10 minutes after antidote '
addition in APTT assays. Inall assays, buffer alone was substituted for aptamer or antidote in
cases in which only one aptamef or antidote was added to the plasma, All data was normalized
{0 the baseline for that day, so that a value of I= no change in clot time.

Comparing sample Apt 1&2+AD1 to Apt 1 alone and sample Apt 1&2+AD2 1o Apt 2
alone (see Fig. 24), it is clear that antidote reversal activity is specific for the targeted aptamer
{e.g., there was no loss of Apt 2 activity in the presence of AD 1 and vice versa), and the ac.tivity
of the antidote was effectively uncbanged by the presence of the second aptamer.

These results have two important implications. First, they demonstrate the ability to dose
a patient with nucleic acid ligand 1 (e.g., 9.3t), reverse that nucleic acid ligand with its matched
antidote, and then re-ireat the patient with a second nucleic acid ligand. Second, the resulis
demonstrate the utility of nucleic acid ligand-antidote pairs for target validation, and the study of

biochemical pathways. The antidote enables one to determine that the response observed after
inhibiting a target protein with an nucleic acid ligand is due to specifically inhibiting that protein.
In addition, the antidote makes it possible to determine if binding of the nucleic acid ligand to the
target protein leads to protein turnover. For example, if upon antidote addition complete protein
activity is restored, it argues that there was no net change in protein concentration as a result of

nucleic acid ligand binding,
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EXAMPLE 9

Aptamer PEG-9.3t and Antidote 5-2C Function

in Plasma from Patients with Heparin-Induced Thrombocytopenia (HIT)

The ability to control the anticoagulant activity of heparin with protamine enables safer
treatment of patients undergoing procedures requiring a high level of anticoagulation, in whom
the post-procedural risk of hemorrhage is high. However, ~3-5% of patients receiving heparin
develop a drug-induced immunologic response termed heparin-induced thrombocytopenia (FIIT),
which contraindicates further treatment of these patients with heparin (Warkentin et al, Thromb
Haemost 79:1-7. (1998)). This disorder is characterized by a decrease in the platelet count and
an increased risk for new or recurrent life and limb-threatening thromboembolism (Warkentin et
al, Thromb Haemost 79:1-7. (1998)) Several alternative anticoagulants are available, but rone of
these anticoagulants can be controlled by a reversing agent. This significantly limits the
treatment options for patients with HIT, and hemorrhagic complications and recurrent
thrombeembolism while undergoing treatment are conunon Greinacher et al, Circulation 99.73-
80. (1999), Lewis et al, Circulation 103:1838-1843. (2001)). Therefore, the ability of aptamer
Peg-9.3t and antidote 5-2C to serve as an anticoagulani-antidote pair in plasma samples from six
patients with HIT was investigated, three with end-stage renal disease requiring hemodialysis
and thus repeated anticoagulation, and three with thromboerabolic complications requiring
anticoagulant therapy. (Serologic criteria included a positive heparin-induced platelet
aggregation assay (Ortel et al, Thromb Haemost 67:292-296. (1992)) and/or elevated
heparin/platelet factor 4 antibody levels detected by ELISA (GTL, Inc,, Brookfield, WI). Five
patients met both clinical and serologic criteria; one patient fulfilled clinical criteria but had
negative serologic studies.) Aptamer PEG-9.3t prolonged the APTT clotting times of plasma
from all six patients, and antidote 5-2 was able to effectively reverse this anticoagulant activity to
the pre-treatment baseline of each patient (Fig. 25). Importantly, two patients were receiving
anticoagulant therapy at the time samples were taken (patient 3 on danaproid sodium and patient
6 on warfarin), and PEG-9 3t addition to plasma from these patients increased the clot time over
the treatment baseline and antidote 5-2C reversed this response back to the treatment baseline,

demonstrating that in patient plasma this drug-antidote pair can fungtion independently of an “on
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board” anticoagulant. In addition, treatment of these patient plasma samples with the control
aptamer 9.3tM and antidote 5-2C yielded no increase in the clot time, further indicating that
oligonucleotides of the composition of the aptamer or antidote do not inherently possess
significant anticoagulant activity.

The ability of aptamer 1157t and it’s corresponding antidote 5-2 to serve as an
anticoagulant-antidote pair in plasma samples from 2 patients with HIT, one with end-stage renal
disease requiring emodialysis and thus repeated anticoaguation, and one with thiromboembolic
complications requiring anticoagulant therapy. Aptamer 11¥7t prolonged the APTT clotting
times of plasma from both patients, and antidote 5-2 was able to effectively reverse this
anticoagulant activity to the pre-treatment baseline of each patient (I'ig. 206). Impoﬁén:tly, these
two patients were receiving anticoagulant therapy at the time samples were taken (patient 3 on
danaptoid sodium and patieat 6 on warfarin), and 11F7t addition to plasma from these patients
increased the clot time over the treatment baseline and antidote 5-2 reversed this response back
to the freatment baseline, demonstrating that in patient plasma this drug-antidote pair can
function independently of an “on board” anticoagulant. In addition, treatment of these patient
plasma samples with the control aptamer 9.3tM and antidote 5-2 yielded no increase in the clot
time, further indicating that oligonucleotides of the composition of the aptamer or antidote do not
inherently possess significant anticoagulant activity.

All documents cited above are hereby incorporated in their entirety by reference.
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WHAT IS CLAIMED IS:

I. A method of altering the afﬂn'ity of a nucleic acid ligand for a target molecule in a
patient comprising administering to a patient receiving said nucleic acid ligand a modulator that
binds to said nucleic acid ligand, said administration being effected under conditions such that
said modulator binds to said nucleic acid Iigand and thereby alters the affinity of said nucleic

acid ligand for said target molecule,

2. The method according to claim 1 wherein upon binding of said modulator to said

nucleic acid ligand, the affinity of said nucleic acid ligand for said target molecule is reduced.

3. The method according to claim 1 wherein upon binding of said modulator to said

nucleic acid ligand, the affinity of said nucleic acid ligand for said target molecule is enhanced.

4. The method according to claim 1 wherein said modulator binds to free nucleic

acid ligand present in said patient.

5. The method according to claim 1 wherein said modulator binds to nucleic acid

ligand present in said patient in association with said target molecule.

0. The method according to claim 1 wherein said modulator is an oligonucleotide
complementary to said nucleic acid ligand, a nucleic acid binding peptide, polypeptide or
protein, or a nucleic acid binding oligosaccharide.

7. The method according to claim 6 wherein said modulator is said oligonucleotide.

8. The method according to claim 7 wherein said oligonucleotide conmprises a

sequenice complementary to 6-25 nucleotides of said nucleic acid ligand.
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9. The method according to claim 8 wherein said oligonucleotide comprises a

sequence complementary to 8-20 nucleotides of said nucleic acid ligand.

10, The method according to claim 9 wherein said oligomicleotide comprises a

sequence complementary to 10-15 mucleotides of said nucleic acid ligand.

11.  The method according to claim 7 wherein said oligonucleotide comprises 5-30

nucleotides.

12.  The method according to claim 11 wherein said oligonucleotide comprises 10-30

nucleotides.

13.  The method according to claim 12 wherein said oligonucleotide comprises 15-20

rucleotides.

14.  The method according to claim 7 wherein said oligonucleotide bears a chemical

substitufion.

15.  The method according to claim 14 wherein said oligonucleotide comprises a

pyrimidine substituted at the 5 position or a sugar substituted at the 2’ position.

16.  The method according to claim 15 wherein said oligonucleotide comprises a 2

amino, 2-fluore or 2-O-methyl substitution.

17.  The method according to claim 7 wherein said oligonucleotide comprises a locked

nucleic acid.

18.  The method according to claim 7 wherein said oligonucleotide is complementary

to a single-stranded region of said nucleic acid ligand.
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19.  The method according to claim 18 wherein said oligonucleotide is complementary
to a single-stranded region of said nucleic acid ligand and a double siranded region of said

nucleic acid ligand.

20.  The method according to claim 7 wherein said nucleic acid ligand comprises a

single-stranded tail.

21, The method according to claim 20 wherein said oligonucleotide is complementary

{o said single-stranded tail of said nucleic acid ligand.

22, The method according to claim 7 wherein said macleic acid ligand and said

oligonucleotide comprise D-nucleotides.

23, The method according to claim 7 wherein said oligonucleotide is produced in said
patient following administration to said patient of a construct comprising a sequence encoding

said oligonucleotide.

24 The method according to claim 1 wherein said nucleic acid ligand inhibits fibrin

deposition or fibrin dissolution.

25.  The method according to claim 1 wherein said nucleic acid ligand is an

anticoagulant or antithrombotic nucleic acid higand.

26.  The method according to claim 25 wherein said modulator reverses the

anticoagulant or antithrombotic effect of said nucleic acid ligand.

27.  The method according to claim 25 wherein said target molecule is a tissue factor
(TF)/factor VIIa (FVIa), factor VIHa (FVIIa)/factor IXa (FIXa), factor Va (FVa)/factor Xa
(Pxa) enzyme complex, gplibllia, gpIbIX, gpVl, Gaso, PAT-1 (plasminogen activator inhibitor
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1), coagulation factor X1la (FXIila), ATII (anti-thrombin IIT), thrombin or coagulation factor
Xla (FXIa).

28.  The method according to claim 1 wherein said patient is subject to infection and
receiving a nucleic acid ligand that binds interleukin, and wherein said modulator reduces the
affinity of said nucleic acid ligand for interleukin, thereby reversing an immunosuppresive effect

of said nucleic acid ligand.

29, The method according to claim 28 wherein said modulator is an oligonucleotide'

complementary to said nucleic acid ligand.

30. - The method according to claim 1 wherein said patient is at risk of developing
autoimmunity and receiving a nucleic acid ligand that binds CTLA4, and wherein said modulator
reduces the affinity of said nucleic acid ligand for CTLA4, thereby reversing an

immunostimulatory effect of said nucleic acid ligand.

31.  The method according io claim 30 wherein said modulator is an oligonucleotide

complementary to said nucleic acid ligand,

32, The method according to claim 1 wherein said patient bears a tumor and is
receiving a nucleic acid ligand that binds a growth factor, and wherein said modulator reduces
the affinity of said nucleic acid ligand for said growth factor and thereby reverses an adverse

effect of said nucleic acid ligand on healthy tissue of satd patient.

33.  The method according to claim 32 wherein said modulator is an oligonucleotide

complementary to said nucleic acid ligand.
34.  The method according to claim 1 wherein said patient is receiving a nucleic acid
ligand that binds glucose, and wherein said modulator reduces the affinity of said nucleic acid

ligand for glucose, thereby avoiding hypoglycemia in said patient.
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35.  The method according to claim 34 wherein said modulator is an oligonucleotide

complementary to said nucleic acid ligand.

36.  The method according to claim 1 wherein said patient is receiving a nucleic acid
ligand that binds a receptor involved in the transmission of a nerve impulse to the neuromuscular
junction of skeletal muscle or autonomic ganglia thereby blocking neuromuscular action, and
wherein said modulator reduces the affinity of said nucleic acid ligand for said receptor, thereby

reversing the neuromuscular blocking action of said nucleic acid ligand.

37. The method according to claim 36 wherein said modulator is an oligonucleotide

complementary to said nucleic acid ligand

38.  The method according to claim 1 wherein said nucleic acid ligand binds an E2ZF

family member.

19. A method of reversing the binding of a nucleic acid ligand bearing a label to a
target tissue comprising administering to a patient receiving said nucleic acid ligand a modulator

that inhibits the binding of said nucleic acid ligand to said target tissue.

40.  The method according to claim 39 wherein said modulator is an oligonucleotide

complementary to said nucleic acid ligand.

41, The method according to claim 39 wherein said label is a cytotoxic label.
42. The method according to claim 39 wherein said label is a radioactive label.
43. The method according to claim 39 wherein said label is a detectable label.

44,  The method according to claim 1 or 39 wherein said patient is a human.
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45.  The method according to claim 1 or 39 wherein said patient is a non-human

mammal.

46, A method of screening a test compound for its ability to alter the affinity of
nucleic acid ligand for a target molecule comprising contacting said nucleic acid ligand with said
target molecule in the presence and absence of said test compound under conditions favoring
binding of said nucleic acid ligand to said target molecule and determining whether said test

compound enhances or inhibits binding of said nucleic acid ligand to said target molecule.

47. A method of screening a test compound for potential as a modulator of nucleic
acid ligand activity comprising contacting said test compound with said nucleic acid ligand and
determining whether gaid test compound binds to said nucleic acid ligand, wherein a test

compound that binds to said nucleic acid ligand is a potential modulator of said nucleic acid

ligand activity.

48. A method of altering the affinity of a nucleic acid ligand for a target molecule iz
vitro comprising contacting said nucleic acid ligand with a modulator that binds to said nucleic
acid ligand, said contacting being effected under conditions such that said modulator binds to
said mucleic acid ligand and thereby alters the affinity of said nucleic acid ligand for said target

molecule, wherein said target molecule is not thrombin.

49. A method according to claim 48 wherein said modulatos is an oligonucleotide

complementary to said nucleic acid ligand.

50.  An oligonucleotide having a sequence set forth in SEQ ID NO:20, 21, 22, 25-30,

38, 39, 40 or 41, or a sequence at least 95% homologous therewith.

51. A composition comprising an oligonucleotide according to claim 50 and a carrier.
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