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COAGULATION FACTORS This application claims priority to U.S.

Provisional Application No. 60/564,873, filed April 22, 2004. TECHNICAL
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to treat and prevent thrombotic events, arterial thrombosis continues to

be the major cause of death in adult populations of developed nations.

Although numerous medical strategies exist for treating thrombosis, no
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Feuerstein et al. (1999) Arterioscler. Thromb. Vase. Biol. 19:25 54-2562).
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a blood vessel triggers a hemostatic response through a sequence of
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which, together with platelets, forms a localized clot or thrombus which

prevents extravascular releaseBidrmmabosmponents. Wound healing can

then occur followed by clot dissolution and restoration of blood vessel X
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coumarin derivative, actS by competing with vitamin K dependent

extﬁg@pwaﬁgygﬁ%ﬁ&qm%ﬂﬁhwﬁm%mgﬁgﬁdn vitro by contact of blood bome

factors with artificial negatively charged surfaces such as glass. In contrast, the extrinsic

pathway can be initiated in vivo or in vitro when tissue factor (TF), normally sequestered
from the circulatory system, comes into contact with blood after injury. Blood exposed TF
acts as a cofactor for the factor Vila ("FV1la"} catalyzed activation of factor IX ("FIX"} and
factor X ("FX"). This leads to rapid formation of FXa and thrombin, which subsequently
poiymerizes to form the fibrin clot. Both the intrinsic and exirinsic pathways are
characterized by the assembly of multiple protein complexes on procoagulant surfaces, which

localizes the response to the site of injury (see Manm, K. G. et al. (1990) Blood 76:1).



other vitamin K-dependent clotting factors. Its action is somewhat slower

and longer lasting effect than heparin. The coumarin drugs inhibit

coagulation by inhibiting the vitamin K- dependent carboxylation reactions
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as proteins C and S. These drugs act by inhibiting the reduction of the
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rombin which is bound either to fibrin in a clot or to some other surface,
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inactivating thrombin which is bound either to fibrin in a clot or to some other surface, but
which has only minimal inhibitory activity against free thrombin; (2) inhibiting the assembly
of the intrinsic tenase complex and thereby the activation of Factor X by Factor IXa; and (3)
inhibiting the activation of Factor IX by Factor Xla.

Aptamers

Nucleic acids have conventionally been thought of as primarily playing an
informational tole in biological processes. In the past decade it has become clear that the

three dimensional structure of nucleic acids can give them the capacity to interact with and



Aptamers have emerged as promising new diagnostic and therapeutic
compounds, particularly in cancer therapy and the regulation of blood
coagulation. Nucleic acid ligands can be identified through methods
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covering aptamers that'bind to proteins. U.S. Patent No. 5,696,249 claim
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example, U.S. Patent No. 5,670,637 contains claims covering aptamers that bind to proteins.
U.S. Patent No. 5,696,249 claims an aptamer produced by the SELEX process. U.S. Patent
No. 5,756,291 and 5,582,981 to O’ Toole, disclose and claim a method for detecting thrombin
using a labeled aptamer that comprises a defined six nucleotide sequence. U.S. Patent Nos.
5,476,766 and 6,177,557 disclose compounds and methods to identify muciei acid ligand
solutions to thrombin using SELEX. .

Sullenger, Rusconi, Kontos and White in WO 02/26932 describe RNA. aptamers that

bind to coagulation factors, E2F family transcription factors, Angl, Ang?, and fragments or
peptides thereof, transcription factors, autoimmune antibodies and cell surface receptors

useful in the modulation of hemostasis and other biologic events. See also Rusconi et al,



Modulation of Aptamers PCT Publication No. WO 02/096926 to Duke
University describes agents and methods to modulate the biological
activity of nucleic acid ligands through the administration of a modulator.
Waemptilivation describes aptamers controlled by modulatoPCHBESBaFHHeH 26
nucleic acids. The modulatable aptamers are described as being useful in
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aptamers to control coagulation include the aptamers to coagulation
(19948tors VIl or Vila, VIII or VllIa, IX or IXa, V or Va, X or Xa, complexes

formed with these factors, as well as platelet receptors. The modulator
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However, there is no way to predict how a particular modification changes aptamers.
In particular, when additional limitations are required, as is the case with modulatable
aptamers, no techniques exist to predict how one or. more modifications can affect the
capacity of the aptamer to regulate its ligands and at the same time continue to be regulated
by antidote binding.

The successful use of aptamers as therapeutic agents depends not only on their
efficacy and specificity, but also on economics. thxapolating from the most successful
animal experiments of currently available aptamers, an aptamer dose of 1-2 mg/kg bedy wi is

usually an sffective dose (derived from experiments on aptemers nhibiting VEGF, PDGF, L-



is an issue. There is thus a need to reduce the cost of manufacturing of
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Currently, a strong need remains to provide methods and compositions to treat
patients in need of anticoagulant therapy, and in particular, during surgery or other medical
intervention.

Therefore, it is an object of the present invention fo provide methods and
compositions to treat patients in need of anticoagulant therepy, and in particular, during
surgery or other medical intervention

It is another object of the present invention to provide more control over the

therapeutic effect, pharmacokinetics and duration of activity of anticoagulant therapies.



aptamers provide favorable anticoagulant properties for in vivo

applications, including dfsimg human or veterinary surgery. The
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seventh aspect, there is provided use of an effective amount of first
NGEREe acid ligand comprising a nucleic acid sequence selected from the
group tondistihgsptenyhat SEPodNO G dhimednSEQ HoiNQBSrand: amucleic
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preventing geacuitiondipauces-ivilasamaligimaceutical composition comprising an
effective amount of a nucleic acid with a nucleic acid sequence selected from the group
consisting of any of SEQ ID NO:2 through SEQ ID NO:8, in combination with a
pharmaceutically acceptable carrier.

In a sixth aspect, there is provided use of an effective amount of a first nucleic
acid ligand comprising & nucieic acid sequence selected from the consisting of any of
SEQ 1D NO:10 through SEQ ID NO:59 in the manufacture of a medicament for
inhibiting coagulation in a host in need thereof.

In a seventh aspect, there is provided use of an effective amount of first nucleic
acid Hgand comprising a nucleic acid seqquence selected from the group consisting of any
of SEQ ID NQ:10 through SEQ ID NO:59 and an effective amount of a second nucleic
acid ligand comprising a nucleic acid sequence selected from the group conéisting of any
of SEQ ID NO:! through SEQ ID NO:8 in the manufacture of a medicament for

modulating coagulation in a host in need thereof.



In a ninth aspect, there is provided a nucleic acid ligand comprising
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%@8@%@ IeIOURIBE 2 niTREIdiR A HRIAPEBmpRSNG™ Thedilsation.

acid skoureciee:gtiggRIAMIBRCIHHEHUARNIL BIgEHAeeAeL (SRFADMNQehBrising
fqlr I | fcoa Iatlon a host in need thgr erein the. .
nuc g?:c a%@nguer%qetgoptlona f/ Pr?cgéeg gﬁgeo?onr}l%%emﬁug %#g% fB % 3.
CHBRIfRERTOE s RvtetegoHical by -Tcqiiaiye saptification or a 2-O-fluoro

modifigationsiandwhereigthe ﬂfﬁﬁé@'%‘ﬁt@%@clwgéﬁl@c@ﬁpnsmg nucleic acid
administered with an effective amount of a se cid ligand

ic
e S G
@ foagdetith dspantstherecsipiovidéd sinusteithacickligandicomprsirgoptionallv

IRMGIRIC (RS SRAYGRER SHEORA SHANAGEACT MARHIEHOS & L@%ﬁ\(ﬁ‘ﬁ&l&aﬂ(}ﬂ

NO; 19) for use in goreventlon of coagulation-induced inflammation,
PR QH%Y?IHETQ [B&Psequence optionally includes one or more
nucledtidetmuodgifitatignstselected fremi2tOxnfethylidnadificatinamr ébmprlsmg a

r&cglslga@s@aggﬁggg{%&a ﬁg%% %sdu%% U'@Bgcg%eQCHUCﬁgEg@%'%“%

aptamers to a coagulation ascade

B r‘iﬁ‘BSH’ﬁ*ﬁ%&f %@fé&‘@@fbiﬁﬂh@@é Paest HReERCberee Breaveigie pristireuence
dpactoniXaditBadnin Somere ainvastis, mlﬁuatmmeg@@&@dh%ﬂda 0 IHemethyl

I= farmed. by, a with F tor Vllla gw in Iso know as th .
n%?f?lcéﬁtclo eﬁrasgb cglr:nl%l%rr? n gocrﬁtéogm ogdlr\nile \ fgf)ttgﬁﬁ’ er@ﬁ?ég ligand is to

Opgadmaisiarchi ith an effective amount of a second nucleic acid ligand comprising
nucieic acid sequence cgegguavaguccac (SEQ. ID. NO. 3).

In a fourteenth aspect, there is provided a nucleic acid ligand comprising nucleic
acid sequence gugga cuauacc geg uaauge uge ¢ uccac t (SEQ ID NO:19) for use in
prevention of coagulation-induced inflammation, wherein the nucleic acid sequence
optionally includes one or more nucleotide modifications selected from 2’-C-methyl

modification or a 2’-O-fluore modification.
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the complex formation between FIXa and FVllla. In a subembodiment, the
disclosed aptamers bind to the complex of FIX and FVllla and inhibit
activation of Factor X (F~1. The aptanne s can interact with FDC, FIXa or
a caviaexdofieshyibyEdTaduilag i PIRSARCS Of ARRENGE pbadgihional
. calcium. The aptamers can also interact with the factors of the complex a
in e dipAtkrptraaEomcaradsaivsmmenbadisaptatie By s inamsic
Ea@ﬁ%@%ﬂ&%@ﬁﬂ%ﬂ@%&&oﬁﬁ&%@@??%ﬁ@%ﬁ%ﬁ%@ ems, fhe
%%tamers,to gene @roducts of coagulanon Factor IX'~C}, and to its ’
IR S0 PO BECOFNG TERRY OIF SHer bt nt Had MiSeic sieidmovn
as igdftineitdasatiantoane kegion BabbiR:tara Rl RRISIIONN hGi: that nhin:
ne/BIREU G RtRON ek hasg RARNAG (SO ARG AL 18aSh 0L CTIPR, o
_ that does not bind to any otherregions of the -molecule underphysioiog car
bingdndirieran{rson E irred i sraaAbbidtiretivaties pilfcidic Xcid iigand
Fcluges e Ste s GiemL1amd stemerand, o loans (loon. Landloop, .
mg. Typically, steam 1 is one to fifteen or on%ertg %\?V%f?hl?ﬁ%%ti&&%g m e
DTISFIGS STARPnceati afdiipeaialame, Sightzsamsrs wix Aveitats; thidetEriaciors of
fndwaribieieati des RRERQeNSanSIEMihISH0e %&e%&ﬁ%g%ﬂgw%m e
Stem 2 can also be nine, eight, sever, six, five, lout, three or two
TRICIEBHRES oHg: B foop 1 and loop 2 can also be varie& Loop
2 canhe asdpResasdenspicieotidesehut can also be ei.s?nt or less
sohygleoudes long, includin seveﬁg{;g%%ée,f]‘%lr, three or two nueieotides
I61g. The 16ngth Of TOAR T b 5f106baP cicavage proauc:, Factor e
(ST nirs200510e8126", dtsabeivarad, dnem armdembodiment iRghid @8t 1o
=R BN EERUGES 0,106 Wadisecton, and oneaucieotideintne 3-5' @ e
direction. The aptamers to a disclose actor 1X gete %%gﬁflcaéﬁ ; OneTEsIoR
thah A9sFi S EPETY 1B GRY BBt TREETBY BEBRyEIsMrIIdtanIitenh claopmra kinaditons (ivon).
nihesegie: nosnaial he tRRievet 3RmeR RR-ALgashao queleotides. -,
Io?r:%%, an typjlcally‘not 'I}on er ,tha‘n'35’-40 nucleotld§s1ong. In one ’
P BIRANER - Pt S are A IBRE FHT3D 1S30negP AOTPAUIOIREES Vet gHisicotics
phirspecifiSembedinagotss the segueree eboiemsl NEUERS FRUCeoldes ke
ithg 5m7 dellfgctl.on,jn a sygeml%odlm%nt& sterp (ljglnclg)des three guanine
15 résiauesin the o 7 i echon. The mrofBtfed St arfid 58 RS ARG oB S sever.
stsuftideiposiis. tirmon smsinbettinent. tHise- pasifios REROMESSIRYS can 2o be
sttanded.and labile ypon binding of the antidote to the improved aptamer. .
?and allows for cleavage of the irr]proveé apfa%%?ﬁp%ﬁob?ﬁﬁ%tocﬂg S Tucieonass
1R B BE SHY 5 85 H tha G tIEoR, Srchusistiidor]iondivEne iengtn of joop 1 s
endonucleases, thereby effectively eliminating the active aptamer from
circulation. The suicide position can be at a guanine it stem 2 that is
hydroxylated. in one embodiment, This nucleotide is in a double stranded
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configuration until bound with an antidote and becomes single stranded
and available for cleavage upon binding of the antidote. In an

ahithedineins2the aptamers include the nucleotide sequence goggsuesisss
complimentary sequence coat. In one embodiment, the aptamer to Factor
wwm&&wmmmmm@m@géﬁc @rection
- i ERGhRaHkJR 425 gnm@ﬁ@bodlment of the invention includes an
antidote ougonucleotlde%ﬁg%d wit he ap r’r&grt(?:fathD mventton The
antidSfe BIgpHa dfebie g RIS oA 18ast a portlon of the

ofaﬁmeﬂ&saaildﬁﬁﬁﬁbﬂmmpwommﬁhﬁoﬁglw In general, the

m%g&%cgces SG%UGHA%?&%D uau ﬁ%s%auéA%@D 18 (gégD siogge%n&m 2540

nmmmwmwmmwﬁ): segemce 30, 33, or 40 nucleotides m

e %Q%E@ BRI o SPBIRE's mcieorides in foe 55
cgcgguauagacag FR SEQ It) N $ sequence: cgc guauagucag
dipRo/Ab: 5@@%%%@%@@@@%@%@9&4 SE%ﬁ 53
HARAN):7); sequence: cgcgguauaguccucac (Aptl4/AD; SEQ ID NQ S) or
nay modification or derivative thereof, in certain empodiments, the

anticlore BT e SRBTTE§0 FBHES! the R FeRISHEn cls OBF CoTRgdigen: fiis
vRiielyrelane ehhe abpiedsealentips abbe amﬂdsgt@fs&ﬁmmﬁaﬁamoimmm

sy to‘}”g&%@ﬁ‘é) Iete Sg%g%lg’te su#@féﬂ‘ﬁy Aiia ved an{% glllg%s tg'tfh guidoe oy

saptamerito e mmmus, asxtoityes 7 BIvO2065 mma&rwagm&mmww

%&%ﬁ&%@%ﬂ%&;ﬂ%ﬁﬁwMﬁsﬁolﬁwm@&%wvm%
Inudote “augggga

anacc gog naeugc ugc ¢ necccau t -

By fbaids IversaliS E Gr PINRCIDRSEnD IO DY)t bly ffggas double swamded
&W&&ﬁ%ﬁ%ﬁcﬁﬁ%ﬁﬁgﬁcﬂﬁ@%&%%ﬁ%&%% Haitabie for
(S ID NO: 10) age cuauaccgegk QID

BGEHrPAY BREYSE &Y

(')-

aaugougcc ucxc t (S
BRE2) NO: 11) i gngga
cuauaqggﬁgmwﬁuﬁ@,cmeca&hﬁ%ﬁ%umeg&@gﬂ@m@decmﬁ&ﬁe Yo mmd fhe

NO 3 NO 12 a eug;gsl%?%ﬁ%%%%%c uccauc 1 (.SE% }I}; comprises t‘n;
m@wwzmm tasiageaet[SER. 1D No: 5)

NO: 14}\:10’{1151: emabodiment of the Invention inciudes an aniidote oligonucieotide pared with
the aptamer of the mvention. The antidote oligonuciectide can be complementary i af least 2
porfion of foe aptamer. The antidote can, for example, comprise the following sequences:
(5°-3”) sequence: cgogeguanagucccest (Apt/ATy; SEQ ID NOnly (5°-37)
cgogguanagucce (Api6/AD, SBQ ID NO:2j, (5°-37) sequenc

sequence:
g. ogoegguanaguccas (Apt7/AD,
SEQ ID NO:3) (5°-3°) sequence: cgegguauaguccauc (Apt8/ATY; SEQ ID NOw4y (57-27)
‘sequence: cgeggumnagucag (Apt9/ATy, SEQ ID NC:5); (5°-37) seguence: cgogguanagnoagy

(AptI/AD; SBEQ ID NO:6j; (5°-3") segquence: ogeggmanagncagag (Apill/ADy, SEQ ID
NC7; (5°-37) sequepce:

cgegguanagucoucas (Aptl4/ATy; SBQ ID NO:&), or any
modification or derivative therecl In ceriain embodiments, {he antidote consists essennaliy
of one of the above sequences, or consists entirely of one of the above sequences.

The antidote sequence does not nesd 1o be completely complemeiary to fhe improved
anticoaguiant aptamer as long as ibe aptidote sufficiently binds to or hybridizes w the
aptamer to newralize its acuvity.



ocuga. cuauaccgoguaaugcugcc uzagg t (SEQ ID i, cgeg._uauag *cagg
(SEQ ID NO: 6) NO:15 cucnga cuauaccg aguaaugcugcc ucagag t (SEQ
Sgoggsaaglcagag (SEQ ID NO'. 7) ID NO: 16) F gugagg CTIUS200501592¢
cuauacegcguaaugeugcc uceucac t cgcgguauaguccucac (SEQ 1D NO: 81)

SEmEe Kicplaszy sty A reinatEe By (ke g sraecueeticac t il

GHAHAGHECUCSe- (SEQID-NO:-8) (Ql:nln NQ:18) gugga cuauacc
- |nr\||nr\ Lac.c.Leea . -A ccac (QFO IDNO- ). 11D k

(8 BB e e RN D

o HyE-are-developed-by—inchiding Gecondnrv modifications an either

: mwﬁcmmomre AR R B N

- t 5__?6-)., cio-atReludes ORe-af faore —methhvil-modified
E5 uﬁ%ﬁ?ﬁg% SaBEEHEST SR odim t%t é"ﬁﬁ%@ﬂg&ﬁ%\@g@;%ﬁ%gbne
gn@pdlmeﬁymt%%ﬁga%ar#;rghc&%asﬁte icfé%ﬁaﬁa FOStGOPS odih :
m%e e AR e T T
N(r}}cjugjes g‘ga hydroxyl %ﬁgg?giﬁ%rg%%?g%ﬁ ugd%gﬁtﬂ,%gﬁ@aist oﬁe urld"lr?% in !

ﬁm@mﬁs&%«:@%—m RHDPraYed 3t :%HHA%I gt vt .
W&'-fguoro or 2'-O-methyl in another embod’rrent at'leas ovﬁg%%ﬁ% |§ij
UG PRl e R ROV A GABRRE 1S (BEIO, RE T TN |
Iaplamers and antidotes can also mclu%I r%c eotides thaf'are modified /
engibowatabsobiinpolymess. SuelRoVIT ek Ealhehite 2 PONE Ty RS
{S3ychy, wotydmine, polyeter, polvanhydrige, polyester or other

ghiege-—a:finablecpharmacsiiic alynsceptaple Rl EeL 1D NC: 8)
(SHOB1E6048) PCTIUS2005/013426 The embodiments of the invention

giggtudethe ysg widie wpprovetaptaMrs dechingisriiot: FIXE Tr Tae.5)SIC
IieNE:d&ssi=, This mnmmgcan be in virrolor fr, vivo. The result offne
binding to te=a or tine zcaase comps be to inhibit the biological activity of
the- prﬁgf%@w@wsﬁ B.qne eal, th g% ai-r inhatrits,
blood coagulation by bindim g to FIXaa%/ erlve% rom the saﬁ'he(}:’ekm{"l oY
TRAERHEE GERRRCES’ PO HRRERamD BinFihes émheammmnamcmdev both. In one
RUBHAIHE! NG Hhedinel opechin pyed AptameradoAdmammeabinneed 1 sises
thereofﬁ}c() inhibit blood coagulatlon Another embodiment of the invention
TBRRAREE SRS Eﬁﬁﬁ%ﬁ%ﬁ@m"e apramer comsans ope of more 27-0-

methvl and one or more 2

i
@ \
L2 1) ]

B35

-fluore modifications. In another emmbodimen:, the aptamer and
mmiidote contam no 2'-fluoro modifications. In vet apother smbodimen:, the improved
aptamer inchades one or mores 2°-O-mefny! ané one or more 2'-fiuore modificanons on z
‘stem. In one smbodiment, at least one gusnine in stam 2 of an mproved aptamer Inchudss 2
hydroxyi sngar (2'-OH). in another embodiment, a* ieast one uridine in si=m 1 or Tn Stem 2
of the tmproved aptamer is modifiad with either & 2’-fimoro or 2'-O-metnyl. In anotner
embodiment, & least one cytidine in stem 2 of the improved aptamer is 2’ -fiuoro modifed,

The muproved sptamers and antidotes can also incinde mncleotides thar ars modifisd
with water-solibie poiymers. Such polvmers can include 2 polvetnviens glvesl, polvarmne,
polyether, polyambydride, polyester, or other biodegradable pharmacemtically accepiable
polvmer.



aptamers and antidotes during a therapeutic regime. In one embodiment,
antidotes to the disclosed improved aptamers are provided to a mamanal

e Wdféof to reverse the an eoa_mAat eff cts of the tmVESTARIH0IP2
mprovedaptamersandaptamer-antidotetmesscanbe

adhinamoiechirpicaltifieasineeded oDasedronaarousdastersrhBxzingmsag
e Piaug Enafithc TRHeREAS Wn 1ean he-pRySicians Hisealion B MWins
, oﬁeve.o timal therapy. Thus, embqdiments of this invention disclose )
s X g TR PR SRR UR A Pe LR iR TRk o

cotithiterarry jar blood coagulation. In one example, an antidote is provided
that peutralizes the effect of the improved a se:.to ram 03, icoagulaut ..
acti\ﬁy%vl?‘nen geswe%f’teéy fhe pggé? G7 dt%‘ﬁgaﬁ a?%%ﬁﬂ’@%ﬁ gto
Fefwikdtioodimmiert. ke trovert gpesand:antidaie st biobdioeas piaandrvention
ifaGioTRiAe AANARRTLIEH MR SRALENNIA,SIERS, WhiGh, 1he) ANJET A8 oof 1o innibit

aoministeret The antidotes are used to !fault the achvir4 of the tnroved
Ploftnar atighg A oS SBRRHRRRE htdTard drarpaidpr erthads ff winatesdmproved
ameecfasteafiditenaremisnoimeant itaenantidote achieves this

aeniraii%,ation effect by binding to or trvoriaazinr to the roved =tan-_. The

improVEBe SHERES EarABddaiaT A Re-Fotr tos patiante s RS T 6 B adcd
wnishuafrsy) f=grésdnineresrdiovesseiac diseasedeisn $#ectob; titudbieved aptamers.

-sarmzn'_ratt\r venéio .. tha: causes or . results in a coagulation-inducing
HBDIoVel sntamers Fiia) er-mc%%e S CE D ‘- Tme poderd
event. Fxampies el a S ehe myocardial Infarcto - 21

Teerdloro vascuimTBidanRiB Y Skeproeesivt dYithopiaisty, @ARE (eoiensiysician’s
sSeny Rrpass daie) ardiopuinana dypassiiambosis Ine. i it of

a unerits of this mve.llmon GIS" 082 a1 improved
cardiaC_bypass apparatus and In -patients undergoing Tena |al’yS|s,

RPN JRETEOBRAr IBFESy e S oFFEBe £V Stk itifonoié sikgmt clliateby for blood
dhraxariosis, and & ssennaated ipKAYaseuiak Coaz ﬁéﬁ%%@ﬁk“% éh%%ﬁ?‘é??ne

= ; €5
animaters am also be admMistemd to -onvent coagu

; 0 -on oagulation-induced ™ )
TRRGITETT. 7t 3P FEars i STEHRE P BHRG o7 GRtiREYsician. or ofner
seaieiniienreascatesbhereiatedtheimpreved

AR REESRANRE HEREHA 1 bicod
ggzat cardiovascular diseases that 9 WO 2005/106042

13976 fclude a mifammatonFeompanetit, ToFExarfpEsemers are
ich.may resultin reperfusion iiuny: treat adyerse .events .. . -
associated v%%ﬁ p()_s_t-angi_(%p?lgftpy _resteﬁ%s%. %RIEE%XB CRIPTION G & 7
TRECBRAW GG &M S TEaneehgropidss d Tvwendinsensiomabridizing o
cROEgMRkaRSefapt A, 1-39 described below. Figure la is a schematic of
aptamers Apt A and I-5. Ib is a schematic of =~ L _

ipe Inoroved EpTAIDETE CHN DE admmymstered o pali=mrs suwiTermg irom o &t risk of

suffering from 2 cardjovasculz Gisease 0T imtervention, meinding surgical interventon, thas

sauses OF TeSWME I & cosgulanion-Inducing even:  Examples inchuds acute mvoecardial
infarctior {beari altack), cersbrovascila accidents (siroke), ischemiz, apgioplesty, CABG

(coropary artery bypass grafis), carhiopimonary bypess, fimombosts m fhe cirowt of cardies
bypess epparams god M paDents UnQMrgoins veme! Gialvss, mostible sngine, pumonsTy
empongm, deep veln fhrombosis, anerial freombosic, and deseminated mmavescuiar
COAZULATION.,

The moproved aptamers can alsd be admimistered 1 prevent coagulshor-mnced
mflammation. It zppears that early milrnation s nduesd by activation of fhe coaguiation

cascads. Thersjore, the mproved aptamers can be veed to weat carmovascular Giseasss foas



aptamers 6-i 1. Ic is a schematic of aptamers Apt 12-17. Id is a schematic
of aptamers Apt 18-20, le of Apt 21. If is a schematic of aptamers Apt
22-29, Ig of Apt 30-34 and Ih of Apt 35-39. Figure 2 is a graph of results
vof astivaeekpartial thromboplastin time (APTT) test assaysrofrapizanianss2s
Apt A and Apt 1-5 (left panel) and neutralizability by antidote AptA-AD.
inchidgurénBasagsapbonfpasiitsfof activaledaiametrombaplastimdimg syndrome
PTT) test ass of e -8 (Haht P?A}ﬁ% a
(Acng‘ziu}fcrlgﬁ%réll | yl%%\%ﬁ%aﬁ? %lﬂef{%gr% . Ir:]i%u?reegﬁdr is a graph 6f9ri((jatsoultt{§ %fadverse
everdg HvaRat gdanitl phrbABIPIASHTIREOGEP TT) test assays of aptamers Apt
2 and 9-11 (left panel) and neutralizability by antidote (right panel). Figure
5 is a graph of results of activated partial thromboplastin time (APTT) test
assays of aptaﬁ%ﬁﬁ%%&&éﬁ?ﬁg%ﬂ r%%tralizability by
antidpte: (Tight parel)tiFiglipeopdsa grapirafrésuliscoffigtivsted phdistl A, 1-39

thromboplastin time (APTT) test. assays of aptamer t2, 1p.16 :
s DO b REO AT B e e . g L gt of
aptanfamsults ofativatbehpéictiof tntomisoApistitr litnd dAPT TObrERtia ssapEeers Apt

t r 2 t Bl i 14 '
LB G S T ommbonain "

35-%ne (APTT) test assays of pegylated AptA compared to pegylated Apt 16
and:1 |1%f® ﬁ@?ﬁ%ﬁf%f%dii@@f%@ﬁv&t&@%&&)l .Mhm?msﬁam?mﬁm test
control of coagulation factoy 1X and right panel is nheutralizability

o5 RGBT PR PR R DB TCA Y Do RGBT A0
timEARTT Jdestrassaysahbiptaietyapt Badblahthed@lagsft pand) NG test
neutralizability, by.anti I i IeE g )

o R A Do e B B e D
2 afiiERG-33i{/A, EiphafasHisubhiciing paris el hoe iéRR?E test

ass%%%!ﬁé%% Rﬁ-ﬁ[%@ %3 NaRd BdfAuFigtRanahiastd kit@sbhanel).
assays of aptamers Apt 2, 30, 33 and 34 (B, left panle_:@a d. . T test
neuBZHERBIRty 5 AT A6 fE TBIS RN TRALS . Ry %pr&ﬂ‘é'hué’feré’é@l?s) o

assOfsastivpted-paris hrombeplagtingtiheptAd Hderttadaysiof aptarides: (right

Aﬁt A, 2, 19 and 35-39 (left panel) and neutralizability by antidote of Apt
Patg’19, 35, 38 and 39(right panel). Figure 12 is a graph of results of

neuHiglizalbility Dyraphidbtenstsays sstinpimerss fhpmBaplagia i 4 PO test

assays of aptamers Apt 2, 15, 16 and 21 (left panel) and neutralizability by antidote (right
panel).

Figure 7 is a graph of results of activated partial thromboplastin time (APTT) test
assays of aptamers Apt 2 and 16-20 (left panel) and neutralizability by antidote (zight panel).

Figure 8 is a graph of results of activated partial thromboplastin time (APTT) test
assays of pegylated AptA compared to pegylated Apt 16 and 19 and cholesterol-modified Apt
A (chol-A). Left panel is aptamer control of coagulation factor X and right panel is
neutralizability by antidote.

Figure 9 is a graph of results of activated partial thromboplastin time (APTT) test
assays of aptamers Apt 2, 16 and 22-27 (left panel) and neutralizability by antidote (right
panel).

Figure 10 is a graph of results of activated partial thromboplastin time (APTT) test
assays of aptamers Apt 2 and 30-33 (A, left panel), neutralizability by antidote of Apt 2, 30
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Figure 13 is a graph of the in vitro anticoagulant activity of PEG-Apt39
compared to CH-AptA and PEG-AptA. Figure 14 are graphs of systemic
anticoagulant activity (14a) and neutralizability (14b) of PEG-Apt39 in
vawinevibhiaxchange in the value of the respective clotting asREyA 13926
« difference-between-the clotting time at the time point and the pre-injection
and Paselingiionthal Arimatsnadafor @ EGaApt3d pica it Ihimbi éﬁdl?égafaﬁl) and

CH-ARtA treat nimals l¢, blood ACT values are shown in the
neu ]1%%1?%1 anet, %%cgep@éﬁl%\ﬁgg D:

PTT values in the panel at the top. Figur
s Glizptzidfisystespic ahisolIEH BaioAPFad) EPRIRTSNDGEM LA ==
assal iﬁﬁ@aﬁi&@% nswing, Thesshangeriniheaueahie mspesivatioting Apt
ssays Is the difference between the clotting time at the time point and
A, 1h8prRird S06ReBhREIRI for that animal. n=2 for PEG-Apt39 treated
anigals. DetpfeespHbisrexperimeninisicabiligray dutihee arsigoafupaioers Apt2,
and neutralization data for PEG-Apt39 presented in Figure 3. Whole blood
34, %&&Pazgﬁ’ﬁ’ are shown in the left panel, and plasma APTT values in the

par@iateright Figusk 45t angriapheokieyagalang wirEo QIR BE hEsmeaisd o

by Apt3 lipistration as described in Example 9. The level of
CHK%R%%%%U atlo#ll%%he monkeys was monitored with the APT

] T. For i g g
anidfighrarbhtend WIS O GRS HARSUPE AEL R T I
apRYeebok animalsaldhefoanth3 mukgaiossritvaiaptatacaiotinsemtgsis the

as the mean t range, as there were.only 2 ani at each of th S
ditgas WD BF A G P Clb S b R T ey SR or ta

amiith /013 SHG-reMeFsakuith anitittemiptFA haE deteibiindsaimpe Yhole
blog‘ﬁ@ 2"&1?1}5 %%(égg%%l%} 2 B%&C?aa &5%’& M%@R@W@ﬂ%ktﬁhtﬁﬁ panel at the

S administere t=3"hours following Apt39
topadministration. Data are presented as the mean SEM. 11 WO

2009408043 SPORUES AR DT AU BMREGER T KA THEy (11)

INV N 1."Definitions A "nucleic acid ligand" or "a %{ame{"tit? anucleic .o
of BEd-tB2an ftfa fﬁ?@é’hdﬂﬁ%ﬁ%igﬁaﬁ}}}ﬁﬁgﬂ P WHIch AT 15

aifterachasa-ligandivithatarget teoteesipoifhendehmseeiigiettion baseling for that

oligonucleotides having specific.bindi egions,ih L, &ﬁﬁ&ﬁ“ﬂ? Bfanared to the
a0 it E%rﬁﬁk%gté%?ﬁeagﬁelgn en %lé ?e%lge mlgl(te{g%e% an envirgnm%aé?
anidoegelatothamdsubstalice®indtte foa FRCGeARh e G RATLEBIR Fle Xty blood
A(%%evgllw!lgg nucleuds; 4o ?eﬁ%%ﬂéf%ﬁl%%&@@%&ﬂ?%@ Harter s git.

he comparative dissociation constants (Ka%igf the aptameg f%r g;rggt as . ation

comBisrd it ine aisebebstEEhSPIeHIRHL L HBRAE Shtaker Ana ™ |
s Qthefmaterals.ndbe enviloRmentetsnaiated imoleeuakeys genenahitored with
theT X%’lq’%" og‘ha%n?a{g {rg:g?ed with 15 mg/kg, Apt39 data are presented as the mean = SEM.
For animals at the 5 and 30-mg/ke dose levels, data are presented as the mean + range, as

there were only 2 animals at each of these dose levels.

Tigure 17 is a graph of the systemic anticoagulation of monkeys with Apt39 and
reversal with antidote Apt7AD, as described in Example 9. The level of anticoagulation in the
monkeys was monitored with the APTT. Apt7AD was administered at t=3 hours following
Apt39 administration. Data are presented as the mean & SEM.
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aptamer with respect to the target will be 10-fold, 50-fold, 100-fold, or
200-fold less than the Kd with respect to the unrelated material or
accompanying material in the environment. "Aptamer antidote pair" is
weantiednclude a specified aptamer to a target molecule, ppg@oesorsozs
-oligonucleotide that changes the three dimensional configuration of the
aptamer so tRa} TR RIS CRANTA (% @df T ADNENTITOMrget. The
antidote can be an oligonucleotide complimentary to a portion of the
&B?th‘gﬂ“?he antidote can change the conformation of the aptamer to

redyce. the target pinding,capacity of the aptamer by 10.tq. 100%, 20 to

00 S 0E. BERD oo RO B0% BOR AP GHh, BPaggh om & e
dimpestentagefiguthbrangecetivesrit10 i 00%ligauémihysiolpgicaliccule. The
tenfiP IO ATUAALE CARAISBIAND Ailliag AMERSIANa SIHEAMG M g

binding activity to a target molecule. This target Can be the same or ’
corpsas Vv tHended br st trelsptisnie A ARt et Rdwiri gthey substances in
the "MedWaianeiarsde apy Ahalmacewical\oaceaRiRblaI-a0ent thalt@ity of the

, %@%a %%?;ner and r?gg‘fl\g the interagtion pbetween that aptamer and
bin WS;] CHhieSERSA 8@#%&%@&5?%%‘?5%%5{%% fd dhferpager for
targety anadifyingdhe sfivcfisecatithe @ptamenyith areesite b mannetamifieand other
rms . bindi ivity, and "bindi inity: are meant to. refer.to the

e e, A BT AR, SR o o 0
aptanergytbreaittindpadametvalebsifhfitand nfobin galetiony 0 Gufd d bieroiap the
K4 %ﬁﬁ@%b@&@@ﬁ%&ﬁ@%@@ﬂ&@em &%@%%y%@ﬁ%%i%@éﬁmﬁﬁﬁﬁg&g

partners, the rates at which these partners are capable of associating,

and-thptaelativeicoperitratiensmhibauidiandfregisialpauestina-setianeculs,
The specificity. of the binding is defined.in terms ,of the comparative
s R i R B S (e BB s B ey s0

thaaﬁmmtdm oftann gk axidakityard 'ﬁ§ t@tgﬂpé?h@ﬂm?it}meecﬁasb@iaﬁdﬁgonucieotide
coﬁﬁﬁ}%@%@’iﬁ‘ JBSRRE s nRtasLmAterals i Hag ey iEgIpe B‘IGOJOH?&%% of the

molecules in general. As used herein, "consensus sequence" refers to a
aptAGETBIESE (e I8 H PR CTRsIEN Phitst BitamghtndP e Male 2P tr 100%,
250006 80% NsEieotie SIdhRbE QNdan.0ne8K FeRkkRgianG Ot Allehdiveen 10

nucleic acid sequences. A consensus sequence can be as shortas
o G RIS TR S KSR T AL GPb L b Db tiree Cimiensional
strvgureonitig boudingeqtieitpes withenucleotide Taguances:orbpalymens of different
frolQ @g@é}g@ﬂg@ﬂ@gﬁ% Jong interspersed between the consensus
es. Con

sequen ensus sequences can be identified by sequence

. compariseRs” Beluaeondiy BN AUEIRIC Rt SBERIg S IHRICR SRR KBS able
can be aided by computer programs and other, tools for modelin

a8 R PR PR AT AR ARG AT S S rARTRE™ RASTRRALRS. .gm‘i\i modify

thetheecanisarnsusaaquenpedl eahia makieastsatieyt. 3. tm2Guatitlaatitle shucture

{Qore co .onIX from 6 to 10 nucleotides.
of the aptamer) it a desived marmer.

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
concenirations 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

specificity of the binding is defined in terms of the comparative dissociation constants (Kg)
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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
veontespkated cardiovascular diseases include, but are not Kigiiteseqss/013926
atherosclerosis, thrombophilia, embolisms, cardiac infarction (e.g.,
of anayiafraedifh infivictiond o coomaasiin hesiistesigigptieonsiawieyith respect to
othes MREHSRSIONe yPESEhleSISIRIMia niesipReSISBRG diabetes (and
assoclated diabetic retinopathy). Cardiovascular disease can be treated
at ARYhstagdeRfNrogRssIan, suehme tradtment of mailkoodseakquence or region
.cardjovascular. disease as ,well af tre%tment of qdva%% . %959'%6%5%'_%3 or

(whichoiedi 9 T FSLEE METRH R tastowar i e aggravation

moreofeginti @fas ke rrdis eadeibycii cdglation -ch2guignions salstcd igefueleef iFort as

thred NS RERNON § RRIBMALS,] & EREIRdoADG: RYDUARBERYIISS Impraved wit
Oﬁl ulation through

nucleic aci ands or aptamers that regulate blood coa
nuclintisiastioweithasRedifecracbre 119 OBIBSPE SRSt At inkgepieediglveen the

conslNENIQRRIRAPrOYIdE SN IR HRA-AP (e CEANIERIRRANS Rdegidatemparisons
coagulation. The improved aptamers,%%tr%et Factor IX gene

betwRS RIS IAHCRUSIRIR RS E a RIC15Ea) HHEPHT R PAHERR 78 BSrRklsd i R uter
progéifectendssoeiatedvitorotheletiigpd-coadunationd factortargetsudésm sequence
. .. factors in the coagulation cascade are -SP ote] ith. a 20
RIS of WS TRIEE 8, T e chih BVl W% 1o
nuclbetdmeminjuayranchlidoandice it medieniidee a carefully regulated and

linked series of reactions. In a cell-based model of coagulatign, initiation

takBae 1Ty ¢ PYREgBIon S et LRI (ORI LIS b1 dCE R kg dieant o refer

to afACtardISaERg-eallsfRRORORYIEE, Toatciepitagehenpotielialinelisikih thehe art.
resence of FVlla (complexed wi factor), activation of F1X

e h tiss
Norf PR BB BT BISTOIR P SIs b (a1 e ot ar
not Buisdqoienbiyractivaiés FEyibotisliamptittcatonaphias énfaisiorefe etnecgsdial
. the priming phase), the s ' a cti rolemia,
e R
restesfosisatl dirhtoriopd gamsinted Xiabein proReBaith: FUATHO RV i paRe can be
ueatEB%tFa%?-stFag/@o@%% %idh thepresenee-t calsiumoans phaaphslinidgisease as

substrate (prothrombinase,, comg#ex) leads to a "burst! of thrompin
el R, Tl GBI BTN B et ORERAS R et towa
inhiisiynieNtaldneebning ceatolationapdiease ixrgaidultost pregiddswosk also
, h%s foc&sed ondblood coagulation through a variety of factors such as
m{:lﬁ‘ ?%Fﬁblr?.umerrci)rﬂ%in is a broad acting protein with effects throughout the

body. Inhibitors of thrombin can therefore have unanticipated side effects
2. iviaeionoirorfcts on coagulation. Thrombin not only activates

end’?ﬁg%lligﬁlnggzllsp%ggggg %’xﬁ&%x'%&' %%%ti% acid ligands or aptamers that regulate blood
coagulation through interaction with specific factors in the blood coagulation cascade. The
invention also provides improved aptamer-antidote pairs to regulate coagulation. The
tmproved aptamers target Factor IX gene products(which include Factor IXa) and thus reduce
the non-specific side effects associated with other biood coagulation factor targets. Most
factors in the coagulation cascade are broad spectrum proteins with a variety of physiological
roles (i.e. thrombin).

The events which occur between injury and blood clot formation are a carefully

regulated and linked series of reactions. In a cell-based model of coagulation, initiation takes

13



infiltration and edema but also activates astrocytes and microglia to
propagate the focal inflammation and produce potential neurotoxic
effects. The inventor has determined that Factor IXa in particular
wepneserssan attractive target because of its participation rCBAROpEV13926
initiation and propagation phases of coagulation. Iteractive in vitro
placsalactishadetiniqersita e e faamsaites imambeisosudnteritb Selipanle the
presOidyl %@'?&ﬁ%ﬁ%ﬁﬂ%&%@%ﬁﬂﬁf}i&%&?@, Qa%ii%)a‘bn Eoxper '@ﬁt” abstugifsates 2
suggest that Ma may have a critical role in thrombosis, as well as
st gFGERASH THGRIG BPBLATRGFERES RSB ETRCAS FrORED Y {Giterbe
ampRfaktiCkOr e RN ASI 7741300 8> 32, i reivioly eibakel ] 1203rTdir ambuR st thrombin
14:931-940). In contrast, active_.site-bl d [ clog .
B AR A L ATttt g VI g e el

phasBrit{ doeaBtion 15 G0EELE) AKarsdipdorss Actdr X Hayectising 8 shdwd Xa-

Fvéoc%géﬁr%wm%%zyﬁ@éi% Qb iR G nINKKRSHH LEPRSIH CRMAIRY D REHMBHDase
of zymogen factor 1X by factor Xla and by thetissue factor:factor Vila
COMI@%%%%HW%HBWQ&%%%ﬂaI thromboplastin clotting times

(AZ&E)camlﬁ%mﬁegumw@mﬁdﬂm@e&mﬂ&imm&l,1ﬂmngmmmaﬁon

and Haemost, 82:1188-1195: Feuerstein GZ, et al. (1999) Arterioscier .

Bro e Vo L 2SI OBy 000 TR e of

factdBOMh 78 hrtmbire mmtathmmmmmﬁmm doielighout the

bod'gg a]é‘ﬁj;i?&é‘@%‘%ﬂ%&&?ﬁ& B facLorAnthe Rl 9891&8@%@%@ RS54 USRS the
mbodi the fa

ments, ctors include Factor IX (FIX) or the cleavage product
effertgctocpiean{Fing). Thrawhie aehoabirriactddytstn el enfgaserstdafecyte

inffeRERleXfounss byF s withhastasbpdM i ayialsaiknevwiasdhe thd focal
WO 2005/106042 PCT/US2005/013926_“intrinsic tenase complex.” In

infl e e BEAENS PHEER ALY LR 1% Hds that inhibit the complex
fornmatidnketvaen Hbaraine i &alnoa Sibempadinntydhesaptaneiotiive
targglo pELESENE ig%%““%ib‘”%éo the gamplex of F%and.by “'aoaé‘%zgaﬁibﬂhases of
AESetivation of Factor C(]l-p the ap?amers can interact let?ﬁ E& IXa or a
coaguhiplex folreredtnithiEV iidn tekscprasdadmiguabsedice baddifigthale identify

oligRlgIEL e aplamess ca inferactyith e fasierspfthe eesRiex ahm),
a cell membrane. In one embodiment, the aptamers hind to the intrinsic

Expeinsaidoridiex Btgrst i BRI S BE. eoHese Mo tniRtbREs, as well as
nerasdplisantsrave slisaeire Fipraked-apRmMelt:te geombpsRo@isiadt al. (1977)

C ' actor IX (FI its, cleavage,pr. , tor IXa :
P N{%@x%;g%%g%g’e(%%%ﬁém%r%l‘ {ﬁg i\%c%ré)%%i |§i£ng‘£§nc 0%1:4? ‘atfeadtohe 21V
siter-egi@mahﬁmnﬂmadmhmfm@tiqﬁmmﬁaﬁ@e@d@w&grﬂm’aﬂsmc@mktmg@osis
(L&ggr{?&)gz';gm) ﬁ%%%‘qug'gmgs@glgn that does not bind to any other

regions of theé molecule under physiological conditions (IOO%){ Ina
Antibodies to factor IX have also been shown to interfere with the function of the

intrinsic tenase complex, the activation of zymogen factor IX by factor XIa and by the tissue
factor:factor Vila complex and potently inhibit activated partial thromboplastin clotting times
(APTT) in plasma of guinea pig and rat (Refine, C.J., et al, (1999) Thromb and Haemost,
82:1188-1195; Fenerstein GZ, et al. (1999) Arterioscler Thromb Vasc Biol19(10):2554-62;
Toomey IR, et al. (2000) Thromb Res. 100(1):73-9}.

In one embodiment, the invention provides nucleic acid ligands or aptamers to a
factor in the blood coagulation cascade. In some embodiments, the factors include Factor IX
(FIX) or the cleavage product Factor IXa (FIXa). In some embodiments, the apiamers are
ligands to the complex formed by FIXa with Factor VHla (FVIIIa), also known as the

14



further embodiment, the nucleic acid ligand includes two stems (stem 1
and stem 2) and two loops (loop 1 and loop 2). In one embodiment, stem
1 is one to twenty nucleotides long. In a further embodiment, stem 1 is
Vomeotd/ tege4iucleotides long. In a further sub-embodiment, SteR3ZYs/013926
- seven, six, five, four, three or two nucleotides long. In another o
“intrnsis JENITEIMOTSRN. 2 Brio s (WY mTEIeoRGP 1BRE™ Are Ygps that inbibit the

comBBP IR HaPeIFO0e dadtanvmugletidesubengolingefidriher aptamers of the

sub-embodiment, stem 2 is_sev ix, fiv r, three .or twa nucleotides
Dresqg g PRERRE PR PRI P B r%épfé?}% %I}Hn%“e%@ﬁé%%%‘(%ﬁ% et X
(FXyarrhe gomptisean oftcicnuiledide § i deoryrivariocéotivdsyish &VIa in the

combination thereof. In general, the- i - 2Bctors of
R T R e i
the omemEerbBdinteltmeptonyers Hreobe IBASPZE, U5, Bituuerubiediadsgnninnsic
tena S AR, 1EL SRRCIIG £IBRACIMSIMS, the sequence of stem 1 includes S

nucleotides in the 5'-3' direction. In a sub-embodiment, stem 1 includes

thrdB GOErFAPIETESdle AP HGE s - 5 SRR JPBTRESURERCThdC &one
pro&m@raslﬁwggmﬁ hReO IS EREXR aﬁtﬁmﬁiﬂeimgemﬁﬁr%uﬁ@mmﬁm)- In

complimentary sequence,ccac. en a numper. of individu istinct
one SRR ey enECLmFOF %{gsﬁf%ﬁne\é\t/é?aé‘t folecule RAVE Beer 3%%%3 o, aapther
regisﬁduénmd}d@éeséqWéﬂm@éd{ﬁesexamtfm)'mﬁéﬁ@S’%@tﬁmb@@?'does
not %Smg%gdmr}epﬁﬂ%g&%%gr@Jﬁéwgdﬁg oL SR ITHEIEUAR SRAUERSES. In 2

which mig

or region t or might not be made up of contiguous
furthercradmdésymiatis Roekis Rrisigenhivibdeyivietams (Eas: hBdaftahtaEd tvo
100{;@%11965 senee &l Whigh sREBS kBmHelatednithsapiam eidaangetinaingor In

with aptamer structure. 15 WO 2005/1060Q42 F{CT/U%}?OEEJF%%B? 6 odiment
furthgh SRIRCHERSEG EFBE AirPBR Bs'¥haHeAL thfse Ttk leBtifie ToRg ™ 1t aTE3 ’
stelganipereadey ) iaf tne, dirseanctwo mooiwigidesBseqlemedser\gtithodiment, stem 2
onentu Cl\ev%gg ensggzggggs? RYE. p?rlxyarxn ﬁ%@g e%%ri?rge%‘t(? fs%ﬁ?%%sl.o&g to ten nucleotides

interspersed between the consensus sequences. Consensus sequences
longaribe fudhtified-oykalimentstempansoms Baniaenme laenraptamesicotides
jondPecies, which comparisons can be aided by computer programs and

Gther, tools for modeling secondary and tertiary structure from sequence
inforFHB BT era T o oS LSS A R BT CBERROR R compried

of aPeubddaidtnuiclealidesomaretemmenty tenbihdtaehOtheelsotidesgbetal, the
._all oligonucleotides in a mixture can have the same nucleotide at sugh, = s 4,
RS oﬁ?tfg?%iaaﬁpi%??ﬁség]%%ﬁ%lé:nesoa@essegﬁlghgg ggﬂ) Ecdiﬁn allhogql?ﬁ%wn ratio”
nucibqaiticlsag. niclectices Gorexapiplers asotisisasRd seguh e Afigheleotides in

sist of r : iti [ fi o dalldes 2,37
1 . ASCUES QLo LR sanbereindhe frRiRRSHAmibafides in the 5°-3
én%?gm%e%eofﬁtﬁe mixture is A, tr%asecond position is 25% A, 35% T and s
dirg@ignC, bhe b pRRdiBrs Yo Ji Bt desticuariand e tdngT o the 573
girPQgition is G in 50% of the

In an embodiment, the aptamers include the consensus nucleotide sequences gugg and
the complimentary sequence ccac. When a number of individual, distinct aptamer sequences
for a single target molecule have. been obtained and sequenced, the seguences can be
examined for “consensus sequences.” As used herein, “consensus sequence” refers to a
nucleotide sequence or region (which might or might not be made up of contiguous
nucleotides)that is found in one or more regions of at Jeast two aptamers, the presence of

which can be correlated with aptamer-to-target-binding or with aptamer structure.
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oligonucleotides and C in 50% of the oligonucleotides. In specific
embodiments, the aptamers include the nucleotide sequences of the
following Seq ID Nos.: Se ID Code Size Sequence 9 AptA 35mer (5'-3")
WSEAWERGR1AUgggga cuauacc gcg uaaugc ugce ¢ uccccau t dOrARH03SmEr26
(5'-3")se sequence: augggga cuauaccgcguaaugcugcc uccccau t 9 Apt2
SsmeeSL3asyoe e baeydiryhrsubtrgciigiegtissadersude dsnceRRabede
up of o H: RSN (SR ERAMERES: AHOIIGR AL AHAICEHRIHARMBS: UGCHR IERES RIS
t 9 Apt4 35mer (5'-3") sequence; au g ga cuauacc gcg uaaugc ugc ¢
hundreds 6E asE fonABt RS DS 3P B GRREES R THYGE R ab BRI tARE®
can be Y@SERICESAU koA NItnZAMen{ShAsat irtivtiualggaamer species, which
.cuauacqgeguaaugcugec uccc t 12 Apt mer (5'-3') seqyence;
comparig R B S L ae A R e e

he et and
se uefice: gaugga

tertiary sanmcejogRgueTageuctane Cariie, fonsen(Biss) sqyensaceillcggiain
at Teast SRAUACLISHAAIGCHIES LR é&ﬁ&%ﬁmﬁré%ﬁ)ﬁg&@&%ccw all

cuauaccgcb aaugcugcc ucagg t 16 Aptl 1 33mer (5'-3') sequence: cucuga
oligonuelgaidRscc BEEUTR e IR HSS5TRe DUSEI S Sheer t Bo8H T dorefitaaple, the
consenstl! JOGURA LU BHACEAEIH BaHRIGHOERINCELgati buld ﬁ@&i@oﬁﬁﬁef}(i%ﬁ?nple, a

sequence: augggga cuayaccgeguaaugcugee ucceccau t t mer
consenss SSEBGG BHER: SUGGRE CTATAT )RR IGR0 §aS G BBy TP Rge S o
membed N eid Mrdisefusnte: gogahgaestitauzctifidgiadaycliguel Wetudacthe 1iird
... Aptle.35mer,(533) sequence: a a aau CG4HEC L
positor B e o6
oligonugleotidatand € ot ogreo{Eopydeciifesce: ggga cuauaecgeguaaugcugee

gﬁg;@tq%f@ptm 31mer (5'-3') sequence; gug%a cuauaccgee%g%aeg é:su%%cthe

18 2PieOEh el a

159311016011

followiH 8HQEDAgEIAaUgcUgcc uceauc t 18 Apt2l 35mer (5'-3') sequence:

ALLOAOOA CLLALLIACS Ao llAadlioe tiae-auieekeae4+-4-Q AntD D AL naaa e LN
SeqlD o [tadt ~ Toize” =-8edueroe = oman
o E%qvgg% % e n,émﬁf;.éﬁi %%ﬁ?iﬁieﬁ&eﬂﬁﬁg s ob Cualisce Sep namndo e Puccecan t
D S e N e e A A U O
O e AREoood Fuper o LR Sienies, | A ace tatu bt bl € ncocoan t
g EE W00 ARl YT e IR N, X395 o wocooan {
g SeESHeergugagga cHANace UL0 HAAUNL, HUL, Iod udda aut
9 (9 P LR A e U I A9 SR b I e Pl T B B b o€ gt 1 bccoan ¢
T SSe =3 SRR BN  FREE T A AR B e dAER LA 04T
12 HaQ@STeT Aonydy) SEHYER0%e 00, G UL G HLA AU HU Cddetblieac
13 " | Apt8 33mer (5°-3") sequence: gaugga cuauaccgoguaangeugec uccanc t
14 Apto 20mer {(5°-3’) sequence: cuga cuauaccgcguaaugeugee ucagt
15 Aptlo 31mer (5°-3°) sequence: ccuga cuauaccgeguaaugegec ucage
16 Aptll 33mer (5°-37) sequence: cucnga cuanaccgeguaaugeugee ucagag t
10 Aptl2 35mer (5°-3’) sequence: auggega cuauaccgeguasugougoe uccecau {
10 Aptl3 35mer (5°-3") sequence: augggga cuanaccgCguaagenges uccceau t
17 Aptld 35mer | {5°-3") sequence: gugagga clauaccgCguaangougece uccueac t
17 Aptl5 35mer (5°-3%) sequence: gugagga cuauaccgeguaaugeupcee uecucac t
17 Aptl6 35mer (5°-3") sequence: gugagga cianaccgeguaangeugee uccneac i
17 Aptl7 35mer (5°-3%) sequence: gugagga chauaccgeguaalugeugec ueeucac t
il Aptl8 29mer (5°-3°) sequence: ggga cuauaccgoguaaugeugee ueee t
12 Aptlo 3imer (57-3") sequence: gugga cualaccgeguaangouecs uecac t
13 Ant20 33mer (5°-3’) sequence: gaugga CUAUACCECLUAAUZONLCC Becauc t
18 Apt2] 35mer | (5°-37) sequence: gUgagea cualace gog uaange Bge o neckcac t
18 Apt22 35mer (5°-3’) sequence: gUgAggA CUANACS gog Uaauge uge ¢ uecucac
18 Apt23 35mer | (5°-3°) sequence: gUgagea CUAUACC gOg UAANIC Uge ¢ uccucac t
18 AptZd 35mer | {5°-3") sequence: gugaggn caUace FOg UaARge UECc C uccucac {
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30 Apt29 33mer (5'-3') sequence: gugagga cuauacc gca aucg ugc ¢
uccucact 18 A t30 35mer (5'-3') sequence: gugagga cuauacc gcg uaaugc
u go c uccucact 18 Apt31 35mer (5'-3") sequence: gugagga cuauacc gcg
wi8awhs ugae uccucac t 18 Apt32 35mer (5'-3') sequence: gexaguons/613926
cuauacc gcg uaaugc ugc c uccucact 18! Apt33 35mer (5'-3') sequence:

18~ 9UPEPEA CUddaf{.Jeg VG E5n6tIGa USRS o APlerd dhimer iho-8)concac t
27 SCHURHE Q%Qﬁﬂ&a Cllatiat gogldieaUaGAIgn clipeYeactaladd AptdSicoucac t

5 SIMENES -3 SeaRENCE( JUTYa6UataCe gagdiandge:-tigacitnrag:cl@ohoac t

26 130 ZLMET (53 hefqUETR el Y hegiettiaURnaag-tiaatig goigna UECAoC i t

30 API3GL,BE O (333kSeqUEnce) gugaseualage e tiralvgs Age Teueoascac t

13 1950188 STIERE-3) $eUsHREQIGUEIAIEHANATAGL] PEANGOLIGEC Ueearac t

18 U 19APBY JMmidb -3))(5eqUeseagHog s araUann Qe RBAIEINES ¢ uccucac t

18 UCCag:Hn onesembodiment theqaphaenen todeacionbX o prses, taysiiseicac ¢

ig  or copsists esserdially ¢f; 118 syctectide SETIIENeE AGLENFI EURGAEC gugeucac t

18 Uaaugsugc ¢3meac t (SegiD) dueioA ptansse Amiidotess i igdngpuganiagucac t

19 DE ahlai® releasechlodd terywatiandagtars fromachisitiomulgifaiec ¢ uccac t

19 threaiening diseases cpfl résistdromo\aeirhibitiencaicthesigodsc o uccac t

19 coagulaion fastarsr sU¢HHS FaaombX: Fge xaayshs, fvamaistines ¢asee!

19 fromideficieniciasnier fadtai X)) Adipatisnisiagdtuabaco ghilpBnaayec ¢ uccac t

19 prolongsel coatiutetion litie3A ebqlsoreaseelfacianace ensiag aeHghy UEiRe

hemophilia A, there are severe, moderate and mild forms of hemophilia B

apd rgfle%gg%%%ég?rdé %@&ﬁ&i'}d@'ﬁmﬁ- Thersfarganathedists, or consists

embodiment o0 nvention includes an antidote paired with the ap
essentiflthefinbentdaciiotrearEss: BISEFRBIETERGHERTEE W&?&?ﬂé@%ﬁﬁgﬁ;

acceptable agent that can bind an aptamer and modify the interaction

between that aptamer and its target molecule (e.g., by modifying the

3 AStrUCtu[En%{dthg% aptamer) in a desired manner. Examples of such
- AR AN Te (A) oligonucleotides complementary to at least a portion

OEE?&?:H}@;%{ seguengesnauding sikoaypen DMy e anigbptide Life
nucleic acids (PNASZ:, (B) nucleic acid bindi eg ides qr%g tjcdes ] P
threatgpitsiHisGrRa FathEp l%‘?@la%\’ar“’ﬁi}?fa?ﬁﬁﬁﬁédég‘tgigios %s‘éoea, gé‘nergﬁ%}, Wang
Facto€rRl. 8990506, Natoris BSekuliSAo064bA0RTY @nid @for IX. All patients
. oligosaccharides (e,g. aminoglycosides (see, | i )
it R RP 65 A S S La P ot R S iy
Like Gestltdbaandihatkins, Werstuokdstat. 11998)dStenteligmoniliey B and reflect

the f%%ﬁ{)%%%%@%?g%gand 5,534,408). 17 WO 2005/106042

3926 (See also the following which disclose ty es&)f b th
arifieroesereh anether s DB R B ENER RR AN HE P88 R IRVeAROR: ™ ™1

raptm'ge?a@ie 8L an¢1988) AngniRBwesBipchetihord 03nFEintiots eyl ({1868 dutically
acceptable agent that can bind an aptamer and modify the interaction between that aptamer
and its target molecule (e.g., by modifying the structure of the aptamer) in a desired manner.
Examples of such antidotes include (A) oligonucleotides complementary to at least a portion
of the aptamer sequence (including ribozymes or DNAzymes or peptide nucleic acids
(PNAs)), (B) nucleic acid binding peptides, polypeptides or proteins (including nucleic acid
binding iripeptides (see, generally, Hwang et al. (1999) Proc. Natl. Acad. Sci. USA
96:12997), and (C) oligosaccharides {e.g. aminoglycosides (see, generalty, Davis et al. (1993)
Chapter 8, p. 185, RNA World, Cold Spring Harbor Laboratory Press, eds. Gestlaad and
Atkins; Werstuck et al. (1998) Sciende 282:296; U.S. Patent Nos. 5,935,776 and 5,534,408).
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Am. Chem. Soc. 90:7323, Dale et al. (1975) Biochemistry 14:2447 and
Lippard et al. (1978) Acc. Chem. Res. 11:211). In one embodiment, the
antidote oligonucleotide reverses or neutralizes at least 25%, 50%, 75%,
WBOWWB19098 of the anticoagulant activity of the aptamer. THRCAAtAHIE013926
generally has the ability to substantially bind to a nucleic acid ligand in
(Seselutitie Aflantidgtelichntehtsations of ledsitheriioheabMe osdéss atrandgnte with
M_and more. prefera I mpogimnes i
e a0 B A o)
AmideaciSesi QBT brReleAb BRI, HESHBRSTEd SAGHbRHRBRHERIGSS

Acd3@pRliganucleptide that comprises a sequence complementary to at
least a portion of the targeted aptamer sequence. Absolute . o
cortbeIh RO RORT ATIE CPRE O FILRESeT P B BUEhE g 25%

50osUTfsiestosommplementarityito e lai edidvitylridizeanitm the Bptanidotd penerally
apility ta.hybridize will. nd. on bot degree; of compl r

o G o e LIS Bk Akl R e e Aot ot

vantageously, the antidote
conptigostissie ofidese dhaprisws la e qudate thomplb mdh ead) Ters: 25eferably less than

0.0¢0S eguiive Duclagtides f thedsrosletapiamGLIURie R B A0he aptamer by

consecutive nucleotides, more preferably, 10-15 consecutive nucleotides.
>0%n specific aspects the antidote is at least 10- 25 nucleotides, at least

15-25, at Iea§t 20-25, at Jgast 14, 17 or at least 25 nucleotides long. The
Complergeniary fleArurlagidssn be DNA or RNA or chimeric mixtures or

deriyatives or _modified versi ther i - aati .
o o e i o ha

corfairises ApierEaRT SANPIPSEESH TR A SspRIHID R Hite BEIRES S R SFAmFnoe-
Abbsinesn bt nand3x 05 Veghiatabiiy ehsher dupiexasieambethighlsfficient

dependent on the length and hase- composition of the duplex. Th o .
coRRR A Bt e Ao FABHCF A AR i, e wil
defavebeethipoigsly oleasyredenesitlingdihedangtt-niyh boisaesnighad acid.

ossible hase pair ch.that accurate ictio f I _
R E R A R S AT L e BT o
cofeegriMiaetieri{d@os] Biottranted 3piawen Dretusalizo U caPeacHig 9ugipotides,
' QRS RIVA AR RPN BHQCHE:. 60: 65tk il gy she elGRnabRAYRERbst 10-

-the present invention rT}{)rovides improved antidaotes that specifically and

S SR OPo e o T AL SOl oLt oo REcodes ong.
Thiénkaisest JEW QR854 06042TRCA W BROOE/QLaNG: aptamersitidafivatives or

target components of the coagulation pathway, in particular the aptamers
o R AR B e BB

idotes can be administered to reverse the
o S AR U Mﬁxgwmngr&%ﬁ&ﬁ@&&@rﬁa&%%ﬁIa@a@gat&)ﬁaes is
embodiments, the improved antidotes 6
a fairly rapid reaction with second order association rate constants generally between 1x10
and 3x10° M's!. Stability of short duplexes can be highly dependent on the length and base-
composition of the duplex. The thermodynamic parameters for formation of short nucleic
acid duplexes have been rigorously measured, resulting in nearest-neighbor rules for all

possible base pairs such that accurate predictions of the free energy, Ty, and thus balf-life of

a given oligoribonucleotide duplex can be caleulated (e.g., Xia et al. (1998) Biochem.
37:14719; see also Bguchi et al. (1991) Antigensis RNA, dnnu. Rev. Biochem. 6(1631).

In a specific embodiment, the present invention provides improved amtidotes that

specifically and rapidly reverse the anticoagulant and antithrombotic effects of the fmproved
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according to the present invention are nucleic acids corresponding to the
sequences: (5'-3") sequence: cgcgguauaguccccau (Apt/AD; SEQ ID
NO:1); (5'-3") sequence: cgcgguauaguccc (Apt6/AD SEQ ID NO:2); (5'-3")
woequenmetagcgguauaguccac (Apt7/AD; SEQ ID NO:3); (5" ig&giendaszs
-cgcgguauaguccauc (Apt8/AD; SEQ ID NO:4); (5'-3') sequence:
aptegegghauagcagrifmiBnaDi SkeQiBzN@i6),; #1518 pseupnteular the aptamers of
C aguecaqg (AntlO/AD; SEQ.| 16 (Riza3. : bt
AR S B Nl S I S activity oy o
physigeggeroiigubeaidacammarid:. SEQPEFNO SN0e R dhT SaEET ) antidotes
ace | {bV&leth‘Jé%;ﬁf ﬂ%@dﬂ'&i@tﬁ&?ﬁé@&@@ &&Beb;%ﬂ&ﬁ@g’i&i %%@%%SYS% -3

or 90% homologous to the sequence of the corresponding aptamer. In
oS TS AL SSERLR oAt AR i veroce
(Ap‘?@mm;mm%(a@ d;smﬁmg:fﬁgc@gam@ém@mﬂ@/m;asmmmﬁ);
, 4., Neurochena. 56:560 and "Oli u ides a |SENSE; .
O N BF OQAe BRI ({OE) R Prbse ot Hatan, £, feaeenee
cgopperergtiagifiend/ ATy SR BONELS niifiddtbecantnecimesagvnarecags (Apt10/AD;
s&@%%ﬁ%@@o@yﬁ@e‘?&%&@% sistandad regigps Al thesEptan o Thiss-37)
an facilitat

e nucleation and, therefore, the rate of aptamer activity

SeqpRBeRi| AEREEIAPRERISC G AR AN/ AR ATE S IR R DI ARV dfsibicatiqn gf derivative
theRQAtal,MAHEIBRASR RAKS: hatheg targetd.apBngs ke apfamenddgous to the
eFactor IXa of the %t invention Iﬂ‘?é be usgddto dgstilgen aniggggensgmm s
SeO R Q8 St AT IR s SRER Bligo U SO fiTE WY BIidize8 1 THe Aptamer
sep!dﬁ'aibm mﬁ;ﬁ@k&. the binding of the aptamer to fact_or IXQ. To de;ign an
'mpﬁé’ﬁgeﬁgt'?%%%gu%heé%p@éé%gsé‘@t?ﬁ%%ﬁaﬁl‘cﬁ InyeRlion, Va[iads (1901)
strategies can be used to determine the optimal binding site. The
NegorisimeAtad§0 olrydniEiisadensranrisatidpal ket Arsisrrrehddpbanier of Gene
ExpldiSiofa g SE reredutesincisde sy .afters mininal< eRsRAsHeIgdRtonucieotide

sequence has been determined for a given improved ptame%ﬁ

ddin
antidpigs rhfsBgUBITERIRR 1IE rTRRSEBPEE neiReliga At Sageiza dmg“%JS of the
ap@MRlVingriaddifianal shatacimsdthishe daggahcseieaslin separsteaptmer activity

djacent dagmains. A walkin Xperiment can invelve XDeri .
T SR BT AR s s ) R s i
thaacbh efghiedneimbers Wit aarrdidBeeton Riaref tesrasisasdnyastisie meldee used to

de% ti%ﬂ foat %ggﬁlg]ﬁgﬂ%&%@e.%ei&g@géigﬁggﬁ&%@%@ﬁ%ﬁ@@ﬂg%&mﬂe{

~of'the candidate mixture also contains a randomized region of
in yagaeA bdacka obidysotiths mEmsHiR fe?d Mo 2005/106042
PCTIUS2005/013926 possible to identify what are referred to as___.. .
e IR P NG R O BEIETE ok ko Bmigg, varions
streriedhedan obe hirding dbmeairiref dtargein@hdrigdadn the sudae cemmplimentary
affectantilate st b”j%é’ ﬂécp’a:g l?ﬁﬁacH@% Qmﬂqg'e@g%? HALLERHYE Bctudes
Ohﬁ?@ﬂﬁﬁ%o F’g%ahnu?:?eoti%}es, e.g{.), 20-fluoro or 20-methoxy, dog nqé?t appear to ]
after a2 minimal consensus ligand sequence has been determined for a given mmproved

aptamer, adding random sequence to the minimal consensus ligand sequence and evolving
additional contacts with the target, such as in separaie but adjacent domains. A walking
experiment can involve two experiments performed sequentially. A new candidate mixture is
produced in which each of the members of the candidate mixture has a fixed nucleic acid-
region that corresponds to a nucleic acid ligand of interest. Each member of the candidate

mixture also contains a randomized region of sequences. According to this method it is
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serve as substrates for RNase H. Alterations in the orientation of the
sugar to the base can also affect RNase H activation,. Additionally,
backbone modifications influence the ability of oligonucleotides to activate
wRiNaseiiHodvlethylphosphonates do not activate it, whereas pCtT/us2005/013926
phosphorothioates are excellent substrates. In addition, chimeric

possiBRlesuRBdTReTReaR: Shisied BS:0liganalentideadibaicine-ta 8 NdRAtontain

.activate RNase H . For example, oliggnucleotides comprising wings of
reg‘%—%ﬁg&m%éﬁﬂ%%@so § dcf)R/% %%ng%%g35¥§§0xyoligonucleotides

bingl o, thelr roct RNG ARG ACLyRls Riase ! a0 &MRedIMEoificati

2'- %nét}%wgy n?%%sﬁ%%#\g&ﬁidofes (e.g., 2'-O-meth1$l{boligonucleolt{i%%s) aboﬁ% o

that ¥EsWildre SidIb Sike |eheprusierbéctised, the-Eamp emEhtasBpsrwitianieppear o

serve R0y Rhautaducleofidas.anithe.aRiaameriie a5 GlosRucisatidesse can
complementary to nucleotides 1-15, 6%% 11-25 gtc. . The | pacti(l)f bilitv of
alsoafifah Mot Bt S SveR: BsATEPoBR BRSEifiiERREpenos the ability o

olighyiisiaatiomisadiffigultrotpredint Matgyheiatonbes idotheExaingtes:, tvdtereas
srofERRES B ApsRa e ol e Al olonRu R ee Muiea

04 Specitic aptamer.” The ability 6 Ifferent oligonucleotide
as odigtidotlestidenthdsudihe Rfé ehdtistueiafidrst Hhe Bgnamemironiigonucieotides

com%%ﬂ%%gsq%ﬂm9 HMEB}]&E&%%E melecyleLan &eedSolizonucleotides
etermine

_ ' by conducting kinetic studies using, for example, BIACORE
bindsEgE LRy stit EHEERNEE AN be selected such that a 5-50 fold -

molgr exgessebigenticleptidananiessuisiicediregifidoredifig e 2°-O-methyl

. interaction between the aptamer and jts target molecule in the desire _
e O A O BB PR TUARERR S i T R o i i
staggabacChiestenny ,Same}@_tht_iéf;:g Iwbkhhmiﬂﬂn@ﬂ doeredligossiinkitg agopiementary to
nuc%%gggsoﬁﬁgg% QEQ Iég[;g nﬂ@&%ﬂg& gﬁé’f{ﬁgﬁ sl?&%ﬁte gﬁhér Qﬁpmqud aptamer

antisense o’Iigon’uc_ec_)ti e may optionally comprise at least one modified
on Hasefineieryhinchiidiginn rolifmdderBiictelb el Mot bafis i Sepmples

thaORIHANQGK ISR s REQMOMEAHILIB, RIAMOEHESING 1R HIGKRHMmE s hybridize to a
5-chorocytosine, 5-iodouracil, 5- iodocytosin

, 1C : , 5-methy|cytosine,
spegifiq émwacﬁpﬁﬁbg%%%%gﬁgﬁ%me{: $_%E§m8 eﬁ_%{,ogés to increase the rate of
disdsangexyifyasasyhmnetid)acisbetaihory et mylansinv@imittizdget molecule can
thiouridine, 5-,carbox thylamin-O-methyluracil .dihydrouraci
o L S B AR RS SR ) A hacons asase
Oligemethytiguamitidotesmethyrosiplested-sishetiigguanint 213 \wpglar excess of

oli %?_quyg{}qggﬁ 6r Ff&;:l H%%%@?é@ 13 %@djﬁﬁﬂyiﬁ%ﬂﬁ@m Zmethy'ey aéﬂiﬁ@ler and its

methylcytosine, 6-methylcytosine, N6-adenine, 7- methyl guanine,
targel OISR SREERY REER 5-methoxyamin-O methyl-2-thiouracil, beta-

D-mannosyjqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, .

5-m &%8%3%?‘%‘3%%%%}1\? ?gg%igﬁ gﬁlé?aa&gnlﬁre?largﬁf%%éica gpide,
hyatit: flipnbiggaedinmspdelidugirgeit|, transport agent, hybridization-triggered cleavage
agent, ete.

The antisense oligomucieotide may optionally comprise at least one modified base
moiety, inchuding but not Hmited to one selected from 3-fluorouracil, S-fluorocytosine, 5-
bromouracil, 3-bromocytosine, S-chlorouracil, S5-chlorocytosine, S-iodouracil, 5-
iodocytosine, 5-methylcytosine, 5-methyluracil, hypoxanthine, xantine, 4-acetylcytosine, 5-
(carboxyhydroxybnethyl)  wracil,  S-catboxymethylamin-O-methyl  thiouridine,  5-
carboxymethylamin-O-methyluracil, dihydrouracil, beta-D-galactosylgueosine, inosine, N6-
isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine,2-

20



queosine, 2-thiocytosine, 5-methyl thiouracil, 2-thiouracil, 4-thiouracil,
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil oxyacetic acid
(v), 5-methyl thiouracil, 3-(3- amino-3-N carboxypropyl) urdeil, (acp3)w,
WwhdgHrsiggninopurine. The antidotes may also include at legstQR®o0s/013926
modified sugar moiety selected from the group including, but not limited

me%mm%)éﬁwmm_ 3 @az&)fg%{m &m” gégma&y?»’zgﬁuouxacﬁ, beta-
D—rﬁé}@c@d@ﬁﬁﬂ%ﬁ@@&ﬁé{b@maﬂﬁ@yﬁﬁhmgmkﬁmi‘immh@w)ﬁbﬂse?;me&xoxycytosine,
R e RN i
queastisenehiotigosiuelebtidetsdntbitseactt | dabidrecthothfliensds pfratathyiuracil,
urapx%%lf(t})?%%e%%l egiad fam e grapRiinslysings Reinehimitedder ahiouracil, 3-(3-

osp rothloate, a phosphorodithioate, a_phasphoranidothioate, a

ampsirokpherdiaied) prdEb el inhitade S HevRBREEphonate, an alkyl
hosphotriester, and a f t log th f. Rib
phosghotgster, and & et o gnelog erealRGANNES A o

ers or‘antidotes can also be enzymatic
grodyclaituatids Wtehaliibteyne asbbieyhéumpbypifinespindihgoss,ahexose, 2°-

o SIGELENA oF DA, (365, Gech LS, BleliNar S0 818X aR Hebose, 2-0-

eaving the target. An enzymatic nucleic acid can repeatedly bind and ,
meholthipribyitoestd tRefiiyiamoinas Yehiapavatior or reRpReRRAgE ose, 2-0-
(@I G R Classes. ol pharymesdhabRahidlisplay a diigrent 2°-O-

type ‘of specificity. In the case of antidotes, this.enzym ti%i%{;etﬁ\{rity t(ﬁ‘%n

(CigehplarmaatBYISEEIRIIE8 the infPod¥ttioAtF S s fBIAR B58ition™ in isense

ohibBRIENeHRRIaMEk-d helenz ymaticdiftdrehofphrttdrykienmagiisted from the group

. adyantagequs over pther technolggie c effecti -

m%&%(‘@@ntr%?ﬁ&n 8?trib§%1/1r%g nécg’esgar %Oﬁg%%?p%g’apfguticﬁﬁf(r)g?a}%%gﬁﬁlsoate’ y

phisplesrthadothatet! anphotserrsariditoriuphespberdRigidaie aoesiinghosphonats, an

aﬂl%’é%%%%&&i@%i%8'&%&%&%&5@%‘@&9&@@& RNA. In addition, the
ribozy a

e Is a highly specific inhibitor, with the specificity of inhibition
RiBSPARLING S0y mBsthe base pairing mechanism of binding, but also
on the mechanism by which the molecule inhibits the expression of the
RNATtapiithptniscsoThadisetheninkib tioenzyoatiseg By chsiliagecafaRaoryme

or%%gta%ggi %iégg é%guggo QOL':' ; &QQ@&ZIB\%I Y980 5(/&133@&@1 U.S. Patent Neo.

Specificity is e ratio of the rate of cleavage of the targeted

5, RNA B antbearcor elelogusr ASMAIGEH RIAC P Gadsagiedly bind and
1RECHBRIBIYIS deRENIAVHRE IS, Add I HORA A HhaserdNVitivedua at least five

A N

mANetheneiassdthtatalticmupades arewdativad DN Abynimss dDNAr phes ‘suicide
pc%ri :usszin %lleﬂ-’le improved aptamer.

The enzymatic nature of a ribozyme may be advantageous over other technologies
because the effective concentration of ribozyme necessary to effect a therapeutic treatment is
lower than that of an antisense oligonucleotide. A single ribozyme molecule is able to cleave
many molecules of target RNA. In addition, the ribozyme is a highly specific mhibitor, with
the specificity of inhibition depending not only on the base pairing mechanism of binding,
but also on the mechanism by which the molecule inhibits the expresston of the RNA to
which it binds. That is, the inhibition is caused by cleavage of the RNA target and so
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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
WdAoymwest; have a catalytic domain of 15 deoxyribonuclegtictess flanked:zs
by two substrate-recognition domains of seven to nine

spedlgenyiDonkeleq di@&@@@ bs thevilite anelbsegShDNhatiie NG ofer the rate of

DNAz e can effect Lflel% ifs substrate, RNIA at ne:pyrimidine
Sl i e s e R URHE A i oGt SRRy e acor

ition use
addeSmmmmmlm mm@wmam@mmm odigtiteetof a

nbo%ﬁ%?elc '&'Cr al%gtﬁ%%ﬂﬁ?en‘é@b SRavRe RIthes BNALL M}Q apted

ds In another aspect of the invention, the antldote

'mp%%%@@l@@@&?d@tﬁ%&@&ﬂ%&mdﬁm&%‘p NAS Bf@nes are single-
compounds that are analogous_tq oligonucle tldeg g %ffer in
B8y

s GRS R b SROGD EnRBE EJtRi@ fgme has been
propeptacesti by mopeptidedrackitneofachabymitsobihevpeptide tiapkbomndds also

ref%éafh?d to.a qaturally,,e&%rn%sgr n((;)n .nat%raley occurp 3%nucclieotzxﬁa}lse of 15

s CanDe a%vantageous as ting antidotes because the
deomyoteotigtitiytidesth dadreé sporitingsispreire ensaiver dterithelf seven to mnine

deod %Hgﬁégv{}g&; gligpawcieatideicauniginatis: ntENAR it both Q;M'%f?&gvely
A and the resulting PNAJDNA or PNA/RNA duplexes are bound

clegiighiter i E6 RaSh shati BRATIINAGFBNRIR KA A URIoge GRIEHY- A

use@héRal, Moherymeitingaeramsratuiescchie khangihefiadyastageifs and cleaves a
PNA/DNA RNA du lexes is that Jm |sbpra |c%%|nde dent of salt
iR ARSI Sﬁ%ﬁ%’ a% analogue or in W ch the

N&is @&Qﬁgudopeptlde rather than a sugar, they mimic the
Ad% ??/%bgrl of DNA and binds complementary nucleic acid strands. PNAs

are gynthetic E@M@@Nﬁ@1%9&196§%@Eﬁﬁ@&%tmgﬁéﬁﬁﬁmﬂfv@@a§mﬂﬁ@s%@Peptide

N-(2- amingeth cine, to which the néjlcleobase adenine, cyto

SRLA A N GE i S R S o it e
dlf@mhipcdﬁ:qﬂw’abmd tinnaicrddaxyelenhbdsesbsnch bsligeeutotisedytosiiesd by a

pep%e?h ﬁ l?ogo%gﬁ{asﬂ unﬁi5 g ning ”%%bk%%%b alé{%%éﬁﬁo a naturz(ajl eynoccum;ng

osine, thiouraci “diami Inopurine, romothymlne azaadenines
Wmmm@@%ﬂ%mz PCTIUS2005/013926 among many

OthesRs AlSQ:£B0 PR G gsgegageﬁgna%@ SYUBRASENASIAE 1iRShore tightly to

commonly synthesized from monomers (PNA sy nthons) protected

theLORrFEPRBE HRDE B B AR AL TS ﬁﬁé@ﬁ%r’i‘%‘ﬁé‘f@ﬂ%}%ﬁ@ ErPHe Bl pLerparts.
PNARIRQ0Te bRER TN granengpalyraer ﬂ&sﬁm‘lgmmtbhePNAfRNA duplexes are

rbon C the oups
bo?ﬂiicfg%%gs%gém nc ¥ es:De(mt(()h?l are pr(g{5 EIfgd ngyfge}%%%zﬁ bxXycar Soeﬁ}f/ 8% U their

highroum b thonS (Tatbolat s tertsB o S TNAERSYY) dhelvood it it

commercig|ly.ayailahle.
?s practica ?{}}’ 1n<\1/ ependent of salt conceniration. Since PNAs are an analogue of DNA in

which the backbone is a pseudopeptide rather than a sugar, they mimic the behaviour of DNA
and binds complementary nucleic acid strands.

PNAs ave synthetic polyamides comprised of repeating units of the amino acid, N-(2-
aminoethyl)-glycine, to which the nucleobases adenine, cytosine, guanine, thymine and uracil
are attached through a methylene carbonyl group. Natural and unnatural micleobases, such as
psendo  isocytosine, S-methyl cytosine and 2,6-diaminopurine, inosine, wuracil, 3-

methylcytosine, thiouracil, 2,6-djaminopurine, bromothymine, azaadenines or azaguarmines
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Morpholino nucleic acids (MNAS) can also be adavantageous in antidote
preparation because morpholinos are completely resistant to nucleases
and they appear to be free of most or all of the non-antisense effects that
wingue/ HsBINAs. MNAs are assembled from morpholino sutaAiEsS e 326
which contains one of the four genetic bases (adenine, cytosine, guanine,
a3l ; ipe)di @kg%dcg% aeﬁnm&ﬁfgz@mﬁﬁmmmﬁmémmg.mﬂ Aitsrofreormonly
oine non-ionic pho rodiamidate intersubunit i [
ey HEE TR AR LRy Bty Ao She  Sb/bcozs]

profREBaRblY, Rhthcianhthaikiamel cgstasienpsiriensraris mabaachis protected
... deoxyribose backbon ietias jnined byqionig i : -
Wlﬂfo S co uf’ﬁ%%%%lﬁ%%/%%%{ o%ﬁ%lin%? Hﬁl'il%/l Sﬂ%gg& éw&m of e
mucBAB8H3TE WO avoerid isveitelie BRSPSt eBhtRs T
syrHDEISIRHREARKR pliclenzides, o1 edurclionatisaduin pepligesafirbleins,

water soluble vitamins or lipid soluble vitamins. This discl .
direﬁéﬂ’%w&c]ﬁ%ﬁ%%%m%%ﬁi3§%r§eﬁgaYﬁ%%§§u§f§g i3 preparation
bec@ﬂi&,oﬁﬂéﬁﬁ@ﬂﬂ&ah‘éi@bﬁ;ﬂeqaﬁd&sjﬂmote insegeerel frat aipksiriathe fres of most
selective entry of the complex into,th I I imilar
or %Iuﬁe%ﬁdlﬁéa@gg?ﬁfﬁe i %%i%aéaﬁ%%%%ﬂﬁggﬁﬁggaﬁﬁgd ﬁ,om
mothRodint-ednsisherapuiicchcognostie aifbataerseactielRipgs (adenine, cytosine,
membr. ; eicaci ) also-be usehiniprepareioned b
& wg%nﬁﬂ%m%g%gggén%ﬁ%gﬁgﬁN@re arr?o% | cl s‘gtwlﬂ\lr\lﬁjome Y
nomfriRheSRAROAUSBESE S IRMHRLSERRIT IR IR pfffes M/ oon have
su&%é}{%ib_ Ql?yt%%t&& igﬁﬁg@ﬂge@f@@w}& aﬁkillpr@mpg' SDRHe khAtheonowiess aaying 5-
I- cyclic compounds structur similar to RNA-maon
ST BRSPERBROF DR A A s R S S e
1018 eRpaatsiEbiyogtbaleetvaphdiese Thanol precipitated, etc.

(Teughecion, 4,300 393041998 HOMRNP ointiRUUCERBIA NG derivatized
monormers Into eithér or RNA oligos results in hi?h thermal stability

oligbuluybteiides withreorildinertarycloRBosT rR AR lZe oty SRR i Proteins

W%QF¥BT§019%\{XEE§Q%Qﬂ%&ﬁbaﬁ@mea&ﬁmﬂﬂes:rmmmmenml dtedoiktly ofwards
the duplexes formed with LNA oligomers together with the fgwdin %5
o SRR G S IBL AT PO SRR S P S L o RSB SR Len sequence

mﬁtlxé?dlsiﬂfﬁﬁe @@%Ft%% RER teabtimonplakdstthésenvotmpondopuitaiiiply. water-
e antidotes of the present invention, | anitigense
sopie NG RGeSO SO0 LR AT GBS e gz e ™

. . : 2 PCT/US2005/013926 In other
therleadineedisgtheis eisiizedass efbielzciPedivBesa PCO (pseudocyclic

0ligoncleahasel. atAAX ks FeaiulER hudoRbRyBRIaRCIA (ENAN fho preset
Moditications The improved aptamers and aptamer-antidote cor?é)i atio

ingtukiepréab fvemisal dresbEmAauehy SSRGSt SGEar Wt make
HESIdHER b&hanging theaMmMpOosiiRicaidtieproperties. The INA monomers are bi-

cyclic compounds structurally similar to RNA-monomers. LNAs share most of the chemical
properties of DNA and RNA, are water-soluble, can be separated by gel electrophoreses,
ethanol precipitated, etc. (Tetrahedron, 54, 3607-3630 (1998)). However, introduction of
I.NA monomers into either DNA or RNA oligos results in high thermal stability of duplexes
with complementary DNA or RNA, while, at the same time obeying the Watson-Crick base-
pairing rules. This high thermal stability of the duplexes formed with LNA oligomers
together with the finding that primers containing 3' located LINA(s) are substrates for
enzymatic extensions, e.g. the PCR reaction, makes these compounds suitable for the

antidotes of the present invention. For examples of LNAs see U.S. Patent No. 6,316,198.
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aptamer and the size of particular regions in the aptamer, and by

designing aptamers that can be more effectively inhibited by antidotes.

The design of aptamers includes an appreciation for the secondary
vatreeiirasefzthe aptamer (see Figure 1) and the relationshippbgtiseersthes2s

secondary structure and the antidote control. Unlike conventional methods

of modifyinginucigisodaittsithbdasidized theleprodedmptanéle (osBiocyclic

._gene products included. in,t inventi ing onsideration of
olig Bcéﬂ“r%asoeé%oan rbqgﬁgﬁ%roﬁaéaﬁg%%%@g% %&m aptamer be
stable in circulation but not so stable that it is not antidote controlled. The
aptamers can be modified by truncation, but antidotes need to be
4. ERgnaddescontrol each aptamer when truncated. Further, certain
modifications, particularly at the interface of the stems and loops cannot
be Tiedifiech fraimheor err ahiemptamisiottaroobimatitivity! theoprgsent invention
: o ) . X
e R
aptamei s ifctre A5 IPR HRRler e R (R BT ME aBid PE ABT SRB B ARIaERSS Spat can
ve RO IR Qi lerihBRBMAORethe dBsigesi RClidptinereRsingdN® appreciation
0-methyl content of the a%tamer or the .tidoti)eor %tlh. In gfu%he{) con the
for i I56RARGETE TS HES IBHREH SR ARG thh D0 &5 THR S BIAR &= T
sec@iiatpesaedimietts thadsizecofitie aflidite ¢srohatiged matbtaiort tmekdying
ize of the.aptamer. | t.an i ' j :
R o ST SRt T o o e 1
invehtentwosy iroiide ocersigertivest hewelidatasanont Sirasodedadaners require

maCHRANGES UL MeR! theichalleRoseherealing:An ARtisaaglbathab controlled.
provides adequate activi% but is easilﬁa-‘neutralized bg/ the antjdote. Ye

{ i t
The RRIETRF® ATB IR REEI TS S RO bR mG At e PEDRA e controt
cachSHiGigR: posiiennyihich Rileies, morgrefiediiveiegs|atiofvibiyrjyaitebe interface of
antidotes, In one embodimept,, this position becomes single str. .and
SR e s e
cleaviage ahthedimpnovidd detarnércliptsn Biatingnaf e Hritidoesycontent of the
apt§ éye}eé%i qgﬁ&%{%y lgian. uehds: kiagdapn venendapucieases 106Ms the

ectiv minating the active aptamer from circulation. The suicide )

fugresinoiviiat B, smtaner eniboavidnt; af Agkardhe bRt he design
inch¥eEaxyaied: InoneRmbpsimentothies aptamerdsti24M @ 20R55H6 Q42 further

PCTIUS2005/013926 i%agouble strtﬁnded c?cggiguration Lbrnjtil g&%pgrﬁ%iégmm
emBadiRFRiothe A5 FmS A ST HRRTSH " SR SVRTEBTE foF cleavage ’
theUgion diinsingoddheiarctidoted Tihecpplicantbensive diséovareier. In yet another
emBRAmEr-antidote pairs Mat are ARG ARG-PIGACIYE DY INGULIAL three guanine,

seconélafrgumod?flcatl%ns on either the aptamer or antidote or both. In
or ipsedific. BralEvEiTems Ih@wpiashe AW PEBtGa JOIRERIGE 196 difet changes must

mAUEleides,Jn Ans SmRodimeiton ABAPIAMEFRRNANISPRR QEIRRYEUL is casily

2'-O-methyl groups. In another embodiment, the aptamer
neutralized by the antidote.

Yet another embodiment includes a method of designing aptamers with a “suvicide
position” which allows more effective regulation by paired antidotes. In one embodiment,
this position becomes single stranded and labile upon binding of the antidote to the improved
aptamer and allows for cleavage of the improved aptamer upon binding of the antidote by
enzymes in the circulation, such as blood or liver endonucleases, thereby effectively
eliminating the active aptamer from circulation. The suicide position can be, m one

embodiment, at a gnanine in stem 2 that is hydroxylated. In one embodiment, the aptamer is
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and antidote contain one or more 2'-O-methyl and one or more 2'-fluoro
modifications. In another embodiment, the aptamer and antidote contain
no 2'-fluoro modifications. In yet another embodiment, the aptamer
wnclugassose or more 2'-O-methyl and one or more 2'- fluor8rhGErEaHLITEe
on its stem. The aptamers can also include nucleotides that are modified
in a dathlscitindgolyniamsaSuckpbiyawed svtiramenidetp snbhrgrane giyels stranded
and Q%&){M@&%} e%?%% I8 uRohanivEtidaseqelyethers or other water soluble
p‘harmaceutlca ly-acCeptable polymer. Purines within given aptamer. .
SeeneBlsPRRATRBHER S BISFTE SHRIRBH O 0 SHERPATGHve by

ars
mon{@hEWEERARY ikylsgRy S{ Rx@Br it Latiguse it) atiplieantddoundatispecific

the aptamers fall into three classes: ain.ef anticpagulang activi :
e AR By BUERERS O oF Bt CA L e AR (e adiment
the ftaetvitydiAps DntRigure) Datetiyhersymss indivetes tnehadiempy gramer
wholly substituting 2'-O-meth ' ; BUBIES IShodifications. In
and sila%](}éf{t:eaﬁ?ﬁs}agurle% er h%}ﬁ%er%y% |v.iduejd Ig%aﬁf gljgbﬁs?{ijteution alone ?Fjgﬁaréons
anotB)r |erthedigeess, Ghehaptamedred, ARG 6 IBlatnaR hidaryBadifiita ™ vet

anotDIEBGHONREIVeRN a?%%x@fud@@%ﬁ@ RRieBtcauseeiby subshiditemore 2’-
within one of the sectors is exacerbated bgladditg)gal rrr:Lodtif' a 'or%s iemodiﬁed
fluogmmestifiretiens orse SHmA TN ERTREN OFR & Bn HGE BRI BRtFo
witlexuRied fyyhird., 2l Jowggestsathanittidd poliphgi2© ghetfylpolyamines,
residues withjn the antidote binding,site improv ili
DO 1 B 1 T ST B S peceptable
poljlsease in thermodynamic stability observed for duplexes containing

2-GsInel IS i6h of 2'-
2,_8%%@@%%@%@%@ sarEREaRdrRna-sagesis itk duplaxesioh of

y strands are more thermodg,namically st%ble than

O-ulelpi RBeATE i OSEEat O YGRS (B8 RRS Ha £ 1 e rrgRiigants found that
theCRREIKSIOR ISR RIS tedusgtioninaaciiviitiobApikinP atidy lequstip@orederate

“free” aptamer in the plasma ny given time, h'cg iS more, eﬁg{"lyﬁ
lostef ARl B APt dofBbh 8%1%58%&% Eogsn%ggl‘g#{ 5 fr%}e tjgauﬁ?aéiers o
ApPbthetipresenkinveritignaar wbhidesnbetifitus ByrPritifie npefisesites? Tiydroxyl

Rep Ea%%%ﬁi Jugro E{{é}'%fa‘x?%nyﬁh?\?iﬁ?iﬁ‘?é%s%%&%ﬁ%&é@Wé@é@b. Tn the
pu%?lwy nd yielded a compourid that tolerates a greater level of
cassulftifutipRm@oinisariseiioftipche rrrgesismst 90 aa 3R A BES IS, O
that SRORRIERICS tha MNEeAR A0y 25V VEL 2004 LE6RAYIs exacerbated by additional

PCT/US2005/013926 contain a 2'flugro.sugar d§525a2'h cg}rox l,spgar
nogiaROEORY, ABE Ty B SERERI D EMSEH KpL5T knd 1> SUBBRASHRgete conrel
cxkamainipamasitionsmwithingien heancohteiivR'«D2Methyhyutaidudn fetin the

APL3% appears (a possess Slighily OTealel RRIGRRY RRABEAZCIRIGAHNG me
amﬁ’%iea%éﬁgﬁﬁ)lﬁ%% lvr\gﬁgofﬁf'u%hr%%gtli ¥g6?%g£§yd%%>§% at G25, and the
aptamairiing iesidusst@iOritettyl inapasshibitthrennsypomncanlii qpaged for
d@@%&%&%&ﬁﬁ?g@%&%emﬁ RNA residues in each sirand, and suggests that duplexes of
27-O-methyl-2’-O-methyl strands are more thermodynamically stable than duplexes
composed of 2’O-methyl-2’fluoro strands. An alternative conclusion is that the reduction in
activity of Apt-1, 2 and 3 leads to more “free” aptamer in the plasma at any given time, which
is thus more readily bound by the antidote oligonucleotide

Tn another embodiment, aptarmers of the present invention can include modified
pyrimidine nucleosides. Replacing 2’fluoropyrimidines with 2°-O-methyls within stem 1
improved activity and yielded a compound that folerates a greater level of substitution.

Comparison of the activity of Apt 30 and 33 to Apt 31 and 32 demonstrates that C16 needs to
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neutralizable than Apt 30, suggesting additional 2'-O-methyl residue within
the antidote- binding site of the aptamer improves antidote binding. Apt 34
have C16 as a 2'fluoro rather than 2'-O-methyl nucleoside (Figure 16b).

warhstiden increased anticoagulant activity (compare Apt @410 Agk383925
but did result in a modest loss of "neutralizability”, although 34 still

contiGAUESIRIOUELEXCEES @3 Anlidaleile:ashigys 489 Re UlEa)izalienvits: bbkerved
10:13%&% the %?]rental AptA compound (Figure 16p), Both results are . |
betviggdhsieht With n RS EM FRRLENSIRGS %m@w@e&a 2 Ehtehge 2 -0
metiSbsAEON g SHERrisingsthatothessshanestightivhyteastyppunstethan Apt 32,
. .. 2'-0-methyl substitutjon.of 2'-fluoropyrimidings, .as suc stitutign .
ndiGaiRs Bt s%oﬁ%%urﬂ%éws%@a%é%ﬁ%e%%’e%@%ﬁ%#ggga ap lgmg}aer romatming
residumdifle@tiostiddentey inchddbamiestenpstesilityhin ok émbbdpindénts mdemstadily

et SUANRG @&e% 2&&3&%&@%&&9&”@%}%&%@%&%%{ﬂ(%;%'%nkmote-

in
~oné embodiment, at least one uridine in stem 1 or stem 2 is a mo lifie
bindingseteTof he AnpEEiiRErey ot mide ¢ piriies. 200 Aebryr GLors | 3 fluoro rather

thanModificRliON. A SnRiRMPodimek)at IsasiRigHiHineaRslamdansRmativity
is 2'-O-methyl modified. In mbodiment, at le

.one : st one cytiding,in stem
(comPRTARITALL IORD SHLUE A B BRSPS ocy i R AR By, AoRn 34
still 2edobier @ welifisdeds olatiipteamghiiserPot dhewamnlicodgu{antlactivitg ahan the
2 with Apt 13.and 17 (Eigu that.theJoss of actiyi
gl J0HE emRo i (5l it SIS e DRAORT ARSI B e
stabiittprig otemcedonticn Rl dithadey FghEution dinjsapisprissigtigat otbers have not

obvRESPAGNIRAL ackiiby.Rf ARLTA{RAP 2 IHICRISHRalNG Stketehiokdbstinution

consecutive guanosines within stem 1 can be altered without a significant
redrepAOEb R RRBEIhIART ARRRAL. (e SHATIBA SPRD RS Ay TR Wit Rpt 2 0
incrédaldlely sabgdamonstrates that the presence of 2'-O-methyl sugars at

each position within stem | except for the closi -U pair_at.the top o
e D g A OISR S 1B Bl BT hyrony

sugdhi€ bEED. phiromusttbedXafiuprs forsthenapiadiver to semih porey2 &ndopdified
basgfu%sé%%@%t Jﬂﬁeis Q%[iﬂfo%e(ﬁw Shig- @%ﬁeﬁ?’ n%aﬂ)@{% 2i8diFeHY I one

H
sugar without a significant impact on anticoagulant activity. In fact, Apt 16
embyediiiegte &5 At NRRUNPHRNEY StyBtal Sy §EBtsAHatihe” t&eaHIFfordn one

emiSAHbADIREhE %B.Eaé‘?ﬁﬂm@% gtenl is alifdanathyhe Bueraisien) asleast on
.oppased to when hoth straél‘%s of the duplex contain largely 2'-0- 26 WO
cytighssh Hba % BCTRISIHBET513926 methyl residues. This is again

conHistentyyithriiperivotios that ahijslexetronrposed b2t 02nvethyhpt 13 and 17
o P YA A R O e
of ZHrflcvsdulanbaitfioporgRel® WBoR sritsaligeidsce dREE ntwhitrtasison of the
amiUginativelyiihe diffaranee in nepiratizabiirhewreRsl did@h of 4 consecutive
guanosines within stem 1 can be altered without a significant impact on anticoagulant
activity. Comparison of Apt 15 and 16 with Apt 2, 12 and 17 a) demonsirates that the
presence of 2’-O-methyl sugars at each position within stem 1 except for the closing A-U pair
at the top of stem 1 enhances aciivity; and b) demonstrates that the sugar of the U i this base
pair must be 2°-flucro for the aptamer to retain potency; and c) suggests that the sugar of the
A in this base pair can be a 2’-O-methyl sugar without a significant impact on anticoagulant
activity. In fact, Apt 16 retains essentially full potency.

Data suggests that the antidote can more readily bind the aptamer when stem 1 152 2°-

O-methyl-2 fluoro stem as opposed to when both sirands of the duplex contain largely 2°-O-
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and 16 could be due to the enhanced potency of Apt 16 compared to
these two compounds. Regardless, all are neutralized at least as well as
AptA. Based upon the observation that the anticoagulant activity of Apt 14
w8 dod10eke similar, the sugar of the A at the stop of stem ass2005/013926
2'-O-methyl substituted (Apt 21, Figure 8). Substitution of a 2'-0-methyl
meifyORsRLNIS AdER0SNe Weidsenswial dplerated inaheshackgroundsaf af 2°-0-

largely 2'-Q-methyl stem (Figure 9)..In fact, the potency .of Apt 21 is,. -
S e L

straibaneedes; Tumparsdaa Afitelt(ssetopriagyiaheatBilyaid st 16 vs. Apt 15
. D:Drug. data points in,Figure. 9. S : ificati ability, 15
o e e e o e
andthé kapbltically frtvecmhaneadingtrai RivARs, LSotamersddrotersa g fOFROUS.
RedAARA Mithinmingesofd V. dniastinm rabakly taseyaRsenal exeline that the
Keeping intact aptamers in the blood from hours to days after in ctl?n h?sstem
entigeeav S GBS ABl o At EF e 1 PSR OPR clo Ll SE
1waSROlyetmWenegiveeld (RES) IFigaettier embodiment, aptamer plasma
clearance has also heen decreased embedding them. in li . :
NP A R e BT brLEE e i e i, POE R in e

backatyig thea Stegalarii-Deopeizb steiwoFignite® obmfeamtis pateneae! fu, 21 is
i Qr Sk 20 methyl modif > PR RIRMLAIRSINRERNNVAG VAT RC-IBvelsd
mt% éen]tla%%%évlﬁé%%t( a*%(i%vig?ﬁ3 gr?c? Z%‘tai(%qtllé contrézzgllgg%xample%z,ﬂ ures *
corgpBREmAPY Hdtapestriiety 2RHIBREIGRTSRIHE BRI Bt 25
meagyed,inheARTT asspwibigrasdianthe). lstam hyvaranimexhiniequate
less activity than the fully 2'-0-methyl purine/2'fluoro pyrimidine ¢ o]
ph%ﬁﬁ%@%awééﬂa@vm?raﬁg% Eﬁ”%fﬁgy%‘fﬁfaﬁ.ﬁéé’%‘v’ﬁhi?\ﬂs%% %ﬁ‘?é’%%%gf%a?ﬁqgﬂ?m
arc2dieien sugapianthevtomnpaimdtoof Staimipctioncyrddable vbrgush axhibigxcretion.
similar. activity levels suggesting st c e has b
Keﬁ%&?ﬁtﬁ%w \%}l,%sbé%e%ﬁ%iﬁgf%%eﬁgn%%%%‘gﬁ% %%%?7?%&0 anpegi =
acdonidishedrby casieatitid shemoivtr BB tRasremabradep Frobata faeglycol

P taglem,hof BhasEmRalrs.mavde preierafiadachase spmpeseddtdsed by

r 7'base pairs to enhance antidote neutralization. For targeting of an
enpetdaethsm ihPPevEHSEptamer can also be modified so as to include a

singlqusteangied iathiaserd i prelentinpentivateassincibtionodifiecany varying the

oligonucleotide antidote. Suitahle tails can.gomprise | t iclent -
o S S SOSPRBLIOlia
basaquérpiefeiatliots Snvotdotides pletclnuisietesalsn, By Hyansotidste control
(séee B0 H! g%‘&ie?-%‘?e SoUEN s dalts ME T SROLeRce ) 1dR180anticoagulant

aptamers can be tested’in binding and bioassays (e.g., as described

achetows t@%ﬁﬁ?ﬂtﬁhﬂ'&dﬂﬁi’gﬁ Wé‘%ﬁﬁgré-%t%ﬁ d stem 1 variants exhibit less
activity than the fully 2”-O-methyl purine/2’fluoro pyrimidine compound Apt 5, suggesting
that one of the pyrimidines within stem 1 must contain a 2°fluoro sugar for the compound to
retain potency. Fowever, all exhibit similar activity levels suggesting stem length may not
cause loss of activity. However, 5 base pair stem 1 constructs (Apt 10 and 7} do appear to be
more readily antidote controlied than six base pair. Data suggests that a stem 1 of 5 base
pairs may be preferable fo those composed of 4, 6 or 7 base pairs to ephance antidote
neutralization.

For targeting of an antidote, an improved aptamer can also be modified so as to
include a single-stranded tail (3" or 5°) in order to promote association with an

oligomucleotide antidote. Suitable tails can comprise 1 to 20 nucleotides, preferably, 1-10
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tail does not disrupt the active structure of the aptamer. A series of
oligonucleotides (for example, 2'-O-methyl oligonucleotides) that can

form, for example, 1, 3 or 5 basepairs with the tail sequence can be
wWesignadsand tested for their ability to associate with the tailggy apiaBeisozs
-alone, as well as their ability to increase the rate of dissociation of the

nucRRIAME M, oA Ciat onob iR Arian anvit hrifiagetinolpestides (e.g,
Scrambled sequence con,t:gsls %g}? be employed tq.v rgg that the effects
tS:

modied) BT BSHReR B At o AN NORARERRSific SHeL @ pgrs can be tested in

vindiligend dratigewptidoedsanbod adovistereidirectideoy o Alonsngidmnteanded
. liposomal.formulation.or compl rrier, €., PEG :

wt S B e DS O SR Mg

exaPpie Mdletnuibdobsmorledides BptamefsndingTemattok.1X ehé Bisawrs with

e the 180G stamel agnchdn fRat:@mshoriedisieMuliith RaIYIAORiAothe tailed

appears to increase neutralizability, providing a potentially more effective

apiaSFARARIES RighRe DRI fRdaEtty Td Rl Fiiosipig o the aptamer from,
or LEGHAIG]ARABeaWhaD, hosegeainsiemdABtbRsIpassesirts can be
nticoagulant activit ry similar to pegylated Aptl6 with a 7 base .pair
et R R A e e
of aﬁﬁdmégnlmhgﬁ&memﬁim@nb@mm Ty @ﬁﬁ,_tﬁ@ﬂm@@,a@m@r ina
tipoANIRIER A0S AUBEIRAIR 2o NENERIBLINCICHEHIILROIE Ualimpic, TSP
weight compound such as polyethylene glycol (PEG) or other water
6,143RMe PRRMMEEAIM al Rrersitpthin Bp sltmael JeBE g pRHsiIHOR Bfgreduce
apt%]mb%r@ﬁg&?tb&%ﬁt@?ﬁw&@%ma%ﬁgﬁwm ; chwitta the iieﬁ,cad@mgigééu&m 1
_through covalent bonds. Where covalent attachment is emplayed, .
i BB AR BB 5 AR B BB GRS BT R ffecive
theRptamer Pigartidodotn drattiaigrabbdimenitzahlvligdapeladtidé apjatarnerith a 5
or antidote js bonded to the 5'-thiol t leimi [ f .
baﬁf% e {osn%rﬁté. r% (gge' eﬁ? b@d#ﬁsésr%,%s Eﬁ?ﬁ%ﬁ%@ r?]%r%{}/%% %ga%?g o{r%nfegymwd
Aptittivttes Thrsbeaiastueibtbel Wit adiig ke PEE tokecugsiraiirsdivifovey 2 2.5:1
exRIAPRIS ARG Afdotes can be the same or different sequences and
modifications. In yet a further embodiment, a plurality of PEG molecules

can becstefentrPe SRPRYUTRY: P ERBLERMARST SABEP IR T AsErgd to 2
no@rmahﬂ&'hetﬂgr@ﬁ@qi@&l ﬁ@malta:rbg&ﬁ gt diﬁegmmﬁgaltml@mpamm igied VERG) or
each PEG ecule. In em iments where multiple aptamers or .
other RS ‘égiﬁié’lifgﬁﬁ%@g%(ﬁ%%gta%% i‘é.fti\?éevea S{n e?:‘irptaoS ﬁ%ﬁ%ﬁgr(eﬂ% o I ome
empossituilitytiod bpiagniwrgﬁk_@@fmﬂa}g@@hﬂ@@@é troRighitynadeeslctlpaneh ippvalent
bognagl Q.9eneLate spesiiicinteragtions:oepreen ihe sametaraRindAd et ricty of

tiple aptamers or antidotes for _sgecific for different targets are

pogitisnhed theRmEroNsa rePIsTTe PosUNG &t TH WO s cligonucleotide
apBRfady/ U5 20004 39260 k100 the sistiact fargels i elarenltRXiRitYi#g] sulfone

fa Ireﬁ%ég‘ &{%er %%orde%}e% generate ;&eci@c icgieracti%\& Q%tw%%n Otp?mtgég%sb an be
n, i &b T RS TR Ere A & ABt e G
associated with a single PEG molecule. The improved aptamers and antidotes can be the
same or different sequences and modifications. In yet a further embodiment, a plurality of
PEG molecules can be attached to each other. In this embodiment, one or more aptamers or
antidotes io the same farget 617 different targets can be associated with each PEG molecule, In
embodiments where multiple aptamers or antidotes specific for the same target are attached
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 aptamers or

antidotes for specific for different targets are attached to PEG, there is the possibility of
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antidotes to the same target or different targets associated with PEG, a
drug can also be associated with PEG. Thus the complex would provide
targeted delivery of the drug, with PEG serving as a Linker. The aptamers
w5 antdeies of the invention can also include other conjugatecgrosgs/ 013926
covalently bound to functional groups such as primary or secondary
orinf B Y EGHR S CONKCAIELRUAAY (he datertinn iClidlg ROlyaIRESpccifi
olyamides, polyethylene glycols, polyethers, groups that enhance the
inteygrARRTABEKATRHIE Broperieaftgo ﬁ?e?@%%&mg SO R
anti@é%@&ni@@%iﬁi& mgaeﬁﬁeﬁfﬁfrgﬁgrc]umts.a@m?:ﬁdmamm@cem can also be
pharmacodynamic properties, in the context. IS invention. in :
assoﬁ}ﬁtﬁgs“ﬂ%dg% ir %‘gs glﬁegfi?ﬁléjrl%ﬁovér\eg ability. géﬁrgﬁ%é 0 %ge er{)?gﬂélif‘éﬁ%’emm
PEGadenradatidmiand/or strengthen sequence-specific hybridization with
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sequences of any of the following sequences. ("A" is 2'0OH A; "a" is
covgtegtindnyhd toFanstioraHersurg” F8- @8 RIEIHYY O gocnidary) hyrisyl groups.
Corlfuga©- L€ ind) isedtionarelie wolsdnaaetyinikandoetisylene glycols,
inverted 2'H T.) ce GGA CUAUACC GCG U.AAUGC.UG@CLPE. UCCCCAéJ&;l[mpS

polyber, SURRDBEDEEEVLECLLTPEER EUABEET L

thatU AAIGE W6 GIGHiaoEeRAL FropkiGa ARUGED C WO QY Fnhance the
GGA CUAUACC U.GGA CUA - U :

T

oligdBECGady Al Plitptenhagurs CUATRT CESTELAAD GeRRI oy cErd/pr pstrengthen

seq tge%'ﬂ@&ﬁcql LRGN GCUGCC uccac T 28 A t8 augga
CUaUaCCGCGUAAUGCUGCC uccauc T 29 Apt9 cuga
CuduaratoBbaRTe s Cel ey oA o Rigigfide scquences of any of the

foloWRYAGESEEE UAUG CUBQC trag® TOZhathil Loyt 2°-0H G; “g” is 2°-O-

CUaUaCGGCGUAAUGGCUGCE ucagag T.32.Apt2 e i o)
e UM A AT TS AR d R G s 2-O-methyl
U; eidaac@satdRBEUGCUGCC uccccau T 34 A t14 gUgagga

lallatCCCGHAA

S e UREGECOHAREUECe UECUCC T S5 A TURD

20 = o8Y ﬂggg:?’f S RIS A HREE 6Re ARG E Oge8HTCCAD T
21 CURORG P CO L S SR BEBEEEAAUGCUGCC UCCCCaU T

22 Apt2 AUGGGGA CUaUaCC GCG UAAUGC UGC CUCCCCAU T
23 Apt3d AUGGGGA CUAUACC gCg UAAUGC UgC CUCCCCAU T
24 Aptd AUGGGGA CUAUACC GCG UzaUgC UGC CUCCCCAU T
25 Apts aUgegga CUalaCC gCg UaalgC UpgC C UCCCCaU T

26 Apt6 egga CUaUaCCGCGUAAUGCUGCC ucee T

27 Apt? gugga CUaUaCCGCGUAAUGCUGCC uccac T

28 Apts gangga CUaUaCCGCGUAAUGCUGCC uccaue T

29 AptD cuga CUaUaCCGCGUAAUGCUGCC ucag T

30 Aptl0 couga CUallaCCGCGUAAUGCUGCC ucagg T

31 Aptil cucuga CUaUaCCGCGUAAUGCUGCC ucagag T

32 Aptl2 aUgggea CUaUaCCGCGUAAUGCUGCC UCCCCal T

33 Aptl3 angpega CUaUaCCGCGUAAUGCUGCC uccecau T

34 Aptld gUgagga CUaUaCCGCGUAAUGCUGCC UCCUCaC T

35 AptlS gUgageA CUaUaCCGCGUAAUGCUGCC UCCUCC T

36 Aptl6 ougaggh CUaUaCCGCGUAAUGCUGCC Uccucac T

37 Aptl7 | gugagga CUaUaCCGCGUAAUGCUGCC uccucac T N
38 Aptl8 ggeh CUalaCCGCGUAAUGCUGCC Ucce T

39 Aptl9 ongghA CUaUaCCGCGUAAUGCUGCC Uccas T

40 Apt20 gangeA CUaUaCCGCGUAAUGCUGCC Uccaue T

41 Apt2l eugagga CUalUaCC GCG UAAUGC UGC C Uccucac T

42 Apt22 augaggA CUaUaCC gCg UAAUGC UgC C Uccucac T
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37 A t17 gugagga CUaUaCCGCGUAAUGCUGCC uccucac T 38 Aptl8
gggA CUaUaCCGCGUAAUGCUGCC Uccc T 39 Aptl9 guggA
CUaUaCCGCGUAAUGCUGCC Uccac T 40 Apt20 gauggA

WA alga6eCGUAAUGCUGCC Uccauc T 41 Apt2l gugaggscGluatdedicsozs
GCG UAAUGC UGC C Uccucac T 42 Apt22 gugaggA CUaUaCC gCg

43 UAAUGGHGC LoliaeuoacTla 20 Q00604430 TH a0 5013926

4443 AptZpgugaduh skl oG LG Clapkia (UG C Usetiacr T 44 Apt24

45 gugaggAp¥lalUatagagligtiaaligC Uge TadicgUeaCIC Boonid 3 gugaggA

46 CUaUp&i26 Cg WaalgC g4 0 eQucaUTGAGAMIA0cgitgaguA

47 CUaUp&si2gCa Addfabe N @UATTMOC Ueaa. 3UEE AT QugaggA T UaUaCC

48 GCA aUen ) GCaighinou CARaT288 APE28IGIeddg0A TklakklaQC gCa aUCg

49UgC G Bgeacad FudSeARCY a0 AT GLraldegUgC C

50 Uccucaéapi3®0 A CRRUATAUATO elG:0a8kg C Ueste« Tccucac T 51 A t3l

51 gugagpa@laTJat@gredUaduiCagdjeaUegCugrdCTUS2APMB2 gugagga

52CUaUb&83cy Unmlere UG8 8 amecdesT g63Upt 83liagemda CUaUaCC

539Cg Uaabif€ UGBaEoectltabTCHL a8 gldag6aCltaiyaC gCg

54UaaUq@miSt CldoeermcClBRAGIE5fitiseCuayadtayes UaaugC
55UGC CAndgac T Secpet ST 3B GUaiClalCTHCE WigatJHC uge C

56Uccac| AsBa@ug q@%ﬁ@@@&@@@éﬁ@é&ﬂ%@@m& T 58138
57gugga|@pidacC &l EANEEUTAE 5

589Cg UpADIGE u @@E@J@é&’é}ﬁqﬁ Qﬁé E@é@@ Hﬁﬁ&iﬁ@mﬁhe aptamer to

59Factor I&P&%ﬁ‘nor S

sequence: gugga CUaUaCC gCg UaaUgC uGc C Uccac T (Apt39 SEQ
ID NfR:ca@kpthied MRrR¥eH-AD AN S MRS ESiPad harein kRRRE cons1sts or consists

manufactured using techniques known in the art, For example
oSISRHENS RayBaSBHE st TPRLES ﬁl&eﬁ%ﬁ?ﬁ?ﬁ&‘g}e@&a‘éﬂ%ﬁu%&nﬁcm T

(AﬂT&QfSEQJH)LIS@dm manufacture aptamers. Caruthers et al., for example,

descﬁtl)e in U.S. at?a%eNrsosdeé 973 6}7121,641}16((558 777 anth 415 732 agl Igc%mques

of phosphoPaml ite" compounds at are use uI § the man act&rsén%f
kngtigomubleatidEer antthél %@@@thp‘memmmdﬁmt@ﬂaﬁ@é% kfSerge scale

é%@%@xﬁ%@%ﬁ’é@%%ﬁﬁ%&%@ s NGIARANIG RRIYM S example
support ee, e.g., U.S. Patent Nos. 4,500,707, 4, 458 066 and 5,153,319.

describe in U.S. Patent Nos. 4,973,679; 4,668,777, and 4,415,732 a class of phosphoramidite
compounds that are useful in the manufacture of oligonucleotides. In another series of
patents, Caruthers ef al. disclose a method of synthesizing oligonucleotides using an
morganic polymer support. See, e.g., U.S. Patent Nos. 4,500,707, 4,458,066 and 5,153,319,
In still another series of patents, Caruthers er @l discloses a class of nucleoside
phosphorodithioates that can be used fo manufacture oligonucleotides. See, e.g., U.S. Patent

Nos. 5,278,302, 5,453,496 and 5,602,244,

5. Methods of Use
Regulating Coagulation with an improved aptamer

The invention includes the use of improved aptamers to bind to FIX, FIXa, or the
intrinsic tenase complex. The binding can be in vitro or in vivo, The result of the binding to
FIX, FIXa or the tenase complex can be to inhibit the biological activity of the proteins or

complex. The improved aptamers can be used o treat diseases such as deep venous
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In still another series of patents, Caruthers et at discloses a class of
nucleoside phosphorodithioates that can be used to manufacture
oligonucleotides. See, e.g., U.S. Patent Nos. 5,278,302, 5,453,496 and
wePRes44449- Methods of Use Regulating Coagulation with apringyp¥eeseze
aptamer The invention includes the use of improved aptamers to bind to

thromBis s r%ﬁtggomm%ic;;@a@asaﬁgef@gpmmm@mirw;agamaerw By ROreratt

In vVivo. The result of the Binding to FIX, FIXaor th%égnas%?coﬁ!r%gg%rge N iacic
(CARSGH DRI RE D IETRNiE 4 CRTARA T %ﬁ@%‘#ﬁfé’?ﬁé"é‘? iR Hhe T
B0 S bpnedas ISP casiac) sl
) W 5/106042 P U 134 ro ',%r r;’ dial
mﬁ?ﬁ?ﬁ?ﬁ%s%ﬁ%&%‘rg@iﬁhré’% %%HIS, %Strz%gr?aé}f/’ a%%? %ypaei% grg?f oo 1,
infGABGInglereutaiseaustirapsgdyhaticonsamydrefioprsmylipridajihsieelerotio

Ee our m Otlaﬁlt%si%bsigﬂammation, septic chock, hypotension, ARDS,
vesplﬁmonary em gﬁsm, 'disseminated intravascular coi%?ulation (DI%;,b. dine 1

vasbulererenferibmientp eciBPERSE SHBR iR ERIgiRio flon by binding o
D e 1o onc opabadment e oo

atherosclerotic vessels at risk for. thramhbosis. ne e ime e
Gxaﬁﬁiﬂiﬁo@@&%ﬁ%a%éﬁ?ﬁm’&ﬁ?mdﬁ%gaﬂ% i6A %lﬁ’&i’né%g &3&?#&1 et o_f the
inviavRntiasvineldes ariromisier mgatheraptenmerwélieitnd dotiginivigration durnng a

mampmal, for example, a human, in need thereof to inhibit blood
e8I Another embodiment of the invention provides methods of .

using. aptéod reftfimparesdatisliteg for At SHRRIFRG antHsRdpiisiret 1
rd e e hagh abimerpe gy asingRoaculplioninamamaakitm blooded

need thereof is provided. In one embodiment, the me od.comogri?ieasT &) . ihat

€

veriehmmsisreAipioch iarRdolB et DerfEinie APANM AT ARSI ThéFear '

seiebhe iﬁ@s@%’&%ﬂfﬁtﬁﬁ@iﬁtﬁﬁ@y@@ﬁ k?mam nhbadhisedectivety bimgdex, or inhibits
coagulation pathway FIX, FIXa, or the ipfinsic. te or.inhibi

» SR BT TR RO SR Pk e U e o

FragtivptinaiimOhéhichadelativiy tyeobitio girdbeinkpahty SodefindtbR wam-

vk aderin s warms:Rleadar weriebiplebrenolu1e admipsiesnging
ot the aptamer In stép (a); and (c) providing an improved antidote to

inypverdentidasiiscisvstah B aptingie plifhe sRAREMBLERFHEH SRR REH: b warm-

piblagded variahiate.of magumakiaa human. As used herein, the term
"mammal” is meant to incluge any hyman or non:h n_mammal K
inclu&lﬁﬁsﬁﬁt}}?ﬁﬁﬁrﬁ%&qﬁlpgf%g}o\ﬁ%é{‘ gi%’eﬁ% eenf‘sl},yu%n“ﬁ?’étg% pon uman
migsashespidamhsicgoaticCaitieydeear pnndebotiorseslamionkegatdh §ass, sheep,
cats, rats, a ice. An important area forgonsiderationisiplasma
e b
An important area for consideration is plasma half-life. Modifications can alter the

halé-life in vivo of the improved aptamers from a few minutes to 12 or more hours. The
improved aptamers of the present inveniion can be used to freat percutanecus coronary
interventions where vascular injury occurs at a specific time and place, yielding a sudden but
relative brief prothrombotic stimulus. This may also be the case following carotid
angioplasty. In another embodiment, the improved aptamers can be used in extracorporeal
circulation utilized in coronary bypass grafting and hemodialysis. The latter condition is
somewhat complex because of the inherent thrombogenicity of arteriovenous (AV) shunts.
The aptamers of the invention also can be used to treat a venous thromboembolic disease,
mechanical heart valve replacement, atrial fibrillation, and conceivably in either primary or

secondary prevention of cardiovascular events among patients with prior events, an
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half-life in vivo of the improved aptamers from a few minutes to 12 or more
hours. The improved aptamers of the present invention can be used to
treat percutaneous coronary interventions where vascular injury occurs at
vacspesifigdime and place, yielding a sudden but relative brietr/us2005/013926
prothrombotic stimulus. This may also be the case following carotid

unfAOHERI S p it SR RMBPSINEN] NednRrauekapiangLs eaanbedusad arly
in extracorporeal circulatiotﬁ Qﬁﬁmlized in coronary bypass grafting and

stagfR o SR T eV BSRIPRERtion is somewhat complex because of the
inherentithrd b agaiigiteafarsribue drasstAM) shumts-bIbhded ptatnigmtcofs also
the invention.also_can be used Y s thr ic.di
P e R e B e S s
to wittrstchrittasyliecssubiagy frevaindn vrealiolisssal dheveslestiifignginds 2
conRANERSWIR RIBLEYIRISHEN o8 IWMELRR0SHLAS42 BGH LS 2005#0 13RBEnit of
unfavarable risk profile, documented multibed vascular disease,, vascul%#
the jHHERTRalBAS AAPPLERJES of TiheF bBtefoYE L 2Ledih dthyy. ACHEHSY ¥F FX)-
Adirealingsacdiovastular disrase ndivaraabloodeshy aripbratecis-alsabject. The
rqvided, The method comprises adminjsterjng an effective.amount of.an
e A PP BN T st e S A Brovea
aptatisehsedharsemcivelybintddode. coagulation pathway factor 1X, IXa, or the

intripsic {eRASe. EomAISX, O IRNDIts,A-SHRUDILST {sheLIHNSIC {ANASEquire blood

complex (i.e. FIX, FIXa, FVIII binding to or activation of FX). )
coagiiptipici e of BsdTsRieTePIPEKRS Rsthardiob Ssating arsuagls withen aptamer
to ﬂ{ﬁggl?ﬁ@% §U@§%&%ﬁ@%@§&%@fﬁgmwmwmwﬂﬁﬁ ﬁ@d\/ﬂ@b ' tggeag@ the effects of

antidote tg reverse the effects of the jmproved aptamer ministration
the Gt Ao T OV Hta R R H AUFNTIGH: 0 1 R n Tl
timwinel rigl inethtdo dn doageiatiolistherametdbodiimvention provides methods

of treating mammals with t Inhibi '

pair e o B e et fr
prepetyanfiromiisisliscboaiycistthbciibon brraga amrmatEnbe Boprksieampiergong
renf @ HME 308 APESHRLEMAR EMAR RS QWP ABe NN #8m thrombus-

compositions and methods of the present invention are particularlﬁ useful

relatsh prbRYRIAE HFORTIEHEIS MRS TS Rariiac By s R s drarainy (heart
attafkpatiestedinsengoingidensl @iedysis mnadastyeatibgiipatiafts sulferibgombosis,
from_or at risk erin fron&@rgﬁ%}a}gﬁ S ctielkaﬁgg\qasc(:aﬁdi%v%s a@g
A SR & as TR etible angina. acjtte myocar&faﬁrin?aﬁgfon?heart
attabk pdciétiehr Svasuplevedogitients (stoka)ipesmd e prespiicisantidgaapn inhibit

otdPinIRIambasis. qarerial thinmbasis, SABG3geRyARg gi&?a%@d%in%gggulaﬁon

intravascular coagulation. In addition, the improved aptamers an

plagh g dieRsRE P PfdsdsthrRBiterarrmtiBidsnes SFmbyasstidictagsthown
tha@ S206iate SVt RibiXy panilatat- sascadpsrfioagdidtianular discase. A mild

decrease in coagulability found in hemophiliac patients can have a protective effect against
fatal ischaemic heart disease (Sramek A, et al. (2003) Lancet 362(9381):351-4 ; Bilora F, et
al. (1999} Clin Appl Thromb Hemost. 5(4).232-5.

The aptamers can be administered to prevent coagulafion-induced inflammation.
Inflammation is induced by thrombolytic therapy in patients with acute myocardial infarction
(AMI), which might contribute to microvascular obstruction and reperfusion injury.
Improved aptamers of the present invention can inhibit this early inflammatory response. In

one embodiment, methods are provided to reduce the early inflammatory response in
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plays an important part in ischaemic cardiovascular disease. Results of
studies have shown that extremes in hypocoagulability protect against
ischaemic cardiovascular disease. A mild decrease in coagulability found
Wwohsmaphiliac patients can have a protective effect against piatatsaoosinizoze
ischaemic heart disease (Sramek A, et al. (2003) Lancet 362(9381):351-4

mmh%ﬁ%r%g‘c Gl zi'l!x {1%8@ Wit ﬁy%ﬁﬂﬁ%&%@ %@%x@%h %%gaiﬁer-mﬁ’ the present

~aptamers can be administered to prevent coagulation-induced
mvéafigfmation. Inflammation is induced by thrombolytic therapy in patients
withragytemravecantial dnfaratiandAd b wihighessighheanisipuie te used to inhibit
microvascular obstruction and reperfusion injury. Improved aptamers .of
ST T IOFPE T (NS ATy Tl ATor TEspOae I She T
whizinbadimeajymeaiiedss aremiditid eadtanethlics tseocathy imflénmathatosgierosis. In

adc{i%gﬁ%] %%nine??lzona ?%%919 2 an?fl %5&3’&@%@%&%@%@ﬁ&%&ﬂ?&t%vaﬁm

are in need thereo administering the |mprqveo! aptamers of the present
pepifidentidfitTinedenmreaved nptiivarseangiaisdavitsiied prement hrogdiserse &
RoSARAE H4SRAIB0MNIRANBIRHHISTOG 9.1 S0 aTRreeeMeISON) Circularion 102;

atherosclerosis are associated with ruptured pla%g;{es, which tglr%g majar

28 R8Rbf mATFARRE AT aSHSei TR Wi b PREETSroe Tposstuctty of
athefaitientte cenveniienalearonasy heashditiedse liskfactbrsooaguidtitCs and

factor IX actiyati eptide and fibrinoge (Hv jated, <4
TGRS LA hLATEGR T e dr o S S o paaion
theHiapnzest@enads50n MsCraperdedlko (P00 Ciebidiis mTognpgs s:fgrpy from

mxﬁbso&%ﬁgggi&{z@%w@m Significaniiv.enhanes thirombogenicity of

atherosclerotic lesions after removal of the endothelial layer and exposure

.

of SACSs 4R HRIERD SFEES to BoBR S RARERY AN dPaim@gopjtoway for
b1o%h39%>t%§lg44i‘§e§’e4§§1u&% _gg%i&aﬁprﬂaed'lmr@eﬁ&ﬁgam?me@a pRMiaks0 e removed

proviae to prevent morol N, Mammals _surtrerin om acute cor . .
o i A (RS F S EBRE ATHAFAD  OS SHr g P o
andeaRasiesotinicontant ipdtmvaytdrg coriredithe: rmajapqeathiiyCeretir spifiemiology

lotting. These. incl '
o 80 8 e A RS R S P o
dugaiopuimorapriwpiEsioc PRy veeitv Hh arolirje ndvsrsnalieds o T B, including
reﬁ%@éﬂﬁ?é?z@fﬁﬁiﬁrﬁﬁﬂ@ﬂ, REROs1ERBa e anetitepifde MinlAgy TaBGnflammatory -

prospective clinical studies have linked the magnitude gf the inflammat

J h ory,
TeTRAESE R RO POORIB PR B SRR Py ifipe om factors
% agverseeffectsiabiCRBantdin geiendt dablagé chitrilfibtilation tstradedyes pro-
. gut damage and neuronal damage. The inflammator p induced., . 4,
iR o Gt L EOL B P IRAT e e Ty ey S biso be
adfairtistereX o ama et axitsie wilitets rysadains Vit - rofomasiH SR ERaSS-
formation, are themselves pro- inflammatory and mitogenic signaling

Reguading, cPRSHIRRBUEHIIMARIEFS aRfrRIeH Py idote pairs

Among the many chalienges of treating patients with thrombotic disorders or during a
coagulation-inducing event is the potential risk of hemorrhage associated with anticoagulant
drug therapy. The mechanisms which underlie bleeding risk are complex, but are
unquestionably a function of drug variability (excess anticoagulant effect for the degree of
thrombogenicity or extent of thrombus burden), relatively poor correlation between drug
conceniration and amnticoagulant effect, wide-spread compromise of hemostatic barriers
(platelet performance, vascular integrity, multiple phases of coagulation) and limited control

of the anticoagulant’s behavior.
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administered to prevent adverse effects associated with post-angioplasty
restenosis. Regulating coagulation with improved aptamer-antidote pairs
Among the many challenges of treating patients with thrombotic disorders

Wb 9bUingsacoagulation-inducing event is the potential risk QfhamaHAIS:
associated with anticoagulant drug therapy. The mechanisms which

underlic @fe%mﬂrﬂéaﬁ A&H36 %Lfgt M@Eﬁ HOGHERY 9@913%1? function@lotivity
drug varia ||ty?excess anticoagulant effect for the degree o _
of ah psstithiogEeidtyormsiaeasbmieriiackliigeny rofsrrabjendbe EotrenaeidhWhen
antiBSIWEER dfughBRRFENIRTIGRaRhanticaaglRaLeHes WIHGRRIEabracranial or
compromise of hemostatic barriers (platelet performance, vascular_, .
easaR 2R pIE ARkt @&&B&P&M@éﬁﬁfﬁ?ﬁ REFUBHEGY Brchise s Tisk, the

pot@CaRCHtitipeh aanIBE ME AQOSHORLRRET AYERA0 540N 892 Ehovisk can

o1 BEst e aliygal.scenarios existin which o ablity g rapdy reYeIa M,
7 actlviij 315N antithrombotic of an icoagufant Xugfgi%%mﬁ%ang IS
haveesireiiid. Ftidhfivsitedie tsaher. dhicelipgrinsibragintitiroesbtie percentage of

ireat I includings cani i
pﬂn%@?n%&éﬁe@ﬁﬁ% i%entn‘ying sdal?gr targe}#%gk(%tgeins ﬁrr%gb r%%?ﬁfﬁ%%&%%rgomg

PErEHBNBUE FREITEY VOISR HiSRaly FOYRASR RfpET oYk diR iRt & urrent
pradiehithatithatiskeaan ROLewOYerlpekede:T be sacepavasR Isfwhaill molecule

emergency surgery Is required for patients who, have received . . . . .
e S DU SR A G b G 8 GRS R (o
Abgatientsrednoaeulieahist gescy cotanany aatierydwpassigraft s CABBY is used
while undgergoi 0 ary intervention ungder. e
B N
opegidinrarieedizinia cophpsnraBe seramahefdbglantrregbmbisgerphg compound
viaGRUflpatde), which-maylialeZsd hauss. of dlaiglehinfusiendok. Abehisabilant

treatment). The third case is when an anticoagulant nucleic acid Iig%nd is !
or FLRBIOAIHE e aiRPa BRSPS PrBLEHI ISy PEs PaTle ety contro
of theetispRgethioop astitbenatiie dolepding. In each case, acute reversal of

the anticoagulant effects.of a compound via an antido . Q...an .

ol BT Gt et ST oS ot anays Suflag: precicly
regaltithromivetic heditdodciadiganet) eltosrs. fdminmsrovdd danentikbfystifiotes of the

mviedicalcontral-oiihe Anticoagulaniomnantithiemhglic amaURtdnd B ention to

applicants have discovered improved aptamer-antidoté pairs that precisely

reveEw kR & e teh DR R0 I RARS PR SR R ISPl R BR BB dinAdmpistered
in b8 aRtdetes efdhesdd i el Capkayidedidin: MRPBrogllr beed thaemfias well
fter the, aptamers of.the .invention to, reverse.the effects of the aptamers. .
25 R AEICA SRR AiAOte s SR SR P (naigenton
disnleetteth Hagedved weidaishiaciorspimilu déagh énptvg resssefthevsttientiddigand

the‘%"%” _ﬁsbﬁragdpc@@i@ﬁ%ﬁ_discretion in how to achieve optimal therapy. Thus,
this invention

Individuals who are undergoing surgery also require the targeted modulation of
coagulation that occurs through the use of the improved aptamers and antidotes of the present
invention. In certain embodiments, the aptamers are administered to patients undergoing
general surgery. In certain other embodiments, the aptamers are administered to patients with
cardiovascular disease, which can include coronary heart disease. The patients can be
undergoing treatment including bypass surgery or percutaneous coronary interventions. The
mammals who can be treated with the aptamers of the present invention can also include

patients who have had physical trauma that requires coagulation therapy.
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discloses an improved regulatable therapeutic regime in the course of
nucleic acid ligand therapy for blood coagulation. Individuals who are
undergoing surgery also require the targeted modulation of coagulation

vibadsegesisthrough the use of the improved aptamers and aiticiotesof thes
present invention. In certain embodiments, the aptamers are

admipistoreckle natisatsynderapinguasneral sesaery dmparaisothemuired, or
embodiments, the aptamers are administered to patients with . . ted to the
inhﬁa:ﬁ?dimgélﬂmm@&ﬁ%,Wﬁim@aﬁtﬁ%%@cﬁ%?%@%%ﬁﬁ@gﬁe@?ﬁe
periBplishls GRAdeE UndereQinghearAnbiRt|using dypasssargsTyroreating major
percutaneous coronary interventions. The, mammals who can he freated s in
coagippAtaspiahe FOBT B BB EnT invention can also include patients who
indivaNaIhashp bysisaldiay Matbatreqfivesiiunbeiatormnespiplaayweipulation of
2005/106042 PCT/(7S2005/ ati Alth@aenosis of
the ﬁgﬁ%%}[ %?a(ﬁola n%ﬁ’/ dzrﬁﬁczé-ln ucec%% &%ﬁfﬁ%irﬁ%ﬁ%@%ﬂgﬁaﬂon ,gn _
patidafedtsofére difimustdmtiomiviantio Aguranethapisrs apd AR of the

oreRSToRRMAtve Reriad Adurthesrnfieneveroaked imanagemenirstiatagydsis and

treating major coagulopathies js the cloﬁragi\%eration 0 th% cost apd s of coron
treaaitiy BSAERENE BB AHTRSAITR A6 TR a0 T BIRRE dBRipBHents. i
ntREeVENta Ribleeding hassbes mespassilehyrymdinipciiationSsk thrarabeo et al.

control of coagulation and ipflagmatory. proc ége-ﬁﬂpﬂﬁé%’gﬁ‘%ﬁ&ﬁ@d' tel
(208 R e é‘fe‘ffét%ﬁfg‘@gdft%grg ditticult téﬁgglr%oqdﬁ)atg e improv.edlaptamer:sfa =
calRnidrantidateopgiisnaf Wdcipissemtnishripiaic jsaiticorapy v §ismacipn.  With the
nonsdring that, | Incauesl diagnasis andiireameRbarealRepiosaltr can
m%?ﬁed?ﬁ%%e%ém &%gglg%&%qﬁgexample% symptoms of coronary
reaifilafwtitavassaticlosely mimic those of an acute coronary dissection. See

Scarahen 6t A ro2R0 hitaliandaeast Jaurmataaido Ondlsoitiagiosismfacerebral
coronary infarction immediagely. calls for an anticoagulang, which |
hemghagAndicHted g@ﬂtfgc%%%njﬁryad?i{segeé .8‘&?1%@%’9 e ﬂl&% 2 pathway of

the improve T

coRBlamer-aniigatd paitstdescribdd Rerein, Bimidtakelbyt a treaitiléete can  inhidit

provider can readily be reyers Sithal ISSIALR YRR PRSI s that
migHPSREC RIS in%rkneg‘gg% esﬁtgt%o%ﬁﬁ%?ggg%bra?%wemorrha e (ICH). As Factor
lintXd (S Key intewovediaripinethandtsntiosantvily SreegRguBbRnSrgdtBdsed o
o abcacies Ve dspesdenticoagulationscarinhibit microvascular

thrombosis in stroke without impairing extrinsic hemostatic mechanisms
AdghiiikieH. The improved aptamers and antidotes of the present

invention can be used to inhibit stroke associated with cardiovascular

diseatte anessutrgerhoAdiminicrtiioreardievsresion: firstpdTor (st gontemplates
oo é&h%‘%aasgkﬁéé ﬂisx?ﬁi%ﬁ, DA IHE COHSIRRIIES GRRIAC WRGsliSRUEIR occurring,

which €ardiovascular disease is occurring, or. is at risk for o curr.lng
with a composition comprising a therapeutically effective amount ol an 1 toved aptamer

capable of binding a coagulation factor as well as providing an improved antidote to reverse
the effects of the aptamer by administration of an antidote. Thus, the method comprises
administering to a patient a therapeutically effective amount of a physiclogically 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 an antidote.

The dosage ranges for the administration of the antidote depend upon the form of the
antidote, and can be assessed by a physician or other health care provider. Generally, the

dosage will vary with the age, condition, sex and extent of the disease in the patient and can
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with a composition comprising a therapeutically effective amount of an
improved aptamer capable of binding a coagulation factor as well as
providing an improved antidote to reverse the effects of the aptamer by
wdrmimigiration of an antidote. Thus, the method comprises BcintiRtstSningy 26
to a patient a therapeutically effective amount of a physiologically tolerable
be GOEIRESHOR/Conaimiggthe RIVAaptame indsvidellaghasiviethad foeprovidef any

an, antidote tq r%frs%h effects of the aptamer by administration of an
compieAtes. TR & Yoy en%oesg‘%%r the administration of the antidote depend

upoBetivesftrna tithpewintiipteiatidcandetbssussagun) of priysidungficient to
roQREL NS GALS DIRVIdRE, Ganetaidng tﬁe%gﬁiwﬂéﬁﬁa{gga\e(&hiﬁbﬁcﬁag but not

condition, sex and extent of the disease in the patient and can 35 WO
lim{ebBy 206eIPTTTISREU GSYSE O hE delemmeEarTy Shk dr s RMIRTthe

art. Zheindividual physiciasinihegveaiabanyd complieatiomearaispinvention

adjust the dosage. Gen_erallgl, a étuera%ﬁut'ca%eﬂecgtive amqunt isa A0 o1 intra-
are SPABTHRIRT AT RS UTAEHTES  pPStHiE S e asurabie moadutation 61 the
art@ffectaeichei ay cleiemaaidiigansibinghuding, buttrotblirtitérgapsular, intraspinal,

.. coagulation-modulating amaunt . qr infl tim@lgﬂl i URL seoneal
R L A 1 S A A s
perpuésentsnvest onratesparentdrapant i sl ea ikl THiEoRrBemRroT Via

catlliR-synoyial intatesal dRirasarteHal cintacardiagmiplsadudseularstiow release

subcutaneous, intraorbital, intracapsular, intraspinal, .intrasternal, topical,
SorpheE BT potEN = PG VROl BFSETA S, SHGRTBRT e ONBE e o
naRRfdianeous, nasal spray, surgical implant, internal surgical paint,

infusion pump or yia catheter. In ane embodiment, the .agen i

e SO Pt BRI E s S i e A by by
inj mitropaticizadnitioSphereveatiopatitheush HanidsphérdoTiratahnaoterienlly be

the preseql.inyent eigra AdIniRteRRALC GERINABY treated b
ac?ﬁ?g%%tionsﬁ c??eby %d%%%%%ﬁ%ﬁ over time. Althoﬁtﬁg{the tissue to be trea?tae?:l Y

intemiengp cayNEArea S R BHECROMPBY Yt PIE AR St B SRpfechniques
adhsselae Mmest afigniirexiegidsdntaven e admisiairediomef therapauticlecule.

compositions, other tissues and.delivery techniques are provided wher
oSS0 PR (RE (g TS Tt Holoaay © 2
vaddilis, astidotesralthenpiesantipudintiosigreitypioaliynkdministerdeheradly, intra-

topically to a vascular tissye, | ol ' ly 4 above, th
oA S e B e e shove, e
phautivensit Hycpuristititotseniigpeavided fortw apBvEug SyphapsREalTeyfes such

or RB?iH&BS gan, bepremidedda. thevindiigual by yasietylifo Uissastigbularly,
orally, topically to a vascular tissug, intravenaously, jintraperitone II%, techniques
S“ﬁﬂﬁ‘%ﬁé&aﬂ&ﬁa’%‘ﬁ%tgﬁﬁ%}fﬁ’i}?lﬂﬁtrﬁgéa‘i?f’fy})?rgﬁ]é‘dgﬁggﬁy? %%%acgn peranes-

R&eliveregvByrperBialig 4eefvaidieSor topical administration 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, 6. g. by implanting the coated or 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 lgand
composition into a vessel that is to be implanted into a patient. Aliernatively, the nucleic acid
ligand can be introduced into cells by microinjection, or by liposome encapsulation.
Advantageously, nucleic acid ligands of the present invention can be administered in a single

daily dose, or the total daily dosage can be administered in several divided doses. Thereafter,
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Representative, non- liming approaches for topical administration 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
wopdeostiogpihe coated or impregnated vessel in place of a detnagfetkdni3ozs
diseased vessel tissue segment that was removed or by-passed; (2)
the delivepiyinaidatbetattoutates selans whitledibbdfycioflerinpetldB)acid ligand by
umping a nuclei id ligand composition into a vessel that is to be
adnﬁﬁﬁfgar}‘gﬂal%e%%ﬁ%%t. Alternatively, the nucleic acid ligand can be
lekﬁ%r{)%ﬂ%%%d into cells by microinjection, or by liposome encapsulation.
Advantageously, nucleic acid ligands of the present invention can be
adminisigregdn ansinglRiotailyrdasanethe toial s iytakage iaangdarmacentical
administered in several divided.doses. Thereafter, .36 WO 2005/10604
corT OISR SR B o B URICH o 2 S A R tor
andaliesitheefettoithecspieldic aritbligditiy ondreinistiatidre girtisantitoteef the
Compaositi TIh d anti f i i :
o el e o L e s g amicore
andi¢hamoirirbodeinisteiet, £aRmUBOTRAGRRIIBESF CahBed P EMnssiehlithed gy one
safgeeptablecanieL dikentanexenieptotde Higcise nAtURaithSombination, the
composition will depend, at least in part, on the nature of the improved
patiggisnieiba rbeshtAsid- and the route of administration. Optimum dosing
regimenstgaiaie sefadilyiretablishad-ycentcakilechiidheart ssd Saselaey al.,
with the improved aptamer antigote_combination, patient and-.
P SO PP T T T B Gy et Wl &
WitieesAhSed, effat, RhaprdcetticpbdibysgeomynsariBrgy Deflvarjdotes of the
prééﬁtﬁw&t%%tgggéﬂg&ﬁgﬁg@ym{gfﬁsiﬂk%%éncﬂ%%f}%rﬁ?@ﬂﬂ;@ﬁon of a unit
compositions comprising aptamers and antidotes of the present invention _
dosgrdQsPROBIRIR AR/ AT EPss] INheRBrRIE R RSP FSciSHRTS Afmposiion
of HRSseloraxamAale: thedesprnntdosacmiamisedimietsremca faiesage for the
therapeutic compaosition of the gresent inverﬁgg\ r§fer§ to %b%es-lifa?"galcuiate i to
SURIREEr et TS SSHPABRNES TrESTY SONASS PN oy e A it
prozotaiinnidrat shiatericediou antitsaf actve ithaier isdeaiel lteehtol.e. carrier or
ve‘gr?éjuce the desired therapeutic effect in association with the required
iluént; i.e. carrier or vehicle. The compositions are administered in a ‘
manhes compesibiasyitee trdaBaEgEdform &l JBeman e e apEhtiggydosage
foral{BSHve amount, Theguantify,ie fecaskminisiaredride pendsomthe subipsliered
to be treated, capacity of the subject's system to utilize the active ., . .
deﬂ?ﬁilédl%ﬁzf{eafiﬁ’@ﬁ‘@g‘i‘ééeofrﬁ%ﬁ%p‘?ﬁﬁ%“é’ffgc cUPEP TP ATIER B e active
in@etivatingredientcrequireshiatie cibrtinisteedd Mleppadumnuhie pfdgnienicfedient
reéﬁi?eﬁr%c Igoa & agtgrg edgge%%lgﬁ t@ie judgment of the practitioner and are peculiar to

each individual. However, suitable dosage ranges for systemic application are disclosed
herein and depend on the route of administration. Suitable regimes for administration are also
vaﬁable, but are typified by an initial administration followed by repeated doses at one or
more hour intervals by a subsequent injection or other administration. Alternatively,
continuous intravenous infusion sufficient to maintain concentrations in the blood in the
ranges specified for in vivo therapies are contemplated.

Pharmaceutically useful compositions comprising an aptamer or antidote of the
present invention can be formulated according to known methods such as by the admixture of

a pharmaceutically acceptable catrier. Exaraples of such carriers and methods of formulation
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each individual. However, suitable 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
wemipisEatien followed by repeated doses at one or more hour IS RS0
by a subsequent injection or other administration. Alternatively,

! é@ettlﬂfca]ly

conti s:intravenous .infysi i€l jntain.copcen
SN el T T e

acceptigin seapaeikion gsisshlchmpEetivp SSoiniRsirR afr el eampe s R sontain
an GRS PIBRRL HRVROH N BecioERHIRIAHACCRIIBEAR, KaaWRRE U1aHS e than

such as by the admixture of a pharmaceutically acceptable carrier.
oneEpImETs S EdetPtarriers and methods of formulation 37 WO

200BLLQER4VE Gl k5 20 6b 10 13024] astanne tdundiivdRaoniogionis according to a

Vanpe%agp?ccetg%czsil&g I%n %Sj#-g%fgﬁgi"sa &%&age&éﬁjﬁyys&cgg&)tgpée Oth T factors
C pOSﬁIOﬂ Sultal Fe for effective administra on, ch composﬁfons WI_ )
includatéin mndeffettdmaisoimnofGaecapianibe. Suapredmpowitbhs edministered m

dosaoBIRl RdmixiHEes Pl mate than Rue.apiamals fhANidales ThaeRaiMeeignt

amount of an improved aptamer of the invention can vary according to a
to aparedP Brnatis Rody creighthi iFRAiRN srebediambh M deie st yde meke
bodytheliRatoss Aolude, | thexrigge %ﬁagéaiﬁtsamﬁemr@ﬁm,eﬁﬁlﬁeibge is between 0.1,
compositions wi inistered.in dosages adjusted for body weight, e.
R NI T g S R
Spavidiikgdaagy wiightn hargpdotfic Braliodipents athendosagesEienalipab@b0.01ug,
k.- b lght ight.: ific embodiments, the
0'1%?5 g8 gﬂgge\?{v?% gbﬁﬁ%r%glggg?ggj %&%&Qg{éﬁ %%%% 0.9, and Img/kg
bod Meeiffnttisnanmparsageadbeanessivspstie aysugavilhigygprording to 2

varieRosr M RUA0 d gnb M AF RN SANMEATIQRANY, ABR Q. A0 arkbiah 89 nucleic
109, 100g, 500g, or Ig or any amount in between. The effective ntg(/;}f
i o gy pere I

acig ff B eI e riotRS SBRASRH Pyl et otk
andBeiosmBodimas the nsivsus'madatitemaeihtdaxmagciand GiAdY Bt HE, 1-10
leic. acid ligan ministered. In.one embodiment,.the i [ e
L R S e
of delivercticiapgelernd OBTiGLY.58; annbef Bidgikds frrgeslara) ltie about 20

infRUNLehantfgie heingdeliveradisanhiaes hamie@mouBhiqf 8piame! s, 7,
being delivered. Typically, the amount of antidote is from about 1 to about

8, dprin P Eagsdhs e avROf dpimss AavesHdmhaaabBtiments, the antidote is
abournbried chnibifhtibnsApeidkdstime stheotmbLsHohapaios delpmitohs are

S LU GBS 16 “BU TRt Al A epaBE B e e o
cozmiatintsidnhtiasn saspouses sufficientiepeiactiatéa effective amounts, that is in
mg)m%uégg%?%?]%}? ?ﬁ%@{)g&g LESRONERLR IR BREORYBGHA!Y SHECHYEn cascade. The
therapeutically effective amount and prophylactically effective amount can vary according to
the modulator. The pharmaceutical composition can be administered in single or multiple
doses.

Because the activity of the improved antidotes is lasting, once the desired level of
modulation of the nucleic acid ligand by the antidote is achieved, infusion of the antidote can
be terminated, allowing residual antidote to ciear 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 antidotes of the invention, subsequent treatment can involve the use of a

second, different improved aptamer/antidote pair.
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amounts sufficient to prevent a coagulation factor from acting in a
coagulation cascade. The therapeutically effective amount and
prophylactically effective amount can vary according to the modulator.
wheophargnaceutical composition can be administered in singgte o mestipieze
doses. Because the activity of the improved antidotes is lasting, once the
desiigchiguelofamaduiationshthe Rulrimacidiigandibystapantiddtertn can be
achieved, infusion of the antidote can be terminated, allowjng residual ..
s AR FETSSPTRS MO AR TR e 15 B Bt o cptiml
modEHiFRAlRERIMA Har ialelcaatiidtiganchasitrisde svhllitentitivelyg apy pptential

view of _the specificity of fhe anti% & 19&1(% IVERHon SHRIEANG oents can be
X e cfallcﬁ%f‘n?/odIvE egg%hmel%ggoo {;19 se%or?d, different improved : _
desagifamEniantinbisapair. BRIAKDL 2806/ TUBDARMCOTRUS YD SEPISopEere the active
age Qti‘%?eteﬁz%@{;'aﬁa??%&"géd%}ﬁiﬁﬁ@&&?rm lethe methodsalisslosashinistered
herein can be used alone at appropriate dosa}%%ees definedé%}rlﬂroutine
i

congIETRILTn GrdieY eGP o PSRN Al SR P N T8RS MTand activity

in ceaguiationR, whilt-minimizipglannpetestaiptaxiaitysdd addites,afothe present
_administration or sequential admijnistration of other agents. P
m"a’été‘?i%b?e?e%’fegoﬁ k?ﬁ?&f%ﬂ’i‘??e‘é’?namleany V%%{}m%f%taﬁg%gﬁ or?%u%c%t%\r}é"%%égﬁﬁcm’ o
weigb@@ﬁmamh@cagqmmomtbepam;dbsag@fﬁrmﬁrhﬁ@ﬁséiﬁﬁ@éethfeﬁea‘wdé
theg'g*ﬁ{y%ic & be’s%r%@églsﬁ%er%ngpé}f&lﬂﬁﬁ%’ Qe 8861 GaRRE and the particular

ministered at separately staggered times. The dosage regimen utilizin
Eigihe e

cortfrinistipnovapl cisthrharey st AtigetveTiRd SredeHilRPRIGAS Sb

oFARARCORIRRES MR o ¥AHSTY QlfariQEs pRslesingoliRe, Speckes egprogress of the
weight, sex and medical condition of the ﬁgtient; ﬂﬁ seveg{;% og‘nthethm fhe range
coRgimi P IBLAREATOR THAED ST SP AR A 4SS e Al ahd hepatic
thdupetionesidhe patient ardithespaitisular shambinatibmempioyasigs Af the aptamer
hysician of ordin kill can readily de | '_ istributi
B T T e
equiliigiess akthEmgwiditiohthOpwdtiiisiecision in achieving concentrations

of the, cambinatian witbin dher angs:thatndeldseficasy st texieityl can form

requires a regimen based on the kingtics of the aptamer and antidote's itable
they vl HdiRgbt Sds. AFRisHAYEs AB0REEE*Sh H&tribitlorn ™
phERHABRLER, @ﬂ%ﬁihﬁ;ﬂi@ﬁﬁ%&f Hﬂ&ﬂﬂﬁé&dlé{tﬁ:ﬂidtﬁﬂ&ﬂrmmwmﬁ@m as"carrier”

present invention, the cambinations described in.detai ; . 1
T 1T ST Ry Bt a1 B dE s e, o
talpbRrMagautcaktilitgntyrexcipipptsioricarrigss (sufletvydiferetaf cppsistent with

cohgég{poaa"cgm%;e m@ﬁ; @I&}C%y_itably selected with respept to the intended
orm of administration, that Is, oral tablets, capsules, elixirs, syrup

suppBeftonascoder afd HETRErHiN SoRSSER Nitr2Bl5h 0B R he 2ctive dms
c&%ﬂ@ﬂﬁ%ﬂg@h&{ﬁ@%& am oral, non-toxic pharmaceutically acceptable inert carrier
such as ethanol, glycerol, water and the like. Moreover, when desired or necessary, guitable
binders, lubricants, disintegrating agents and coloring agents can also be incorparated into the
mixture, Suitable binders include without limitation, starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweelencrs, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylceliujose, polvethylene glycol, waxes and the
like. Lubricants nsed in these dosage forms include, without limitation, sodium oleate,
sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite,

xanthan gum and the Iike.
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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 inert carrier such as ethanol, glycerol, water
o ddhea difee; Moreover, when desired or necessary, suitablerd¥ndenssoizezs
lubricants, disintegrating agents and coloring agents can also be

incernogatad iHiR NG MY GrmUiaRISRRHRES 196! belantaom WRHSHONavored
starch, gelatin, natural sugars such as glucose o%geta-lactose, co%:n )
SUSREREBEL 0B SISAFITIPG ARENEY ARRRLES it SRIBARNSs Hla B B aGHREN iR o <AiPIe:
trag%.@ﬁﬂiﬂlin @Jlig:iiggtﬁle@@fb@ammmghbsaegmﬂqytﬁm@mgoﬁgm?emm be
the like. ricants used in.the osa rms Jn wi th
e R B S o e e i BT an
solsdiumeatetatd, Sodiuie ptepridéonnthahestikelVisimelr stoidin ongaayatives are

ithautimitation. starch, methl sellWaseqagar, bentonite, xanthan gum
ml\éyﬁﬁ%% %ll(?e. 39 WO 2005/106042 PCT1[?S2005/013926 For liquid forms,

the BeRivel dFapPEBI AR ASHERAE HBECRTHBINGH n IR 400 iy admixed with a
vardksRendingransispasinglasRiis sueheagiheasiyrifeiceandoontivakigemes gel,

for example, tragacanth, %caci , meth L-Cﬁll%tgéf angstt e Iik?. Oa%heafn o like
aua&@ﬁé%ﬁﬁ%eﬁ%ﬁﬁﬁ&% HeC'eriBiBYa Tefude ghtern 2o Hha Téndigs ke,
to foatenrigral@dtotinisitation, steitd slespensichsuamitt selutiorkiargadiesiradotions,
an dgﬁtoni&gggp%&g%s et}p% &%Ta?@{bf, cont_ain _suitab_le preser_vatives are

em’r‘iclﬁl yed When intravenous a ministration is desired. Topical =~ ,

preFarativrsosradrnidsiesadiibe orergicRsoHERCARER barimnatsimed & the
foﬁ@@?%%&ﬂé”@éﬁ%ﬁ?@?é%m@|s|ﬁej9\%l£1 e 8t aflitRose®l1, aleeheiSameilar

aloe vera gel, allantoin, glycerine, vitamin A and E %i‘lﬁ?’ mgﬁgﬂ oil, PPG ¢
vesiglrastbrapitiams Ian Ve IRte, HEIRS. §2RIRh dREEIutEHe, tpieafy ©

ph&IFRIIBARIS, HigansihgieiRinSiakil-gals, akindatienslylandistampoos in
cregm or gel formulatians, Th tamers.and antidotes of 0k colubl
e P8 b DOl B AD o s S 6 e i ot
polsysterns sspethbés Gmpateumitanietiapobsickss:aa roel udsipatyeial-neswdiéens, pyran
ltilamellar %ﬂ@%tk' PRAMGRER pefo ﬁgl{ﬁgm a variet élfyhydroxy~
co%ﬁg%{gﬁolipids, suc\:f)h as cholé@terol, stear%q%mineégr phosphatidylck?%lines.

ety erapmHisrRend antidoriE8nthe PresatmAbAioh SHRCHISEHe Wik pRigmitoy]
redVitBSBBlE-RAY MersaSRIgatablptivgcarrBEsySueh polmersaabe coupled
include polyvinyl-pyrrglidone, pyran copglymer C
ORI O AR HCTRAERS) Kt GI2Sh ShSIo SRS Rpymers wsefil in achioving
costhykalspeiamidephenat, dopelyethid: enbostidepslyiysine SlsEttoBHwiin acid,
almitayl residues. Furt e ergand apii e a
pQpr":J SSIell?}x[}/in\(;a tion can be9 Wégg‘ﬁprﬁ%ﬁgly ?'/ci;g@é c%@g?grtﬁ%r% kggpée)ptgl}é oetals

polydibydbiipdagadkiskepviers gadrarasddied g eahwaiiie Pdasapsfymers
of gLl aX AR, RRIveMians AivrelHREE)inkeltache @tichers to increase and

prolong bicavailability.

Tn certain embodiments of this invention, the complex comprises a liposome with a
targeting mucleic 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 jiposome 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

cholesterol becomes associated with the liposomal membrane. Alternatively, the nucleic acid
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polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydro-pyrans, polycyanoacrylates and cross-linked or
amphipathic block copolymers of hydrogels. Cholesterol and similar
walesulas£an be linked to the aptamers to increase and POIOUER005/613926

bioavailability. In certain embodiments of this invention, the complex

can SOMBUESEANROSOMB D AulpEPHRCOEIRIESEiS IBangdsasTosiaiady, e
With the surface of t liposome and an encapsulated therapeutic or

nucledinepdisticssgiated PVEIchA BROTBS R, &0 ding B R PR B te with
the-ausieicacid ligands:Jeanaxample desadtiania iposandetas sotiates-limiting
through electrostatic interactions with the nucleic acid. Alternatively, a

Exapplseibeh S Sttached to a lipophilic compound, such as cholesterol, can
be added to preformed liposomes whereby the cholesterol becomes
associated with the liposomal membrane. Alternatively, the nucleic acid
40 WO 2005/106042 PCT/US2005/013426 can be associated with the
liposome during the formulation of the liposome. Preferably, the nucleic
acid is associated with the liposome by loading into preformed liposomes.
Certain aspects of the invention can be described in greater detail in the
non-limiting Examples that follow. 41 WO 2005/106042
PCTTUS2005/013926 EXAMPLES Tests of Aptamers for Coagulation
The following tests are used to assess the capacity of modified aptamers
and antidotes to inhibit coagulation factors. The Activated Clotting Time
Test (ACT) is a screening test that resembles the activated partial
thromboplastin time (APTT) test, but is performed using fresh whole blood
samples. ACT can be to monitor a patient's coagulation status in
connection with clinical procedures, such as those that involve the
administration of high doses of heparin (e.g., CPB and PTCA). The
Activated Partial Thromboplastin Time Test (APTT) is a common central
laboratory test, typically performed using an automated coagulometer, for
example Diagnostica Stage's STA coagulometer (MDA/96/23), or another
coagulometer produced by this company or otherwise known in the art.
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 Ca2'. The bleeding time test can be
used for the diagnosis of hemostatic dysfunction, von
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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
WisRuaehsite. The time it takes for bleeding to stop is receiegd B 3926
control subjects is approximately 3.5 minutes. Prolongation of the
bleeding time is indicative of qualitative or quantitative platelet defects.
The Prothrombin Time Test (PT)E#HEH-Ras first described by Quick in

93§5 measures the tissue factor-induced coagulation time of blood or

Tes AR A 0o g

reening test to evaluate the integrity of the

eXUARIGSRAGIAIAD PR, @gggsmee@gw%« 19 RAGHAUON, RGNS lullidotes
'V, VI, and X, The test can be performed by adding thromboplastin and

to bt e9agipaiehiasiiple and measuring the time for clot formation. A

proloRgect QN o ice.8 LIRSS T dhe (AIETPNE S OSRELHMINDIRF 1aDERembles the
,deﬁmenc;l/gn, one or. more of gﬁ%gigula ion ,factofés of the extrin

! ic
S AR PTOTBITE GTHE Gah 1o0eBe PBrOTaHGRErIos PEErehviole blood
sampdfadiCthesapy, ar foniiase pedtlntisacazateficiancyiardivwaection with clinical
prod¥Riunction. The FTiest AL RIavide an %?a%%%sg@?ﬁléhoé 108 SRS, (.o, CPB
Edaguiation pathway. and. Is widely Used to monitororal anticoagulation
and®diapy. The Thrombin Clotting Time Test (TCT) measures the rate of a

patiggts clotfeimation cemparediiedhatafa narmalpiasma contiahobNeentral
test can be performed by adding 42 WO 20051106042

labpseieTy) SoB0SHIeSHY 6 RPRPIRGAr SO LRt GTHRFBHHSin R S PRt s Prastnample
Didbhasstias hiean depletediplatelatsiinnd ornEpsyingibecine wasagddoiad by
thidOt to form. This testkgas bee{ﬁé’gﬁdﬁ? ?nggjd in the dia nosais fma samle. i
OIS nal?ﬁac’tlécét]?ﬁ%\sl%scﬂw 1goagu a‘tione( }S nd nver dicedser There are ™
whiafscha ntminsiepefitesysitrativatey by tsed dtidredipprobidipidagatigimegor (clagic
aci§OP %t%@&&%}@eggﬁggﬂgﬂ&r&ﬁwo categories: complex tests, some of

which are based on the screening tests outlined above, and )
immiphissdiye. Eeniplesamdnding | fidpdEmont tirhaassyidsdepeirn. von
wildhesateyyitests, skiehasdhe-ARSSTadRT 18ngkd CintestiseiN@agsadn for platelet

measures the level of the activation Factor 1Xa or the Factor . |
oSS BHDi (PRSI ol WREASORA e AR fodiiqh meision on the

forelmtermnih e ihiénle velsyahidskard Xarorthactanivdl diss Thaediatedkaoinpiéeading to

Assays far activated in.C resistanc ' ins e -
SR R S A Rt omgation of e
bleadipmpromatidieriividualsalilad wwavalusetsrdgenily dafieiencies of

proteifns frahdmpiaNgifesistancets aptivaterdpratainGeaave nsianifigantly o3s,

elevated levels of the prothrombin fragment F1.2 compared to controls.
TeESHIR e TS8R ARG IRTIP 2L CRATBIFRIM OB RIdPRH STFHHER sébirised as 2
scréetiygltestylopsinas: wier entighstitofebbwithinsiO conethytiputiste a9, thelds sensitive
to ?iogc’” a?g%iog%%%%g ,Zu)x'f,g?\é?r;{?ﬂ’v Nigh RENng feRIJUeR 1R RIS 8" duding
thromboplastin and Ca?* to a patient sample and measuring the time for clot formation. A

prolonged clotting time suggests the presence of an inhibitor fo, or a deficiency in, one or
more of the coagulation factors of the exirinsic pathway. But PT clotiing time can also be
prolonged for patients on warfarin therapy, or for those with vitamin K deficiency or liver
dysfunction. The PT test can provide an assessment of the extrinsic coagulation pathway, and
is widely used to monitor oral anticoagulation therapy.

The Thrombin Clotting Time Test (TCT) measures the rate of a patient's clot
formation compared to that of 2 normal plasma control. The test can be performed by adding
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2 (Apt 3); Loop 2 (Apt 4) (see Figure IA). Procedure: The anticoagulant
activity of AptA derivatives Apt 1-5 was evaluated in standard APTT

~ coagulation assays over compound concentrations ranging from 1 uM to
Whdnanpmelar (Figure 2). The "neutralizability” of Aptl-5 wag-exahisatagsie
standard APTT antidote assays over AptA antidote concentrations (AptA

a st%%ér%egmso%ﬂy 8]{;'81%!{1%'1@-9&) e{%g,ggﬁgs fﬁf’a@}n% HM‘t?ﬁg &%ﬁ"&éﬁ!ﬂé& @2 ts, and

ese assays, the concentration of AptA and derivatives was fixed at 125
meatingpha SGwearigath foF antleb At dram: AdHSitFoEBA O DR A28 Thitlet?
diafNOYe R d08Sn Ok AGHYIY RARABL A BRRWEUTEY varE s siREastivity. Apt

-3 exhibit enhanced neutralization, suggesting that introduction of ‘
2'-Crnepihyt reisiduesmibinhessntidoterinckingssiten ithpréwgsoie ebiligatient's
of the antidote.oligonycleotide 19.bi {he, el. REAUeNGE istingSsed

co %bﬁﬁf@ﬁ%?ﬁ%ﬁ% @-ﬁ“sk%%%%%gggeeégg{%ummp g et on
the SARUIGOHREIB YEBRE AUl TYSEO K Copmlynpests latads sperific factor

ass%’%gséc? a4 ?&%‘?ﬁt@%&gﬁg%&hj%@q@%ﬁﬁ@@@ @6E A5\Weky measures
05/106042 PCT/11S20051013926 UCCCCaU T (SEQ ID. NQ; 21) 3)

the. Jeyebaf dhgyi#risaHe Fceilvh 6 BUBEE AT Bl ot These
mekdATIRCal) GeiGIMECREAULE (SER D A2 2Y 4 AR &TiftksBE mediated
(5'-3") sequence: AUGGGGA.CUAUACC gCg.LUJAAUGC UgC .

Co AT S T AOS &) Kt FLAn AL e s it defcioney, and
profdifCE GEAGHAACBGEE UadklyQras CASYIgOBTRUntigigs pvho have
NO:24) 6) Apt 5 | engily =X AlRada ClakiaE (et C, 1
h‘“ﬁ’fﬁ%ﬁ’j‘g?f‘{)% ceﬁﬁ&%ﬁégaﬁbé ﬁfsigé%%el%%%%g ADUA AD Length: 17

sigfBhey e qlanied leriuei o amibeuehin SEorD NG cHmpacs 5198 TR ine;

"a": 2'-O-methyl Adenine; "G": 2'0OH Guanine; "g": 2'-O-methyl Guanine;

"C": 2'Fluro-Cytidine; "c": 2'-O-methyl Cytidine; "U": 2'Fluoro-Uridine; "u":
Exdmprnetisyiiskicine: of 2’ vwestebly? for Thhydidiewy] Exgarple cStem 1

modifications Two "families"” of stem 1 variants were designed (Apt 6-8

and -HydRigureurisy verssihatiord, withAd-6-puseydmsnsmi Ap 4 secondary
s SORSITLGtS wereAesigneddndhe-Aiiie phackaronnd: BIeM L 5eaHENERS 2); Stem

were evaluated for the ability to design complementary antidote
2 @i nUERSBRISPILRESINEEES ik the antidotes contain minimal

secopndagstr UG @nticoagulant activity of AptA derivatives Apt 1-5 was evaluated in
standard APTT coagulation assays over compound concentrations ranging from 1 uM to iow
nanomolar (Figure 2). The “neutralizability” of Aptl-5 was evaluated in standard APTT
antidote assays over AptA antidote concentrations (AptA AD; see sequence listings) ranging
from 5 oM and down (Figure 2). For these assays, the concentration of AptA and derivatives
was fixed at 125 nM.

Apt 4 showed gain of anticoagulant activity(Figure 2); Apt 1-3 showed moderate loss
of activity; and Apt 5 showed severe loss of activity. Apt 1-3 exhibit enhanced neutralization,
suggesting that introduction of 2’-O-methyl residues within the anfidote binding site
improves the ability of the antidote oligonucleotide to bind to the aptamer.

Sequence listings:

1) AptA Length: 35 | (5°-3°) sequence: AUGGGGA CUAUACC GCG UAAUGC
UGC C UCCCCAU T (SEQ ID NO:20)

Y Aptl Length: 35 | (5°-3°) sequence: aUgggga CUAUACCGCGUAAUGCUGCC
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and for the ability of the aptamer to assume the proper secondary
structure. Stems were wholly 2'-O-methyl modified. Antidote
oligonucleotides were designed specific for Apt 6-11 that bind to their
wespesivmdarget aptamer in the same register as AptA ADHSe&IS2065/013926
sequence listings below). Experiments: The anticoagulant activity of Apt

=TI wWas
compour

evatuated
d concentrs

REded MEHE0 $0aguiatign assays over

tions rancunn from 1 uMtolow.hanomaol

3} AmhEdote

assays o

4 A oppo

6-8 exhihi

CtiVIt)
appear tc

ChEEIOTA

ver antidote

ar.The .
{537 WASHEDST ot AT AR A AP PF afficiond AATUCC
m@@ermt@tnmngmg@mmmd down For

~a.0

i e OB RaUgC
constructs A t 10 and Apt 7) do g

e TUS2GQRIHE32 ;‘ Eésum%%%fr@@m R UpC C
6 & gi?s may %ég %%%éb% tfﬁh%ésgé?om ose 4,6 o0r7 %Ia%%@pgrs to g
enhance [antidote neultr&ifzatioH. g@ﬁ%ﬁ@éﬁ@tﬁés 1) Apt 6 Length: 29
A ; ;iﬁ;%bg a%%%g3ga@@c)@t%ayﬁ %d@@&@%&&z(ﬁ&@(j DJN@Z@) 2)
p. eng =]
“AiSESHDNe%) B At S ' '

GH@MQU@CME&J%EQUGCI’,O%HWHC@E@jD[NOZ%)t@l‘))Apt@ne, ot -

Tflz%}%&ré%k “ﬁ,()) }_engﬁqg%% C&CGUAAUGCUGCC ucag T (SEQ ID

T ccliga
CUaUaCCGCGUAAUGCUGCC ucagg T (SEQ ID NO:30) 6) Apt 11
Length: 33 (5'-3'): cucuga CUaUaCCGCGUAAUGCUGCC ucagag T

Exgopb JpRteysh yrpiikispBoRD Length: 14 (5'-3"): cgcgguauagucce (SEQ ID

o) AT ABTLERGR S5 3 LR e (GG o Ribra) Tbjpks: 1
corBiARd efigth:514u(8'-8 hasgegyemgucad (SEOBN®SE) dsjapt 1o the Apt-2
bac%%’l&%.ljéeg'?%&%%ggwg %ﬂ&éﬁﬁ%'%\@ﬂﬁ} to design complementary
antidote oligonucleotides to them such that the anfidotes contain minimal secondary structure,
and for the ability of the aptamer to assume the proper secondary structure.

Stems were wholly 2’-O-methyl modified. Antidote oligonucieotides were designed
specific for Apt 6-11 that bind to their respective target aptamer in the same register as AptA
AD (see sequence listings below).

Experiments: The anticoagulant activity of Apt 6-11 was evaluated in standard APTT
coagulation assays over compound concentrations ranging from 1 uM to low nanomolar. The
antidote control of Apt 6-11 was evaluated in standard APTT antidote assays over antidote
concenirations ranging from 5 uM and down. For these assays, the concentration of Apt 2,
and Apt 6-11 was set at 250 nM (as opposed to 125 nM for standard AptA and Apt 2
experiments).

Apt 6-8 exhibit loss of anticoagulant activity (Figure 3}, however, all exhibit similar

activity levels. Thus stem length is not be the main cause for Joss of activity. The 5 base pair

stern 1 constructs (Apt 10 and Apt 7) do appear to be more neufralizable than Apt 2 (Figures
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AD 12) Apt 11 Length: 16 (5'-3'): cgcgguauagucagag (SEQ ID NO:7) AD
"A": 2'0OH Adenine; "a": 2'-O-methyl Adenine; "G": 2'0OH Guanine; "g":
2'-O-methyl Guanine; "C": 2'Fluro-Cytidine; "c": 2'-O-methyl Cytidine; "U":
wdrhdeptqokliigline; "u": 2'- 0-methyl Uridine; "T": inverted 2'H Paynuichiogo13926
Example 3: Stem 1 sugar chemistry The anticoagulant activity of Apt
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d-ongth: I
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12) Apt
AD

11

Length: 16

(5°-3’}: cgegguauagucagag (SEQ ID NO:7)

“A” 2°0H Adenine;
Guanine; “C”: 2’Fluro-Cytidine; “c”: 2’-O-methyl Cytidine; “17”: 2°Flnoro-Uridine;

[T IR

a2}

-O-methyl Adenine; “G”: 2°OH Guanine; “g™ 2°-O-methyl

2.

[

ji3

O-methyl Uridine; “T”: inverted 2°H Thymidine.

Example 3: Stem 1 sugar chemistry

The anticoagnlant activity of Apt 12-17 was evaluated in standard APTT coagulation

assays over compound concentrations ranging from 1 uM to low nanomolar. The
“neutralizability” of Apt 12-17 was evaluated in standard APTT antidlote assays over antidote
concentrations ranging from 5 uM and down. For Apt 12, 14, 15, and 16, the aptamer
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1) Apt2 Length: 35 (5'-3') sequence: aUgggga
CUaUaCCGCGUAAUGCUGCC UCCCCaU T (SEQ ID N0:32) 2) Aptl3
Length: 35 (5'-3') sequence: augggga CUaUaCCGCGUAAUGCUGCC
WOCResdo{SEQ ID NO:33) 3) Aptl4d Length: 35 (5'-3") sequangeszo0s/015926
gUgagga CUaUaCCGCGUAAUGCUGCC UCCUCaC T (SEQ ID NO:34)

condBnO RS, LEROH 35,651 2%) 3R GHEMES: QLRI for Apt 13 and 17, the aptamer
CUaUaCCGCGUAAUGCUGCC UCCUCaC T (SEQ ID 46 WO

congaptysimeva et P30 9E/013926 NO:35) 5) Aptl6 Length: 35 (5'-3))
SeqUERERIHIATEA . GHadaGE GEGIAANRB QY GROAYCT  eat A SE@itDre 5)
NO:36) 6) Aptl7 Length: 35 (5'-3") sequence:

oS e e RN D S S PR 15 T ArsesiEaRy 2

methghgiistiini(hs 3) srquence coticgbaidagy ccoener{SE of e RSy B ampepfvity

N: B2 {® 5 SE ; o Wt G
of %?:%té%gp?l Slggﬁgg%\lqg%%iﬁ)e%a%ggﬁ%ﬁ%ﬁgga : 2'-0-%thyl Agié%rale;anbe

alterast vatDR G R ang inpecs MePRFOBkRhac ety MeRipgeghdihepees, and 16

with Amety! Sutiding) e Afiuerordtidinepiiinds G mretuddindingiaiT st each
inverted 2'H Thﬁmidlne. Exam@IeA: Re%ucing#%ggth offs(}%m The ces activity:

PO TGRSR RIS 819097 A Bkt Aedin B Sn s A s

b) GaaGkRiien lasIhy Supuebttmpbimiisdnse prations terkjigpfeckr thakptener to
low nanomolar..The "neutralizahility" - I s

TP PRSI A )a%‘%%ggesééas?g%%% er gw{%%%%p%%%\%%%;%nusﬁ %t%zoteo GI,m_thy}

sughravich8uior 4 8a iy retivenstivery JHELQAEY FRE AP IEVIIN Brigctohih L origiins essentially

concentration was fixed at 125 nM in these assays. Each of the

aptamers (Apt 18-20) is a potent anticoagulant, as or more, patent than
Apt Goprigiren7 ! ﬁﬁﬁﬁ?ﬁ%ﬁ@%ﬁ%éﬁ%ﬁ%&ﬂ%éﬁ%ﬁ&% B‘g‘/gﬁ?é% that the

antigsReskveantidaiay digomicipatidaswvApt #9maseyaluatedforl—2’lnoro stem as
opgcgéi:g(%g %v lgnn c? tg\@%&f (?f %%%ngxdo\é%{gr? ?&rgfgyGZ’-&meﬂayl residues. Apt2] was
designed in which the sngar of the A at the stop of stem 1 is 2’-O-methy] substituted (Figure
1). Substitution of a 2’-O-methyl sugar at this adenosine residue is well tolerated in the
background of a largely 2’-O-methyl stem (Figure 6). Antidote neutralizaton of Apt 21 is
enhanced as compared to Aptl6 (see especially the 2.5:1 and 5:1 AD:Drug data points in

Figure 4).

Sequence listings:

1) Apt2 Length: 35 | (5°-3") sequerice: allgggga
CUaUaCCGCGUAATUIGCUGCC UCCCCaU T (SEQ ID
NO:32)

2y Aptl3 Length: 35 | (5°-3") SEqUence: anggega
CUaUaCCGCGUAAUGCUGCC uccccan T (SEQ D
NO:33)

3) Apti4 Length: 35 | (5’-3") sequence: glgagga
CUalUaCCGCGUAAUGCUGCC UCCUCaC T (SEQ ID
NO:34)

4y Aptl5 Length: 35 | (5°-3") sequence: gUgaggA
CUaUsCCGCGUAAUGCUGCC UCCUCaC T (SEQ ID
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Apt 19 and, for comparison, PEG-Apt 16 are used (PEG is a 40KDa

polyethylene glycol mPEG2-NHS ester (1VIW 40 kDa; Nektar/Shearwater

2Z3X0TO01) appended to the 5'end via conjugation to a C6 amino linker
watdeedqdhe aptamer during solid phase synthesis). Figurep8rindioasassezs

that the length of stem 1 does not affect how 40Y-Da PEG addition
: ; -

W, 154 AptAderivatives. The anticoagulant
activity of PEG Apt 19 and g iS_essentially identical to the anticoagtlant———|
5) Agtittvity of boltepeityBited (PBEG AptA) and chdigdtg¥gt:modified (CH-ﬁ%Bﬁf(?gA
versions of the parental AptAseguentsuinaddtondike Wphd®, FEGAQ ID
19 is more readily neutrglized by its matched antidote (7 AD) than AptA,
Apt 16 or any of the PEG IPHYlesterol-modified versions of these

&) AFpTRPOUNTS t&%{gzgsshq\gfsgapproximately 908qrevessal of PEG Apt g0gagea

at 2.5:1 AD:Aptamer. Looggﬁj t AWQ 206042 T (SEO ID
PCT/US2005/013926 a 6@383%%9?1 ST hisusac, g, (55Q
reversal basis, the APTT|@i3&ma treated with PEG Apt 19+2.5:1

7AD'Anfﬁm

7 BB ngtn 99 docac G It L LG R A eI

eguence: gagA alJaC CGUAAUGCUGCC

3 AB@r T (SEQIERBD3S) 2JABID bemetives BB sELRAGE: ggGa UAAUGC

CUaUaCCGCGUAAUGAWEEE Yecacd f §E) IR NO:A9) 3) Apt20
Length: 33 (5'-3") sequence: gauggA ClUal

"R GCRlk 9GBS | NG -SbyeityEAIAERTs (on g%Q%‘s%%"-%ﬁeée‘a%é?c’é?‘mthy}

GuBih0ue00AL L HeHRARECOCY AMGEI CRRikicCUTAC TIRpBE Bidipt; 197 2'-
Length: 31 (5'-3) s_equence;i_f-h;glu A CUaUaCCGCGUAAUGCUGCC

O-agad Uridine: S0 HINGERfe - AyRg) iethyl Adenine; "G": 2'OH Guanine;
"g" 2'-O-methyl Guanine; "C": 2'Fluro-Cytidine; "c": 2'-O-methyl Cytidine;

"U": 2'Fluoro-Uridine; "u™: 2'- 0-methyl Uridine; "T": inverted 2'H

ExTiaphaitt RediRring¥eggdp ollst8rebter IVIW 40 kDa (Nektar/Shearwater

2Z3X0TO01); "L": C6 amino linker Example 5: Stem.2 and loo ,
subShrawire ARNBEAEY S 9aNEhIS VARG ée%f)]ﬁr%a %aﬁga%? TT coagulation

2sB9MROSIIeR-iREHAG residupsiforstenmgiandioop 2. The firsieeriagtemnlsr. The
T BSOS IO
concentrations {Antidote 6, 7 and 8 for 18-20 respectively) ranging from 5 uM and down.
The aptamer concentration was fixed at 125 nM in these assays.

Fach of the aptamers (Apt 18-20) is a potent anticoagulant, as or mors potent than Apt
2 (Figure 7). Furthermore, all three are readily neutralized by their respective antidote
oligonucieotides. Apt 19 was evaluated for anticoagulant activity of a pegylated version. PEG
Apt 19 and, for comparison, PEG-Apt 16 are used (PEG is a 40KDa polyethylene glycol
mPEG2-NHES ester (MW 40 kDa; Nektar/Shearwater 273X0OT01), appended to the 5’end via
conjugation to a C6 amino linker added to the aptamer during solid phase synthesis). Figure
8 indicates that the length of stem 1 doss not affect how 40K Da PREG addition impacts the
activity of AptA and AptA derivatives. The anticoagulant activity of PEG Apt 19 and 16 is
essentially identical to the anticoagulant activity of both pegylated (PEG AptA) and
cholesterol-modified (CH-AptA) versions of the parental AptA sequence. In addition, like
Apt 19, PEG Apt 19 is more readily neutralized by its matched antidote (7 AD) than AptA,
Apt 16 or any of the PEG or cholesterol-modified versions of these compounds. Figure 8
shows approximately 90% reversal of PEG Apt 19 at 2.5:1 AD:Aptamer. Looked at as an
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Nature 419, p. 90-94, 2002 and Figure 1) for the hexanucleotide loop
found in AptA. Studies on Apt 4 indicated that 2'-O-methyl purine
substitution within loop 2 led to an enhancement in AptA potency,
wheneasngi-Q-methyl purine substitution within stem 2 led to g-wo¢Rstiass
of potency, and that simultaneous 2'-O-methyl purine substitution within
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109RATIN NS §RRIEX10S, 3 :Q: MBIy RLIATE Bl Adas 1ad with
loss of AptA potency (Apt 5). Therefore, independently
et S UG MR e e SR TP ADY Y © D8yana

Floop 2 (Apt 23,
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is reduced as c

O-ihgs HESY e

ompared to

O s T ARy

el i C R R ey T s

(NelAATEE w223 WCT Y c T (SEQuEsN D) pt23 Length: 35 (5'-3")
sequence: gugaggA CUalUaCC GCG UaaUgC UGC C Uccucac T (SEQ
ID NO:43) 3) Apt24 Length: 35 (5'-3") sequence: gugaggA CUaUaCC gCg

ExARRHOS: SHBGildG6Y

sequence: gugaggA C

B%I&%QAQSNOIM) 4) Apt25 Length: 35 (5'-3")
aUaCC GCg UaaUgC

Two series of variants evaluating the optimal sugar composition for the residues in

stem 2 and loop 2. The first series in the Apt 16 background. The second series in the Apt 16

background, but substituting the tetraloop found in FIXa aptamer 9.20 (see Rusconi et al
Nature 419, p. 90-94, 2002 and Figure 1) for the hexanuclectide loop found in AptA. Studies

on Apt 4 indicated that 2’-O-methyl purine substitution within toop 2 led to an enhancement

in AptA potency, whereas 2°-O-methyl purine substitution within stem 2 led to a modest loss

of potency, and that simultaneous 2’-O-methyl purine substitution within stem 2 and loop 2

in the context of a 2’-O-methyl purine stem 1 led to a significant loss of AptA potency (Apt

5). Therefore, independently substitute 2’-O-methy! purines in stem 2 (Apt 22, 26) and loop 2

(Apt 23, 27) (Figure 9). Re-evaluaied complete 2’-O-methy! substitution of purines within
stem 2 and Joop 2 (Apt 24, Apt 28) but leave the G at the base of stem 2 as a 2’hydrox] (Apt
23, 29) in the event that a 2 hydroxyl is required at this position.
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UgC C Uccucac T (SEQ ID NO: 45) 5) Apt26 Length: 33 (5'-3') sequence:
gugaggA CUaUaCC gCa AUCG UgC C Uccucac T (SEQ ID NO:46) 6)
Apt27 Length: 33 (5'-3") sequence: gugaggA CUaUaCC GCA aUCg UGC
we bieeusaa:l (SEQ ID NO:47) 7) Apt28 Length: 33 (5'-3') sequarmess/013926
gugaggA CUaUaCC gCa aUCg UgC C Uccucac T (SEQ ID NO:48)

BLengthLiRdcnra) SGAHRNCLABHIRAYAVE:dakiakidd (aGalddRPTT cbagulation
Uccucac T (SEQ ID NO:'49).: 149 WO 005/];106

4
assapC PHYS SOBERTS0 SERRERHAI 61 8H S cvg)e'?éi&&%e“mmm The
“neARlicOBgHaRt AgH ity20fvipte3ahaBew asstyansitad IIT staivkircsoBT dver antidote
coagulation assays oyer.compaund c ions rangi t
con B e et A Tk aP i o LI A s
nM statheserdsidps, Bramtitl bte Aps 2y droviich formttnen cerreatishen Aps frcsmy 250
ranging from 5 uM and down. The aptamer concentration was fixed at
125 nM in these assays (see figure 10). Comparison of the activity of A f
30 éﬁmmﬁsmbﬁr&??d%@d%?%én%%?&&%?&@ﬁé%‘é REBH 0op 2

kaad%‘ﬂtu %ﬁﬁﬁﬁ&@%{%@ﬁh@ﬁ@%ﬁ %pgazs (Ei_gﬁyreﬁig?é.ﬁcﬂm@m@@%médxﬁon
oetween Ap an suggesis that remaini ogltions_witn| e .

of G EOHRAA 50 BT SAGEIG 1 T AP e B I O s 1) (e
14) slighiligeeataifpateiyoydhapotaot 8Rp mméaﬂﬁglmmacgmﬁmem on the G
resiég Iuc{rt%ea{[)a%él gf s%p%%?%%k %PGd%%s apoibe A maning me% comRared to Apt

-O-methyl may ex reater potency than Apt 33. Regardless, Apt 33
24, ndiiito eghetorsabuiinfionant Afl Panetilisnapeduiia Bmdeedngntaite problem
witBR AL AR SRS BIeeatily cnantsalizabie-than APD3Re510gRMEAGIn of the
additional 2'-O-methyl residue within the antidot -%ndin%site{)f tthet Aot 26-
9.2, RPN BT CS HHEISR TP P agF e K Ao AHosTS TP
29)2 Ak et iditFigred Of)A praeasedncaniiceagpibant achvity {con safiecdipialent
34 to Apt 33). However, substitution did result in a modest loss of
to AB tralizability", although 34 still requires a lower excess of antidote to
Seqaehtest@Q%h neutralization (-5:1 vs 10:1) than the parental AptA

D e th 2 Bty iR e LenE o UL g 0e CURUGC |
Length: 35 (5'-3") sequence] §lE&dgdEeeess a@@%@@% gCUGC C

2) Apegcac T (PELIMNG: 5U) (5°-3°) sequence: gugaggA CUaUaCC GCG UaalgC
UGC C Uccucac T (SEQ ID NO:43)

3} Apt24 Length: 35 (5’-3") sequence: gugaggA CUaUaCC gCg UaaUgC
UgC C Uccucac T (SEQ ID NO:44}

4y Apt25 Length: 35 (5°-3") sequence: gugaggA (UaUaCC GCg UaaUgC
UgC C Uccucac T (SEQ ID NO: 43)

5) Apt26 Length: 33 (5°-3°) sequence; gugaggA CUaljaCC gCa AUCG UgC
C Uccucac T (SEQ ID NO:46)

6} Apt27 Length: 33 (5°-3") sequence: gugaggA CUalUaCC GCA alUCg UGC
C Uccucac T (SEQ ID NOG:A4T)

7y Apt28 Length: 33 (5°-3) sequence: gugaggA CUalUaCC gCa alUCgUgC C
Uccucac T (SEQ ID NO:48)

&) Apt29 Length: 33 (5°-3°) sequence: gugaggh CUaUaCC GCa aUCg UgC
C Uccucac T (SEQ ID NO: 49)
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2} Apt31 Length: 35 (5'-3') sequence: gugagga CUaUaCC gcg UaaUgC

uge C Uccucac T (SEQ ID NO: 51) 3} Apt32 Length: 35 (5'-3') sequence:

gugagga CUaUaCC gcg UaaUgC UgC C Uccucac T (SEQ ID NO: 52) 4)

wpth8shiesgth: 35 (5'-3') sequence: gugagga CUaUaCC gCotimakigso1sozs

UGC C Uccucac T (SEQ ID NO: 53) 5) Apt34 Length: 351 (5'-3")

sequence: gugagga CUaUaCC gCg UaaUgC uGc C Uccucac T (SEQ ID

NO:54) Example 7: Individual base modifications Apt35-39 compared with
ExAhiginal fpid 1nupabetiegidased upon AptA stem 1): 1) Apt 30 to 31:

differences are C16, G17, U24, G25, C26. 50 WO 2005/106042

PCThy S2005/81892612)Apk 80t (303 diffcreriveis@re T1626 WL B2agylation
assBYRL Seef0 %ﬁ%\t&?&e%gﬁf%ﬁ@t}‘éa& , Ehﬁﬁﬂt'qom'%t ANV ANy, The

5-39 was evaluated In standard APTT coagulation assays over
“negrigeRile coh piRiond AanggeIRFeN fiariird dhohfomatidplfpassays over
antiRyteakizakiibo Rl AREi32438BNd-3Rwastevaluateniinstaadand ARTE aptamer

antidote ass?gs ver._antidate concentraoﬂ%ons %Pt Z f\D) ranging from 5
CON AP R e R R AR AR at 125 nM in these

assaysfhitporect 1)e Api 3689 AMhfiCaad Bl dgtivity of AptBhisguperidat C16

to Apt 19 and_all.ather stem. 2- optinizati i t i
e C?gcté)g(r:gﬂtﬁ%l (E?gu%é}“"ﬂ) s I&ggsuﬁ?%pv%%’e %o%@lg‘,?ﬁn%gx%%%ggg 0 vta%(r?agd W}i&fﬁmﬂfy
obsaye@hetvican ditibA ] potehityuaemit bet rremprrapttitspaitmatap facarmentan
2 QRRIGHIRANAPLZaINe pesiralization f ARLS ARV APLARIS S¥ce/lanh Apt 32,

. and similarto neutralization of Apt 19 (Figure 12). Again, sugar ..
indigsting ALfon STHRAREATIOR o RT3 E had Srds e 2L Sthpo iy the remaining
resiiRuiralizegatioweryaxtesses-af-anideia diag Apicainparacitessparrialexhibits

Y I T e
neBH)i2)iptBsLapy i), 3ngseBlseddivnoe! iUl vnle: goGiy dUyddote-

bind %te%%?ﬁ&a@ %&@é%ﬁk&%@ﬂ%ﬁ?ngthi 31 (5*-3) sequence:
gugga CUaUa CG UaaUgC UgC C Uccac T (SEQ ID NO:57) 4)

C
AP G 6 B dbeue ey e S0 RO Jesesase in

anfiecagulant activity (compare Apt 34 to Apt 33). However, substitution did result in a
modest loss of “neutralizability”, although 34 still requires a lower excess of antidote to
achieve 90% neutralization (~3:1 vs 10:1) than the parental AptA compound. Both results are
consistent with an increase in the stability of stem 2 due to 2°-O-methy] substitation.

Sequence listings:

1) Apt30 Length: 35 (57-3") sequence: gugagga CUalJaCC gCG UaalgC UGC ;
C Uccuncac T (SEQ ID NO: 50)

2) Apt31 Length: 35 (57-3"y sequence: gugagga CUalUaCC geg UaaUgl uge C
Uccucac T (SEQ ID NO: 51)

3) Apt32 Length: 35 (57-3") sequence: gugagga CUalUaCC geg UaallgC UgC C
Uccncac T (SEQ ID NO: 52)

4) Apt33 Length: 35 (5°-3") sequence: gugagga CUalUaCC gCg UaalgC UGC
C Uccucac T (SEQ ID NO: 53)

5) Apt34 Length: 35 (5°-3%} sequence: gugagga CUalUaCC gCg UaaligC uGe C
Uccucac T (SEQ ID NO:54)

Example 7: Individual base modifications

Apt35-39 compared with original AptA (numbering based upon AptA stem 1)
1) Apt 30 1o 31: differences are C16, G17, U24, G25, C26.
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Uccac T (SEQ ID NO:58) 5) Apt39 Length: 31 (5'-3") sequence: gugga
CUaUaCC gCg UaaUgC uGc C Uccac T (SEQ ID NO:59) Example 8:
Conjugation of aptamer to delivery vehicle The anticoagulant tested is
vips3gwidaa 40 KDa polyethylene glycol (PEG) conjugatecriortoezbicnssofs
the aptamer sequence via a 6-carbon NH2 linker (PEG-Apt39). The
2y AM4EQLesIS APAR.SThe elsicopg\dast activity of PEG-Apt39 was
valuated in standard APTT coagulation assays over compound
3) Mg ReCARALBRS TG £ to low nanomolar. The anticoagulant

activity aiAR9nasEoMmPaTagtoNss farmuidtions of thedaterallAgptizulation

CH- 51 WO 2005/106042 PCT/US2005/01.3926 A & omolar. Th
2335550 RETer SRS URTe diCAR? B%fﬂ%pﬁ%%@% ’Da E&Em%d}ﬁgd)?%gﬁ%&e e

“nestafiiedilitye sfalpcitfab Sveid ook thevapeiahdr spodion SRRt dodedsigys over
.calculate epfratign RRUNGs THE "peutigfizabilityhof antam
mtl%é&-%&cég%?%ggvgﬁtgd f?]i)s)?a%dar APTT antidote assays over prme

congenftstencorcBrdaidRs TbEY Aoyeaiigiig FieHSldM and down. The

aptajpes £eocenirionwesdined at A3b39M infeaseassays: dlacunodigostem 2-

anticoagulant activity of PEG-Apt39 is essentiall ivalent to CH- AptA, .
oD B ARG 157 15 R BT ATy oMo e R R
thosdtiepagd|antrangt autidotel ditiutrafiaetion eyt Bfis REGHARLBtinmwanel AptA

to previqus data.obtained, with CH- i : LR nd..;
B R e S e il 0
newrdiceaguidirictiifisTel 2hrb s rasr sntaniesioperd- wingtina eliopt 39 has
resERGATE RDRIEMIGCARICRATMAHAR: D R¥SieWICANHsRAGYIANONaRgared to

rug neutralization; and c) Systemic anticoagulation, drag neutralization
parspglrarAf R ARTIARBIE EEberiment: Six neonatal piglets (1 week old, 2.5 -

SechenkgliweEg:randomly assigned to three groups. Femoral arterial and

eNAUS ara aYdalla a¥a - ho Nniale oo o

Yalall Y blaced e-piglet: -8 aHtRe—was gsedhto .
1) fRSAor blood pagl; e anc SHeTiarBiosd Sampimg: % eVenbus IiaaUgC veC

ne was
used to administer drugs and téstcAPBATESNS: SPecified. Temperature

e pigtet was penipred TS TenRBlR YA ITREES RTINS C uge C
2) dose of PEGE pt39 was' 0. gg/%] (dos%bgf’a tamer based upon g1
molecular weight of nuclei¢ HertediiEREAtNAIVE10,103.2 Da) for each

At T e PO EXpeT TR S Wik A N E BRGHDE B EWaREC UeC C
3 %élgglgs mg/kgg%%gle%g apta%merglagqéd qu\ﬁ:(e)p%ﬁrgnéolicular Weigg@r?of ﬂrﬁ?leic i

acid component only). In expefifehtSi b Apt? AD
4) Apt38 Length: 31 (5°-3") sequence: gugga CUaUaCC gCg UaalgC UGCC
Tecac T (SEQ ID NO:58)
5} Apt39 Length: 31 (57-3") sequence: gogga CUaUaCC gCg UaallgC uGe C
| Uecac T (SEQ ID NO:59)

Example 8: Conjugation of aptamer to delivery vehicle

The anticoagulant tested is Apt39 with a 40 KDa polyethylene glycel (PEG)
conjugated to the 5’end of the aptamer sequence via a 6-carbon NH; linker (PEG-Apt39).
The antidote is Apt7AD.

The anticoagulant activity of PEG-Apt39 was evaluated in standard APTT
coagulation assays over compound concentrations ranging from 1 uM to Jow nanomolar. The

anticoagulant activity of Apt39 was compared to two formulations of the parental AptA, CH-
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was used as an antidote, the dose of the antidote was 3 mg/kg. By
comparison, in experiments with CH-AptA in which AptA AD was used,
the antidote dose was 5 mg/kg. a) Systemic anticoagulation. A

piednjegiipmblood sample was taken prior to injection of PERGpARESs iR
drug was then injected (time of injection is t=0), and blood samples

Apt® Ogﬁgiétéol%ﬁo&%egpar%o?éégﬁsm @%W%@%B%ﬁy%r these studies,

Activated clotting times (ACT's) were performed on-site immediately after

the ERoiRE HrATTBEHRE T GTRBISE ARAT R 3rsise e Hierbc Ro prpeppiration of
eaciulw&gpdstdxgllaﬁ&sa@i&u%@ﬁa‘ﬂw ; f10 é@tza@cp@@d : tbgd WanackEersditeclieqsAPTT
00d samples wer then transferred.to cit vacutalner tupes an
e T A B LT AP LA EH E R RB Pk o, The
aptassaysoperfotine d peixtdestan ddfdmpiictmcaisdfEigure 14A) 52 WO
2005/106042 PCT] Q13 in viveani t pot
%5 anné%%%%%a(}g HQ%%%{S J@%é‘-&é@@%'%&%9%@%“5@&)&&‘&0{0 CH-

PE -Apr‘[%gls superio In additioh, the loss o agulant
ApteaviP Blrepnifdieeedided for PEG-Apt39 vs. CH-AptA. These results
are in contrast with the in vitro anticoagulant activity studies, which
% WEHEHEEte that the anticoagulant activity of PEG- Apt39 and CH-AptA

are %ﬂl%l\é%xl n%rr]nvgrr% R ?nol%go .Qllftm gggﬁ!g‘&ma%d %’c?&é%lr@{%aﬁzaﬁ n activity of
antlcoagu ation aﬁ rug neu ralization: pre-injection plood sample was

PEGKen3driostdinjeqtioniokREGoNpEY, Wit Gidgwis wibrdmedtéd @ Btency and
dutTGHY NG00 IRiBSTI AR R - Qacid mmguﬁam&%rmmg@{m%&% The

minutes post drug injection. At t=15 minutes post drug injection, REGI S
trpDRRETE RSO (3TAgARETAh dCadERtBhArDIBbPISiHie’itsvERtion b)

Syt 6RiA01RA@NEhA SR nkiRs BASIEE U ECtiRBARt valee slattifich, drug
timgs EQCT%) were gerf r{ned on-site immediately after blood draw on the
DeTRGRE B SHAS ipIReEEa 18T Hg the Hemochron 801 junior and

glasEsaetivaded Fip topitd @sepds {h.evm]anlda@tﬁlfe&ﬂh@cﬁmﬁdbady assigned
to ﬁ@é@%ﬂg}%&"# R i060 Yansienad o Gl Al %(%Fé‘é?;{rﬂgc{ fz‘:‘ﬁ%_?pi%ﬁ@. SIREEA Ot tine

ice. télet poor plasma was prepared, and APTT and PT assays

wapEpRe FREEPPBPT theosiserd o wstsiaExsen famp e glate pisiig AReatitised to
ad@idReanticoagylant Retivithel BEGARI39 1as askhie\adnyithind ®as monitored

minutes of administration of 3 mg/kg Apt? AD. The anticoagulant activity

Wil AR R Al FEP T GTYROR the remainder of the experiment (2hr and

S5mirrafteiosnitiaFdemonstratian @f dugiae(dsadi zatiapimidn Usistie upon molecular
neutralization of PEG- Apt39 appear riQr to that of CH-Apt .
I B o s R BT T B R e v
exm%mwwdbﬁlﬁmw@eam@v@@fm?m@@ﬂ@ﬁ@@M@l}fx based
upglt;' RS %ﬁ%o@%@l@l@ LIS '%ﬂﬁb&{éﬁt‘?}ﬁ?ﬂ'%eé}{ﬁe%%_@é gd Wﬁp{] AD

plasma in which PEG- Apt39 is mare readily neutralized by its matched "
wasRGadas ﬁﬁéﬁth%fiPé?rﬁE%ﬁﬁﬂt@Pte was 3 mg/kg. By comparison, 1n experiments

with CH-AptA in which AptA AD was used, the antidote dose was 5 mg/kg.

‘ a) Systemic anticoagulation. A pre-injection blood sample was taken prior to injection
of PEG-Apt39, the drug was then injected {time of injection is t=0), and blood samples
removed at 5, 15, 25, 60, 90, 120 and 150 minutes post injection. Activated clotiing times
(ACT’s) were performed on-site immediately after blood draw on the whole blood in
duplicate using the Hemochron 801 jumior and glass-activated flip-fop tubes per the
manufacturers directions. Blood sampies were then transferred to citrated vacutainer tubes
and stored on ice. Platelet poor plasma was prepared, and APTT and PT assays performed per
the standard protocol. (Figure 14A)
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AptA. (Figure 14B) c) Systemic anticoagulation, drug neutralization and
re-anticoagulation. A pre- injection blood sample was taken prior to
injection of PEG-Apt39, the drug was then injected (0.5 mg/kg; time of
wijentionamitr0), and blood samples removed at 5 and 15 miRCTESpOSH13926
drug injection. At t=15 minutes post drug injection, Apt? AD was

ngﬂiﬂé%%?{;% Qittfgséggﬂag@meagf&q@@' i bigssk aam@@?femmegp&azix aditkion,

minutes post drug injection. At t=45 minutes injecti

e PR RESTONAHEPRACRDIS 8L R S P KESORAR - CHAPA. These

reskRsagninisiered (A mekg)pndnsidditnhal binhits amiiles whinb e atsgste that
60,.90, 120, and 150 minute t drug-injection j lotting.Li

e R T L o A e Dot ey o e T pooled

huisdagiediaod in duplicate using the Hemochron 801 junior and

glass-acl JeR 6fs dirselinnsBloatod I
T e B o o fouiioRbod sample

wagrtaleeptiad {0 BliPatise 0ARREMAPHb RIS Hh6R Wecisthilit mgke: tme of
in QIASHE MG 2RSSR dadPRABITvana: B rdssaysimasicioedhpsinheion. At 15

_standard protocol. (Figure 1 -administration af PEG-Apt39 followin
m%ﬁ?l%?@%% ’&%ﬁgﬁgﬁﬁ%& s& 18 a&é‘&ﬁ%ﬁ?ﬁ%ﬁﬁ% @1 naafle%&o elsh bkad
sarAgiedinisieatianiol themn e relizing dhfidoberFhpdevdizadhi entiveo Agtiaterh clotting
. achi ollowing administrati irst PREA L% 100d i
g LG R B o R ageod o
duplitidotesnghtheciFimetbront 10t amicbradmestratbiist tierdseotfiPeos: the
mBleg. EXampled. Quantificalion abAniamercomplexdosmakaniutainer tabes

plasma Aptamer levels in plasma are determin %ﬁ?f%& ﬁ%“dWiCh't}’ﬂ%?med or
anhgioFii 2 i5h BUSsly" QR BACBH YR RRISEH A (HOo | TEEA) R formed pe
thdgtegtans,Quadtitation of aptamer employs two qligonucleotide probes, a

E%fﬁgg%%gf Fré)x?lgle en %e%ttn% 12%%‘[h¥)l NeAér(tjc%gag 9&11&@%“?%’9@'—'6‘}&1369 was

nucleotides |nrfen.ga£ , IS complementaryto the 3'
actéevethaviliim d6leotits affthdmaipistratienantl Zonedhss APblot mbenAalicfagulant

- acReRlIn | phRligenuciertse complanas contaiaivgin after
acﬁg?zyp%%%%ggg%gﬁ%tggggﬁ%rface. The 2'0Omethyl RNA de%g{gtirggﬁ 9 ?;)ears
0

il iserronstetins AGusReRERINGh TRIC Sr a1 e Yo
to ! %&9%%&9%@%@;@9@&8@&1&@%@% aligaKigeRinIIABENHAIE3Y can be
enable detection of complexes containing this pro, ing stan

SRR AT DTSR LB AP A B AT e Sl REG1 AD)

TIQUANTHat of0fsaptaisemisvdthievetkbypybndizatiopostidehoapripiaang n which
tectian .probes to1 t [ ' ilization ok £

S A AP e A e on

Aptdy @hates 34Bjotin group. Measurement of the digoxigenin-labeled

2"0'999§3¥{e%ﬁ%£ﬁ%%g§1ﬁ§{1&9rm§g subsesiienhiqtbe platficoagulation. A pre-
injection blood sample was taken prior te injection of PEG-Apt39, the drug was then injected
(0.5 mg/kg; time of injection is t=0), and blood samples removed at 5 and 15 minutes post
drug injection. At t=15 minutes post drug injection, Apt7 AD was administered (3 mg/keg),
and additional blood samples removed at 25, and 40 minutes post drug injection. At t=45
minutes post drug injection (30 minutes following antidote administration), PEG- Apt39 was
re-administered (0.5 mg/kg) and additional blood samples removed at 50, 60, 90, 120, and
150 minutes post drug injection. Activated clotting times (ACT’s) were performed on-site
immediately after blood draw on the whole blood in duplicate using the Hemochron 801

junior and glass-activated flip-top tubes per the manufacturers directions. Blood samples
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immobilization reaction using an anti-digoxigenin antibody conjugated to
alkaline phosphatase, which catalyzes the fluorescence of a substrate.
Fluorescence intensity is then measured, the signal of which is directly
woapostionak to the amount of aptamer present in the calibratanstamncardss
and validation samples. The in vitro anticoagulant activity of aptamer

werb PR NQi#&kinRRsma:Ttms YAmAlE s MoK ISFeHeMad: was

by concentration-dependent prolon%fation of time-tQ-clot in_the APTT
Prepgasch PP G Ik A A5 W BEH ST BB A e 5o e drthe
AptB9 s ARTukiciaRer FsPogsecsrelicwhnnkeytpliistion AS thhawtandhapldse is
A, the APTT in monkey .plasma is sensitive to the EIX level. Howeyer,.th
fead1co LR 27 O B e et et S R e of
anticeedtioonindiievBiXidvelngssiifswatiop fofdlindrshsed sepmb dasp@ppear to be
equﬁ%ﬁél%ﬁ%% %%Eé&’%%@éfﬁ%%%ﬁm&%ﬁ&m@?@ﬁéﬁ&w%@ HEdH in the

““level results in a doubling of the APTT, and a 99.9% reduction in the
circplatioRattix eve plrdudnsyationrd thersadulidaticPABHE. 777 L Table A.
FIX Activity Assay Standard Curve in Cynoinolgus Monkey Plasma %FIX
Level APTT Clot.Tnme' ;' Fold increase in Clot Time 100* 35.1 1.0 50
Exaip®e b2 RadBik4dtidn b2 Aol G nEpRE 622 dtBn3nlBisdA 1.9 1.56
74.72.1 0.7877.72.283.82.4 0.394 0.098 88.12.5 *100% FIX level
repreiane el Hilnhembliaomsanpseleting AL bleshyhndizstifepssay
withiaan lreelisientplirama (@emas KingBlanedirabinas M seshasibe
source of FIX-deficient plasma. The date in table A indicate that -6 sg/mL .
R3S QLGSR NP S proXim SHRI 9 88561 25} RN retion
 proBROMERYSNiAecathisoptbe hilatinrlyieldssdnlidh faldincrepkemintivg (MBI T),
e 803N, RLRIRSA KRS RYRESHRAF AR torminus
allowing for capture of oligonucleotide complexes containing this probe to an avidin coated

surface. The 2°Omethy! RNA detection probe is also 15 nucieotides in length, 1s
complementary to the portion of aptamer to which antidote binds, and contains a digoxigenin
moiety to enable detection of complexes containing this probe using standard enzyme-linked
fluorescence generating enzyme/substrate reagents.

Quantitation of aptamer is achieved by hybridization of the capture and detection
probes to aptamer in plasma and subsequent immobilization of the complex onto the surface
of a Neuiravidin-coated microtitre piate by way of the 5°-biotin group. Measurement of the
digoxigenin-labeled 2°-O-methyl RNA probe is performed subsequent to the plate
immobilization reaction using an anti-digoxigenin antibody conjugated to alkaline
phosphatase, which catalyzes the fluorescence of a substrate. Fluorescence intensity is then
measured, the signal of which is directly proportional to the amount of aptamer present in the
calibration standards and validation samples.

The in vitro anticoagulant activity of aptamer Apt39 (SEQ ID NO:88) in plasma from
cynomolgus monkeys is reflected by concentration-dependent prolongation of time-to-clot in
the APTT assay. Plasma FIX assays were performed to aid in interpretation of the Api39
APTT dose-response curve in monkey plasma. As shown in Table A, the APTT in monkey
plasma is sensitive to the FIX level. However, the magnitude of the response to reduction in

the FIX level ismodest. A 75% reduction in the FIX level results in a 1.4-fold increase in the
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10-12 g/mL. In vivo Activity ofApt39 and Apt7AD in Cynomolgus Monkeys
The relationship between the anticoagulant properties of Apt39 and the
Apt39/Apt7AD complex and the plasma levels of these compounds was
vy adositeedin monkey. Briefly, 12 monkeys were assigned t8¢hfEe2005/013926
treatment groups. Group | received the anti-FIXa aptamer Apt39, Group 2
Mﬁ%%t%&@%%mmﬁm%ﬁmm BavasiineaHaAPTADLR0 aRBl9%
three hours later with Apt7. ere esc gh two
redugiiohif ke B‘P?g&%]rﬁ(}l% ﬁ}w . |rs (%%%‘gc%lﬁﬁg%%] Day 4 of the
study and the second dose occurring on Day 13. To_better understand
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excee(liié 60 secands from 55% nmro following apﬁf%:
adminfsition. which is emﬁ%ﬁienue_cg-L% ROFRad-Hast ..tgF!X levels-h
the ménkey. Therk is a dosé$iBnendent 35 W0Q.2005/4 106542
PCT/US$8005/013026 _incred4d in APTT ih response to Agtdg
adminisiration. Hdwever. thd Hdse-resporke is nat_immediztely evident
due to@sé fact that, up to thé®&our time boint following. A%f’fzq
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WYDiSh HIE (Bvelttepradeits dbseliespondacurvbpaplsrbacihawieyiaesns n

Hufh9-Sharml FEaedhabiat Blrsmeatfiey ch&joaBoneticsdies derditi dhatrince
S hedfitameplesmeentration decreases helow this level . .the

dose-response is more apparent. APTT was followed until it returned to

egéstg IQ ga{)ge mon(FeQ{t%{Ectelg E&éﬁ%@é? f@% 38 ﬁgﬁately 90% of -

urne Baseline by 120 hours at the 5- mg/k(% dose level and 192

plabmm mtammsmgmmmem mendtaiemwiR Bot Gréi S ReTHe
e;19SRANSE SUVEHIHRIR PR RRAVITX abgvifle Rbesrvesdridie eftrations of

roxmately 12 hours in monkeys (see Table B). The whole-blood
wéémﬁteﬁ clotting time (ACT) data mirrored the APTT data (data not

I SR TG zﬁﬁﬂaﬁmﬂmm@md@a@mwn the mean Apt39
concentration 24 hours pos nistratian mgbl[%gsgrougdg e.pfg%
ﬁfé%@&%lbﬁ“%@iﬁ}é%@gﬁ?ﬁé@l mea?l L hEmer conce tratlog
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A TTwas6l.1s 5 1 redetiadRiSul¥ia Sordaer
%S%E')rg’la%m g(%m mgmté% eap 'on hSIﬁlg kg (r%02)*t]'S
Apﬁ@g@?&lﬁr%f%m@dge(mtﬁiote Apt7AD and Group 3 was treated with Apt39 and three

hours later with Apt7AD. Doses were escalated through two quantities of test articles, with

the first dose occurring on Day 4 of the study and the second dose ocowring on Day 13. To
better understand the dose-response to aptamer, the four monkeys assigned to Group 1 were
subdivided into two groups at Day 13, with two animals receiving 2 low dose (Group 1a, 5
mg/kg) and two animals receiving a high dose (Group 1b, 30 meg/kg).

As shown in Figure 16, administration of Apt39 at doses ranging from 5 to 30 mg/kg
resulted in a profound level of anticoagulation in the monkeys. The mean APTT at each dose
level exceeded 60 seconds from 0.25 to 24 hours following aptemer administration, which 18

equivalent 1o <0.1% normal plasma FIX levels in the monkey. Thereisa doge-dependent
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Mr Pre-dose 0.2 <0.04 0.2 0.2559.8 179.8 28.9 465.5 3 66.6 145.6
32.5328.9 642.1101.513.4275.3 24 15.951.1 11.2 164.6 *For Day 13
dosing, animals were split into Group 1 a (5 mg/kg) and Ib (30 mg/kg).

war dhwesecadnse levels, the average plasma level for the two ap¥nals@Eanzozs
dose level is reported. The Apt39 present in Group Is. and Ib animals at
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PR o1 RRGEE eeaietRtions =Average of LLOQs The APTT

datalfnerniaminatslieentettaspimdgptzrherfolinibe doisgratids terohtrsda ey hours
pog%;a%iﬁﬁ&?%@%@ qlirMaﬂ@ﬁgmtwwtg?tﬂ%@aM& The mean

animals treate aptamer only, administration of aptamer at these

apdose tevelstrsiouieiiln wpreliprabyditol raakesiddibaws WRR e giBrrmd
thARTT S 819228119 3428HES post administration consistent with

Pre-dos 0.2 <(}.04 02
0.25 59.8 179.8:428.9 465.5
3 66.6 14564325 3289
6 42.1 101.5+134 275.3
24 159 51.1+£11.2 164.6

*For Day 13 dosing, animals were split into Group 1a (5 mg/kg) and 1b (30
mg/ke). For these dose levels, the average plasma level for the two animals per
dose level is reported. The Apt39 present in Group 1a and 1b animals at the pre-
dose time point is residual Apt39 from the 15-mg/kg dose at Day 4. The LLOQ of
the assay is <0.04 pug/mL.

In the Group 2 animals treated with the antidote only, mean APTT and ACT were not
affected by antidote administration at either dose level tested (30 and 60 mg/kg).
Toxicokinetic data were collected at several time points over the first 24 hours after
administration. As shown in Table C, low, but measurable levels of the antidote were present
in plasma from animals receiving antidote at 0.25 hours after injection of 30 mg/kg on Day 4
or 60 mg/kg on Day 13. The post-dosing level of the antidote was very low by comparison fo
the concentration of the aptamer (in Group 1) following IV injection.

56



essentially complete FIX inhibition at both dose levels. Subsequent
administration of Apt7AD rapidly and completely neutralized the
anticoagulant effects of Apt39 in the monkey, with the mean APTT
wetmweingstebaseline within 15 minutes following Apt7AD a#fifisuetion:o26
In the Group 3 animals treated with 30/60 mg/kg Apt39/Apt7AD, the APTT
was followed for 5 days post aptamer administration. APTT data collected
over.this.time fmmp indic Hrt-ef ere
dufably nieutralized, \Gifono 2 pdADPistab dityeln er
12( m@ EEE @gﬁq}&ﬂg@o&nﬁm&mwdﬁ the monkey
(Flgqgegganm Metic dagg ke collectdd: for 24duadgsiiellowingfApt39
adiriTSEEOTEIT GToup 3Fynars (TabIE D). For Gpaup 3 animals,
both—freeB ITTeT ANt CoTPRERED gptamerplasma gaiceiiratons fvere
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the's evels
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ew%ae!rfclél gtfl ?a%%und anticoagulation over 120 houzs, or approximately 10 half-lives of
aptamer in the monkey (Figure 17).

Toxicokinetic data were collected for 24 hours following Apt39 administration in the
Group 3 animals {Table D). For Group 3 animals, both free aptamer and complexed aptamer
plasma concentrations were measured. Within 15 minutes of antidote administration, the
mean concentration of free aptémer decreased 5,000-10,000 fold, to levels below the Lower
Limit of Quantitation (LLOQ) of the assay employed. Concomitant with the decrease in free
aptamer levels, the mean plasma conceniration of complexed aptamer increased from below
the LLOQ of the assay to ~125 to 220 pg/ml at the 15/30 and 30/60 mg/kg dose levels
respectively, indicating the rapid decrease in free Apt39 concentrations was due to binding of
Apt7AD. The conceniration of free aptamer remained below the LLOQ of the assay as long
as 3 hours after antidote adminisiration, consistent with the APTT resulis. At21 hours after

antidote administration, very low levels of Apt39 were detectable in several animals (mean of

only 0.17 ug/mL or lower).
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**3 animals at < LLOQ of 0.04 .Lg/mL included in calculations Apt7AD
administered at t=3 hrs immediately after 3 hr blood draw. (ND) Not
determined. The invention has been described with reference to various
wibssificRand preferred embodiments and techniques. It shoste/Be00sm13926
understood that many variations and modifications may be made while

remaining within the spirit and scope of the invention. 58 WO
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acid comprlses one or more 2'-O- methyl mOdIerd nucleotides. Clalm 11.
The nucleic acid of claims 1 or 9 wherein the nucleic acid comprises one

or-&-wherel

or r@ﬁéelﬁv&%&? m&gg&aﬂ%ﬁb@%ﬂ%@éﬁd&% aigReid Qhelaimsd Seferred

9 wherein the nucleic acid comprises no 2'- fluoro modifications. Claim, 13.

entppiTheitfeidnttideshetifis 3 SorfiidthgPat A ERYYy (BB tn&eEaRepY 2nd

modERLSORDBIISING RApdranykswgani{g watth Glaipiril4nd bepricleie aoichdbn.
claim | comprising at least one uridine modified with 2'-
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fluoro or 2'-O-methyl. Claim 15. The nucleic acid of claim 4 comprising at
least one cytidine in stem 2 that has a 2'-fluoro modified. Claim 16. The
nucleic acid of claim 1 or 9 wherein the nucleic acid is modified with
weatesssohoable polymers. 59 Claim 17. The nucleic acid of clain/ie2oisnens
the polymer is polyethylene glycol. Claim 18. A pharmaceutical
composition comprising an effective amount of a nucleic acid ligand
We ebiiaprising a nucleic acid sequence selected from the group consisting of
any of SEQ ID NO:10 through SEQ ID NO:59, in combination with a
ciafiDRrmaceilically, ASRARNIS A AHELGIAIAR, £ RO BGaKN Rl cotod from the

composition comprising an e amount of a nucleic "acid with a
puceiagitisealentesses s Ro P gt idbrughRg SR GFEEQ
Cladl 2NO:2 tirough SEQ ARNE:S, inserebinationwitb-anhpinacsuticalyo: 19.
acceptable carrier. Claim 20. The composition of claim 18 or 19 wherein
Claified compdifigHAES HIE TEFTs Y STERR A0 TR O EENT 2T re 059
ClaBRmMpOsitigaofelain 1&iar 39 wherein thengaispgsitiohrs sdiiabigdasl structure
intravenous gdmin&strationactlaim %Z.STh%c cf??tseitioc% of %ainﬁ%e? Orc]_l?%tides in
FATRRERIhE CONBOsTSR I SURADIE ToF oral administaton. Claim 23 The
edmpbsiioredérclaim 18 or 19 wherein the composition is suitable for
craBRientera 3AnNRNAUGR. (1A \aeehaq sliecive AARRLR! @l Sbuanine
nucleic acid ligand comprising a nucleic acid sequence selected from the
eefdisting of any of SEQ ID NO:10 through SEQ ID NO:59 in the
claippnufacturgeofigmedicamentiakinbikitRecoa0aBtiofbin eoh@stsld Neetr nine
thereof. Claim 25. Usg of an effective amount of a first nucleic acid ligand
SRETERY A 4 Seic 98- ¥ quence selected from the group consisting of
Clagiyy of SEQubnNQRi1QdidrofighifBQvHBdNOSatichtdectiehtiveramarsntacfuicide
a secon cleic acid ligand c risi nuclei Id._sequence selected
1?8%“%% g%&fﬁo&eﬁsﬁg%%sgf%ﬁe? §F %%r%ﬁa%n%e)?i% t rg%% 6'SEQ ID NO:8 in
Claiiredmanufactuselgtd meldicvié ihpd bindel thating s gidtionnpriaihg gt saquence
f ' . ' erein the first nucleic
gg%%ég%%%ﬁ%ﬂ?@gﬁg?@%ﬁ%ﬁ%fggb The use of claim 24

Clagngs whedThitpBii Sl ieica RIS R B sequence selected from any
of SEQ ID NO:2 through SEQ ID NO:8.

Claim 10. The mucleic acid of claims 1 or 9 wherein the mucleic acid COMPpIiSes One or

more 2°-O-methyl modified nucleotides.

Claim 11. The nucleic acid of claims 1 or 9 wherein the nucleic acid comprises one or
more 2’-fluoro modifications.

Claim 12. The nucleic acid of claims 1 or 9 wherein the nucleic acid comprises no 2°-
fluoro modifications. '

Claim 13. The nucleic acid of claims 3 comprising at least one guanine in the second
stem comprising a hydroxyl sngar (2°-OH).

Claim 14. The nucleic acid of claim 1 comprising at least one uridine modified with 2'-
finoro or 27-O-methyl.

Claim 15. Ths nucleic acid of claim 4 comprising at lzast one cytidine in stem 2 that has
a 2’-fluoro modified.

Claim 16. The nucieic acid of claim 1 or 9 wherein the nucleic acid is modified with

water-soluble polymers.
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SEQ ID NO:59. Claim 28. The use of claim 25 wherein the second nucleic
acid sequence comprises SEQ ID NO:3. Claim 29. The use of claim 24 or
25 wherein the medicament is to be used while the host is undergoing a
Claim 1 TherapBiftiBuegimesi60Glaim 30, whresiR e mukimep s b Whersig e
Claim 1§nedicamantis 10-bg UsedWhile dhe Q%?IILE%I HPSRI0ING R SLI@iEShnt of a nucleic
Intervention. Claim 31. The use of claim 24 or 25 wherein the medicament
acid ik gandecosutigintcathe host 4si s prBITRG i drdtiTiR ShegrRrmgameiriag of any
of sgadinyareyas disease ofipjeryentions Claim3avihgibse whslaimgdehceutically
25 wherein the medicament is to be used while the host is suffering from
accepataiApet suffering from a disorder selected from the group consisting of
Claim 1§cute mygeardialinfaretion (hear Aackl,GerePrayaseular acaidams of a nucleic
(stroke), ischemia, angioplasty, CABG (coronary artery bypass grafts),
acid cyidiop uvathagcy paseciproiRisesid oth i almer eansigBypagsy of SEQ ID
NO-2RRRMAINS ARAIH RBfIENES UNEEHIRING vanal dialysis dpstallecandinge carrier.
pulmonary embolism, deep vein thrombosis, arterial thrombosis, and
Claim 2@issenfihateempeaiasceiaslebagliafion CrRiATSS. hsesrappaHaptive suitable for
svstHBOYRL-of akglgic acid ligand comprising a nucleic acid sequence
" selected from the group consisting of any of SEQ ID NO:10 through SEQ
Claim 2jp NOFbe, senmesHiniufaktelrataf & needicambatess: Brevemipggition is suitable for
nieRRagklationsinduged inflammation. Claim 34. The use of claim 33 wherein
the coagulation-induced inflammation is associated with a disorder
Claim 2§e|ect£1ﬁ@ﬁmﬁ@€'§i@w%éﬁ§%tﬂr$g%f Hinshsseieibsiscamagtigaringrjable for oral
admSYRAeme (ACS), myocardial infarction, reperfusion injury, and post-
angioplasty restenosis. Claim 35. The use of claim 33 further comprising
Claim 23n effeblive-ampeition oAU d&dobf dnyrbirsiacghd serofiiengis SEiggble for

parcit-NP:8 0 HEARs3E Claim 36. A nucleic acid ligand comprising nucleic
acid sequence gugga cuauacc gcg uaaugc ugc ¢ uccac t (SEQ ID NO:

Claim 249), whé&ieinl the AlieRiaemoseqercdiapisivly WilulesdroBRibRg @ nucleic
acid"YElgRiide medifications sglectedfema - Grineihyt modificaiomer tirough SEQ
2'-O-fluoro modification. Claim 37. The nucleic acid ligand of claim 36,
ID WhHeRiinthe meareativh EempisesEn fip Inlibisoe cparkiagomHpa host in need
therBcleic acid ligand of claim 36, wherein the nucleic acid comprises one or

more 2'-O-methyl modified nucleotides. . o .
Claim 25, Use of an effective amount of a first nucleic acid ligand comprising a nucleic

acid sequence selected from the group consisting of any of SEQ ID NO:10 through SEQ
ID NO:59 and an effective amount of a second nucleic acid ligand comprising a nucleic acid
sequence selected from the group consisting of any of SEQ ID NO:1 through SEQ
ID NO:8 in the manufacture of a medicament for modulating coagulation in a host in

need thereof.

Claim 26. The use of claim 24 or 25 wherein the first nucleic acid sequence comprises
SEQ ID NO:19.

Claim 27. The use of claim 24 or 25 wherein the first nucleic acid sequence comprises
SEQ ID NO:59.

Claim 28. The use of claim 25 wherein the second nucleic acid sequence comprises SEQ
ID NO:3.

Claim 29. The use of claim 24 or 25 wherein the medicament is to be used while the host is

undergoing a therapeutic regime.
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Claim 39. The nucleic acid ligand of claim 36, wherein the nucleic acid
comprises one or more 2'-fluoro modifications. Claim 40. The nucleic acid
ligand of claim 38, wherein the nucleic acid comprises no 2'- fluoro

Claim 3@nodifi¢htions. Clelikimis Thé nubriasie ligaticrsicihifiabe sopphibinytae host is
mdég%%gg%&gc n&g}‘;gﬁlﬁcond stem comprising a hydroxyl sugar
lal

Im 42. The nucleic acid ligand of claim 36, comprising at ‘
Claim 3 least dﬁ@uﬁdméqhaguuﬂédw@m“@wmrﬁl@m@%@mys ©laimg, Whide the host is

sufféiﬂlqﬁlgn%%% d Qi aim- 36 Samrsing al east eoe eyliding . Slem 2

s a 2'-fluoro modifi d Claim 44. The nucleic acid ligand of claim 3

Claim 3yvhereifhthesawdleleisicid isrmbddtiett Withcamngairansolulsl éopulyrsesr vldrthe host is
suffeé}ﬁié ﬁgrg%?l%kcrﬁ?%#ggﬂgr%fﬁ%m é“dﬂ%@&é‘?'&f@&é&%’&ﬁ?%ﬂ@ Uro%pr Iconsisting of

lyethylene glycol.” Claim 46.°A pharmaceutical composition comprising

acuty puGledccagidififaridoso hprisingapuclsiereluidvseeiiencesgdgya ¢oizeigne ischemia,
angiFFRHAREABUIE BIHﬁgﬁfatxé%i ar esl\lgr&@)'ncaqg{gmgggr '52@88 thrombosis in

armaceutlca y accepta r, wheréin the nuc eic acid quence
the @mmhanfycmdmémm eppagianhacleotidetimodifivaliope se leerdddidynia unstable

anglaa %ﬁﬂ%@ﬁﬁ gb‘%ﬁ:ﬂ? nd%;?‘ gmﬁ) tf%%geﬁd 'gﬁ@lt an i&!}?ﬁ@@éﬁg 'aa,hd disseminated

maceutical composition comprising a nucleic acid ligand with
mtr«%ﬁ’a@t@i@f aeigwegaence consisting of SEQ. ID. NO:3, in comblnatlon with a

Claim JQharm%%@%F%yeﬁg&%t%%%xﬁﬁrH?r 9@1’8&%&3“@%8@‘98&1?89@ FaMeic acid

46, wherein the composition Is suitable for systemic- administratiori. Claim

sequg9ed el eupdp oitio thof Bieiih UBIsiFHBECIH thieycompositidh s@uiabieofgh SEQ ID
NO: @ra\fﬁnQHs“ %%Hﬂ}morbfc l@'%@9101&%&0@&055@%%&@'na()% uia‘uon induced

wherein the composition is suitable for oral administration. Claim
inflagpmagssition of claim 46, wherein the composition is suitable for parenteral

Claim 33dminisration. Claim.pa, A fiiclele acid '{99”%%%‘1518{ gm&mg'cﬁﬁlﬂnmmon 18

sequence gugga cuauacc gcg uaaugc ugc ¢ uccac t (SEQ ID NO:19)
assoggeeih iHibidoAlgfrdongalation ifarhake ismeadctheranrg vﬂﬁe@@ﬁrﬂﬁdemsm acuie

co;o%l?vle'(‘sg;%%?&@“?ﬁ%eszpt'ﬂﬂéﬂé{rﬁiﬁ“%%a&’ﬂ?oﬂr MAS AUGIROUAS 1y and  post-

modifications selected from a 2'-O-methyl modification or a 2'-O-fluoro
anginoaiticatidendaiaim 53. A first nucleic acid ligand comprising a nucleic acid

Claim 33€4UEHGR QHIAF CHRUAGR firther comprising an effective amount of a nucleic acid
of any of SEQ ID NO:1 through SEQ ID NO:8 to the host.

Claim 36. A nucleic acid ligand comprising nucleic acid sequence gugga cuauace gcg
uaauge uge ¢ uccac t (SEQ 1D NO: 19}, wherein the nucleic acid sequence optionally
includes one or more nucleotide modifications selected from a 2'-O-methy! modification or a

2'-O-fltuoro modification.

{aim 37. The nucleic acid ligand of claim 38, wherein the modifications comprise SEQ. ID.
NO:568.
Claim 38. The nucleic acid ligand of claim 36, wherein the nucleic acid comprises ong or

more 2'-O-methyl modified nucleotides.

Claim 38. The nucieic acid ligand of claim 38, wherein the nucieic acid comprises one or
more 2'-fiuoro modifications.

Ciaim 40. The nucleic acid ligand of claim 38, wherein the nucleic acid comprises no 2'-
fluorc modifications.

Claim 41. The nucleic acid ligand of claim 36, comprising at least one guanine in the
second stem comprising a hydroxyl sugar (2'-OH).
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gcg uaaugc ugc c uccac t (SEQ ID NO:19) for use in modulation of
coagulation in a host in need thereof, wherein the nucleic acid sequence
~optionally includes one or more nucleotide modifications selected from a ,
Claim 42:_0-m&RyIHRGIRRAHIEBILE CEIM RS P RRDRITREEIGh et Clmereina e dified with
2'-fifiesd auelaicrasiBhigand is to be administered with an effective amount of a
. econd_pucleic acid ligand comprising, pucleic acid seguence e
Caim 4 A R (LT o) s e BLGEH, JesyHiing & stem 2
thatdiaime 82fioB3MeRERSN the modification of the nucleic acid ligand

Claim 4280UeNGR GHYGACHAIN ARG RAFILARHISIIeHERARd (RERJBNO:18bdified with a
com ur%gs SEQ. ID. NO: 59. Claim 55. The nucleic acid ligand of claim 52

walgf BPYA'R5e nucleic acid ligand is to be used while the host is
Claim 46nderg'ﬁimg1ac1§hérapielqmandgjﬁm:lﬁﬂ@,lafheﬁﬁn _Mpuﬂmcia@dg@aﬂdnﬁ glycol.
Claim 4&'.3'”‘, 5% Yharin YRACERIL REAMGARIEAGIgRIA]S J0 rR?cIéf@chYéﬂh'lESat%& comprising

ost is undergoing a surgical intervention. Claim 57. The nucleic aci

NUCIRIGIRFIET BRI B PURSAVHETRRY ThECH LIRS e idefg andorefo hESTRe P NO:19) in

conwnitgithentas ishauffacegiraim sfcabtiskeot sufternpdramincandionasanlasquence
disease qr intervention. Claim 58, The nucleic acid ligand of claim 52 ar

or e el nod et HE YA RLRR 4 Lomany

modifisrdiaigefra -6t Bt 9Tsikefi§aEGThg from a disorder selected from the

Claim MFOUE @O%ﬁﬁtﬂﬁlﬂc@ﬁﬁ%&t@dﬁw@@@ﬁﬂf&ﬁ%@@iﬁ@ &ﬂ_@ﬂeﬂé’f%ﬂg\%agd with a nucleic

. cerebrovascular accidents. (stroke), ischemia, angioplasty, .

o O R By o ), Lo DR B ERULS WoroBarRcetcaly

accemdablecaftrogrcardiac bypass apparatus and in patients undergoing renal

Claim 4@ialysispiinsiahle angings PRy SIRaRlISH. ARG YRBh I ARBRSfor systemic

arterial thrombosis, and disseminated intravascular coagulation. Claim
admygisKaiaBleic acid ligand comprising nucleic acid sequence gugga
Claim 4@uauacthgoghrugasifnugfoaincdadc wiiSkzQ tReNOI)siosugednitptdyéntiotravenous
adn%@%gﬁption-induced inflammation, wherein the nucleic acid sequence
~optionally includes one or more nucleotide modifications selected from a
Claim 50.0-méthy | FABERRIEAB NS r @A fluorbatRdifBatisAMersifiPBos Thetable for oral
admugiemigeid ligand of claim 59, wherein the coagulation-induced

Ciaim é Qflam%%o&%ﬁ%}%s{g&a&%&%h% d\'/a%(rje% %ﬁéegg%lpggi@oth%g%%gie for parenteral
consisting of atherosclerosis, aclite coronary syndrome FA 5’

admiyeicalidial infarction, reperfusion injury, and post-angioplasty restenosis.

Claim g2laim @-nﬂ@%i@uﬂﬁpI%‘éﬂdi%ﬁq}@éiﬁ@iﬁégicmﬁe%é@@\wg%%é%auacc gcg
ligand is to be admini teredéc_) the host with an effective amount of a ,

UaEISRC AP RBRNECompriSiFg ' SER. 15° oM 3 BRI 6229HE IR @ ARk in need

thetegdnd/oé relaminh 8 6nueheceatithesnodifieatiofisreom pridedsE@ntDor more nuclectide

modifications selected from a 2-O-methyl modification or a 2'-O-fluoro modification.

Claim 53. A first nucleic acid ligand comprising a nucleic acid sequence gugga cuauacc
geg uaauge uge ¢ uccac t (SEQ ID NO:19) for use in modulation of coagulation in a host in
need thereof, wherein the nucleic acid sequence optionally includes one or more nucleotide
modifications selected from a 2'-O-methyi modification or a 2'-O-fluoro modification, and
wherein the first nucleic acid ligand is fo be administered with an effective amount of a
second nucleic acid ligand comprising nucleic acid sequence cgcgguauaguccac (SEQ. ID.
NO. 3}.

Claim 54. The nucleic acid ligand of claim 52 or 53, wherein the modification of the nucleic
acid ligand sequence gugga cuauacc geg uaaugce uge ¢ uccac t {SEQ 1D NO:19) comprises
SEQ. ID. NO: 59.

Claim 55. The nucleic acid ligand of claim 52 or 53, wherein the nucleic acid ligand is to be

used while the host is undergoing a therapeutic regime.
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NO. 55. Claim 63, The nucleic acid ligand of claim 36, wherein the
modifications comprise SEQ. ID. NO. 56. Claim 64. The nucleic acid
ligand of claim 36, wherein the modifications comprise SEQ. ID. NO. 57.

Ciaim 5gaim gbe'ﬁHé“ﬁGé]%‘Fé [&qaql%ﬁ'é*%\‘ SainSTe WIREHBI Nt BUHBiACKtilgRNd is to be
use€mprise B6isl Dndbl@eaag Haigeabineresnycleic acid ligand of claim 45,
herein the ethylen lis a olyeth I oI Clai
Claim 5 IEha an % chel z}rgclygpctign v%%gr%r?otl‘v}é%rg?;eﬁwg ﬁe%eeg)?&% %and is to be

he nucleic aci Ilgan claim
usefinkeite thedigh B/ sitetogHeon-enatdsthel mudieittadidns eyt #SEQ disease or

intaNEXIE) through a six carbon amino linker. Claim 68. The pharmaceutical

_ omposijtion of claim 46 erein the_nuclei id ligand fur her co rises
Ciaim S5 b RR U R AR CEEb AR o5 IARETo L A A Agnaare © be

usedovhimBitdsif islaified8gwhereinahes k fwl sicfaciodligamd dempesesierieddrom the

grodBOE RSN L MO difiRd e RS0l 1AL ACa & PRAREEMIGHL accidents

composition of claim 68, wherein the nucleic acid Ilgand co égﬁ’]ses one or
(strokBhe SHRIBR AORIRRIEBINCARG{PIONANY Sh&RNRYREER H'@6fHp GaffiPmonary
bypaimHeeradiesein the cicclgiofacieiganghasmpisesno Mlu&ﬁ)r@a'tlents undergoing

ren&‘oﬂgffﬁé'onu% %'81?2) n%glIQe RIS OR3Ey déi%%ﬁ?&gﬁﬁp%%ég 5% g H ﬁﬁpsis, arterial

comprising at leas e Ul’ldl € mo uoro

throgemgis7 3N RS pATaIMARE ItERESHGXEar @i daim 46, wherein the
Claim S@Odifiwtwwﬂsﬁga‘%@%@pﬂ\é@g Sudidaindd- M@Mb&f@@wt&@uacc acg

composmon of cla er odifications com rlse
R B el T o o AP LB oL S e SRR -nduced
inflateaiodifivhtiteis tt@mpn@ec SEQsa0IaNCE STtk ImIBIdRsecone or more nuclectide
mo@RRaRACeY 5@&8%&%@% RletlaiméGnufirreln he marificaliRFication.

comprise SEQ. ID. NO. 58. Claim 77. The pharmaceutical composition of
Claim 6c9a|m 4’6“%%‘&8‘%%@%&‘9@&@0@ cGiABts@ S E¥TSIBIN &8s L ERifRfigg;induced
inflahive gaivarni| casticidieaompibition dif otdém 46/anteereirvthetheclgicuacidonsisting  of

ath '%@@grjészg]%%'dt% Wn‘g?w%W@ﬁ&@%%bdﬁ@@ly%%card;aE infarction, reperfusion injury,
and post-angioplasty restenosis.

Claim 81, The nudieic acid ligand of claim 59, wherein said nucleic acid ligand is to be |
administered to the host with an effective amount of a nucleic acid ligand comprising SEQ.
iD. NO. 3.

Claim 82. The nucleic acid ligand of claim 36, wherein the modifications comprise SEQ. 1D.
NO. 55.

Claim 63, The nucleic acid ligand of ciaim 36, wherein the modifications comprise SEQ. |D.
NO. 586.

Claim 64. The nucleic acid ligand of claim 36, wherein the modifications comprise SEQ. 1D.
NO. 57.

Claim 85. The nucleic acid ligand of claim 38, wherein the modifications comprise SEQ. 1D.
NO. 58.

Claim 66. The nucleic acid ligand of claim 45, wherein the polyethylene glycol is a 40 kD
polyethylene glycol.

Claim 67. The nucleic acid ligand of claim 45, wherein the polyethylene glycol is finked

through lysine to the 5'-end of the nucleic acid seguence (SEQ ID NO:12) through a six
carbon amino linker.

Claim 68. The pharmaceutical composition of claim 48, wherein the nucleic acid ligand

further comprises a modification to at least one nucleotide.
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Claim 79. The pharmaceutical composition of claim 78, wherein the
polymer is polyethylene glycol. Claim 80. The pharmaceutical
composition of claim 79, wherein the polyethylene glycol is a 40 kD

Claim 88o|yethyIBrgieastedtisah @Mmdiphapeasntedl edeisbsitivn vidtengacid ligand
compAsedernein:-thedealvethilang slyamids divkastiyough lysine to the 5-end

Claim 7%&%%%@55@%5&%%@3& Seauence (SERIRNRE)rough a Six carbon, 1 ang
comprises one or more 2'-flucro modifications.

Claim 71. The pharmaceutical compesition of claim 88, wherein the nucleic acid ligand
comprises no 2'-fluoro modifications,

Claim 72. The pharmaceutical comiposition of claim 68, comprising at least one uridine
modified with 2'-fluoro or 2'-O-methyl.

Claim 73. The pharmaceutical compesition of claim 48, wherein the modifications comprise
SEQ. ID. NO., 85,

Claim 74. The pharmaceutical composition of claim 48, wherein the modifications comprise
SEQ. ID. NO. 58, '

Claim 75. The pharmaceutical composition of claim 46, wherein the modifications comprise
SEQ. ID. NQ, 57.

Claim 76. The pharmaceutical composition of claim 48, wherein the modifications comprise
SEQ. ID. NO. 58.

Claim 77. The pharmaceutical composition of claim 46, wherein the modifications comprise
SEQ. ID. NO. 58,
Claim 78. The pharmaceutical composition of claim 46, wherein the nucieic acid ligand is

modified with a water-solubie polymer.

Ciaim 79. The pharmaceutical composition of claim 78, wherein the polymer is
polyathyiene giycol. _

Claim 80. The pharmaceutical composition of claim 78, wherein the polyethyiene giycol is a 40
kD polysthyiene glycol.

Claim 81. The pharmaceutical composition of claim 78, wherein the poiyethylene giycol is
linked through lysine to the 5'-end of the nucieic acid ligand sequence (SEQ ID NO:18)
through a six carbon amino linker.
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