WD 2006/ 029258 PCT/ US2005/ 031965 APTAMER MEDI Cl NAL
CHEM STRY FI ELD OF | NVENTI ON [ 0001] The i nvention

wo edoaneesgeneral ly to the field of nucleic aci BET/ERIN05/031965
nore particularly to aptamers useful as therapeutics,
di agnostics and in research such as for target
validation. The invention further relates to
mat eri al s and net hods for enhancing aptaners for use
in therapeutics, diagnostics and research. BACKGROUND
OF THE | NVENTI ON [ 0002] Aptaners are nucleic acid
nol ecul es having specific binding affinity to
ol ecul es  t hrQpglvigk MEBicRS, CHEvIéhey cl assic
Wat son-Crick base pairing. [0003] Aptaners, |ike
pepti des generated by phage di splay or nonocl ona
anti bodi es (" nmAbs") FiateoE dpatNHONf specifically
bi nding to selected targets and nodul ati ng the

target'.s ctivity or hindi interactions, e..0. )
10001} v iSRG Ry ey eirerly b Bk feie s A dye partcularty
to aptaiiirt ideful dsIndrbiptstiiicd Hiaddosted\eal elred¥arai sudh A4ifbF @rget validation.
sel ection process from pools of random sequence

The ingentiporiyttheroelatrsdo mgteriateans methedyios anlpaeingapéaindry for use in
ver 1 . i i udi n rowh factors,
thefap?‘}tgﬁs%rgg‘g}gﬁgi grfdg r%,Pea%ﬂ. 99

ctors, enzynes, immunoglobulins, and
receptors. A typical aptaner is 10-15 kDa in size
(20- 45 nucl eot i dBafrKGROOND OFtTHE AVE&TION t h nanonol ar
to sub-nanonolar affinity, and discrimnates agai nst

closely related.targets (e.g., aptaners w |l typically
10002 et s BoI5E AR e v Sac Ging Sl fo mRlecuies

through8hteBRti0hs SthEUhhNERLsiS MMoASCHAVEasS paiMct hat  aptaners
are capabl e of using the sane types of glndlng

i nt ' : i | ' -
10003}, SHAEhLR ik fopfies HLARAR, PRRE ditey IRl fhodics
(“mAKY; lavescapabletoi apeaitiically afdingita seleated tappant insodujating the target’s

actvit g BRI RGO e CHER BB DUKIBE PP b ogl hei target's abiliy
to funétlRY, AMSEvered B3Nth ind)iRg 8Q8dtHoRDrodded HEiNboN &ftandom sequence
specificity and affinity, biological efficacy, and

oligongglcetidasnaptarpers havie bednrgsnemstedrfopeyearilads prateina dtiludiegigrowth

t hey off.er .specific conpetitiv dvant ages ove . .
fuctors, et 50 SRS e p bbbl AL PP, 7L ppicg! aptamer s
10-15 kDAGR kizd \2(5ps adclastitics ) Birde lits tABEAMER Sarfdheol Rl 6 GUE-aendiolar

an entirely in vitro process, allowng for the rapid

affinitycamdrdigorignges agaipst ﬁlogﬂ& aelated tarests 6 &g AP tH@EESIEL typically not bind
: ' 6/ 6

other rGREE:<pf o bl e SO R b ey R B i e

aptameRtagEpable df@singgind damectypés afltistingitderatticasge. g., hydrogen bonding,

electrostatic complementarities, hydrophobic contacts, steric exclusion) that drive affinity and

specificity in antibody-antigen complexes.

[0004] Aptamers have a number of desirable characteristics for use as therapeutics and
diagnostics including high specificity and affinity, biological efficacy, and excellent
pharmacokinetic properties. In addition, they offer specific competitive advantages over

antibodies and other protein biologics, for example:

[0005] 1) Speed and control. Aptamers are produced by an entirely in vitro process,

allowing for the rapid generation of initial leads, including therapeutic leads. In vitro
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the generation of |eads, including | eads against both
toxi ¢ and non-i mmunogenic targets. [0006] 2) Toxicity
wa@naehzarssiogeni city. Aptaners as a cl ass have PCT/US2005/031965
denonstrated therapeutically acceptable toxicity and
| ack of inmunogenicity. Wiereas the efficacy of many
nmonocl onal anti bodi es can be severely limted by
i mmune response to anti bodies thenselves, it is
extrenely difficult to elicit antibodies to aptamers
nost |ikely because aptamers cannot be presented by
selectibnGHbWvs the spetilfigitValid afFhityHE thdAptaRert6 BB YRRy céntrolled and allows
gener al | trai ned not to_ recognize nucleic acid
the generag%ﬁf éadS[, owbringleadgizgainist bethttpra angnen-Enmuppgenic targets.
currently approved anti body therapeutics are
[0006hd i Ziilﬂs@i@canld\lnmnmogm; sAptainess o (lassgiavedemonsteted

therap el AR R BB o A REP R A | WEToes fhagfhoacy of
many &uﬁl@%ﬁﬂ%ﬁﬁoﬁéﬁédﬁ &tsre%ﬂegmlmﬁe&@p%mhﬂefea 1 bttt daifes
(Tucker et al., J. Chromatography B. 732: 203-212,

thems¢lygg)iy is eW@rnelg@]@)f@cug & elgit antipodiss Spaptgnens mesh likely because

L A e —

traine@ Bothelreooghie nhyleiduom:ﬁagﬁemtm a volune of Iless than
0.5 nmL. In addition, the small size of aptaners allows

[0007] hem)t urpRnebiial EWHSas @i@@éun@lfufyca@ﬁfo%arﬁﬁﬁwwtherapeuucs are
constrictions that do not al or anti bodi eS or

adminggierie by yntravarensingision (typigadlyoxee?- 4moe§é,rﬂntamgery etn be administered

by sub%@t oL hg %%Xf%ﬁ %%Saérg%r b <§)a %@%{ﬂl& I EI? gubtcg ugga:dlm(iglsgation is >80%

in mofﬂﬁﬁjf @tﬁtﬁw (Tucketeanks B Chrématogriphabl Y3§W®Bm3l DR MWith good
conseguentll_niécan be readll){ scal ed as needed t o neet
solubilizypfilep ath gompgrateely lovgprolgenlar pyeight (gptamaen: il A0 kDa;

ant1bo‘agofi$‘t§ aWe@klgl{{?EéeQ#gMarhbfﬂlg)( DYadifRr V@l}ngephhﬁ f¥a %mme of

ics capit cost o e- scal
less thancﬁ)tfemiﬁ, An adldmbn dhe pinalisize sof eplamimsidiowa tisinn ¢) penetrate 1nto areas

| arge-scal e .0 eot i nt hesi zer ca duce
of con AR Gon Bt o 3o P FEGOd e b SseyBy agiments to
penetﬁgéd BrckerltiMglyefhndtioreal iRide ofTéﬁ@an%i‘fHa@éH th@x%ﬁéutﬁ:% o9 BRPRylaxis.

r aptaner synthesis at the kilogram scale is

sti
[000sfs catlnity 320000, TRIPANR %&n{e?ﬁ, %3133%%1%{) sPlthdbized and
consequentlgssn e vealddp reaied wmeé«qamcrneﬂ prtaiuctowederhdrel. CWaeread

. ds ta.< $100/ f 000 bil ity
it Bysetline TR ee e SR ERS A7 PaRIRLY ofisaedialbeics and

the capﬁélrcba%f%qhﬂgx scAH PRIEIR pfrOducEgR bRnfstenUir dus! Qking Qx%e—scale
osure to factors such as heat and denat uran and

ollgorma otifesytlmsizdr ¢aor prestucsnuprcirderfi 100k g(year a;nd)regmmmwiatively

mode s g ORRGa1 I8 CUTELCGT RPICI 3P BT RO e klogram

scale HicsG@NISH ¥t PFOVEE s:smpmlé % tRAER RighlypeniRdl Jnh%é&iie@ NContinuing

improvements in process development are expected to lower the cost of goods to < $100/g in

five years.

[0009] 5) Stability. Therapeutic aptamers are chemically robust. They are intrinsically
adapted to regain activity following exposure to factors such as heat and denaturants and can

be stored for extended periods (>1 yr) at room temperature as lyophilized powders.
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such as aptaner sequence optim zation and the
mnimzation of aptamer length [Conrad et al. 1996,
weEadoem2ess al . 1997] . Additionally, 2' nodifi cap@DnsS2005/031965
such as 2'-fluoro and 2'-O-Me may be utilized for
stabilization agai nst nucl eases w t hout conprom sing
the aptanmer binding interaction with the target. See
e.g. Lin et a Nucleic Acids Res. 22, 5229-5234 (1994);
Jellinek et al.,Biochemstry 1995, 34, 11363-1137; Lin
et al., Nucleic Acids Res., 1994, 22, 5229-5234;
[0010Kubi Fﬁr&km’:lbre, thd aptamen discoﬂé?? ﬁroc%%ﬂaﬂy itd Befid rdEfication,
Pagratis et al., Nat. Biotechnol., 199 1, 68-73.
such ap gptRIer FRARSYEs OPtinkgRtoAnd the mynimizationaf aiismss leeth Heonrad et al.
ry, Chil [ i
1996, Egﬁ)tg eg 'a? gggﬂs A\ﬁ%&r&ﬁgi rﬁ?cgﬁ:;%téoﬁﬂgmkgﬁ 2’ sﬁjlpo% aﬁ&'.tz B¥e may
be utﬂa:iedrfaﬂtehnhsztt1omszgaﬁ1bﬁtucldam wmlumit eazslprdnasmgttmwamsmhdmg
as t affinity. See,
mtera‘é}o@l‘”l}g o tgigat 59%6 g(&@gﬁé)aN‘Eéf% C@tf RﬁF 22 é?%%?%ﬁ“ Naa4);
6 -
Jelhne‘%@'&zzl?zzg h423%7y( 11%38 4, ]19933 11?71 ©h f?%\’/e d\’u]cégr%yﬁgzds ?%?'“1994 22,
5229- manet(alQmeuWnW%l 1&9(1) 25[9|-2ﬁ57hend Bagratis @l., Nat.

. 1285-112 993), and Krawczyk et al., Nucl eosides
Biotechyay. l\]L?é% gtzqsd%" 14,1109- 1116 (1995). [0012] Cheni cal
substjtutions have peen i ncorporated into libraries of

[0011}  anElewiepers terodie oRk i vaptaamissofdhe pest-<issowsry dntygdugtion of
chemit:%%uﬁétﬁﬁléﬂ%%t%@%&ﬁ%lwtt@ fe%s*ﬂgtcﬂar\é?t;ehg’tﬁ otléer than

aracteristics as i ncrease et a
nucle@eges,lstaﬂ.cat fweae targdt.affimdtic | Sdece. G iGiserResy,. ChaA, Biol.,10, 683 695

09955 8kErB57, Ao el il S, Pl 05 QSRR Mo e .,

41, 42§umb1 (1@8) aééez?aﬁfiJ(&QQ?&hen&VH&p @284 o2k F19@'8P O fing &&A..
1120 (2004)° King et

Blocth@tmeﬁ §t1?-§/5 11!2_92 @89, QKDKH(WUE)QL‘ alad\itcng’es xud Andeotides,

D.G Curr. Drug Targets, 5, 705-715
14, llﬁg(}gﬁ%ﬁ%—%\)\ev i ntroduction of substitutions into
i braries of, tr: scrl vi.a transcr.iption.is
roo12]. o hemieal SRSy P e Rgep SR iy s Sanseripts from

whichGip¥@ierk bRAioPerdl it 88 @%ﬂo)ha?d%%lécﬁh% gstamdRIwith various
‘gl obal " approach does not allow for t di scovery of

characi¢rifgice senhtastinareased tasgettallmity &eg; ea‘s eLathate et elodNaglemnbids Res.

22, Z%Efﬁ@it(ﬁb?@r g%\isg ?l o?ﬁoc eg%%ryt, 98981426%5%11 R&(ﬁ%& g')a%ohrg?\u/l

NuclerAdAdERes. SRI3D, 115 mmm@ob)gmﬁe@t@n aBiobfy. MéaeChem 12,1111-
mer characterjistics in ition to and/ or other

120 BRAA) Ries ee Hiaeheauitnio 41, 2536-9106 (oi)ewnd Y o gnd Gorenstn,
D.G. é&ﬁ%ﬂ%‘%&fﬁ /105 ﬂ'SEtg?@@LHSWS\%r ﬁ"ﬁf a?ctlt of %ubstltutlons into

m ni'm ‘nuiber ém ca
librarieeqftranadripte vdﬂrmcnﬁlffm ipaéghbhl”i appﬂrabh an Whﬁ)dhcall fil®geotides of a

erials. and ds t e and ot her needs. 3
given dza@@gipglitgg ng S 5%‘@&(@3& approach does not allow for the

discovery of single substitutions whlch increase a desired aptamer characteristic, e.g. aptamer-

target affinity, but may not be tolerated at other positions within the aptamer.

[0013] It would be beneficial to alter aptamer characteristics in addition to and/or other
than nuclease resistance, e.g. to achieve particular therapeutic and/or diagnostic criteria, while
minimizing the number of chemical substitutions required to do so. The present invention

provides materials and methods to meet these and other needs.
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SUMVARY OF THE | NVENTI ON [ 0014] The present invention
provi des nethods and nmaterials related to the

w0 d@anefseati on  or substitution of aptaners fRCT/USH0H/081965
the treatnment of disease, for use in diagnostic
applications and/or for use in research, e.g. target
validation. [0015] In one enbodi nent, a nethod of
identifying a substituted aptamer that binds to a
target, wherein the substituted aptamer has a hi gher
binding affinity for the target than that of an
aptanmer identical $@fidReoOrtrieadveaRTRIRer except that
i t | acks the substitution is provided. One enbodi nent

he nmet hod conprises the steps of: a) substituting a
[001415. ngThe Pagané seadomprayideemethods apdmaterialsglatesto the identification

t
or sif0FBAS SRR P55 B LRS00 A ST
applichtionsuindebrifor adefin meseyrch,e. ¢ hergbiavalidhtion.n sone
enbodi nents, the substituting step of the nethod

[0015f ur t heln 6REBMbSE et AShdihdd dfMBerdifyin@aSdubbiited aptamer that binds to
nucl eoti des nmodified at the same position e.g., havin

a targethwhergivethe isubatideied apjamer kasta lagher bénding affinityder thadarget than that
of an éﬁf{;ﬁg%f ];zrdeeﬁlﬂgﬁl{ g&tgs{t}%ﬂ?é %ﬁ"}?rh!ﬂee)fcg tC}%leg Eslbtg'lg gtr}l‘)?sn‘ﬁilon 1s provided.

One egibodimdnt thagethbd |061&15ﬁsds\ma mpsl ofbh) bstitotifg b kiddleatucleotide
m dtdl fferent positions having . different cheni cal
odi

1SRt Ribask: SBEAE OT PBPSD. gtate|p@'§1§1 o1 of3 TesitsdPF p gnsubstituted nucleotide,
N
R e R e e
embodimeats, fhersubstinthg siefsaf/ths uwthaisfudbéd congmiss aﬂ:s'_amtmg at least two

raf her t n addition to an i nprove n .. .
nuclegiftn Ripg e s SEh ittt e Sath Chebise LRodgian, for a
least thdd lﬁlﬁ‘l&ﬁjﬁ)&t hicdiotde ARhASR othér br¥UMmeRS BRObEnRhtd 16 substituting

met hod of the invention, the assaying step conprises
step comprgasrybstitetingatdenst twmuclg)@ﬂewmpﬂlfwgat differett ositiogg .g. having

different cﬁ%nrlr}é:afér&ragggﬁatlo Sia(% Ieeag §tu%1{e}{?{;i?€ gsrg*%%e%ﬁaﬁ/ {rh%0016]

embodiafepts fall pdsd bitthé Eﬂv@n’@én éremqirovérhérﬁ%f aptehRPAIUHES, c.g. in a
substituted at the sane position, e. havi ng t he sane

functlem?é ﬁﬁ%‘éﬂsu%éﬁ qellchapechassay, rgfherthan beistadditiondo gn ipETovPBEnt in

dl Ni 1 £

ind R R RS DR 8 L

aspecimmﬂ tHel Iﬁethaﬂ ofl ﬂfefmvcentlbn,pths hdshyping step. o@mﬂnﬁveasdziyﬁlﬁgﬂﬁ Rptamer for
mca nodi f.i ¢ Anatameri) tlfled by the

a"thlWé‘tgH‘é‘&t tyrgetdn nﬁ}fasffﬁ’ee Bnd &M PAKd 358Yal so

ovided. [0017] The invention also provides a single

[001 6& r Jﬁé@@e&mb&ﬁﬁpeft‘ﬁ albe spfstifutingtapy fugherrempsises subatigeing at least

three frf]m:%o?*d@% L u f’sﬁt%dta%‘t%ﬁe dscaﬁriltg(,i{dSﬁlt% gr]llcr)bgllf%?tgilr: g%ﬂélg g@#ﬁg@? Igodlﬁcatmn

for at teasti threee:amdiﬁmi hictedtidep, wvhédens inyothér elbodipicatselt 1dast tivoef the

target. relatiye.to the 2006/ 029258
three @éhg‘lﬁﬁﬁéﬁ%beo%l gigigted are modlﬁ/é\lc)l at d?fferent positions, e.g. have different

chemical modifications. An aptamer identified by the method of this aspect of the invention

is also provided.

[0017] The invention also provides a single stranded aptamer that specifically binds to a
target, wherein the aptamer comprises a nucleotide sequence having a substituted nucleotide

or residue selected to increase the binding affinity of the aptamer to the target relative to the
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binding affinity of a second aptamer to the sane

target, the second aptaner having the same nucl eotide
w@emameess but | acki ng the substituted nucl eot i PET/US2005/031965

wherein the substituted nucleotide conprises a

nodi fication at a phosphate, sugar or base position.

I n anot her enbodi nent, the invention provides a

singl e stranded aptamer conprising no nore than four,

no nore than 3, no nore than 2 or no nore than one

nucl eoti de or residue substitution wherein the

b1nd1n§ lé?ﬁ&t}l St Lcbcof %t@ﬁbﬁ REhE QIR 1aBRE, tRe SRBHA & a]?ﬂamer having the same

difi'cation at a base, a sugar or phosph osition
ucleoéudd sequsaeehut lamngthﬁgubst@utcén@ré@btm *a'heneubﬂm dsbstltuted nucleotide

ec f t target with,a bind.n aff|
comprffS & mgdifitat af « Pud BhARL sl BebPOESE 38 et dppcifment, the
invent®uf providys 4 Sihgleh®rah@dOptanidr cOmPESMBhoSheN@!tBan fHuf,36486ke than 3,
aptaner identical to the first but Iacking the

Do moxgthgr Prounp arere than ensracleabidrienveside yibstitubion vespein theotubstituted
nucleottﬁg cbﬁéggésh e'iérpg%ll ?#@ﬁﬁ%ahgﬁ %fja ﬁ%s’sggé ?l%%.t( ro?{)lﬁ ﬁghgtg tg?sgtg §n and

wherei:ﬂ”the sinighet stmﬁdal aﬁaﬁ&dnﬁ@i @Bﬁﬁciﬂﬁcﬂ@l dgrdebavith a binding affinity for
subatltutlon ? The |nveﬁ{|on al so provides a
the targgitthasds Brcrqagechielatiye ﬁ@ the hindiug atfimty foxihg gqtrset afta sgpepukpingle

strand@cg(ﬁjﬂ%‘& TISHRL & 748 HrftSud L gglfxde &%?sﬁ‘tldhgﬁ' frygdrﬁkgexﬁbodlments of

orot hi oate or phosp loate for
this aspmw[ﬁ l:fwtmvattloarthe sitbstituted m:gle stearidicdh kpigmep o&npnms higheaactivity

against |t coforiie Sl JRLACH ord SRR oS e BOPGRtet

and c),__identjf |ng t he substjtuted single stranded
[0018]apt arreTh%HWF’ fgor%% @fh@lfovzms Aringthod gf iqeplr: Shag yeubstituted single

strand&?élﬁt ntfs éﬂﬁée th@fsg.?fs ts'uﬂg t@tﬁﬁ dsﬁlgbx%lﬂubacte or

SI ng apt aner
phospboroélpinoath &br a phbwhla& at Iae lmtmuqdhm@t lhlkxage position in a single stranded

oGBS @%@#@aﬁ@@a@%@w@;’p o targes and o
identif§tdgub b'ﬁt%ﬁtutéd‘sﬁ%lo gﬁlgﬁr%gggm $afhg hither BBLAGDS: @F tdr &
S

I nventi on | oat e SU%StI tution occurs
relativa do thigt Dﬁfgmgm,g@@ram@nvhwhnh eddntigalrio |t1m1mpé1fed$amﬁ®ﬁrwded aptamer

exceptI tﬁ%t ellé] %alg%sﬁ{h% %ﬁﬁ%ﬂggoﬁhlgmeéuﬁlstﬁmn. g%telgegr? \ﬁeslnrgl%gtranded

racemc mxX

aptamatéh‘ébmphéseé bptatﬂéfs&laﬁﬁ@rs%ﬁchﬁpisﬁabmfﬁs XknlEo@fe, enb@im&RYof the
re of one djasteriomer. In sone enbodi ments, the

meth@%%ﬂir: inentign.dhephesphenethionte sithgtittion greurs genpanchridging pesition.
The 1ngﬁ%t§)‘ﬁhlls ﬁﬁe%dé'&ttg %5V&%ﬁécicﬁ§ﬁlch%g{tﬁ%% t@f g—f&%??’an}(ers of invention,

phor ot hi oat e at I Nt ernuc
includhrg&hd:drmn niy turées $ wall as ytrlishaﬁﬂali;y pum stewmhemhxaﬁmﬂﬂutes,, e.g. 95% or

e subst tuti ste es not caonprise incorporating
more q H’é‘e J 8}661 E}?%%elgmpgmp{né{ Sﬁutg?mttﬁjg step of tﬁe method of this

aspect'o@ttlﬁanfﬂ%tﬁ%' ﬁﬁheﬂ doRkAE6s ﬁ@éfg@gﬁgg Qg)ﬁg%xoma oGt @*rres

or 5 end of the sin apt anmer.
1ntem®lmﬁ1de tinkagapsiten hymhermm S}flttb&sum in smn@emborhmestssthe sub st1tuting

R T T B T
linkagt | B@mﬁ:@ﬂ ﬁie)’tw%%x%‘léo‘hﬁ&seﬁ thd?$rQs 3 %&’BPth@%in% ééipﬂile& &#tsﬂer In

singl e stranded aptaner conprises a ng af
some gmpoditents, the substituting step comprises incorporating a single phosphorothloate

substitution into the single stranded aptamer. In some embodiments the singly substituted

phosphorothioate substituted single stranded aptamer comprises a binding affinity for the
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WD 2006/ 029258 PCT/ US2005/ 031965 target that is at
| east two fold, at least three fold, at |east four
wo odod/ozmsat | east five fold higher than that PET/UR®05/031965
starting aptanmer. [0019] In sone enbodi nents of the
met hod of this aspect of the invention further
conprises the step of incorporating an additional
substitution into the substituted single stranded
aptaner to result in a twce substituted single
stranded aptaner. In sone enbodinents the nethod
target tHat i 1R eaBORRY folkE ot & tBic8 Qolﬁf ata8ER¥duR Goll log af Whét eﬁve fold higher
substituted si ngI e stranded aptaner for affinit
than tha f therstpetingetameaent i fyi ng the twice substitut ed
single stranded aptaner that has an affinity equal to
[0019br Hhghtee ethadindnéd ofithe tethat afithis mspeghefiihs tnventien further

singl e, str.anded t amer n ot her enbqdi.nents,
compriged Becorce 1B7orHFeLbE Sp aLdiig sty artioRe SyHEHG hele
strand6@ BRENELH rBRAOMI Nt idQibkiufed s%&é%&ﬁratn'd&@ thﬁin@ﬂ I some

stranded aptaner for affinity to the target and

embodithentsithe/mathot Herthexicompsistssthe stgp eﬁ a@mygl@ths twizadebbtituted single

strand?@tgl? A {' 0 ah‘Bﬁ@':tB ﬁfger f %et 0l (ﬁ éiegﬁ agll%g tlhta ?‘gg:[a g}l. j%\it{gd tsi?lgpe stranded
aptam®t that i dn AP fRiqual 1o MEher EHAQBALTE MeSstartifg uAs st iu@iddingle

substitution is an additional phosphorothioate

strandgq patemer (Wieike iarother emhs&ignmt% %@ﬁthoé @f this pweeiaf thivention
furthef Qcﬁhépﬁgeﬁéggylyg rtt?é twil V\ﬁ g‘tﬁﬂﬁfu‘i’%{gﬁ@é Stract'n u%ét{ | et ?cge]r afﬁmty to the

ereln

target aﬂd a:las&ﬁf;mglme iteizs ga?s{ttit@tas tsmgmluphmmrhhaaiag an a{']ﬁnity equal
stltu sat i fferent cl.eotj de OSItlons t he
to or gt ‘ta e shqsaborpﬂléoat%%@étﬂuﬁd %?mgég signded aptamer. In some

embocﬁiﬁ%ﬁfs' fh]uga&ua 51%{13&1@0@& %aaﬁ h&%}gr a%esuB&ktﬂtlon ata

four T | ve er t start
phosphats pbsition dtf@dem maamhat o:{ rhhtl Drst pllmssphomﬁum‘nd sﬂbsathtlon In some

enbodi nents, the additi
embod B et bich sRUEUS PGl Fgss Bt legu yp epAgoBhioate
substifutibhé htldtrbrant @cmdﬁhs pbsiflensTRe dih@fg affindtydes@eRASET bPihe twice
substituting a nucleotide nodified at Sugar position,

substifyitagl aptasaariis aft leasg teio frld) tbtqe. felld, foumbelidfor Site icold;mlwp Henghat of

strtnd {Reltefifyed t?liié’é%ﬂéct f SRR AR cone st ng of.

[0020€OS| ho%ﬁg% dl I hl bSt I tﬁqtblgon 131%1 1sgs3f§pﬁa§r§om %1e group

consisfHE b8 %hbsﬂﬁutl@ aznudl&ﬂi’éhé n@ddﬂiéﬁ 8 dBas6hostich RabdtiwtidgO ucleotide
for a uridine, a_2'-deoxy-5-nethyl nucl éoti de

modifipdist sugan pD%hOIf, ond swstineingmmiciestide e madified atpby 9phate position. In

some %Hﬁ@gatehg ?5’1& 8£§LSB8¥HW?({H 15 ﬁezllect?&]g%? tﬂd e con&sﬁ‘ng of:a

phosph@t@ﬂﬁl@baté @ubsallﬂdm@l o a photphapdsiidng &ibﬁltobihbl Eh&ﬁt&t@h f8r another
embqdi nents, . the additional

SOone
nucle%lssat ? r@%qxaﬁhhs@ro §@ﬁ@@tselaﬁtwtm fone ugfiapm ¢otroxati-mgthyl

nucleo?f‘de S st &tﬂﬁ%ﬁ ?]11(1: g%lt | 3168{1(1&; %2%0%8%!1%)%&@ gﬁﬁstt é’&tijo ' Ba 2>-

OMe mudhestide,ut 2’ c@Meatuckeotitle dibseitution Zor adB’W?niIEl‘ébﬁdle and a 2-
itution for a cyt|d| ne, and a_ 2'-deox

di b
mnlnoHﬁla];lee%ll%g@il‘Hgﬁ 4 QUi oI sogle egnbpdingpis, the additional substl%iltion is

selected from the group consisting of: a 2’-deoxy inosine or 2°-OMe inosine substitution for

another nucleotide, a 2°-deoxy dihydrouridine substitution for a uridine, a 2’-deoxy-5-methyl
cytidine substitution for a cytidine, and a 2’-deoxy nucleotide substitution for a 2°-OMe

6



6 WO 2006/ 029258 PCT/ US2005/ 031965 nucl eotide. An
aptaner identified by the nethods of this aspect of

w0 b@ciozozssti on is also provided. In some enmboRPCTENL085/031965
wherein the twi ce substitute aptaner conprises at
| east two different types of substitutions one of
whi ch i s a phosphorothioate substitution, the binding
affinity for the target of the tw ce substituted
aptamer is at least two fold, three fold, four fold
or five fold higher than that of starting

nucledtitfel Baitaptani 2 dd Hbifidd8Y tRNHEeMbS Hethey HsBedT@ tHd ififention is also
aptamer. [00211 In another aspect of the invention, a

providegh Hotemist ctlpsimpnts,; ‘ﬁlgeraméh@gw@ sttt twip epiAmer comprises at least two
GRS Pl ISSE BB . ovincin

affinityfbsthiettartoof ihs t&Rkeabsiduttd @pfaifdéﬁ isgt et 1HNBId tire fldl,- four fold
an .in ne substitution for another nucleotide, a
or ﬁV%foléjélﬁiy {hat ofstrmgamsyhstityted antemer ad/of the prfiereodified
am@r.- deoxy- 5- nethyl cytidine for a cytidine, a 2- am no
purine substitution for a purine and a 2'-deoxy

002125 6 IR A o BB ARG st

compiigihg eie sté}ﬁd)f C3) ihebepdrbfing Heubstititivustoial stdrifle apth@eBwherein the
havi ng 0gher affinity for the target relative to

substifijign i felediel Gormthe HguR sensiEngafi aninosing gehsifution fonanateer

St bt { o
nuclecztu é% |Qt —H{e&% (ﬁ%cfx‘g%?ﬂh ée( g'?"gh%‘trﬂg@tf 4 “111@%5’:&0 %E-Hgoxy- -methyl cytidine
for a eymidonedi e tamind pmnermbstpiunm forg miriep and aChidsoxynmidientide

T N R e
targetSAITF) IR HE "t}{essu%tlthfé@ %ﬁ&xﬂ&%a@ﬁng{}ﬁ %ﬁer%ﬂ?lﬁg fo? fthet et relative
e apta

invention the identifi substitu
to thatofibe stagingaapthsatr Whiclsis néenémlddlthesubstmxtddeapmnércedcem that it lacks

the sué%ltﬁffg gg’(ﬁ%eol]; g%]ohv?%eélr ﬁust | =k C@iﬁfﬁlkﬁﬁestgﬁé%%}ﬁc}r 1ng s%ep of this
methodnAHE®Ripeised inbhi@ofiinp ek shfbsﬂiﬂilﬁoh e el s@aﬁ'tlﬁ@ aIbtﬁﬂh%f th€ough
IS substituted for another nucleotide, e.g. for a

chemigglysypihesigHn|samie @n@@ﬁ@@%@ﬁhm@d@ﬂhﬁ @g@g@yof the invention the
1dent1§gd: n%&g{ﬁ%lgeg% E{&aﬁ?‘%qg L gfétsﬁgnée%r 1R s6me e%dfﬁlf Igh sz Iﬂi gtgoc!l of this

rern an 1 nosine

aspecff @ffthainvehidon cqun'isemlibéﬁtutlﬁggn ihasinexop aﬁdtlikﬁ',nubiéetlde In some
embocgl ndi n ff| nity for, the target of the substitute

B%@&Weq mgthod jof therinysion Jndnosing i susgfuied @rfaapfaemucéeoude
e.g. fok Qlfhrik, g&b}ﬁ[e ihhBfhelifo ﬁﬁeﬂtg‘g p &ﬁ&{y’ Iﬂﬂle‘dﬂgé' R?Jbgt%t%q fora2’-

aptamer. In sone enbo I ment s,
OMe m;ddzoéxdlex Heoire egbpdiments, ewhe&@n an isirENk submuitﬁbfom dﬁothéte

st DS L b S T S bt
least Jtvﬁﬁfdld 1Breb %lﬂ,’ 4 ﬁﬂd bf@%ld Pl iHan ﬁi‘ét $fecﬁ§ Etaﬁgl ﬁbdstlﬁited

|'east 40 fold, | east 50 fold, | east 6
aptampe 48 50O embod.tmntsawhb@asa 2’8®e0fx<y|1mchpgdms subsanuted: fir ad¥’-OMe
nucledct}daertflel Qi%dl%%s %P m%y folrJ %heqargep 1sH Fast 2 fold, at least 3 fold, at least 4 fold, at
least 5 fold, at least 10 fold, at least 20 fold, at least 30 fold, at least 40 fold, at least 50 fold, at

least 60 fold, at least 70 fold or at least 80 fold higher than that of starting unsubstituted

apt

aptamer.



7 WO 2006/ 029258 PCT/ US2005/ 031965 [0022] In sone
enbodi nents, the nethod further conprises the steps of
w0 p@eopas@at i ng an  addi ti onal substitution i ntPCT/082005/031965
substituted aptanmer, wherein the additiona
substitution is of a different type than the first
substitution, to result in a tw ce substituted
aptamer. In sone enbodi ments the nethod further
conpri ses assaying the twi ce substituted aptaner for
affinity to the target and identifying the tw ce
[0022§ UDS tth béth€ EmBBEiAERLs, {HR3hethed fidtheRbdrhpridel RIS Jf‘i‘r_l&hl)orating an
_greater_than that of the starting unsubstituted single
additignglsnbstutiqa ateethe substisyedapabon Mgr@mis the add@iomel swbstitution is of a

. r.t he ' ayi.n 2 ice S tituted
aitterghftpEhhal P SE Rk ATA0E F sy V8 SRR e, g some
embotingents'the enchidibfuk thert @hpeansRayihp e thage aibstfutddniptamer for affinity

equal to or tg_r eater than that of the substituted

to thepreghand idenfifgmedhetersuhshtibedaptamer thettlne @n effinity egual to or
' ' Lt titution ..
orea B A Sar SO DB b,
the method fierkleen comprisesdassaying dfe tovideasubstitatidtap@imer for affinity to the target
. Suhst.i tﬂxt [ ngﬁa Eucl egt ide nmpdi fied at. a sugar
and idggusing the twiggpubsiiiuted ppfamep that fintg equakirien greaienhan that
ta | .
of e 0FRIRASp RGBT PO FRR of gt s
mvengomsheaddigorsd substipiios phselentéd fiomahe gromplosnsistintg afnsubbtitating a

hosphat.e sjtion,..an inosine substituytion_for o
nucle(gthcget ﬁg&tﬁﬁg Ef %h'ﬁe J)g?ltlgngsu_gst ﬂ%a gp %H(g’ r{}?qﬂgﬁg gt a sugar position,
and sifslfitingbiduekotias a erodificdi zﬂ?ho%haé%%fon?h%ﬁﬁyémbodiments, the

nucl eoti de substitution or ‘a nucl eotide, a 2'- deoxy

additippal |sbttiteéons ifnsslactedtfiomm theegrowp consiting efict wspliwodighioate

t.ide suhstit.ugi oL a.2' -deox . ,
sost i UGB oigh EHL BhalB F etigs o2-
deoxypdihydre widthevdubstétition foe aadidide, Oaleosy B ety hatledtiie substitution
diffe[qe?gt frdomthefirst su_bst,itutior). In some ,
fora aueleefideeALs, deokk nudaptidesnistitaionstiar 8 {QMe nyclgetides p 23 OMe

I n [ . - de .0L-
mulo§F LR EOUBLRY sy nd 8 bl MBS o o
purin@andiebargindhé gdditiomal dubrstitutionkis tiffantrit dronf tre fastsubstitaigon. 3@ some

' -deoxy-5-nethyl .cytj.dine supstjtution for a, .
embofigofy i it oo SHli5h i SRIFE R JTorH AL Fanishin of gr2-deoxy
inosind of 2°-OWle MéelRAUbHARutid ob Qlﬁﬁh&m%ﬂﬁ&_ta%’QHeoﬂﬂ ﬁih@ﬁltotﬁﬁqme
of this aspect of the invention, the first
substitufiestipr yutidine; &2’ Xdeogpdxmethybetiding substitition fr-a@ykidine, and a 2°-

nuc Ld . ldist fonal substitution i.s an
deo WEERL SR ol PR POM SR Glelie T i o ifatipe method
of thid sps@Iee tiRnpoektivaNthe Mt subgitildlRD’ Aok ébsAREEE For2F-OMe

the invention the nmethod further conprises

nucleqtidesng shaddditionsh suhstiution s opise sehstifwion for anoties nucleotide.
substituted aptanmer to result in a tw ce substituted
[0023hpt avsomstesbeidimertieobitid matlowbof thiskaspéct of thennvestiof tHehrethod

forthef, ot indhierhits AR Sisttivodome e SbaRwistaptagter to
result ifh $wids Besstituted afthifel WHEBE 1RO addifEndTREButoAiE BBthe same type as

conpri ses assaying the tw ce substituted aptaner for
the first substitution but at a different nucleotide position. In some embodiments of this aspect

of the invention, the method further comprises assaying the twice substituted aptamer for

affinity to the target and identifying the twice substituted aptamer that has an affinity equal to

8



affinity to the target and identifying the tw ce
substituted aptanmer that has an affinity equal to 8 WO
wQe6HR2SP58 PCT/ US2005/ 031965 or great er thanP@Tias200$/031965
the starting unsubstituted single stranded aptaner
and/or the substituted aptaner. [00241 The invention
al so provides, a single stranded aptaner conprising no
nore than four, no nore than three, no nore than two
or no nore than one phosphorot hi oate backbone
substitutions wherein the single stranded aptaner
or greftehen SRR 6F fHcCPrtiNg hﬂsu%sﬁtﬁfeﬂ%ﬁngw §tfhn§e<§)h ?fn Qand/or the substituted
affinity for the target that is higher tive F]
aptampi.ndi ng affinity for the target of a second Si ngI e
stranded aptaner identical to the first but |acking a
[0024]:) h os’ﬁ’rednmﬂtionaﬂse providéd, eatrgbanstranfl@DAFhmencaapsing no more than

nbodi ., the a r of this aspect of
four, 1D PO L3P FE AR QN PORTa T e G FRRgrothioate backbone
substlﬁllﬁgﬁ& Whé‘lteirpﬂhe%ﬁﬂg?é:&l%ﬂdéd Sh b1l R egﬁ% f}g%eggwthaa binding

substitution wth nucl'eoti de no

affinitydei the targetihathis hlghmetahwﬁ @ethﬁm&ingaiffmtyafoxsnhg darget of a second
onand a . nhugl t|d nodi .phosphat e .
singlef3rdadbefe it B by fef %ﬁ@%leg R
ises a,mdification at hosh te position it

(0025 ¢ %ts"%‘eﬁﬁl?é’ﬁ Bt e BRIREICE ObBES 45HEGH G e iR VeTSigfreompriscs an
additi6HHP A8t 1B& M eSubbifiBtiGP L AR Bdm M %roﬁﬁ RE&disth Jgh§ substitution with a

I nvention conprises an addition nucl eoti de
nucletidognodified atrn lsast position, fwithm tdeqgideumpodified atst suggr pdsition and with

hor.adi t bstituyti t h hat .
oot SRAARRL R0 BAERE i B BNGRRBR St
compridés hemddifl€itiod aZthe Zﬂﬁgﬁhétéjpd&ﬁﬂfn% Jarod h%ﬁoﬁﬂﬁ%ﬂn”o%'sﬁﬂsﬁtuﬁon In
for a uridine, a eoxy-5-net hyl nucleotid
some gmbedimentsi §e 2ptemennb tinesspaciaif dos nyentioa cpmprtﬂies)aay additional
e il Ef-DURRA bk O LBl Borjsr e T BONOHhioe

substitutioh @0k phl@phalﬁqboaman aAThosdl @hl’ﬁﬁtutfdmﬁﬁf midthér@icledfidd a2’-
[[00261 I n. an her errbodl ment the apt amer of

purine.
deOXYtWBéJ;%ﬁé@P sgbstityfion ApAFeHs Smathylouplsatdal
substifBbA"BE af AR RIBAdA ch@o%g nqslesff@e%dbwuhsﬂ 5% PRORR
fromthe group consistin
nucledtigosa 2 +-OMaomdientida rmﬂaktantmuﬁnlr ad +dée>,cy auﬂéotdhpzryl a 2- aminopurine
rouridi ne substitution for a wuridine, a

Subsmﬁ"tloﬁg%&/ PEMfet hyl cytidine for a cytidine, an 2- anino

uri_ne substitufion for a ine and a_ 2'-deoxy
[0026}, ;¢ |18 gppther epbRdimenh ﬂwpf%mergf fhis @?@Ctrﬂféh‘em"i%@n comprises a

strandé\%g;g | By LiBpristiiPs hh&bGRe s bﬁﬂﬁt?orﬁ%e?}%%%i%xﬁ%&ﬁg% o Pbrﬁgssfmg of :

I ca toa target wt
an inotine sulsstiggiont fopdndtiser lmluglbemder aRaddewey d1hydlrber1&me dubstitution for a

af f ] for a..second single . stranded
widingy & Heoky TeeteEey R a8 YRSt 21 SERP AYrins baution for
purme%'l@l' €0 tde@ﬁy %H‘Q@&tide‘&lbﬁﬁutdﬂ"fo? Qe OMBERAAEOBIY $helellf the

aptamer of this aspect of the invention conprises at
substlﬂue@gunglwgtrmd@d eptaigebinds specifically to a target with a binding affinity for
the target that is higher relative to the binding affinity for the target of a second single
stranded aptamer identical to the first but lacking the nucleotide substitution. In some
embodiments, the aptamer of this aspect of the invention comprises at least two nucleotide
substitutions or at least three nucleotide substitutions selected from the group consisting of :

an inosine substitution for another nucleotide, a 2’-deoxy dihydrouridine substitution for a
9



substitutions or at |east three nucleotide

substitutions selected fromthe group consisting of
waeooszeihe substitution for anot her nucl eoti deCT/HS2005/031965

2' -deoxy di hydrouridine substitution for a 9 WO

2006/ 029258 PCT/ US2005/ 031965 wuridine, a

2' -deoxy-5-nethyl cytidine for a cytidine, an 2- am no

purine substitution for a purine and a 2'-deoxy

nucl eoti de substitution for a 2'-Ove nucl eoti de,

wherein the twice substituted single stranded aptaner

uriding] H9SIRRGS- ﬁm'eﬁm?’l E}Kudlﬂe forladfl8iheVak B- AmBionHirRg s@gﬁugi&yfor a

for the targe i s higher Telative to the
puringydrid & tdeoky lfluGlh@tldea?l@éﬁituﬁbn forse¥ dpdlegiunlybtide, stheagio etie twwe

substiFi eI SR SBlersR olBbre ftarbith 2 8R! Syalinding acfiniy for
the taRRbMhEi FBIEher rdlitﬁzettwwblﬁaﬂagtafﬁrutﬁ@r Hleniget Std @Bgﬁdjsmgle

aptamer of this aspect of the invention binds
Strand§é eptamiet entical éo therfapigart lagking the bf leait igo an¢leeiidesubgitutions.. In
t e { 4 ndi n
some LRECA IR, bled S0 5ind AL AL Bl N5 BB e

inventiqui Bines spedﬁ'ﬁbhll}z &a t@gettvﬁm 4 blh&ingbilﬂﬁmbﬂﬁk Wa@&ﬁt}ﬁf isthigher
nucl eot.i de s stuéut ons. |In sone enbodi nents, the

relatiyie tp ﬁileebm@us g the; tArgeO%H %e&ﬂ%ﬁnalﬁtsamed@mtwﬁrsdenmal to

i Gl fo I
the F3FRR Tk i ARG Hte BN RS ThishfiR chbotfiadd 30K
substitu¢dhsingle strandeﬂ (aptarrrmi iofi thiséidpiecti df\thd mwerithom ‘ttimlsg@bcifmﬁlbato a target

with %laeﬁ%glgg @Etlpﬂn%l fgf teégl‘%gt tgﬁ ag arf]?ﬁ@'ladtﬁg% gtﬁl‘qit nt h?ﬁnfi’iyrf%}' the target
of a s&dehd binklélhiaided dftarAediaiticalodhe BFR8HI 19BIRL af 1|3§st one of the
nucl eoti de substitution is the substltutlon of

nuclegtideggbstifutinns| kot particler embalimeNe theumkckeotideisubstitution isthe

substiﬁﬂ% %%?E?ém{ﬁf I{L‘QF tlﬁé' (%)rsa?in’le ]?Igfnltjlgféﬁha? ﬁ%gglpé%?%;?gim?nts the

nucle@tiftshBitit@udio Itlliﬁi‘s’iibsﬁffutlbﬂ of hii@Bint §61.a pHrRPt aner t hat
specifically binds to a target, wherein the aptaner

[0027F O a$iBtheReibédifRht SBhE BHURRAGE aﬁ%?ﬂaﬁﬂ:r that s%emﬁcally binds to a
phosphor ot hi oate nodification of the phosphat e k
targethwherciattheapiewser ¢amprassh @cmlel@otud:e jenuensadevinge phiosptiongthioate

f toteta relative to .
mOdlfgcaB ﬂ%%gip ?’ I)SrPti-lfl b%?fta It botnafﬁg?t%flcso {r}%eaggﬁga bm&mg affinity
of thetaptag®k to the Qat‘gaqemivélﬂi theinduay 4@ty BE 2 SePRdRPEIRPtd BR same

sequence but |acking the phosphorothioate

target Bl FGOBE EP GFCT havipg Hia @B nUplsoteg sadnensdiuh acking the
phospﬁ&%ﬁﬂbéf?ﬁfodlf?caﬁﬁﬁ ngr viddar ovi ded of stabilizing an

aner conprising “the steps of. a) introducing

O D TR —

the stépRlo@e h) Masdacifg gdﬁﬁlﬁihgﬂrﬂﬂﬂicbhml it Adthrink aptahiRf tPresult in a
target, and b)g? ssaying nodi fied aptanmer for binding
etsé‘ﬂé

mOdlfﬁldfﬁPFﬁniey veherain B8g aamemh@raepmﬁféenmmdubngil@g affimityyfor a
|
argr, 1535 AL ShobELS L ETARY RIBE LB e

bindirgpiffiniey is\bss teinnthhhsf thesthedigiag B hﬁfddﬁluﬁlg@mdcﬁ%tiﬂé Substitution

t he substituted
to result in a substituted aptamer wherein the nucleotide substitution results in the substituted

aptamer having a binding affinity for the target greater than that of the modified aptamer. In
some embodiments of the method of this aspect of the invention, the substituted aptamer
comprises a binding affinity for the target substantially the same as that of the starting

10



aptarner having a binding affinity for the target
greater than that of the nodified aptaner. In sone
werwoedzaremit s of the nethod of this aspect of tPET/US2005/031965

i nvention, the substituted aptaner conprises a
binding affinity for the target substantially the sane
as that of the starting 10 WO 2006/ 029258
PCT/ US2005/ 031965 aptamer. I n sone enbodi nents, the
stabilizing nodification is a nodification sel ected
from the group consisting of. to increase aptaner

aptamef SInSof ¥ dRimeb, SRS Sabiigh n%‘}%mﬁ&atloh% b Mdd®@&fion Q@l%@ced from
pair strength, to’increase tic resistance and

the grewp ¢onsisting ef: r@sng’@m@@temertrbmtme to d@glﬁwalegmdatubm t@increase

nbodi stabi | ti

base 0 sl AR VR BT d DTS bR et

degram@haﬂm p@ficulhendbdinent) BetstabilliAfig ROEEaIB]s a tb@ification to
stabilizing nodification conprises substituting a

increape r@@w&anﬁ@tq ruselegse dagradation Hara morgipasiquits embadimenty the kipbilizing
modlfgd%g g0 ﬁlflj S eol?%?@gtg{glhaﬁ@’égﬂfe &cll%g%{g r?}cgﬁ&he?%ucqgotld% particularly

incorpuiitg horeithan Griec-OMiEBUbSREtGh foubadthéutucuatide ! 1rcbmE
fron1tq} ggoup consisting of: a substitution with a
embodiipenise e UDS TS Wep eAmprisss 3upRLFHaTGiFLectidFoma the group

cons1sr1115ﬁ |o?'04 éug ﬂgﬁj%ﬂggﬂl&ieoﬁdé EfidOR | tﬂa?@o%&ﬂgonv\%@x dhucleotide

| eotl phosp ate positi
modltimﬂrat lasugaposition dndrenthsy nuchwtide stdi fied dt phosphategiositiondin

. fromih roup caonsistin f: sine substitution
particy gF OhOR R e Fant e S sdected By B i soriat st an mosine
substifikidatfbi AHotHRA nhidlEotilelh RAidBGy dihddroul@aY ¥ubatifRIoRYbr a uridine, 2 2°-

tidine for a cytldlne a’ 2-am no purine substitution

deoxw%meémﬂ aptidine fog 2 qyridinehoRenine anenesbstitution &t a purine, a

T A A ——

substltimédhlilﬁﬂédhdé st apusisetrtingted andedtidd'and APXMeBEhRAEMHR substitution
substitution for a 2'-Owve nucleotide. In a particular

for a ZarfMginvelsptids. Ha @%%qql@rmwlmgmaths sBgbitgiontip p phpgphorothioate

substithtet %Cg#pgge@}énucfgefootq?ﬂ%% E@%ﬂ?ﬁﬁ% S N oF THE

DRAW NGS [0029] Figure 1 is a schematic representation
of the in vitr BRFR BESCRIBBIONCOF THE DEEWEXGS) process
from pool s of random sequence ol i gonucl eoti des. [0030]

ig i.s a ustrati kDa br anch PE
(0029 o ik 15 3hematte TR ontlioR  utynaf A sufaR et ection (SELEX™)
proceshﬁﬁﬂﬁ?@@ls BEfandbinaeheshct oliphtnckeognes. of an aptaner.

[0032] Figure 4 is an illustration depicting various

[oosoPE%gweqns h (IRIsB9HGS of £10 £D8 'Buneﬂed ﬁﬁ@ndar d

nono- atlon rrultlpePE [ation,

o) SO A CO 955 05 it ot o

aptambound (verti cal

[0032] Figure 4 is an illustration depicting various PEGylation strategies representing

standard mono-PEGylation, multiple PEGylation, and oligomerization via PEGylation.

[0033] Figure 5 is a graph depicting the percent of the indicated aptamers bound (vertical

axis) versus concentration of human IL-23.
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axi s) versus concentration of human IL-23. 11 WO

2006/ 029258 PCT/ US2005/ 031965 DETAI LED DESCRI PTI ON OF
WA REcOMIENTI ON [ 0034] The details of one or nOPET/US2005/031965

enbodi nents of the invention are set forth in the

acconpanyi ng description bel ow. Although any nethods

and materials simlar or equivalent to those

descri bed herein can be used in the practice or

testing of the present invention, the preferred

nmet hods and materials are now described. O her

features, obj B@trmE@rlfhsﬁdmbﬁgﬁsmﬁNvtEmldmvem i on

will be apparent fromthe description. In the

speci fication, the singular fornms also include the

[0034}| ur Ehe defpidsel quser srnre esbodinsats of the mvanfe@ oelselrfaith én the
e I YT TAY D —

to thos® dmm‘lbyd hereiercah ®e disedoin the pra@ﬁc@dsﬁbﬁﬁfg)/oﬁké pesdn itviefition, the
g% ?EﬁhICh this invention belongs. In the case of

preferemethofs apmatesials gEnpodesaripeg. o Ol fegines, aickopnd advantages

of me%ﬁ&ﬁ%ﬁﬁ @%E?SM fré9RPde g@)ﬁ: ad %% Is_%érclﬁigzgé&gﬁﬁé sqggular forms

el n as el C acl
also mczimﬂeafﬂle @luraldless theagnntkxtroleedy distdies/otherwasee dililess defined otherwise,

il ecfpii) B4 il s s FRBRIEE che BERSREITS Fpomhonly understood
by oné Ef bﬁﬁ’ﬂlﬁy BRA¢hd 21 to WHiRh k¥ iVen@éh 9&51?%% T ke A4 B'fn %)Snﬂlct, the

process entitled Systenatlc Evol n of Li
Preselﬁﬁplﬁﬁﬁ'@ﬁ@tmmilcc&ﬁﬁoﬂchnent ("SELEXTM') generally
depicted in Figure 1 and described in nore detail
bel ow. Once apt anePEAMER DEVEISOPEENT e. g.
t herapeutic and/ or diagnostic | eads and/or target
[0035Yal | Aataptamer, disviefdrrdno heeit asfd Retleit Beidllipand, 2pinpHBEsSan isolated

dlfled to hj eve desired criteria. For
nuclel@ﬁ&ﬁ%ﬂ@ ecule hayige am%ﬁeebmﬁﬁgg ganity tormpleguiedhiogglyinteragtions other
than @aﬁﬁ%ﬁﬁﬁn picRBRSe ﬂm% r Riitibie lenftld @B} fh%nh?ﬁgﬁ{ ag)lrtabnéef‘r is with

binding affinity for t esired target
the prbé¢esel ienfglealf* TSymem;Me fwalutipn of Ligaatls by Expbrentialfatriohinehitre

S B b TR S BRI, B
aptarri@f«’ssﬂoi L 1sCe. 8. theRPaROMINg dﬁ@gét{wleﬂsfdnﬂ)’otrk' ngét Vall€ation,

resul ting ggéarrer for the target. I ead apta can
have Qﬁegéd@élﬁ@ﬁ écal laptammess miag be e difised fewehxwg flestrd criteria. For
[ tion .

exannfly ¢ bl Byamep By BE RBERE % KRME 425 shot S Bpligs thef Ftaifor attains
a usefﬁhﬁhdmgfaﬂiﬁaty o3 tibaddsireditat @ot, He. Fa&ﬁigeﬁﬂlhdfng%ﬁmty-r&ﬁal to or better

m METHOD [ 0036] The SELEXTM process is a nethod
than th%rof (1hE DR ARATBRTe e PETMY BRClRplidecdoguens of a ﬂmﬂ@ptaltr@s may be
Vaned’\ﬁttoge Iéié ?JUeYébeﬁﬁbﬁé i) ebé %ggé}ﬁ e Blﬁﬁﬁg ftrﬁﬂy e res@ltmg aptamer
for the target. A lead aptamer can also be chemically modified to achieve desired criteria.

None or combinations of these modification techniques may be used to achieve the aptamer

characteristics desired for a particular use.

THE SELEX™ METHOD

[0036] The SELEX™ process is a method for the in vitro evolution of nucleic acid
molecules with highly specific binding to target molecules and is described in, e.g., U.S.

patent application Ser. No. 07/536,428, filed Jun. 11, 1990, now abandoned, U.S. Pat. No.
12



pat ent application Ser. No. 07/536,428, filed Jun. 11,
1990, now abandoned, U.S. Pat. No. 12 WD 2006/ 029258
weEanbAB2805/ 031965 5,475,096 entitled "Nucl ei BCHUBIH05/031965
Li gands”, and U S. Pat. No. 5,270,163 (see also WO
91/19813) entitled "Nucleic Acid Ligands". Each
SELEXTMidentified nucleic acid ligand, 1i.e., each
aptamer, is a specific ligand of a given target
conmpound or nol ecul e. The SELEXTM process is based on
the uni que insight that nucleic acids have sufficient

5,475 000 3ftitled NAlc i@ W dDighnds¥ 8didel 5. Pht. NWO5.280963 (see also WO
t hree- di mensi onal structures and suffi cl ent chemi cal

o1/ 19&&)§at1ﬂ¢d TNHC&WI&IA@&@L@aHdﬂ”t tianh SEéEK rmiwttﬁc&nudelacamddxgand

e SF e BB BB e, e

proced3Qs ased o thé\/iihhlq&éﬁrﬁifghﬁﬁlaﬁﬁﬁéléib éﬁd@ha&%@ﬁﬂ’ﬁ’ébﬁt' ac1 Bt formmg a
serve as targets. [0037] SELEXTMrelies as a s

variety of fito-@pd thrse dimepsionabstarojurey alwosolrfﬁ@fsntm@u@l scns@trh:m avaﬂable

Wlthlnotlhb]g @{Hﬁiﬁ%%ﬂoda%? ?src]@@dé alté;glolglté F#)e??fz Lbin ?’lg%%g‘gﬂ%][tg virtually any

chermaﬂwomplouﬁd avlyetlid? Idortinierie oe pblyal drig Ml catts iodfan Bi26 b Somposition
but maybe used to sanple as nany as about 1018

canseayequép ts- ol | gonucl eoti de species. Wthin a nucleic
acid libragry containing a |arge nunber of possible

[0037k equdHeES * aplirsgs austartingroint dnone lagedibmimteor paokyef shigle stranded

ohgo@cfégh@%ec% D %{e ) aet‘??as 8{ &g%e&ér pé? gg@ C?%Trrqgt &d V\htyplcally used to

sample @p@bﬂmﬁzﬁélyﬂm” different clig@@uclasedod@sties bitahyy bOudddng sifiple as
t he taraﬁ The ljbrary is mxed with the target under
n

many ahaRAu L §hfff§9’é‘r°&’cﬂ°@u‘f16‘?“dﬁlsﬁﬁql?ﬁg Withinsapcdeie geidilibrary containing
Iy

a larggf#grallb%} cf:fg)tolésréﬁlé at %?es?{qd Qkﬂg{é{ég. tth(gel%a% latv&h%]#eﬁ%e oPBfding affinities

for a greant tiatg'eb nTlmgsg vdiisls baiedhé hmgham:fﬁmm (lotverdissomintioa constants) for the

sec on Ci e LS gener.ated, enriched
target G RO Gian G e tarta s 6 SHar Cith oo farget under
conditfsiithy sk fdh%iﬂ&iﬁg ahd S8)&edd BRPLRBE ARRHBAS ¥ BiRYRAE, ditioning
best |igands. Using the sane general selection

and amgplifeqationvAftenthe fiyst ataration of patitioningcdisspeiatipn bind ampgﬁcauon a

seconcﬂufuil%1 ic.ag a¥1d ;ﬂcsgl 05%1'8%’5 L eﬁ@%} gVYlglaI%F 7 edh}gﬁ( I%ﬁm’ty candidates.

Addltmﬁamﬁﬁ@db offscleblion PrdgreQsivels AvOWIEEKHIERERTs. ﬁ@ﬁ‘%&h@ Sdtne general
t hen be cloned, sequenced and individually tested fo

selectigp seliemre: virallyiapy dssirediprigeriangd birding almity eed §elpctof31aqcan be

acmemréftélﬁgﬁ:rlg%ﬁﬁr%ﬂuclélp gcﬂ llﬁlgf?x?éjﬁlﬁgédn%gﬁnﬁgﬁ cntzi) 5e(beAonly one or

a few E&\‘}ﬁpn@s DhibgeRMNA thertbd dened] Sugubmdet ndé dndipidamey testee fovitihding
often inform the choi ce of the starting

afﬁmtéilaﬁ grsigeads 9PN ary conposition. For exanpl e,

taners suitable for use as therapeutics, are

[0038br efMprespgeifipdlyp éh@sqlxg@nwée@gdw frethie z:@rtn@hleraar@néqeam@ﬂed or
I
unmo# Fiuélf gé?%%l@é?gll bg]é ! rrpor Ie 1%6 gecg?pbfl Do r“él lcﬁ’[en inform

the choice of the starting oligonucleotide hbrary compos1t10n For example aptamers suitable

,.‘

for use as therapeutics, are preferably inexpensive to synthesize, safe and stable in vivo.

Stability in the presence of biological fluids may also be important for use of aptamers in

diagnostic and target validation applications. Depending on the intended medical indication,

wild-type RNA and DNA aptamers are typically not sufficiently stable for use in vivo because
13



di agnostic and target validation applications.
Dependi ng on the intended nedi cal indication,
wawdodozdzpe RNA and DNA aptaners are typical |y POI/US2005/031965
sufficiently stable for use in vivo because 13 WO
2006/ 029258 PCT/ US2005/ 031965 of their susceptibility
to degradation by nucl eases. Resistance to nucl ease
degradation can be greatly increased by the
i ncorporation of nodified nucleotides into the
aptanmer. [0039] The SELE) Cm net hod enconpasses the
of theirdb@idepfibiGiat ﬂo%gﬂ{daﬁbﬁ By ahélbdved. YR SdicthiRleGo ﬁﬁél@ase'degﬁggﬁon can be
contal ni ng nodi fi ed nucl eotides conferring inprove
greatly finpreasedby theilseorperatipe of mgdifted nuslgetidesgntorthe aptentei.n
vivo stability or inproved delivery characteristics.
[0039xX anﬂlee%EI@EXs un¢thodmmhoﬁnpaases (ﬂmdentrﬁoatien ofikighexdfinity nucleic acid

A L TN e L L T SN
h dsl dGPMAaishbl

AL T

modifikstions ipekude ph@mabﬂ@emﬁude@s af et uigavt axgllormluosldtatq ael/or base

ch ni,ca f| d at the 2 0
posc SR ToGRATL ROL 981 e Bl o BT BB e
describbd,ieeSin UJSS’ataﬁtNmtS ,060,983, Wafch d2scrivek 6Hg&iﬁﬁ;§éo't1ﬁ§sscontammg
ol i gonucl eoti des contalnlng various 2'-nodified

nuclewie. 4%16%% chemieally grodaedesithaNd. positisa®f 7idpse, itosiion of
pyrimHFRE, WAPS BB ¥ SRS TS, BUENAYS Sl dd OR Sescribes

con alnlnB one or' nore nuc
oligoRicleatidesxopRinihERirioR 2’ﬁ1hud)ﬁ_ed ()fc‘rlmﬁl)lnesamdf UIS. Patent No. 5,580,737

.20 -0 hyl (2': .Suhst | t 0040
Whlclﬁ\m?l?h?%ﬁ’&hév #%Vﬁ%cmé 5?135' Pceiiair[g%a%é QIR RAckotides
modlﬁéa Wilh 5 - -NIT) @Lmﬁﬁ@ @h E%xg{/& 1. nllétﬂgr/]lt(tgd 10h%e)

hose whi ch provi e ot her groups t
&mﬁﬁmmbrporate additional charge, flexibility,
pol ari zability, hydrophobicity, hydrogen bondi ng,
[0040¢] ec¥Mbdiicatiors dfthemadéic acid hgamﬂ;/ ohteiiplated iradhid ivémionigclude,

but arf PN oa R B1Oh BBHHE PUST Pisacsl SrguRmahakdgeorporate additional
chargé’lﬂeﬂﬁﬁh't?fl ﬁ(ﬁﬁﬂl%ﬂﬁ?ﬂ&ﬁ!’(ﬁ&ﬁ%ﬁﬁn 2*7&}9(90 gEnHonl El@@t'fosttﬂlc interaction,

nucl easés can al 50 1 ncl ude ne or nore S
and/or fimdemality teothe @eclbwrﬂcagb&ndédamwedo thegackjc a:hdl hgmﬁ as a whole.

.pases..or ¢ lnatl ns,t her nodi fi cati on
Mo R o Hepg L PR 8RR R0l igns FHich 488 foptsient lnyhitteases can
also ifiBdlel dne @t n@s suetinAs idtédfclBtideMnith SR, ARGed sidtd, ARdred bases, or
8-position purine modi fications, nodifications at

combiagdensdhereofa iush snodifietions inclusie, @ﬂ azt‘— ndtilinitdddion?’ -position sugar

oL S5 0 i B54AE e,

modifiGadohs gakoorEc amidshytibatifuaos of &Iﬂlﬁiowﬂﬂdiﬁél aubQAEEoSf 3-bfkho or 5-
combi nati ons such as the isobases isocytidine and

iodo-yraghy haskdons aodifikations Rhpehereiinpatg oz alkyhphesphatg maghications,
ety ol 42055 DACI A0 OO R IREEL 0,0 oy nd

isogud®otn® Ylodliffications can also include 3’ and 5° modifications such as capping.

[0041]  In one embodiment, oligonucleotides are provided in which the P(O)O group is
replaced by P(O)S (“thioate”), P(S)S (“dithioate™), P(O)NR; (“amidate™), P(O)R, P(O)OR’,
CO or CH; (“formacetal”) or 3’-amine (-NH-CH,-CH,-), wherein each R or R’ is

independently H or substituted or unsubstituted alkyl. Linkage groups can be attached to
14



replaced by P(OS ("thioate"), P(S)S ("dithioate"),
P(ONR2 ("am date"), P(OR P(OOR, COor CH2

w@ 2doerzmset al ") or 3'-am ne (- NH CH2- CH2-), wWhBCEUS2005/031965
each Ror R is independently H or substituted or
unsubstituted al kyl. Linkage groups can be attached to
14 WD 2006/ 029258 PCT/ US2005/ 031965 adj acent
nucl eoti des through an -0-, -N-, or -S |inkage. Not
all linkages in the oligonucleotide are required to
be identical. [0042] In further enbodi nents, the

adjaces} ﬂugﬂ*]'aﬂﬁésecﬁfdu%ﬁ%n QQD”QN- S& -Rofhkdped Ne gRlinBagud 6 thef or

exanpl e, one mor € of the hydroxyl groups is
oligonudedtaizede wiqtitedial tegdentical.i phat i ¢ groups, or

functionalized as ethers or amnes. In one enbodi nent,
[0042]t he IR furfes éhbedinehtst the dlignamdenides esrnpiigs hedified sugar groups, for

b d b f h
exampis, e gt o o h Py ey aPEPp Bt v tees: St s o

r edhe 2€-pBsitioh Bf Hierfadh
functmI}ahgffd &De%ﬁé‘r Sldﬁfﬁgél ﬁRle(zl{eeefg%;lgr%érg;Bge( e 9&11;10 of Erfu g?e

residuéls subditaled bAangl oReis O-th@thyb 1Y-alkyB - @HﬂQﬁ)alk}ésrﬁfallM]b pghalo group.

Me&oégg@yqﬂaswﬁ?be 1?%5%23%‘2?%5&2 edn% 1§)S c[aQoeL}%}. Nucl. Acid

! 1, Nuc Axid Rre@vu%z&same 19911); and Hobbs, et
Res. 127%#7?33?%%3%%?%59%‘1. 60/ 430, 761, fil ed Degerrbgr 3,
al., Blaa&mlstty5251$&—6b45sﬂ&ﬁ5] Pat ent Application Serial No.

60/ 487,474, filed July 15, 2003, U.S. Provisional
[0043Fat GSEL]AD’B'{ nethbdouseSeo ganeralo 2 -Boydificd atamers aredpscribed, e.g., in

U.S. PIgylylggalgﬁxient %\,ppé&atlﬁg%ﬁ]ﬁ@& 60/%8%6 I %tlelgoﬁg:a Pﬁ)e{ 3,2002, U.S.

Prov1mpa!1 !P%égf R%Nﬂtloﬂ QL8NS Bo/487i47adfilkaTaly 151 20@0QAS. Provisional
invitro Selection of 2'-O }\3
Patenﬁﬂhslidatlum Sce]. 605 1m3asﬁ1ed Noygmbest, 200 S Eﬁtgm pplication

t S | J
o T3y ML Sy G5B
21, ZO‘OQJ ?ﬂtﬁgdgﬁ/{bglﬁqli} floP i ﬂfro{%lﬂléc}zioﬁ of] B/’Gf@l—Mle’él;i’l Snbutlﬁltndl Ngcleic Acids”,
Nucl'ei c Acid Transcripts ach_o er
and U Sld’oﬁw@paalé’@tw Apehestircusriahp, &0 é?ﬁ%%@e‘ﬁ“["é gﬁ,équ entitled
“Imprgg?]%?/%’l? Sa%‘a NEhLB& G or énéi’%‘m(;nr (ﬁﬂﬁﬁ:ﬁ}} Ptﬂoﬁ{f%d Containing

using any conbl nation of nodif
Nucldi]éJAbﬁOIﬂaﬁ@ﬁptsﬁ dalol of wénihcis ihpttelmmcmpnmﬁdé:)y ﬂefﬂrﬁml ipgts entirety.
for exanple, ribonucleotides (2'-

[00447 - CROKY GisbRBeCIedib dsol{ &f tratmarit are&enEr,atedeu@ an@‘(dembmatlon
nucl eoti des. [0045] A transcriptio ge{Oure C tid
of meghfieHiuleafidescndhelTEnsCTREOTgHA e I N I0E PAEEP I Tagufotides

@ O&%e&&yﬁlﬁo%ugleﬁﬁwt 95&8252’515'&8?8 dNbsr@atsipsare

0 as nmers transcrlptlon

oo A RS e o S0 a7 e AU

referre@ ke ad S RAEY efni:aiedng abeiests sdedial thsrefioRna(e referred to as “rRmY”

aptaners. A transcription mxture cont
aptanzarsl A'traOhsiphion @uixgiel containing 2 rdspxe 4 4 and ang $ 6Megj and C1is

referred to as a “dRmY?” mixture and aptamers selected therefrom are referred to as “dRmY”
aptamers. A transcription mixture containing 2’-OH G and 2°-OMe A, C, and U, is referred
to as a “rGmH” mixture and aptamers selected therefrom are referred to as “rGmH” aptamers.
A transcription mixture alternately containing 2°-OMe A,C,Uand Gand 2°-OMe A, Uand C

and 2°-F G is referred to as an “alternating mixture” and aptamers selected therefrom are

15



to as a "rGM" mxture and aptaners sel ected therefrom

are referred to as "rGrH' aptaners. A transcription
worRoob/eesal ternately containing 2'-0Ove A C, P@Nts1805/031965

and 2'-Ov A, Uand C and 2'-F Gis referred to as an

"alternating m xture" and aptaners sel ected therefrom

are 15 WD 2006/ 029258 PCT/ US2005/ 031965 referred to

as "alternating m xture" aptarrers A transcription

m xture containing 2°-Ov A, U, C, and G where up to

10% of the G s are rlbonucl eotldes is referred to as a
referred ta&gtHltern@ting BHi QT ﬁﬂi@ﬁeA&re&@é %ﬁfoﬁ%itxﬂﬁé @(f)ﬂtgimr%" 2£.0Me A,

referred to as "r/ apt amer s. transcription

U, C.gnd (yéheeomp t Hi% gf Qle-@ser%ﬂ@@clew&esqs rctfelrahtb Gias r/meH”
mlxtl.ﬁﬁer eéﬁgmtﬁg s@l%cl% g?g) ol fétfenf’e nd “%ﬁ—,&ﬁéﬁr’ 3 Sel ecte

romare re er 0O as

transdripsios aikpiré contaimingt2RGEAARAIONB G, 2), zbe QXé/re@rﬂJdQO as a “fGmH”
and is referred to as a "dGrH' m xture

Hﬂxt“é%n(i%%%ﬁss%@é‘ieéélteé%ﬁqméff‘eﬁeff‘é?ﬁdép as ' EimHy agtamsrasA transcription

D i L L T N
and aptd?wﬂ se(ijnctddahereframchramfammm 8é‘ld6\grt}$’dalitbnﬁé1@f AOtFREAption

. t r a transcriptiaon
it ST BTGRP g 7 OMAC) (1 ef Shireleqon o Rt SAAEE” mixture
and apt@nRfs Rlectdd theefbH £e ?é?&r@cpltoadge‘ﬁﬁml?e%ﬁl\&h&g ahdl ﬁbﬂ’%jlgc ion

are referred to as "rN' apt amers.
mixturg egrsainingtallodi- O}hmtclsrpedesam tefemediy 8'a-“@EN” aﬂmmesmptamers

T R g

mixtuF©E @itaiathgt20-GH aderidsthé tHphdsphite andl ﬁﬁ%ﬁ%ﬁﬁl&ﬁlﬁ;ﬁ@ﬁxﬁm -deoxy
therefromare reffered to as "rR %u apt amer s.

cytidigg riphesphate anf thymidine frinhesnhateis nefennd (o 2 a B mlxture and

e P e .S | nucl eqQt |
eptanfiS RIS SUAERE pofired R bRAY eS8 WHER Y Borgnis an
aptamer bmaammgSorﬂp 2b®M&Sﬁlﬁble‘tﬂ1dbb excepefor ititgstrtibg atidledtidel Which is 2°-
pically generated by synthesizing a DNA |ibrary,
h droﬁétl onal Iy PCR anplifying, then transcribing the DNA
library in vitro using T7 RNA pol ynerase or nodified
[0046}7 Hmahossapstaiges sdsre %\H&Nﬁuhbrﬁm inép bvesedraa wostarting library it is

typlca!ull}’%‘aﬁé%ted[b%%rhfggﬁfg e| C g%/aaé?&i ﬁ%ﬁ)%ﬁﬁ’?gg

transcnbuiglxﬁe DNA diprarpin vzbﬁ)usﬂtg@?aRNAl’llg)lylh&aB% it xgb&f\éu?ig)mlm
I ndi ng;

nder. ndi ti opns favorable for
pol 5‘?82?431“ HPH@“%%’G ‘HE)@Fié]I PEar¥ci ds from t hose nucl eic
aci ds whi ch _have bound specifically to target
[0047hp| e2tartiog; Wity mixtsrsintaining thersarting library afiubleic acigsthe

|
SELESTASKEP ik SURL LY 1) RAubl G g s post o
condnyml fdvarable garsindingj G paktitiviingr@beindWkldt Scidee théftucleic

) reiteratjng the steps of
acids &rﬁgch have bound sp%mﬁcally to tgrget molecules; (c) dissociating the nucleic acid-

target complexes; (d) amplifying the nucleic acids dissociated from the nucleic acid-target
complexes to yield a ligand-enriched mixture of nucleic acids; and (€) reiterating the steps of
binding, partitioning, dissociating and amplifying through as many cycles as desired to yield
highly specific, high affinity nucleic acid ligands to the target molecule. In those instances
where RNA aptamers are being selected, the SELEX’ method further comprises the steps of:
(i) reverse transcribing the nucleic acids dissociated from the nucleic acid-target complexes

16



bi ndi ng, partitioning, dissociating and anplifying
t hrough as many cycles as desired to yield highly
waepweid26§ high affinity nucleic acid |igands POI/UR®05/031965
target nolecule. In those instances where RNA
aptanmers are being selected, the SELEXTM net hod
further conprises the steps of: (i) reverse
transcri bing the nucleic acids dissociated fromthe
nucl ei ¢ acid-target conplexes 16 WO 2006/ 029258
PCT/ US2005/ 031965 before anplification in step (d);
befor@Ekﬁ aﬁﬁéahohriﬂat%ﬁ (&P A9 (if) MenaMbidd ihe Anipitle nbicRE :Q%fff&ﬁrktep @)
p (d) Dbefore restarting the procéss. [0048]
beﬁﬂ@ﬁ£@€ﬂ@ﬂbﬁ@ﬂ“ﬁﬁﬁ anplification are repeated until a
desired goal is achieved. |In the nost general case,
(00483 el eCydlemdfouerctibn amd ampliﬁcsation ratd n&p&ded,lmttlll a dwgired goal is achieved.

S e LS e ot b St o
imprdvB@ertih Bildind$ is aElKl@v&ﬁﬂM%g&ﬁ?bns@E #Hebfdet 0 bind to

the target ar hen optionally mnimzed to determ ne
h
(0045] ¢, A% BhABLARSIHADE® RS B AERL LA BHillho the target are

then cg;ﬁbﬂaﬂbentilmmmﬁdnc detenmihe thet Ihﬁummemlér&!é hasiagubé&iredBihding
Qf Hall erformed t |ncrease bi nding affinity

affini§f g ispel] g eERetep bR laried FEGHERTS theyminjgized

sequeRGA AL %p%&@S@eeﬁérﬁﬁinea% inkhdadd Gﬁdm%t difthity or zﬁ%&natllvelry to

doped’ resel ections” used to ex
determime vemfdums@tmnseq the seqesncs am etskﬂnmahfor bptdimeactivity. F or instance,

L e RO O T —

mininSyéd Rirhér. DigRARelolichsRBOSELBRIM o heghcH6s it%ﬁgns carried out
based on the aptaner sequence of interest. The |evel

with asfyniheeriagarsraigagal thpt heabieers designerd Poged on B8 wptainied smpnce of
otero TR B OB i 00R BRI ot

Neutaf frlumtioyis or Mnmﬁﬁpemal@enﬁe chkBize e carfeRilih infito CedienlSin affinity.
used.to identif amnlrral bi ndi.ng notif, and/or_ aid
The compesite; SrAYRCE FHOBRFINNIcan bapssdveideptiy empgaimatimdingrmetif and/or

aid inloBARMatiAR&ERE. nedi cinal chemistry is used to inprove
aptaner characteristics, to achieve particular, e.g.,
therapeutic, criteria. Aptamer medicinal chemstry is
per f or med follomnng sel ection of the aptaner of
interest and t I f f.lgna
mnimzation a @ﬁégn@pj GEST Ikgcd above.

005 I n one. enbodi nent . of the invention, aptanme
(0050} 7 APAERCT BRGISTE) P TISG isgised RLiowgyve o dRrsiFstion to
achieVeari®MlardP b 2 MR So i€, SHETY. %Jb%@rﬁe 2631 & 1SJ>?E§)%rfonnea

sets of variants typically romt
follovapg satentiopyof ttltﬁeammb@tqfnmtbrestraudftymcslﬂylgﬂkawmgﬂm @lptickeal or

mlmmlzal%lon and 1 udtagenes1s steps described above.

[0051] In one embodiment of the invention, aptamer medicinal chemistry uses a strategy
in which sets of variant aptamers are chemically synthesized. These sets of variants typically
differ from the parent aptamer by the substitution of a single nucleotide or other residue in
place of a starting nucleotide or other residue. The substituted nucleotide or other residue
differs from the one it is replacing by at least one chemical modification. In the context of a

nucleotide, the chemical modification may occur at the nucleotide base, sugar or phosphate
17



pl ace of a starting nucleotide or other residue. The
substituted nucl eotide or other residue differs from
wo b@eoresst is replacing by at | east one chem Pel/US2005/031965

nodi fication. In the context of a nucleotide, the
chem cal nodification may occur at the nucl eotide
base, sugar or phosphate 17 WO 2006/ 029258
PCT/ US2005/ 031965 positon. In the nethods of the
present invention, where the chem cal nodification is
at a base position in a nucleotide the chem ca

positd dhih&akineds 0@ piéient’ 1ﬁ§éﬁtiton' \Qhérg %hé Hefi€q @ﬂ&flﬁ&ﬁ{ﬁnqg at a base

one nucl eotide fof another within the group o
positigp i gyclogtidsithe elpmigalonpdificatipn dges Mt re§ud0Bhe teradmyversion of

ome i Eo R8P B AP P 2055 1 AL B8 ! NP RS 7.,
ubstl ucl.eqti de or other, residue
100527 S Wi B fot SPivadin Faamis the viriant himers dfor o gach other

by th@ﬁa%ﬁhd’ht Jﬁﬁe aiMdtihed ﬁl?clé?ﬁ‘ird@ oF othleﬁi@%ﬁ\ﬂ@ g’%ﬂ‘%s?ltﬁeﬂlt”) These variants

characteristics, particularly bindin I nit
are thoe cgrnpdred tfde@hm@dn ané m them:aremh clmpromm@fts m eham@ltmstlcs
t.0 aﬁh ev

paricH PR S S Yt pF proth Pk rioneh BRE BsaeiaribR PhasiHg sibstituen

may B thiff 10 hBBké 2N tdh@aaRh ﬁd&@éﬁlixhﬁerﬁﬁéuu@fcrﬁéﬂ!ﬂﬂ e
variants may be used to design further sets of

[oos3yar i AﬁEﬁaﬁ%lWeﬁhf&H{aﬁoﬁ ?ﬁgnéarforﬁ lt'lkks%e't bilifi e%ﬁgﬁgﬂa %e used
or other residue is introduced sinultaneotsly
to desigrsfughenseteafagyiantslin whichtmereshamyre ﬂbkxﬁutedumnleotlde or other

res1d%§15i dg?%llgugg%%?lﬁlgﬁiﬁ?n% es}grh% I l‘fe s;c q gt?tgent
variarit§ gretriiked bakel GSeMpremahi coﬂ@eﬁfédhiﬁhg @M@ieesuﬁﬁsﬂtuent on
triple (4) and quadruple (1) conbinations of these 4

thera@iuﬁg cetesiaibe ten b Ate Qhﬁﬁﬁnaaﬂilﬂ@lla?oéSlblprﬁOhbbl (8B driplad4) and quadruple

0 oA of el 4 SRR TR S R e Rl o =

second ralds1gil btrzﬁegys Itlh)sl Ieestisiuglegubdtingnt t/mt iv@nkideted th Bathe new parent
ncl hest -ranked singl e substituent

and alf gogs ‘f‘ %H ¢ § lﬂt_?gr varpnisibatdsdadets highestreanked singls syhstituent
variart bf AyREEsizSd B SsSvHs tIhtaH@tPEr d’e@flg:n%ﬂﬁtggg e%‘}g ls'%}#g% t variants in

substitution did not significan
whichigthe dittrstituionidid ngt sigeficantlyi adeefselwaffactdilmhng affivglyeare combined

with S BB SR 0 s, o
subsitGbiiViafi@8 fiak o AGVEESBLItBS d196iksc1) PRENSindhE 'agféﬁi?oﬁjgfcfﬁglgose that

those that increased binding affinity nay
increagpd bindingadibmity mppde ¢ombined withut seomnd typa vl eistibdionasyathesized

For .e si ne ubstltut ,
and oS50 B8 N AP B SR S b 5 T ot a2
deoxyf Iﬁfcle@tlae fooMED’ rUMleaficleddd @ @Fitd M Airiaft NAThSRIhBOMTRGy relative

gher, affinity relative to the unsubstitued starting

to fheélﬁﬁlaﬁﬁweé plagingrptangenyicithen sealy suhstitntpbpaent, [ 0054]
QO her strategies may be used, and these strategies may
[0054be dpiber srhteperamarle ymlumtd thesesstratdgées magbies appllied repeatedly such

that tlféu %Fg)lgf:] gf §1{3>S§a1{51§1i11% é? grlélt 11%/ 1{1&853% %dlevgc])ln‘ln?ulﬁg ?ot {dggtllt[;l%’unhep

improved variants. For example, some substitution strategies use block substitutions.

Particularly, the secondary structure of the aptamer may be predicted and based on predicted
secondary structure blocks of nucleotides from the parent aptamer may be replaced with

modified blocks of nucleotides. For example, where the predicted secondary structure
18



i mproved variants. For exanple, some substitution
strategi es use block substitutions. Particularly, the
w@ewmenziesy structure of the aptaner may be preRPCTDUSH05/031965
and based on predicted secondary structure bl ocks of
nucl eoti des fromthe parent aptarner may be repl aced

with nodified blocks of nucleotides. For exanple,
where the predicted secondary structure 18 WO

2006/ 029258 PCT/ US2005/ 031965 conprises a stem | oop
structure, the nucleotide blocks conprised in the

compRERH stérR toopl spiciRY, th@ﬁu&l@cﬁid@%?&k%élﬁ AR ih B oredicted
Pnucl eot i deo?( .g.. 2'-OMe nucl eotides) as lweﬁéjpre eted Stem may

be repdaneg vath lﬁgdlﬁteﬁ eude@tpﬂesw gcksOMeauclaotides) 96 wallfds hase completmg

e 10 SRS e 1A R ROb SO SEREn A Bl my e

furthes thatRgyedbsing thetshple Sivegtatios girdBgy WaBShat Blo@gion.
enbodi nent, stabilizing substitutions, e.g. 2'-

(0055 UD S dﬂéteh%anﬁ&ft staG}iRB SRbtifiions . ‘?’ -OM¥ sBstitutions for
i ntroduced i nto an aptanBr that actually reduce t h
nuclegsiemelisignceampy he intrasfucediinge an antelderaqhamcsmllyebduqe\xbe binding

o HRRHRRE A 8 AR BB 4 eons

substlﬁﬁibnbé 1 DpicrghiGethidle SubsheutidHb@bY bel iftbdusdt iafe rthtaasﬂ,l@s’ututed
for binding affinity equivalent to or bet

saye

aptamep, @m%/ assareddpr bindingadlimisy equivalent te pabatien éiaaﬁh%twéﬁhe unsubstituted
005 tamer Medicinal Chem stry nmay be used

Staml{r%a?)tﬂéuffb\grl y as a method to explore the | ocal , rat her

o056 2 TS B BB e B Bt e

local, g&ther ke thelp¥obial, aﬂe@ducﬁbn @Bsub@ﬂtﬁeﬁﬂdbﬁebédéS %)t%lﬂe?@ére AlBovered
i ntroduced during the SELEX M process nus

within liprages batarg icewsanteyd by tignscwiptien] any substitgentsthatare iettoduged during

i t
the SP%IE%}FZ & gss ﬂpﬁg%q?{ggﬁ |68 o%a*lg E@ges%{n?v d\l:\f?gas %ets1r%q/g>r1§}troduce
phosphoro(tlﬁbate Mekg/ge@be@eeif nubleeﬁ@es)theﬁgﬂheﬁ)aziﬂ Ohlg bB sittddue&dlit-every A

(or vl Bl ©oted, telobly B BIRED cipbamyers et reqiphasghorotioates
at son?eclklé Fd&%oﬁﬁe@sd r’Ie@J étBS @@Bﬁ%ﬁbﬁtﬂuﬁe@ F(géadg?e]'v)e l&tﬁ estt@ligfe eapeutic

tolerate it at Ot cannot scovere
criteripybut leamnap taleratssit aff (ﬂbﬁms Thinot Yp esmdidy dsatadred brgtitis proasss.
can be utilized by the Aptaner Medicinal Chem stry
[0057pr oCHsstypeseofisabstithent tied caobautilidbydes Aptaaie Meti¢iasl Chemistry
t he ar.e S%Pst [ tﬁeni&s t hat may be generated as
ProcessFy BotdHaied oypelcaudes ql%fﬁfgféﬂ%th&ﬁ&fea?“és%f&ﬁlﬁb fhat gray be generated
e e —
schemsuAptanten Mttchcmﬂa(ﬂhewmstry)eh]ncmes trayiincludedubstituents that introduce steric

bulk, W‘%@@ﬁ)@g‘%ﬁ‘% %é&ﬁ 12)'0{;3 {I;% hpﬁe%gl'@'@ ng%lhg? glaarge, negative

chargd) @it Al cherlpa! BfitteA¥s, bSFahQéb?htyFﬁﬁ@édsé ?é%ﬁtéﬂcX conformahonal
nucl ease-resi stance, conformational rigidity,

ngldltymﬁrﬁ@mmtlpmiaﬂexﬁbxbm prot¢inypindimgeheractdyistids, nngass etc. Aptamer

Medlclna (ﬁ%}rﬁsrhl’ysstc &es nqg}g’ %ﬂclu(fecbaseA-Hm%{E:atlons, sugar-modifications or

phosphodiester linkage-modifications.
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Medi ci nal Chem stry schenes may i ncl ude
base- nodi fi cati ons, sugar-nodifications or
w@hbosptass est er | i nkage-nodifications. 19 WD PCT/US2005/031965

2006/ 029258 PCT/ US2005/ 031965 [0058] When consi deri ng
the kinds of substituents that are likely to be
beneficial within the context of a therapeutic
aptamer, it may be preferred to introduce
substitutions that fall into one or nore of the
foll owm ng categories: (1) Substituents, that are

[0058pat UtiachoRGGHHg tAglkirfls B sub%tluéﬁewat afe m&éhgfb b@bengf'{aal within
purines or pyrimdines or - deoxy- 5- net

the context gl tharanestic sptames afdyapbﬁ! pre&rreairto apiprdice dubstltutlons that fall

thera ut osphor ot hi oat e- | i nked
into ogf 6 gﬁﬁ%})g@?f@ggmh%% %(g'bes‘ftltuents that hydrol yze or
ade to one of the above two cafegorieges, e.qg. )
(08 Brat et ST Pl P EORI e b Myarines or
a y%ﬁﬁaﬁleggrgh@eo%eﬁﬁ@ghyw%ﬁﬂﬁé on can be synthesized
usi'-ng any i gonucl eotrde” synt hesi s techni ques known
(2) rBubkigtugnts alrna}iytmnrtrrg” ag@pporvph deeapeitigang cplesphatethioate-linked
sy 31 hesi tc%chnl ques (see, e.g., Froehler et al.,
NSREOTUIPORdSS S 14: 5300- 5467 (1086) and  Froehl ef et
(33! Substli@knts et hydréfize of de@adSto(ckR& e e B0 H&tb%(Fhes e.g.,

phase methods such as triester synthesis netho

( gethylphgsphomyedinked eligonuplgetidesAci d Res. 4: 2557 (1977)

and Hirose et al., Tet. Lett., 28:2449 (1978)).
[00S9NODULIKT4EANENE OB HARNACOKIINETH.E@S 2AND sBh1hRSSIRsM AN OF

ollgOIﬁlEgeongggR 8@5@%%@% |kP %86151) ag*f inglllldgpg 80{18 P asteho 1tgo;u§] ?eotlde
synthé¥id ©@EIMighaR0lsEle;dAF0shlet &Yey.aNRbL, iACH Rbmhls@p%zxm (1986) and
aptaners, be tai ored to match the desired

Froehkﬂli &t Wkt b 27 H5BI 5828 (1886)) Wlsp@tlapphmnsethcdmb ds triester

s 80, B L5 UM o S0P AR 39 1 g v, e

Lett., 282448 (1978))case with antlsense and RNAI - based
t herapeutics), such aptamers nust still be able to be

MOBUSIATION OF RIPARMACOKINEFNSS AND BIOPISSRIBUTIHE W APTAMER
in the body (unnodified) Tor eriod of tine
consistent with the de’ﬂiﬁ&ﬂcﬂﬂ@ regi men. [0061]
Thus, the present invention provides materials and
[0060het hI@@lemmrfanf thattthe pbam}ahelﬂnatmnppetles: forafl odlgbmnﬂaasoude-based
art.i cuI

e BB e o BEEE HTE  bF Bni

While! dpeanadys dirkited @gzﬁiﬁgﬂ ekiddR)uRPa2RE dPRSY éﬁ%f)ﬁbﬁledlfﬁb%ltlés%ssocmted
achi eved throu&%conj ugation of nodifying noieties

with 11(11@@0@11}11@@@1\@}1 $ Hie cpge Witk aslirensrand RNAi-based therapeutics), such
aptamers must still be able to be distributed to target organs and tissues, and remain in the

body (unmodified) for a period of time consistent with the desired dosing regimen.

[0061] Thus, the present invention provides materials and methods to affect the
pharmacokinetics of aptamer compositions, and, in particular, the ability to tune aptamer
pharmacokinetics. The tunability of (i.e., the ability to modulate) aptamer pharmacokinetics
is achieved through conjugation of modifying moieties (e.g., PEG polymers) to the aptamer
and/or the incorporation of modified nucleotides (e.g., 2°-fluoro or 2’-OMe) to alter the

chemical composition of the nucleic acid. The ability to tune aptamer pharmacokinetics is
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and/ or the incorporation of nodified nucleotides
(e.g., 2'-fluoro or 2'-OWe) to alter the chem cal
W@ o0vp029268 on of the nucleic acid. The ability POI/US2965/031965
apt amer pharmacokinetics is 20 WD 2006/ 029258
PCT/ US2005/ 031965 used in the inprovenent of existing
t herapeutic applications, or alternatively, in the
devel opnent of new therapeutic applications. For
exanpl e, in some therapeutic applications, e.g., in
anti-neoplastic or acute care settings where rapid
used ﬁrtﬂ&n%r%%rﬁ&‘& £Rkishibg ﬁlep%fe PR aticHES b ﬁf&-x%dtfveitys in the
desirable to ecrease the resi'dence tines aptaner s
developmerti of oewdhdrapéudio applidatiensn afdrveghmple, m sinetherapeutic applications,

e.2. A5k 258 gt 2B it felien Friie AP BhE ploangs pcbont off may be
desiredeR i @dirable t6BYcrBRe RSlesidi R tifes Ji%?ﬁﬁ&?éfs Ih@et ét'llgt%ﬁ: e

tines of aptamers_in circulation 0062] Inadltlon
Alternatigekyuimadsher thyramut@papah@tlom; & grivoaiianen¢ectherapies sddre systemic

mrculgﬁ)oq{ éfya eragfautllcglg Ld%%jfegn}g lrréa,y c{egléﬂéla %&c@%@%&%&gy gence %mes of

I'n a supje

aptam@pinicretlagos., it may be desirable to alter the
bi odi stribution of an aptaner therapeutic in an

[0062¢f f OﬁltadﬁﬂlohaﬂﬁQﬁnﬁnmro‘f }?ﬂdfnéf ﬁ%ﬁﬁc&&néthc%%’ﬁse@rto thodify the

speC|f|c organ or set o or ans
biodisgitionanfian mptames éhfmmeahem a mba@q@eﬁm exappdé,an ecmne ﬂiequpeutlc

op GNP MR oA o 3Pk e m

effort t @ LGt atpaBiidies t%é&iﬂtﬂymdk& aspebiticlodbay (omtlb%rgahs)a In these
npt om associ ated with a given disease, cellular

appliGa ﬁ?laﬁ, eqptasneidherapgitis prefpreptialboacsyyulaiescn arspacifie Hesue or

s’ 350 BB uBAEhETPOR) Lty RBTAMLALER B B

cellulgrmarker @reedynayipin assdcianed With tedvebtdisease, Sellilat injuNp or other

60/ 550,790, fjiled_on March 5, 2004, and entitl ed
abno 8@9%&%3}% thejagamsy t Wtqﬁ@)eubﬁ Ricterential }Ye%q%@u@m in the

affect&l Agkus! Fbpéﬁa!nﬁﬂe af d@&h@é@ fn B gfcﬁﬂﬁgﬁdl cclg?hcaﬁ & Elgates Serial

non- grOVISIona app i cation nite es er | a
No. 60/350,790,818] of Mazch b 2008y arid entitled Ospntawihbdéwbdulhmm of the

ntrolle tj.on t he ar macokj neti.c
PharmgeGhERes Bl B UGE afaptarier TPERBRTIRS 5 and kg apngpyisional
apphc@ﬁoIﬁUnﬁ@d Stids Shiar HpEUY075,443, Giled cﬁ’ﬁ@ékﬁhﬁ 2003 hll Bt
PEG polyner) is used to tar%(i@dlnf amed tissues,
1

“Contmltﬁﬁ et atmeopr@?hmr@éolapﬁm@nd stpibutiorcof Aptamer
Thesl 1 P A SR BB AP CATR gl P80 v

polymer)db ubesto oﬁrganhﬂamed tikdnes, &ﬁﬁuﬂhhﬂfhe (PEGlate@ BHtaRTeF therapeutic
conjugates or aptaners havi ng altered chem stries,

Prefer%@!ﬂuyﬁ"“%?@ls|1%H’ﬂ%ﬂé’(§§l}edes) a variety of paraneters
re nonitored. Such paraneters include, for exanple,
[0063} he Tadstemine thetphagpacokinstip kad biedistiution peofiles 9f aptdmeer

therap%&!léér[g. ap%n‘?etr rcbr%ldgétes or(a %an)lérs havmg altered chemistries, such as
modified nucleotides) a variety of parameters are monitored. Such parameters include, for
example, the half-life (t;;), the plasma clearance (CL), the volume of distribution (Vss), the
area under the concentration-time curve (AUC), maximum observed serum or plasma
concentration (Cax), and the mean residence time (MRT) of an aptamer composition. As

used herein, the term “AUC” refers to the area under the plot of the plasma concentration of

21



area under the concentration-tinme curve (AUC), maxi mum
observed serumor plasma concentration (Crax), and
wao beeerss r esi dence tinme (VRT) of an aptanmer PCT/US2005/031965

conposition. As wused herein, the term"AUC' refers to
the area under the plot of the plasma concentration of
21 WD 2006/ 029258 PCT/ US2005/ 031965 an apt aner
therapeutic versus the tinme after aptaner
adm ni stration. The AUC value is used to estimate the
bi oavai lability (i.e., the percentage of adm nistered

an apfabic? BREapcfE 28N the tinfk 4L a Pﬁhfei; Hdlrﬁfrﬁs‘i‘ﬁu@flt %ﬁ: %Rﬁ@ W?l{l]m is used
adm ni strati onz and/or total clearance (CL) (I e

to estimgte thetbigdyiatabitite(i. ea pheaprsgentdge of pdmitiigered aptanmr (ﬂn:brilpeutit in the

crou 4§ PG BBJBlr BRSABPEL e W e which e

aptamb@ feedpetnd is&Bm@ﬁfecBﬂoﬂlFHn%ﬁﬁtlhoh)L@ff@#eéﬁ hftatner ﬂl@&p@ﬁ% Nfhe volume
aptamer present in the bod he l'arger the Vss,

of dlstlﬂéltlﬁﬁ relatgp theglasms cansentension oé &R spldmen fherap@utlp feafeamount of
aptanfeke ?l’lttlﬁ] Bhe B %rlﬁ'éé]lstﬁg 'V%Q)the ln%g 6?{1 %p-slg ﬁ%ﬁ@l&}éﬁ%ﬂd@ of the

I 'on provrdes erial's ’and

plasmiar(i.a, themhdre lekieavasaom)er , t he phar macoki net| cs and
bi odi stribution of stabilized aptaner conpositions in

[0064Yi VOThdreSamini@atibnfrodied ﬁia@éfﬁ!ls :hfél rﬁetﬁQ&éJdo%bdlﬂatmh%taénuol1ed
such as a small, nol ecul e, peptide, 6ugmmer term nal
&

manngg; mhaanaqyymeﬁéwpbbladnsﬁ@um of stabilin @neld@snpqsttmns in vivo

by oA SAGHAAE, S D SEPATT IR L s
polynudh é¢rinizd] grapypoby tncomoadtir@rrﬁocﬁﬂ&ﬂﬁmiéﬁtﬁies agpaf bptafifer. As

residence tine_in circulation and
deSC"g’Fé ﬁ?lieBhP%Hg"itl?ntq fadpedifymngymetsty ape/arriteringmuglgotide(s) chemical
compbLificH ARGE ﬁﬁma&uﬁdafés@]@as of oﬁt%%gﬁgﬁc}eqﬁn% {he&?c%%ffoh

are subject to nat i via rena
distrityiiion,to tisswee| ease-r esi st ant ol i gonucl eot i de
adm nistered intravenously typically exhibits an in
[0065i v alnheldfticnitd eleafanééﬁy l’ﬂldfleasﬂil|0@1§6n1fdlédtfdatthéiﬁbéilﬁﬁs B subject to
bl .ocked. Th s candg npl.i shed by either
elimigation Vg fgfl% Yirption- y ? BmlP%?ﬁ-r%wlﬁfoh@ﬁéu%@w@ administered

1ntrav§ﬁc§tﬁ r RLBy Eklﬁﬁﬁkeél ﬁzrvz ]ildlf‘ﬁfeecﬂedlﬁqm hﬁrﬂ@%&?&rﬁﬁ{)}n can be

nmol ecu wei ght of I gonucl eotl
blocked. f Eluis paaebsa@empthshaﬁﬂfy dither facditafingapidl disiribGidey mgaif tf@blood

stecarfinE FRagn DR BeRE (o SRAPLROI oL HGISHb AT T g@Rsdsotide
abovel th&BFedtve sBRICAIBITot the GldntdH iRk @Bmu%@t%r?@ﬁ’sn%% Pélﬂﬂ:s to a

dosi ng frequency and enhanci ng eff'eCtiveness agaln

PEG polywen @Eqséatg@@@esqrd@e@]elmqotcamréxa@mtmujobngdnnp vegadende times of
aptam%rﬁ iR ?ﬁl&tlc% tﬁtgg]?b)]: Xl %g{ﬂ%' otgllng %teqﬁ%%?/ agné ﬁ*%géng eeffegtlveness

agams_[arb,scﬁl&rlﬁ'gam no acid fragment of the HV Tat protein
(Vives, et al. (1997), J. Biol. Chem 272(25):

[00661 60 WRptéhkrs cBfitbe BnjhEalRAt R variety of modifying moieties, such as high
molecular weight polymers, e.g., PEG; peptides, e.g., Tat (a 13-amino acid fragment of the
HIV Tat protein (Vives, et al. (1997), J. Biol. Chem. 272(25): 16010-7)), Ant (a 16-amino
acid sequence derived from the third helix of the Drosophila antennapedia homeotic protein
(Pietersz, ef al. (2001), Vaccine 19(11-12): 1397-405)) and Arg; (a short, positively charged
cell-permeating peptides composed of polyarginine (Argy) (Rothbard, ef al. (2000), Nat. Med.

6(11): 1253-7; Rothbard, J et al. (2002), J. Med. Chem. 45(17): 3612-8)); and small
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aci d sequence derived fromthe third helix of the
Dr osophi | a ant ennapedi a honeotic protein (Pietersz,
w@e00a4029262001) , Vacci ne 19(11-12): 1397-405)) BemMUS20g8031965

(a short, positively charged cell-perneating peptides

conposed of polyarginine (Argo) (Rothbard, et al.

(2000), Nat. Med. 6(11): 1253-7; Rothbard, J et al.

(2002), J. Med. Chem 45(17): 3612-8)); and small 22

WD 2006/ 029258 PCT/ US2005/ 031965 nol ecul es, e.g.,

| i pophilic conmpounds such as chol esterol. Anong the
moledtdds, 84S lipephileb@PourBSAEN BEChoNAERHIN. AhSng/th¥Qarious conjugates

properties of aptarners are altered nost profounoﬁ ynﬂ)f
descn@éﬁ%ﬁ@%hw vo pydrericopGapiamepsare Bered xanspprofoundly by complexation

. ti f i X 2'.F apd 2'- i, fi.ed .
wits EBTTASIR 8ot Motffiof 350 efic 3% BB bR mointtamer
therapegtiawifhi 4 20 i PEGIulyREORBEES &l AlRition dhé bfdnRdthd Harhér
bot h heal thy and jnflaned tissues. Furthernhore, the 20

distriptionpegothdicp iy andyinflamed tissies u Gurthermoss dke 2kPa PE&spolymer-

tar ' ' eventing renal
st 5L oy BREEG R ISl BBt PHGL Bt Bl e
filtration affaptanieastEWhilk @ae affet,of PG ybationGs g8 dptafilés tiefRatice, the prolonged
exposure a resence of the 20 kDa noi et

forded b 2 4! [ L.
SySterg|CPPYEY loded BV arde FeRfiNDAC kP2 met s toqihiatasshigeibution of
. . S
panBE14 UL AR L o1y IR RS S ARG s
inflanprodtyore r Theoptangit 29 Idva BEGp cdphemen] gt ditebistaptamdr distiitigtion to
.Site of infla tio that the PEQy| at ed apt aner .
the it PP Aqe Suacbariie SEEE AT i Fearetriaredyaccpiaes in

inflangs@ntsshd) Snab R Snsthites, 4he BORDBESG A4ed aﬁ%@mngﬁé)ﬁé fé%?%e?to access

. is able to access the interior ‘of cells, suCh as,

the intoxigrpf ecllsksughay, feeetample,dadrly aellsli fi ed nucl eoti des can

al so be used to nodul ate the plasma clearance of
[0067hpt aMedifiedrocleetidespiar alsarbemsediy modilate thapplasma clehianke of

i_ncqr por at both 2. -F and 2'- stabilizing ,
aptamsle HRFFRER, SFiia el Bpisier L B aRprelsORsg Band 2'-OMe
stabilifHgdRefrsstads, whidhb tyidas ofclir@ cofleli BPapMim&Y e RARBibits a high

stability in vitro and in vivo, displays rapid |oss
degres popaigass prability & virre apd én vipp, alispdaysirapid doss djonapkisma (i.e., rapid

j INSL q I {4 ssues rimarily into.the
plsmy B Sl Mo o, PERRE! A e e
compREGtDhMATEZ EfdaielCLEl C ACI DS [ 0068] As descri bed
above, derivatization of nucleic acids with high

mol ecul ar wei gPEG-INERIV ATHRYNUCLER! XgHg has the
potential to alter the pharmacoki netirc and

har ] r o ' il i .
0065 ARGt B Q85 B L L ML Bl v
non-irghiaingesid polpweis\has theqateritiat toadter ileqheasaodkinetic ahdince

to degradation by.nucl.eases, .decyeased filtratjion
pharmfodi R Mo e it STCiE ARG bk e e mase picqtive heasygc agents.

Favorbl6 tRifge@itthctivity can include increased resistance to degradation by nucleases,

decreased filtration through the kidneys, decreased exposure to the immune system, and
altered distribution of the therapeutic through the body.

[0069]  The aptamer compositions of the invention may be derivatized with polyalkylene
glycol (“PAG”) moieties. Examples of PAG-derivatized nucleic acids are found in United

States Patent Application Ser. No. 10/718,833, filed on November 21, 2003, which is herein
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altered distribution of the therapeutic through the

body. [0069] The aptaner conpositions of the invention
woreapelozo2eer i vati zed with pol yal kyl ene gl ycol PCPB&0)5/031965

noi eti es. Exanpl es of PAG derivatized nucleic acids

are found in United States Patent Application Ser.

No. 10/718,833, filed on Novenber 21, 2003, which is

herein 23 WD 2006/ 029258 PCT/ US2005/ 031965

i ncorporated by reference inits entirety. Typica

pol yners used in the invention include polyethylene

bl b
mcorg %EO y(rgﬁbgglgc)e in &b §1Qtn:é§g\g‘&pﬁisa)1/ ggﬂlyi&%?cgn‘ﬁﬁeﬁgﬁ t}@ih%tmn include

polyq @dﬁrebgiyc@r( y)e @1159 kngwshalias p@lmauhmene omddmm”)tundqjolypmpylene

o SRR A o B0 Bl SRS 53 5 B poptmers o

differeanylkylappbxidad gecgl Sethy16nd d:§ddTaed Epr@ﬁ?l@ﬁé‘ 0%i@EyBande used in many
pol yal kyl ene glycol, such as P I's a linear polymer

appligationsn it kemast eauRofREmnL Phlyn%lrem)gﬂycgi sugsas PEG, is a linear

P SR SR D GRS o

CH, - Otk (T leis polyectr, aﬁpﬁdqoﬁﬁgacarhymabﬁylﬁouybthy&né BARLE tAPSlso be

| ow n

repreg&n?qjicqs&—?(gr;ﬁ Qﬁ Ybol P rfm the ~cREGrsym presents the
follox%ﬁ@ sﬁﬁuui/al hiftd eé%g@ﬁ?@é é@poéﬁzézﬂt @Flaﬁglgt whdre )P ﬁfgléaﬁgf Zar]ges from

shown, the PE i ona
abouts‘bmhon’ew Ped.erred to as "PEG diol." The term nal
portions of the PEG nolecule are relatively

[0070jon- Peahdwiethb PEGKYleculats ditfustiortahgnd PHofearBS refti@L to as

w n, pe activated, .or converted to functional noieties,
PEGTGpL” e demiapkposions ol USECE nolestis mearlstveti somteactive hydroxy!

mmeﬁ&aﬁ{eu(ﬁ—l $kdups, BAk dalBe GOTRRLUD G r C%?]W-‘eac??é/ g%ﬁg{cll&%é&ql&f& for

diols are“referred to herein’as
attachaeniof the RE@ ta efthat crapownilesti reactive siteEsh the@bmipawgd. bR activated

RS R T G TE AL SR

PEG @il BiveVilett fiiitiohfaet ia¥ Scttediafbohhte Ries %resfélecfigﬁeam&nvnh amino
succi ni m déo active ester noieties from N hydr
n

moietigsdyy; sybstitaldon p b7 1glativelyraonyreapiive kytroxyl spoietiesi {OH with
sucififRIIARNFS LSRR A oh 1 %@% sEstm o peG |

non- reac
e e is no-funct i on ctivated). In
0071 ‘3‘&?&%’1‘1’ Rt AP Tt G P Blhlaioppne ond with an
essendalﬁ}plhcﬁyrdéblﬂntd BbRty RARA A PEG ﬁﬁlecﬁl@ fis AGhd¥RiBdn e mono-

-functi onal activated PEGs | ead to extensive

actlvaéqdas 0 therprpenef protednt thierageutizs ovhigh gmtﬂllyahajlamgrtq@ateastmn sites
o R QR S e R B et

p°°r1ﬁﬁbﬁtlbﬁa1ta€§re@m%m T® geﬂeezﬁéhidhﬁ B ReX PEERD i
ot her “capped termnus of th nerfg‘dﬁ:s)b& moiety on the

termnmﬂ cg’ &}@ﬁ ]éE{%)ﬂé(pldgqlpgp It s subgtituged with non-reactive methoxy end
moiety, -OCHj3. The other, un-capped terminus of the PEG molecule typically is converted to

a reactive end moiety that can be activated for attachment at a reactive site on a surface or a

molecule such as a protein.

[0072] PAGs are polymers which typically have the properties of solubility in water and
in many organic solvents, lack of toxicity, and lack of immunogenicity. One use of PAGs is

to covalently attach the polymer to insoluble molecules to make the resulting PAG-molecule
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a reactive end noiety that can be activated for
attachnent at a reactive site on a surface or a
worpdoeozd268 such as a protein. [0072] PAGs are ppdT/DO82085/031965
whi ch typically have the properties of solubility in
water and in many organi c solvents, |ack of toxicity,
and | ack of inmmunogenicity. One use of PAGs is to
covalently attach the polymer to insoluble nolecul es
to make the resulti ng PAG- nol ecul e 24 WD 2006/ 029258
PCT/ US2005/ 031965 "conj ugate" sol ubl e. For exanpl e,
“conjhéat&T aéi)l@(ﬂ@ NESNQUh I3 hak %@eﬂ‘@fo% ﬂhgtstﬂle Wkr-ifliotble drug paclitaxel
pacl it axel when cdupled to econes ?
whengateled s0PEG) becoGres avatertsdubi. @tecnwaldoezgal ., thérg. ,Chem., 60:331-336

336 1995 n a are often used .not
(19931 PAR GOt e SBFRReF o] OG0 SRAIER PeIgoDE i Sepilig but also o
prolofg HeMébd difcultRathalilif of Alolekniehal f-1ife of nol ecul es.

[ 00731 Pol yal kyl at ed conpounds of the invention are

ypi i
07375, Bk BEESSpa0, 03RS IPIRLED £ o s
size hamgverpplyistzatcan be used, tierchbAS depemianmksthafaptdm&rlaﬁ& ep}ilio@ﬁon

[n siz i1l _other

b 1 d 80. kDa PAG
Ot RS B e b g o b b kot PAG

compbiindsi Fehe MOENtRHATObEwedn POGPEH ¥R
P10, 20, 30, 40. 50, 60, or 80 kDa in 78 FOF @il £ AFAG polymer

may 11%1‘[ Wﬁé? 10, 28n3Bb &0} SRl ons0 kD imsite dSudhrpodymers can be linear or

branc R 98 T b B R S PR, WA R E potymers
are blﬁiﬁlﬁd IPIRERN s stild ethiee bmmlmeﬁfs%éﬁéggﬂxe@' #89be0a Bﬁ@cﬁ&i PEG as
depicted in Figure 2. In sone e di ments the 40

depicisea E Hge Peo spgegnibadinaents eiidDn branched PHGis aﬁpclmdéo the 5’
endog—&lg Bhfeh Fdéﬁc@h%pg&% 3[00741 In contrast to

y-"'expr ess rotein therapeutics, nucleic

00748 Y s S it sid erpenic

are tyﬁEﬁ-ljﬂ tledngicallpginthesized fregPictiv atdB ndR i 8RAESEHRY PEG-nucleic acid
i ncorporating the PEG using the sanme iterative nononer

conjugsiat Hay pg prepareddyinpirporafipgthe RRG vaing ahaﬁ,arr:,eotw@m menomer
ety 8RR, Ll LN G5 L DSHRH A By o e

incormiratgd mic b(dﬂi—phtse oligoturkmtide syaithdats. C@]‘ﬁ@hﬁi\@ﬂy \thbnucleotide

syntheis GEreRmAL Ly g@%ﬁ@%@f%ﬁ?%&%@?ﬁ PEG attachment site.
Most é‘&ﬁ%ﬁiy‘ thfiefds lBk‘er?é&bﬁab%he@f ftﬁ)ﬁ JFal iR m%'m?ﬁg Afnif at the 5°-

- termnus (i ncorpora using a
tennllpisdmhmomﬁusmg  madifger Iphesphomm]uﬂltn &n tedpst obupdingistép of solid

phas BRGS0 b Wl
will rétlarddofofna Hoaa dvitd 4rharde PRIcBRbired ViR @ﬁﬁf\éﬁ Bﬁ%&ﬁaemide and

purified, oligonucleotide and the coupling reaction is
the coypling weactinm is icarrigd oyt ingelution.

[0075] The ability of PEG conjugation to alter the biodistribution of a therapeutic is
related to a number of factors including the apparent size (e.g., as measured in terms of
hydrodynamic radius) of the conjugate. Larger conjugates (>>10kDa) are known to more
effectively block filtration via the kidney and to consequently increase the serum half-life of
small macromolecules (e.g., peptides, antisense oligonucleotides). The ability of PEG

conjugates to block filtration has been shown to increase with PEG size up to approximately
25



[00751 The ability of PEG conjugation to alter the
bi odi stribution of a therapeutic is related to a
woneovber2sf§ factors including the apparent sizePCBUS2005/031965

as neasured in terns of hydrodynam c radius) of the

conj ugate. Larger conjugates (>1 kDa) are known to

nore effectively block filtration via the kidney and

to consequently increase the serumhalf-life of snall

macronol ecul es (e.g., peptides, antisense

ol i gonucl eotides). The ability of PEG conjugates to

I of blchdodtd b . .

s i DR 0 (B3R Bt deied oy
macrapiFgassedesdordeissisnbotheDshapfalintihation vig thedddiseyapy e

m ni mal beneficial effect as half |ife becones defined
[0076by Pradudhaddighembhceldr meighbBEGS (> 1kDeY cahb@mifficult, inefficient,

and oFpviro s S0P P (OERGR Bopmaletis shhIehaoleaHFRIBRT g amelec acid
conjubAi&s, Ef&/ﬁcﬁﬁtwork iﬁgb%ﬁ%%eﬁ Sowdtds Elter%géﬁtigﬁ’ iﬁgl %ﬁeaxf:lﬁg ecular

~ synthesis of high nolecular weig nuc
weight aeijvatralt REGSs. poey methodvor gereedingsach molegaled invohas dise fo@ation of

' hi | | i gh ' d Gs.
a brar B AN REA PG 1, EANEh 4FP g it bt Rt ed toeepirel g carrying
the acfi%tﬁ@%féﬂlﬁ. Tthe t@nithAHoReshsdF Eﬁeﬁ@h%flp ﬁ@ekﬂam%i&% gmtrﬁglecules,

] nmore PEGs are attached to a central core carr
i.e., thegelatively aogrenspye ydroxpk (+OfBImqieties, cansbeaictivhied cortriogherted to

. i |l ecul es, ... he.rel ati vel
rncu BYSEHLE, B LA RRFPBhERA sl e ISy IR
reactia€ites dh ekt camip@ady Brithed activatddRBEGH#1l ARIeahb@Ihard o termini,
_attachment of one or nore of the PEGs to other

and 1%‘&%‘&%% twyp or F’@SFCWWEH Sryedaeen Aotivried shpvantivateghighenawlecular
Weigl@‘PE@’IﬁBEgu\AIEEQ% rifelbd NG s,grrn'rixnﬂﬁ?ct MR A Y somBWses, not all

N cases ere two or nore ave been
termit@dt abednebl PESiimbleaulei avaaaiVateidg fie casepivbetd iy twose@iihi diEGranch

o] ecul es are refe to, herein as, nulti-activated
PEG Rlegit pis %Cgﬂéfeéa%‘&é ?’%OE’FFIGS B TRieHed fhasbinachiveied BEGs. In
some TS FUER M PoRSletMRuSth a biinERPES NBRES. ?{%ﬁ%ﬁ@g&%"cﬂwﬁc

5]
of a branch PEG nol ecule are activated, suc
moleciisis atatieéssredrte as gfosprastivatod.ads bit exanple af dds BipEsachl activated PEG

prepa ST P SRR A Bl B SRBAS DhGrE5BR MR subsequenty
activatedf foF Feaetidrohad e aescaibed Hadrad er AS N8 X IR: 210D 1 fu’o@s%.

2

approach, activated PEG prepared by t’he_ attachment o
(0077} WO THRNRERLMRN¥ntiSESrol e ad offdr 0BstcPHee ig\?o%%eﬂﬁsthe synthesis of high

subsequent | activated for reaction
molecgles wicighé 8B al¢ig aetd (preferatilys aptamery obnj@gateslibc@ing multiply

03).. 1[-007 he present jnvention provi other .
PGB gl r i o TRBReS EERBOATR rietegies REG ARG Mitimeri
oligorileBtiddsae. g\VaietizeRabramitss. €T Feécit (Ve AR Yelates to high
molcca&éamar) conjugates including nultiply PEGyIl ated

Weight sempesitiqnsavire 8 PG stenibring arpietly da Enkemnylaels ssparates
. ' L neric Lgonucl.eoti des. . e. g.
cifer RIS 5 PAHRPE = ta® B O PR FRoi o pafemens
sequetic@, fichlthat the linear arrangement of the high molecular weight aptamer composition
is, e.g., nucleic acid — PEG — nucleic acid (- PEG — nucleic acid), where n is greater than or

equal to 1.

[0078]  High molecular weight compositions of the invention include those having a

molecular weight of at least 10 kDa. Compositions typically have a molecular weight
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nol ecul ar wei ght conpositions where a PEG stabili zing
nmoi ety is a |inker which separates different portions
w@booan2ept aner, e.g., the PEG is conjugated w BEI/OSA05/031965
singl e aptanmer sequence, such that the |inear
arrangenment of the high nol ecul ar wei ght aptaner
conposition is, e.g., nucleic acid - PEG - nucleic
acid (- PEG - nucleic acid)" where n is greater than
or equal to 1. [0078] Hi gh nol ecul ar wei ght
conpositions of the invention include those having a
ehvdéﬁ'l@caﬁh%blm ifl31ze0
b pi cal | ha\/1 e Ig’az errgillgg fﬁ"g}&%‘ﬁ %%ﬁ %%lggv%ﬁg%éo%f}tgggggguon are at
least pU’SﬁZ 55 Q3006580 KRa ivesine.10 and 80 kDa in size. High
nmol ecul ar wei ght conpositions of the invention are at
[0079] easA stadjliZzig mBGkty #0h mbRcukor plfrtx&OoRaDﬁlold&u&L #Ahich improves

079] ..A st abilizi nmpi ety i.s a_ nol ecul Qr portion
m‘gﬁmlém q@mﬁﬁﬂ“@ﬂa@mfev%es phise hh%gldwlﬁ@ﬂ%waﬂbt aptamer
compBﬁﬁBﬁEB&ﬁHé/ RREhiforP IARBAe! cSesOf s ot%ﬁ‘i‘ﬁﬁlﬂg%m i£6% A %cule ot portion of

wei ght ‘aptamer conpositions e i nventi on.
a moleede Whlczln teingb itwo of mg)remptm.nyrs; or aptandrelomiainspintg prd:xumny, or

prov1§?§tc§m§ se O%{arlflsro{q%ﬁpgl %ﬁfe mﬁ t eﬁjggom(g?%&rggéé}i aptamer
comp8§ifibRASRHEe Rehitidd, A@iaﬁilizﬁ}[ganhofeif@ﬂlq{@ o#'fﬂ%rr]l%egélycol such a

nol ecul ar wei g}[}t apt amer onposi tions
polyethyleagtglynel, whieh edst be Linaay Oh’miae@l?,ﬂdcahomepdymct 9124 hstbrepelymer.

Othergslt%ﬁ%in%&%ge%eg c@e%%ﬁ)ﬂ%érm Blgqhg%éa%gﬁqe %ucﬂeéf gﬁ?lng Q#ﬁyﬁér

Oligofihdlestides adti alka be gabibizitici 6ieties; btiheolipohiicIestiles Yahinfude modified
A i gonucl eoti des can

nuclegtll‘fﬁ‘él %@v ‘ggigﬁlﬁhgdz ﬁﬁ%&%&. SggllilA é%ph0§nle9¥0t§m9a§@§n S stgbiliziaggnoiety can be
n I

oSS s 01 KB Bl e

[0080@DI e&é{mﬁgﬁu&%i qf"?ﬁ]e in@%ﬁ%nainclgg? éxrg?x moalg%tﬁ nefé)t apfpmner

I'S COvVa

compa@h@(fﬁ-m wHiCHOH o@ﬁ%ﬁﬁﬂctﬂ@zﬁtﬁd ﬁfo1étfé§ atd BOR HlchiPf cd)ﬂ]ﬁédﬂ&?to at least
t aptaper conpositions 1n whi

| ecul ar wei
one P?bo%kafg?lﬁﬁ}ytgomew@r QTWC&Y%Y@&? %C@rlé‘)lé@‘?ﬁaﬁe@mﬂswtablhzmg
n
moie AT GahIB 3RS B BHRIE S found s it
end tmaatptdtmm sigh thadithe p@yalklyhme glypobjlotnsalﬂSnwd])ﬁc acid moieties together in

TN R TN N —

the prithat§ @lrubttd BF thd€ovalknt &ldtecafd AcRBLEhE ﬁﬁe&%ﬁ%ﬁ%&ﬁeﬂt ri’luclelc acid-

one nol ecul e, the polyal kyl ene glycol Is sali
PAG-npeleic ﬁlgldmﬁ@t gramipte i§ aclompositios haviog the prtﬂmy;strumrqznuclelc acid-

une of .th covalen nol ecul e | s. t he, | ar
PEG-RdE S aRolel PafifRos lindRahiesmasnl St ahiiccadin - PREY mucleic
ac1d—€1mpl—eluc1§1cadcrdgrrp03| tion having the primary structure

nucl ei ¢ acid- PEG nucleic acid. Another exanple is a

[0081] | NePS pRHAEE MBEIkicQlciUPEE Cnitddid acid RbfFupaBURE §hiecic acid is

originally synthesized such that it bears a single reactive site (e.g., it is mono-activated). Ina

preferred embodiment, this reactive site is an amino group introduced at the 5’-terminus by
addition of a modifier phosphoramidite as the last step in solid phase synthesis of the
oligonucleotide. Following deprotection and purification of the modified oligonucleotide, it is
reconstituted at high concentration in a solution that minimizes spontaneous hydrolysis of the

activated PEG. In a preferred embodiment, the concentration of oligonucleotide is 1 mM and
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acid - PEG - nucleic acid. [0081] To produce the

nucl ei ¢ aci d- PEG nucl ei c acid conjugate, the nucleic
w@eood/02ess ori gi nal |y synthesized such that it PEHDS2085/031965

single reactive site (e.g., it is nono-activated). In

a preferred enbodinent, this reactive site is an

am no group introduced at the 5 -term nus by addition

of a nodifier phosphoram dite as the last step in

solid phase synthesis of the oligonucleotide.

Fol | owi ng deprotection and purification of the

the rec%%gt%ltue?%g%kiiog QABKGNS %)P E}?Y[ Ndmrd g%-bﬁﬁ&? BEitd.3. ubpsthdis b 186

concentr on In a so on t . m ni m zes_spon_t aneous
conjudaysiis dhiyisied byfsldwatepawist uddition PEEghlynpwifieddfidunatignal PEG. Ina

e 5 A S SMUEARL s b
with s%&@ﬂiﬁﬂd%n&%ﬁni@ F'&l?&tﬂﬁg P&HcAbAShe PRI INGER &R < &6 is purifie

esis o conjugate is initiate 3/
by gelsdlatrophoregis wi Hquid dbiidnaegraphyhiogkparaisdiily-, pertially-, and un-

. bi-functiopal .PE n referred adi t G
conoge] b DR STt Relien FHE SRR R0 fBifon 45165
copolﬂﬁfﬂs}’&t dnfdick PAG WMaldy caH beilinked tyAchive paflow Iengths (or molecular

ol 'owi ng reaction, the PEG nucleic acid conjugate is
weighps)r NoneRAG fipkges|car be sseddysthveast AGshains gf yerymg lengths.
chromat ography to separate fully-, partial Idy-, and un-,
[0082F onj Tige?’edMep@tilesro autlothiepimodified msllestide swdifications stabilize the

t t.ed . 0., r bl
aptam gavest Tppleseh araeteie HEDHIT Hedt "DS. i e P oo e
nucle%tgcf%ggaﬂagﬂb d?‘ﬂhﬁﬂél%‘@g% aMB ihéaps exlddicledde redistkgdes Seaye.g., U.S.

bet ween PAI ains of varying. |engths. _[0082;
PatenfElfe6 24, 6891/6,668;268 ©:3058 Hridnd 61229, 008 deachof i Higogporated by

f rmdi'lf i cat i.ton][slise abilize the aptaner agai nst nucl eases
referenpie herRia1a A1S e0iif ‘half life in vivo. The 3'-3'-dT cap,

or oth O%béﬂf‘ ﬁg @ @@ﬁ@t g gﬂb SO

P

[ ncreai_L@,G'giﬁJé{iﬁPAl%?eﬁ?J ststance. —e. ., :

Patents 5,674,685, 5 8,264, 4,207,816. and
[00834, 22@}@029166%‘7"611%%}"14?%@‘} el ﬁ@éﬁ”p“oﬁi SPBYE: candiedyane by

NG OR kL Bhdrd- b Sidhat 4 RInveiEicZasld dhtédi th
reaanfE&%Ff{fi@%MIE@g %%ﬁ%%ﬁg?%? R.Eﬁ .gnh_ nmol ecul ar wtatfi%grqulct)re o one_
reactiPAGte Ul mieendodimd@dGhe onglagacissis bareagdve oe papwiyateyd, and contains

reaction of,a nono-functignal .activat M T . :
two reaghive SeSaR P rAEH SPHP & 03151[ 3ﬁ1d0rd ggec lﬁd{/oetﬂg ?%‘?nudeoude
throub® cORRNEHTRA PhoFhbrantibRe SHEhedisC farekamplk: Bi-5T-aREGYlatiomas

I -activated, and contains, two reactive sites: a )

illustéitedsiniMigurg fo Ip akierdativermbadimentgreagiive sttesrigdsdnirefuged at internal

.the oligonucleqgtide . i | .
BT DA S ———
2’-podition of ibodaites forrattachmdnt bopiimatyeamines. Finguclke esibodiments, the

al ternative enmbodi nents, reactiyve a{h‘ies can _ be

nucleigiacid duclayeseverpk astinaird opEartycoHies apd s gidigbeagulfiplygotivated
Follo%vﬁﬁg‘, %ggge%%sﬁéﬂaﬁgﬁkcﬁwﬂ, Medhoified bigorRicRBEHS 1s¥Bnibined with the

mono-activated PEG under conditions that promote selective reaction with the

oligonucleotide reactive sites while minimizing spontaneous hydrolysis. In the preferred
embodiment, monomethoxy-PEG is activated with succinimidyl propionate and the coupled
reaction is carried out at pH 8.3. To drive synthesis of the bi-substituted PEG, stoichiometric

excess PEG is provided relative to the oligonucleotide. Following reaction, the PEG-nucleic
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2' -position of ribose as sites for attachnment of
primary am nes. In such enbodinents, the nucleic acid
W@ 20064020268 several activated or reactive sites BEEUSR05/031965
said to be multiply activated. Follow ng synthesis
and purification, the nodified oligonucleotide is
conbined with the nono-activated PEG under conditions
that pronote selective reaction with the
ol i gonucl eoti de reactive sites while mnim zing
spont aneous hydrolysis. In the preferred enbodinent,
_ t . . o N
acid dg?'o pgi or%g e fzimd ‘t %il %%E%F@éfg Q? é\fa%{ﬂiug Eﬁll%grﬂ ct:%rrgﬁ(ﬂ eydtooS G argtte fully,
partiafi} B1d3in-Gomjupatedspeyies.nesi s of the bi-substituted PEG
stoichionetric excess PEGis provided relative to the
[00849| | gBheiihicing damainkehh aleb hgve @RGriredte poRIBEA MR fvicties
Zg VO ZO%g/O 34%58 PCT/ US2005/ 031965 ~aci d conjugate is
attachsd therptey Sygh E&Gs«ap be b yrainedeasths and way §e used in appropriate
eTaszhl t rtiall.y, and
combi&%@conj %gg%ggﬂﬁp%g?g&BFS%We%teo{@%Iﬁ){r@o%%%i ns can
| so .nol val kyl ene gl ycol ieties
(008, P OTREYTecR P BhrlIRIGE HRERAEN b enghe' Gl R Sheshiehs
compasitionayd kagths edlinkeraRRiORLI1GAE to bR, BAIIrR8 tinf orable steric
achieve the desired nol ecul ar wei I?ht of the

and/of proRterackiens pathghy targrt wall pracludsfthefometipe of egmplex kefveen

[ eqne: t.0qd L cal o) i ti.0n
ptanE e R SR O S by ORI e v
nuclefcarcivs, may sadoce bindirgg fability byrdiindnishing the dfftb8v@edncentsation of the

. ith the target wll preclude the formation of conplex
hgan‘w e@%@eﬁ 18 PSSERGIOIREMIZE lkter composiiqns anglengths ig order to

maxiﬂiﬁegﬁ‘ﬁ_rafﬁhﬁ?oﬁﬁ?ﬁﬁtﬁﬁ‘l@ﬁ’totéjtaﬁ%f’!n the distance between
nucl ei ¢ acids, nay reduce Dbinding stability by

di m ni shi ng_t hepaligaRPrPARCERNROSATORS e

I i gand. Thus, 1S often necessary to optimnmze |inker
0 [ 4 J hs in order, to nmaximze .the )
008c§ PR, 8ty Ah HERBEL Sy CLEE e RB L g modiia

aptam@f\GTE hiveiNor]. A0 86he Basboldiians, tifcorhsRitions lktiRStable for internal
phar maceut j cal conpositions containing nodified _ _
use atighpglude an gifeqitye amppehed apharmacalesisalbnassive aptamst of the invention,

. . i i and.
o SPCSILARD, B A AL A APl BBl Ul T
compawtdsvee esptaiaity usfultih ¢hat thegitavenery lawpifenpkoxitity. '
conbi nation, with one or nore pharmaceutically

[0087}c c ePirapdsitirarofities Mventivd caf BRABATID tAJaC oS &t alpathology, such as
. useful in that they have very low, if any toxicCity. -
a diseps5(s AisordsipRyallerigitsthe symplemsiof speh dpeasaat disordsein 4 patient
treat or prevent a pathology, such as a disease or
[0088})i s Srerapositignsafitis/insendiontaee vsefigtfonsdninisnation th ssiget suffering

rom S 395 RSP i B GFRTRIAAL B el et
whichsté bitaingS of the invention specifically bind. The method involves administering to
the patient or subject an aptamer or a composition comprising aptamers that bind the target
(e.g., a protein) involved with the pathology, so that binding of the aptamer to the target alters
the biological function of the target, thereby treating the pathology.
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from or predisposed to, a disease or disorder which
is related to or derived froma target to which the
wa@pioanenss of the invention specifically bind. H¢EUS2005/031965
nmet hod i nvol ves adnministering to the patient or
subj ect an aptaner or a conposition conprising
aptaners that bind the target (e.g., a protein)
i nvol ved with the pathol ogy, so that binding of the
aptanmer to the target alters the biological function
of the target, thereby treating the pathology. 29 WO
00 ]g}g]g%é 08 I.en r
[0089zub6£0t av% (E %ﬁﬂ%ﬂ%ﬁ%gé%ﬁ&ogw t’ﬁiée %%ﬁngﬁlt éug%l]éct Beated by the
methaig kn;f s invertidre darbe & hertetmetehadse mitidubirky 4 muemidl 06y me@N
. be a vertebrate, nore particularly a manmal, or nore
partic %Fl?'l ﬁ’&’%ﬂry a human. [0090] In practice, the aptaners
eir phar maceuti cal | y_ acceptable salts, are
[00903 hﬁ nsecicedthe Apamstnesthol PamAreuticply sereptablecsalts tave
Y,
admisf el if R SRS ARRER o Bt eluesfiuoiplogisgLactvity, e,
inhibitiag gﬁ:tbmdmg oéﬂte(uptan[lé}(ﬁz&g]:t thhley Anesireceptor.
phar macol ogi cal conpositions of the present invention

[0091)V | | Theggariabl yphaamBslogRaPed Y dsRBhb tsﬁmweht aberdtd® will
amer, dissolved or dispersed in a pharnaceutically
gener@]&

@mﬁtﬁe@n@é@m‘fﬁ APPIEY 9 Ehe APt azagr] @lsm'c@mratbsp@rwé d a
pham?arcglftﬁ'éﬁ{tr %L%P{agfé’ IH 'ﬁ}aﬁﬂgce 1£a11§r ?bsl% gge:ds a(gr;c?‘l{‘rge% include

erlia

any andsail sulvents, Meﬁbﬁﬂhadla mi)adﬁgsaymﬁtgic&ﬁ@mrﬁi afiduridd®agdnlsS isotonic
The use E .such nedia afd agents for pharnmaceuti cal

and abgorptiod delpyingarca’s and thelike. s seiof suchemedie and agents for
I a
pha BRI ALBA S R LR ER e o 0Bl SRy v pgredins

can alpe bs meprponatetintothe th@@paitic Tomppsitpay affthe presént invention.
pharmaceuti cal or pharnacol ogi cal conpositions will be

[0092k novibhet prelbahaﬁcm of ptakinhdeuticaltoh phaﬁtacbl@ gichgé’ﬁmlﬂfsnicﬂﬁ will be
cally, suc nposi tions nmay

ent sure. Ty
knowﬁ %P%f'p%éj FﬁFé’& lgﬁﬁ dhe priepepd fhsa@smeq dveicaBy.urbns
comp&itiGHSRANG RRBared 9@ i ectat EdTBittRY ial ARhA SERLrtloﬁQ&ug;dsﬁéhsid?ls solid
or suspension in, pfior to rnj
formstsaliatde Sorsplutioh dn, orsu$pedsoﬂ ar, liqnil prtmim inj eIﬁlbﬁI asriable&s;r other

L tinme eas in a other fo urrentl
sotids,foflGral SERTafaD 8yEimelihes o lksr ot by She Pticygently used,
mcludu'i@@ye&ﬁb @fédmts hRtibh& Balvdd) ntasitCindshe ﬁké eThe use of sterile

fornmnul ati ons such as saline-based wash es,

formudaioga sieh awﬁﬁxbasndswaﬁheh é»wsmeom ehymlk@r@r health tare atorkers to

treat agaa‘ﬂ?lir tcl:éurlcag% 5tﬁ‘e( e?er?tn ngoxgﬁg aytai Sté’lng a%tléelleg{ nlgygg %,oomposmons

may atkelbe\delieeted | Ivﬁ rﬁio@(ﬁd&ﬂﬁ:‘él Gitcropri¢le Bﬂﬁﬁdn‘gb e or sponge.
[0093] Upon formul ation, therapeutics will be

[0093F0 r rr%?&i RE@atibn Qh&ﬁﬁaﬁfcs %QMBE bRl fstéel h a HAGn QR Rtible with

ation, and in such anount as is
the dogmfmvdp@@ @afl fny sushfaseuiny es is Pharmacologically effective. The

formulations are easily administered in a variety of dosage forms, such as the type of

injectable solutions described above, but drug release capsules and the like can also be

employed.

[0094]  In this context, the quantity of active ingredient and volume of composition to be

administered depends on the host animal to be treated. Precise amounts of active compound
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formul ations are easily adm nistered in a variety of
dosage forns, such as the type of injectable
w@oloeneuess descri bed above, but drug rel ease cEBEBFUE®E5/031965
and the like can also be enployed. [0094] In this
context, the quantity of active ingredient and vol une
of conposition to be adm nistered depends on the host
animal to be treated. Precise anounts of active
conpound 30 WO 2006/ 029258 PCT/ US2005/ 031965
required for adm nistration depend on the judgnent of
requited B R erRAf R e JRAEHLAC thpraShct Bl e BBt 10
each idivgbrake t he active conpounds is typically utilized.
Suitable reginmes for adm nistration are al so vari abl e,
[0095put Aaminindlerolunm &f £ebmpositidi lfehﬁikécytoaﬂ?efﬂesh@ﬁdtﬂ@ cbhpounds is
.q&orrp%%n&l gnd nonitoring the results and then ivig)g )
typicalyitized. RuiRbleiepiersdos edministitior Aeralsonrasiable But youdbp typified
hars . g " o
nd/ or cont algnthgg?ragant s@dsmu@ﬁﬁ’ﬂggx%%%g@?ﬁdg gthé?gl ving further
contraltediob¢szit igthendtervaly. or enul si fyi ng agents, sol ution
pronoters, salts for regulating the osnotic pressure

[00963nd/ Dhie phsknesaticalvoagdiitionsimal be KtefiliYePdrfiPorcRtadt Adjuvants, such
ot her therapeutically val uabl e substances. The

as pregesings steb AR S oV eitigE Op sHelsiyEeesnisgsolwiondsemeters, salty for

il : i . . Cal
s O AN G i SRS R0 ISR e
therafeOfigalyf vaiihableastbitarcesn fihe dompbsitipfi)8e brepapdiadcording to

com SR b o P 0 6y Lors B! G o

75%, PRILHBly GBBROMA Go 5%, dbEHE LB ihPredfentll Xed With a
phar maceutically pure solvent Such as, for exanple,

tey. ' : c t
10097 T P ECela A8 HAR SO ESEpOS fons Y Blarnnt® i Bbgsa by
dissolymgsdispasiag,oric. Rhicladtiverahlppundsldidolvied imsr miNedabiiea f or
di ssol ¥ing in_liqgui rior to.injectiqn can be
pharnjagEi{zally Bie sPhiafoRiS b6 RiSHBsVaR EHBeptiant dexirose, glycerol,
ethandID%RI i Ulke, 08 ThREb P thS 1fEcRsbid Sorhitid eaSiohPREGitionally, solid
bol us and infusion), intraperitoneal, subcutaneous or
forms;jsuitatdenfercligsalvinginhquid prierstongjettiomenelformildatedn t o
those of ordinary skill in the pharnmaceutical arts.
[0098] nj eEheadpingmundnofithe praspitriavknition cawby edrhinisterkd froint@yenous (both
ei ther .as liquid solutjons or suspensions. [0099] .
botus @i i) e B AeNL SubEharost PRI PS g heR il Yins Gems well
knowih &f th%b@&ﬂﬂréﬁﬁ?@dll irl fhe pREMSLR] His. | BjcABRRAMS be prepared in
injections and infusions. Additionally, one approgceﬁ)
convefiipnal fermsneidreaps Hgwidsobitions oomspensiony.s t he
i nplantation of a slowrel ease or sustained-rel eased
[0099] Parenteral injectable administration is generally used for subcutaneous,

by inifi
ylma

intramuscular or intravenous injections and infusions. Additionally, one approach for
parenteral administration employs the implantation of a slow-release or sustained-released
systems, which assures that a constant level of dosage is maintained, according to U.S. Pat.

No. 3,710,795, incorporated herein by reference.

[00100]  Furthermore, preferred compounds for the present invention can be administered
in intranasal form via topical use of suitable intranasal vehicles, inhalants, or via transdermal

routes, using those forms of transdermal skin patches well known to those of ordinary skill in
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systens, which assures that a constant |evel of dosage
i's maintained, according to U.S. Pat. No. 3,710, 795,
w0 pwenpasat ed herein by reference. [00100] FurediIBEUSINE()31965
preferred conpounds for the present invention can be
adm nistered in intranasal formvia topical use of
suitabl e intranasal vehicles, inhalants, or via
transdermal routes, using those fornms of transder nal
skin patches well known to those of ordinary skill in
31 WD 2006/ 029258 PCT/ US2005/ 031965 that art. To be
Bhiag A
it AR e K B e T EHVERY oA 1B Hosege
admimieimatiomuwills of eduings; bé beminunterather tlesmt intehmirteghthudughbet the dosage

her pr.eferred topical, preparations
regimielc Ry PETIEAR [P PIBRELOnS B Croater eigBhente dotigps, acrosol
spray@ Bkl 8818, Swhepbiared i
T ot 21 ont woul ﬁ“&%ﬁéﬁ?ﬁ?@ A IRt §6lGpically mpge from
0.01%tand Do, Wfw or 00101] For sol i d conp03|t|ons exci pi ents
i ncl ude pharnaceutical grades of marmtol, |actose,

[001041 ar Eér, sohidlgroapiositiosd, escipieats 1ﬁdddmmmeé1mealrgrade%|df Winnitol,

| ucose,  sucy ose, nagne5|unlcarbonate and

ose,
laotosfy B RTE SEte RHB SirPhaRE iWledma srdldose nglyicase, suctose,
magn@ilﬁﬁ caﬁﬂﬁaﬁié' é‘ﬁ@ﬁ'le #igeS ‘FHP Q@ti\IeQ:"ohﬁy%un&' ALk BovE W also
pol yal kyl ene glycols, for exanple propy ene ﬁ
forxmdzg.ied hesuppositares, usmgfwnexrﬁnpie,cbaimikﬂens gﬂgpxds,l fonexmlarpﬁopylene

glyco gb eousin%ﬁtgr 8%? %f om att qgfare( f@ag&ggcgﬁ{y prepared from

fattyd:IﬁMemhg@ﬂs@ nsidng0 be adni ni stered in the form of
| i posore delivery systems, such as small unilanellar

[001 0‘2]33' 'Phee&) ﬁh&lﬁﬂ@ onPl'elp?éE'éhﬂ 1ﬁ{feﬁf§>§'c‘££ %ﬁo%%d?nmstelaadfm the form of

mul til ar vesicles. Liposones can be fornme
liposopag ﬁQiIVFI'BOWS‘thSs pieh| as gind undamb]élarmemgles,dhtgeemﬂamellar ves1c1es and

.St earyl am, ne .or ho ch ne o] . . . .
ot RV ERNRT L3P B+ el Bl of Shohelpige contaning
cholestéiroll] stearyamaRus pﬁ@éphbh@ﬁcl&ﬁm% Uth goﬂleaerﬁwcﬁ@nleﬁtﬁ' éjﬁh%Pﬁpld

encapsul at |ngw1 the drug, as described in U S

compgneg@szls dgdrat tla %We@us stlutierpeixdrug tqm lf@nuhmd layer encapsulatm g
the drﬁg S‘a(ér(%1 pﬁﬁ)eﬁ T EJ' $ Paft 'N&’ 3 ﬁZ%V@d %% 'P)E lflgtﬁmer molecules

conpound “or “fion?

descnbedl haehmanm motidebaoesinpleo n&ﬂhmﬂ@i@ﬂﬂi&doﬁﬁ)oﬁﬁ& BPAsH-
known in the art Addi tional ly, posomnmes may bear

immugagene. highgRolerular Weight capauad Wﬁ?tg@iqdﬁljl%etbaqk’r Knowep in the art.
Addltﬁ)\ﬁ%ﬁ& QiﬁOQOIﬁgseﬁEl§ béd}ta faied o Hféngﬁgita@é dﬁ)r ‘Fa?}grp ng d chQymg

An eXanpl e of nucleit-acid asso
cytotopimagedtsdnienally$o nfediatecelNdlling, Ahkxaple c[mﬂﬂ:léﬁﬂ-ac'f@ gssociated

onpounds . 0 re ion may al so be coupl ed
comp&i(e S?B?Vd%?({s‘ L‘E&%@??E%é&& (&9 abl e drug carriers.
c yners can_ i ncl ude pol yvinyl pyrrolidone, ran
[001 0§]u hl'he compounds of the present 1n$ent10n ma%l arl)go be coupled w1thpg/oluble

polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxypropyl-methacrylamide-phenol, polyhydroxyethylaspanamidephenol,
or polyethyleneoxidepolylysine substituted with palmitoyl residues. Furthermore, the
compounds of the present invention may be coupled to a class of biodegradable polymers
useful in achieving controlled release of a drug, for example, polylactic acid, polyepsilon
caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,

polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels.
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copol ynmer, pol yhydr oxypropyl - met hacryl am de- phenol
pol yhydr oxyet hyl aspanam dephenol , or

wpoiogeed2ys eneoxi depol yl ysi ne substituted w th Pel/nb1005031965
resi dues. Furthernore, the conmpounds of the present
i nvention may be coupled to a class of biodegradabl e
pol ynmers useful in achieving controlled release of a
drug, for exanple, polylactic acid, polyepsilon
caprol act one, pol yhydroxy butyric acid,
pol yort hoesters, polyacetals, polydihydropyrans,

0L RS A N Pl PR o cors

MINOIRPTFUNGED %k 86B1xilj0P hibéiantés sieb bs wettingloe emulsifying agents, pH

har maceutical c osition tpo be adm nistered may al so

buffegnispeeits. 20 Fier SHRSIMES SHED RORT CSRTBICAIRGNT 2pgfate, dnd
trieth&loDahiaBoksmitessuch as wetting or enul sifying agents, pH

buffering agents, and other substances such as for

a o . . . .

0O Ao ge L Gl R M1 ORI T AERab i a variety
of facte$ erciusiing typacspecidsmge, weiplt, sexvadire¢dical ebndidioi of the patient; the

i ncludi ng..t. ,,. Species, age, weight, sex and nedical
severifptihe o ﬂdlﬁ?gg?%l%e ﬁs&t?fg e ropfeLof admijpisirations the fggal and hepatic
functioR 08 tHel paficht? ahe tHe' ARt Rithr hPlotd. 2 h Ydinari

_C lt he r er% eand .hepzft%iﬁ c f&%%tﬁlieggyi% t?%}rgag%@éﬁ%@ %\Ar}g?dmamy

skilled physieien pryetemnnasname readily detietmink end pfesemipd thy effective amount of

the arRE Rt s prs? it SR O S PR ot 6w condBoBrount

00108}, GRS gt oF B kSEarity SR, Whéashfocg i aetecsy will

range bBRvRHABER0.09 Mﬁ’fﬂdo‘}ﬁ%/dw&ﬁllfy’.s etle E&hp&ﬁﬁoﬂsr%é gf’etf&g‘t)l rovided
of 0 ng X a?y

_ fects, will range between about 0.05 to
in thedpmp pscorerktablstanesiainion §.5al 8, pSes 8 tbDy1 50,@5.0)S56.0, 160.0, 250.0,

t f scored tabl ets . .containing 0.5, 1.0, 2.5
500.0 11 1066.5158% o R & SRS Bis RO B e T Gingat g o
transdbE8l. ddsagps aillasddeviretw IR0 ®©M500 id/dse dSwREBEBSus, intravenous and
i ntranasal dosages and transdernal dosages will range

intrappiopEl dopsass Wi 1rEdeREFER A5 (S, AB00 RBIEBUE Freptiva plosmilesels of
the co?rgﬂglé%%&f;%}? ggé;%ﬁ&?\?éntigﬁ TAHEE Frofh blol()% \%@L&E tSWSIﬁQm%. Q,Sompounds

ectirve®plasm
of thepoespniLindentivh rhinebgadsiaisteredinendingle danygésel bofieotdDily dosage

/m_to 50Q /. Co unds of the present invention
may b.%mb%‘stsﬁqﬁ‘i 1R iq‘g‘flg?L%OSFggﬁt“s% fyeeordepy (imgsdaly.or t he
total dajly dosage may be adm nistered in divided
[0010¢h s eAll grblidasions prcpatertt dpewpents pitasd hpapinyare jnoorporkeddidrein by
is j . ci herein.are.. . ..
ot 8 0 SO oS SFARERS Sl ST B
to be inodipbratdd lmreiabydofemmeat Ciators@Rniblicgtédns yind patent documents is not
. individyally indicated .to be incorporated herein by
intended i i fQuBISsiepitiaB K I 1er{iAABE PEGK b Mt e ibeershiute any admission as
to the $OKILAE BF Rate S MY sanle THRIH-ENASH ﬁQViﬁg H'b??.s'de IFdéSQﬁBCCPWV‘)&? of
_pertinent prior art, nor does it constitute any
writtemdndcsiption, these of skill in the art will recognize that the invention can be practiced
in a variety of embodiments and that the foregoing description and examples below are for

purposes of illustration and not limitation of the claims that follow.
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to the contents or date of the sane. The invention
havi ng now been described by way of witten
waele®en2gss on, those of skill in the art will recDysi0p&031965

that the invention can be practiced in a variety of
enbodi nents and that the foregoing description and
exanpl es below are for purposes of illustration and
not limtation of the clainms that follow 33 WD
2006/ 029258 PCT/ US2005/ 031965 EXAMPLES [00108] Three
apt aners ARC979, ARC445 and ARC 1172, each with high
affinity and specificity pedi fferent protein
target, were identified and mi nim zed according to the
SELEXTM et hod. ARC979 (SEQID NO 1) is a 34

[00108],c| Boyer aptamstoMREITD, ARCASS ewhARIGLAY each withdigh affinity and

speci i BERUANn ool Rl TGN fod R MinSRIRPRICOIERY to the

W g
SELEX™AGAE6L ATECNAI L SEBEEA BUCDA @I A1 £t 8 aptifief (OT1(-ZESdntaining
, . /D NO2) is a 23 nucleotide aptanmer to ?gE. cont ai ni ng
2’-degxy. prainey apd, 2 1-0dde myrgmisines(EdRyy Y gparpaton) wighrthe following
Seque% ypposition) with the fol | owi ng sequence: 5'-
CCCAUGGGEEEECU- 3'. ARCL172 (SEQID NO3) is a

SA#QW@@H%@FKWGG%%@@{%E% AR Mo mNo 2)

is a 25EH R @ptdaiel T EB E&ntsihins D ded FfuimehE280M Q8
5 Aﬁgcgner Medi ci nal Chem stry was %pl ied to ARCESJJE}gl,@HEl =
(“dRmaREgamposifien) Arith the following sequanr&ed- bel ow resul ting in

IAEE! @Q??& M RY ' istj.cs .
AGC?QIGat [ véx'?:o el réges pec%:t'ip\?:/%@gg}rzg@t]é‘(gﬁ5 g@aﬁ’is r*\lgéi1 Hucleotide
DNA aptaaieeta vc[zﬂmn@rmiawﬁadncbq(de”ﬁﬁhvith hd fol®wirlg $dq@ence: 5°-

nto their respective targets
GGC&Eb@%ﬁ@&%ﬁg@g&&@@é@%@CWGQT%%QQﬁ al | owi ng
eterm nation of the aptamer target dissociation

d
[00109h,n shpipmet Megjcingtrhermstaetas sphiad foARCHEABEMAG, and ARC1172

j : : e Lii I N enat urin .
o e PLI  SCh A RS A Sy ML L0 L PR e
their rgsiR2fvergdent axataviimeabtainedd a di | ution series of the
target protein and incubated at roomtenperature for

[00118D Thebihéidgurfidticd SRthdbptaings deS@Meld BRrei® RAinkir @8Pective targets
descri bed bel ow. The binding reactions were analyzed

were oasyrad ysing 3 dotddet inding gssey allewinggletermingtipn (o the aptamer target

s gn e MM T o s wr
purifiéd bdingdémmringdiolyacyelamideqd] ele@edphofdsisNe chll 1ME1AGK IO 2P ATP,

fo to%l) of Protran nitrocellul ose (Scﬁl ei cher &
combitedh jath a dilytien sgHesof the faseet protein ehd mcBbated atreoatiempatiture for 30

minutEERARr 8 biﬁ’c]liﬂé ré2h5h céﬁ%ﬁ@cln%id%pc?fbeg‘bgﬁlavg %Jhle })ind%l\gwi‘etaa%ns were

analyzed by nitrocellulose filtration using a Minifold I dot-blot, 96-well vacuum filtration

manifold (Schleicher & Schuell, Keene, NH). A three-layer filtration medium was used,
consisting (from bottom to top) of Protran nitrocellulose (Schleicher & Schuell), Hybond-P
nylon (Amersham Biosciences) and GB002 gel blot paper (Schleicher & Schuell). RNA that
is bound to protein is captured on the nitrocellulose filter, whereas the non-protein bound
RNA is captured on the nylon filter. The gel blot paper was included simply as a supporting

medium for the other filters. Following filtration, the filter layers were separated, dried and
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I's bound to protein is captured on the nitrocellul ose
filter, whereas the non-protein bound RNA is captured
wo@roobhz92ss/l on filter. The gel bl ot paper was iPCI/Usm®ds/031965
sinmply as a supporting nediumfor the other filters.

Followng filtration, the filter |ayers were
separated, dried and 34 WO 2006/ 029258

PCT/ US2005/ 031965 exposed on a phosphor screen

(Amer sham Bi osci ences, Piscataway, NJ) and quantified
using a Storm 860 Phosphorimager(r) blot inmaging

GXPOS%% %IC%EF@AFEFI NI T\%ﬁ%ﬁ%wm&ﬁw Wlﬁed using

a Stor:B¥B8 HhibkHHoh AN EiniatingRiystoph @i ershaya Baossignges)t ut i on
in the anti-IL-23 aptanmer ARCO79 [00111] A set of
ARC979 (SEQ ID NO 1) derivative aptaners introducing
singl e phosphorothioate substitutions (A en Research,

St er I RAMPEY 1WENEREASHD AMMMERtMRGE@dAEE/H\HWaWar d
synt hesi's technl%ues [n each set of derivatives,
singl e phosphBH6X RHORQTHIQAIE SUBS THUTION

systematically introduced at each i nt ernucl eoti de
EXAMPhEdde Phositiorahiontessubstitnijon inrthe awethlletd? iaptamoey ARG n

one set having an aptanmer with a phosphorothi oate
[0011 S0 SA isbtlfi ARCST9 (SEQIID N &)yderivatiee apxmmexsunm@mum single.

phosphorosoats s giona ey hetewe Siosting. VAL Fe AR Ghmmesized by
stand 09 é@gfaeEh:%@%f % %&Bﬂ s‘%gopdéﬂﬂf'aﬁ%srwgﬁglfe'p‘hﬁsphorothloate

con | ons: w t hout ++) . n&
substle%ns fa@re sysBhaticalljt mtrodecsdat pash m@muc&ﬁ@ﬁﬂ@ inkrgeaogition resulting

in eacgglrpg%gtsveﬁ ’Z}%{}g gert:‘l\\é?{nlgvai% élﬁgalnﬂl nﬁﬁ%anpr}rq_spé@%{hlc?ﬁe substitution at a

dlffer&ﬁQEt%ﬂﬁlrc%h@é‘pHﬁt%rﬂ SPibst derfaitivyd A deb pulkibdand dstdyeddor IL-23
the follow n equation_to the data: Fractjon, aptaner

bindingg unsing thendsit %lQIi desay [describgil Apgis und[sq the fgl}c)vymg binding reactlon
contRESTSCHIS PO ol FREIFTDE USRS 5, AR incubtion

at rooﬂméﬁ{p%@dturea%eme AR QT N@erfafive |btuyd1ng1 ﬂmﬁacmmsaptarmsbound vs. full
(i.e., result |naS|gn|f|cantI%/ ﬁﬁ@KQ' i 1%)1
lengtinhamarn BrBa cerceniaienewas wed e calrlatsith Kepyiijting fhy Pligying
uato%t?'ﬁ%d 79. Point phosphorot h| oate substitutions
equation P e |n e rnucl eoti de bond between two nucl eoti des at

Fractfbiélgﬂlma?lé D lcP nﬁmgﬁg%féﬁ% g?]/%l-@ rllr%za?)dT gé&gfcﬁ.m@binding.
[001%2) o ol Sgl%% %?1‘8&“ ng%:ubsf) {utlgﬁs ﬁ'ﬁgﬁ%@?@ ﬁlc{ Ut

er I'vatl ves

adveégg‘g'ﬂ@gt Bif@l hE afaftydh fnhd%t PUSlt@(ﬁlsC(i)éTp@%@ld it ®sighi€icpatheligher Kp
are I[Trsted’in Tab Unl ess noted ot herw se,
valuep adian obmpimed s@mém@sg pifinity@fthe sterbing antagep ARCH/Re Point

phoslixorothloa e su% t1tuP ons il R i¥ernucleotide bond between two nucleotides at six

positions (as shown in Table 1 and Figure 5) resulted in improved target binding affinity (i.e.,

lower Kp values).

[00113] The nucleotide sequences for the ARC979 single phosphorothioate derivatives
showing increased affinity as compared to the parent ARC979 are listed in Table 1. Unless
noted otherwise, each of the sequences listed in Table 1 are in the 5°-3” direction. In some

embodiments, the invention comprises aptamers with a nucleic acid sequences as described in
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enbodi nents, the invention conprises aptaners with a

nucl ei ¢ aci d sequences as described in 35 WO
w6258 PCT/ US2005/ 031965 Tabl e 1 bel ow. PCHUSINE031965

enbodi nents, the nucleic acid sequences of the

aptanmers described in Table 1, where | acking,

additionally conprise a 3' cap (e.g., an inverted dT

cap (3T)), and/or 5 amine (NH2) nodification to
facilitate chem cal coupling, and/or conjugation to a
hi gh nol ecul ar wei ght, non-i mmunogeni ¢ conpound

Shhel f the apB@ROt Gescribed i
rebe Bl e SRR 0 R R e IR e
and/or

Table ' sWhete ki, ad\dltmméékyruonipe@c @& campleas privingeritdodk eap

5> i3V BrRSEAiTTeTRG et SUCR copaiie Aapr{tyd RuBbhits nien

wid %%on%ﬁﬁ%@mé 2ompourd (e.g.(FBIGY: Liomeér cds@léﬁﬂr@‘&h’a and “d”
, NO interucleoti (s=phosphorothioate)

denote2- C’dmethyﬂ;mgé FeoxXy medifichtiensriesnestiivR}yr ss derpl§s q@n’(em}acleotlde
L dANCdAdGdGTCdAdAdGmud
phosphe magﬁéﬁ%ﬂéﬁ‘é&men none UdGTCdGIGIGTCdGIGIGdG

TABLG Ky BpRBgEs s A5 GRA I HEHCR Othjgderspbp ied

derivativesdGdGriUdGlJ 38 5 dANCAAdGIdGTCdAdAdGrid

molec

SEQ
ID
NO

AdATOMOd G
19, 20 (dQ
Ad AmUmUd G

ARCH

T COGIGIAS
P Gyilo56- 6

interucleoti
de linkage
position

d Clhiadéd G s

b

(s—phosphorothloate), (mN =
2'-O Methyl containing
residue)

ARC1161

Kp (nM)

1 dAmCdAdGdGmCdAdAdGmUd
AdAMUmUJGdGdGdGdAdGm
UdGmCdGdGdGmCdGdGdGdAG
mUdGmU

none

ARC979 90

dAmCdAdGdGmCdAdAdGmUd

AdAMUmUdGdGdGdG-s-
dAdGmUdGmCdGdGdGmCdGd
ARC1160 GdGdGmUdGmU

18, 19 38

dAmCdAdGdGmCdAdAdGmUd

AdAMUmUJGAGdGdGdA-s-
dGmUdGmCdGdGdGmCdGdGd
ARCI1161 GdGmUdGmU

19,20 55

dAmCdAdGdGmCdAdAdGmUd
AJdAMUmMUJGdGdGdGdAdG-s-
mUdGmCdGdGdGmCdGdGdGd
ARC1162 GmUdGmU

20,21 47

dAMCAAJdGdGmCdAdAdGmUd
AdAMUmMUAGAGAGdGdAdGm
U-s-
dGmCdGdGdGmCdGdGdGdGm
UdGmU

ARC1163

21-22 49
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MJIGTCAdGIGIGTCdGAGIGd  ARC 1162 20, 21 GribdGnl 47 7

ARC 1163 dAnMCdAdGIGTCdAdAdGriUd AdAmUnJd Gd Gd GdGd AdGm
WOR®6MEIERI CACIGTTCAGCIGIGIGN  21-22 UdGrlJ 49  36PANDUS2005/031965

2006/ 029258 PCT/ US2005/ 031965 8 ARC 1164

dANCdAd GdGMCdAdAdGrud  AdAMUMUdGAdGAGdGIAdGm UdG- s-

NMCAGIGIGTCdGIGIGIGMud  22-23 GrlJ 79 9 ARC1165

dANCAAdGAdGMCdAdAdGrUd  Ad Amunmud Gd Gd Gd Gd Ad Gm

UdGTCACGIGIG s- 26-27 nCdGIGIGIGMUdGJ 55 37 WO

2006/ 029258 PCT/ US2005/ 031965 [00114] EXANPLE 1B

h hi oat e substj L UL, aMeErs A
8 JRREIPRL" 757 ( SE0 dgﬁ?@?@% Ler s

ilnt roduci hg single [pHE¥HR 46 it i ons
d en Research, Sterllng VA) were cheﬁk&&ﬁiy
%ynthesizgd usi ng stk @d@dﬁyﬂﬂﬂéﬁﬁéGd@nﬂhiQUes. In

g¢ach set pf der?¥dBives, single phosphor@inli pat e 79

S ons wWere 3gysie | at—each
9intepg£&{;otide Iinka g@éﬁgﬁgﬁ%@?gﬁé@@ﬁgﬁy n each
derivative set having

phosphor of hi oat e substi t uti on GHCRCIGIGHGent
i| nt er nucl ot i de2@8ddijti on. MAEeGdedGudidGmtl wer e gel 55

purified and assayed for VW Dbinding, using the dot
bl ot assay described above under the follow ng binding
reaction conditions: 1X Dul becco's PBS buffer which
includes 0.1 ng/nL BSA, Ca and My and incubated with

| abel ed aptanmer for 30 m nutes at 24C. KD val ues for
the ARC 1172 derivative aptaners were cal cul ated by
fitting the equation y-- (max/(1+K/ protein))+yint
usi ng Kal ei daG aph
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(Kal ei daGraph v. 3.51, Synergy Software). [00115] The
systemati c inclusion of single phosphorothioate
wo ovkmeess i n the ARC 1172 derivative apt aner sPdi/tiS190$/031965

adversely affect binding affinity in nost positions
and yi el ded one aptamer having an inproved (i.e.,
| ower) KD val ue as conpared to the parent, ARC 1172.
As indicated in Table 2, a single phosphorothioate
substitution between the G at position 21 and the T
at position 22 resulted in a construct mhich showed
measur abl e | brovenent in afflnlty (i.e., Iomer KD

(00114} (EXAMPLE 18 Phesp thyas b b i 3 WF ar
[00116] In somnme enbodlnents the invention conprlses

aph savef ARG A2 (SEQHDNE! Biderinative aptagre mimsluamg smgle
s GETGpbl tt E VL Euy

using kaRbad3yamdii tdéﬁﬁhh&s qaraél §8 oPd&ivadivtd)8in %Nﬁ)osphorothoate
nodi fication to facilitate cheni cal coup ,

substl(lg@mng LS systepeatigally HrogBeasayeagh mmngmﬂeotndg age position resulting

i ORGP SR i S5 s e
interntialebd2pdsitivn. t’]ﬂ&se aetivaaivedwere g@ﬁﬂlﬁi@e@nd asa¥ed 6 @WEESinding,

arT 3T case |ett 'd" denotes 2'-deox
usmgﬁ%?dﬁ?qt é(étta?%??a( dgichibed abgarpdee thei’rfoll‘h‘b’%}&ll@@g regetion conditions: 1X

Int
Dulb@ROSH ISRl i inSiipy o ol o ng\e%%gg‘?w%@ &iipgupaipd with
labeldmptaﬁRﬁiﬁISSD BiEQte 0 2P0 K vBeeufonde ARC1172 &érjvativOaptamers were

caleulofa 35, BB G r(‘l?l%*%"*r?l CobiphpRUAEN ibhyye KaleaGrialye

(KaleRﬁG'r thosn 3692, 69Mroy $BfivRke) 1172
CdGTdGICIAdGTdGICACTTdC w 3T

[001 lg o ad%@ﬁ&é?@% BT%QH% ggtispggro“thloate linkages in the ARC1172

derival®d @@ﬁ@fﬂ@d@@ﬂ@l@ﬁﬂmfﬁﬁdﬁ@mﬁﬂﬁﬂﬁiﬁﬂ p%%bﬂ5 8nd yielded one
Cd&GIdGadcd A, dCdGICdC-3T 0.7 [00117

aptamﬁﬁ% E &0 Hpeoy ?&t@ogﬂ‘g‘%— ?ﬁ%cd 2R 35 oRPrego dheparpaty ARG 1172. As

indicat$ORITabl 2, Engl¥Bh&spHBhioate substitution between the G at position 21 and

the T at position 22 resulted in a construct which showed measurable improvement in affinity

(i.e., lower Kp value) relative to the parent molecule, ARC1172.

[00116] Insome embodiments, the invention comprises aptamers with y—>2P nucleic acid
sequences as described in Table 2 below. In some embodiments, the nucleic acid sequences of
the aptamers described in Table 2 additionally comprise a 5’ amine (NH;) modification to
facilitate chemical coupling, and/or conjugation to a high molecular weight, non-
immunogenic compound (e.g., PEG). In other embodiments, the nucleic acid sequences
described in Table 2 lack the indicated 3’ cap (e.g., a 3’ inverted dT cap (3T)). Lower case
letter “d” denotes 2’-deoxy modification and “s” denotes an internucleotide phosphorothioate

substitution.
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in ARCl1172 (SEQ I D NO 3),
NO 12). ARC1361 (SEQ ID NO 12) served as the base
WG e@paeress f or
phosphat e

backbone nodifications that resulted in

to arrive at ARC1361 (SEQ ID

i ntroduction of single phosphor opdi/vs1085/031965

a

set of nineteen phosphorothioate substituted ARCL361

derivatives each having a phosphorothi oate
substitution at a different position. "As can been
seen from Table 3 below, the nmultiple nodifications
introduced into ARC 1172 to arrive at ARCl361
resulted in about a four fold reduction in binding
affinity. A single phosphorothioate substitution

increased the binding affinity of ARCL368 (SEQ I D NO

13)

Table % BiRgy AR ARCH AR AR

Table 3: Binding Affinity of ARC1172, ARC1361 and

the binding

over four fold relative to the ARC1361 (SEQ I D NO

3) parent aptaner.

HL 368 S 3 hi oat
SEQ] 5" %?ﬁgr%%gq TB ARG # SeQUERSALS! B e |1 nke

- hexyl de | i nke
ID NO © 1inkd phoqm@pmmluu)a), (¥BF invidd), dT
NO (Ir=ARC #D) It VO 20Q9-a39ASSpIRSphbIERRNAO3 196
(szphosphoroﬁﬂﬂ@@gé) (mN = 2' 2O Methyl contai ning
resi due), |(PA®sHigb] yet hyl ene glycol), (dN=2'

- deoxy

)
M

)

=

NH2

Kp (llM)

esi due) 3 d&IGICAGI, d1dGdcdcTTdC
1 odrTHoded GdCdCdG . 2 ¢

dCdGTagaAdCdGdCdC- 3T 2
UpGrCnCninmuUnCiGm. " T GCd CniGT

R

36

11 21,22 deGdCdGTdeCdAdGTdeCdCTTdC
dGdGdCdCdG-s-
TdGdCdGAGTdGdCACTdCACAGTACdA
dCdGdCdC-3T

ARC1759

0.7

[00117]
in ARC1172 (SEQ ID NO 3), to arrive at ARC1361 (SEQ ID NO 12). ARC1361

Multiple modifications, including 2°-OMe stabilizing substitutions, were made

(SEQID

NO 12) served as the base sequence for introduction of single phosphorothioate phosphate

backbone modifications that resulted in a set of nineteen phosphorothioate substituted

ARC1361 derivatives each having a phosphorothioate substitution at a different position. As

can been seen from Table 3 below, the multiple modifications introduced into ARC1172 to

arrive at ARC1361 resulted in about a four fold reduction in binding affinity. A single
phosphorothioate substitution increased the binding affinity of ARC1368 (SEQ ID NO 13)
over four fold relative to the ARC1361 (SEQ ID NO 12) starting aptamer to roughly equal the

binding affinity of the ARC1172 (SEQ ID NO 3) parent aptamer.

Table 3: Binding Affinity of ARC1172, ARC1361 and ARC1368

Phosphoro- Sequence (5' > 3"),
thioate (NH2 = 5'-hexylamine
SEQID | ARC# | internucleotide linker
NO: linkage positon | phosphoramidite), (3T =
inv dT), (T=dT),

Kp (IIM)
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nenCdCnJdCdCnGriud . CmAnCnGnC-3T 7.9 13 20, 21
nGTCnGrJd Gd Cd AnGm UnGnCnCninUnCnGm ARC136 GnCdCnG- s-
W@ 20004328288 d GTnGnCd Cm UdCAdOnGniddCnAnCnG G- 3T RC'BUS2005/031965

EXAMPLE 2:

| NCREASED APTAMER TARGET AFFI NI TY BY
I NOSI NE SUBSTI TUTI ON  EXAMPLE 2A: 2'

- deoxy i nos

i ne

substitution in the anti-1gE aptanmer ARCL335 [00118]
The effects of substituting purine residues with

i nosine on the binding affinity

of ARC 1335 (S

EQ I D

NO 14) derivatives as conpared to the ARC 1335 parent

nol ec
i NOSI

resid
17 of
each
i Nosi

conta

the d

Ul e was

repl acenent of 2'-

ne (dl).
ning 2'|-

ARC445

1e was
ht bl ot

exam ned durin
deoxy puriner
ARC1335 is an A
OVe substitytions f“@iltfﬂllmgdeoxy p
ues at nucl eoti de positi omesidue)(PEG =10, 1
apt aner gﬁyéfﬁﬂe@ées rep
- deoxy| guanosi ne one
and

A set of

synt hesi zed
ssay and t
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L affin
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UQ n

j ously
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t est
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wer B
+K/ pr
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bi ndi

ARC 1

cal cul at
.|..

D t§ % ?2')3)
335 degM
ng affi

ilvati ves,

th

ed by fitti-ng
yi nt using K3

Sof tware) .
subg
nity at posit

verl3

r esul
const
near |
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val e
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val ue) .

i mpro

—whi-le
el | at
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y identi
ved affi

3_ajf_flm
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D
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nity (ARC 1

;IﬁGMﬁanﬁﬁlkkHﬂCﬁﬁﬂnGﬂﬁ
A Rh QRGO Unfehe el
[Qﬁﬂé&énkﬁnhGGCQGdéqf

RS
lerated rrwné%q (2%2?

X/ (1
aph v.

i es of
ffected
ased KD

- ta 7.9

D n@RICen CmUelUACmGhe
yi el ded apioiemn@f-

1984G4CABEGTRE:
Jégggﬁgﬁagﬁgghﬁégiggﬁb

|fy conferre

ﬁﬁhﬁCnﬁhﬂUﬂ&ﬂE&MmGMer KD

W th
and

i{mpr oved 1.8

A by both 2'-Qwe

subst

itutions

as in ARC 1335 (parent aptaner),
greatly inproved affinity relative to the origina

and

EXAMPLE 2: INCREASED APTAMER TARGET AFFINITY BY INOSINE

SUB

STITUTION

EXAMPLE 2A: 2°-deoxy inosine substitution in the anti-IeE aptamer ARC1335

[00118]

The effects of substituting purine residues with inosine on the binding affinity
of ARC1335 (SEQ ID NO 14) derivatives as compared to the ARC1335 parent molecule was

examined during the systematic replacement of 2’-deoxy purine residues with 2’-deoxy

inosine (dI). ARC1335 is an ARC445 derivative containing 2°-OMe substitutions for 2’-

deoxy purine residues at nucleotide positions 1, 2, 7, 10, 14, and 17 of ARC445. A set of

aptamer derivatives replacing each 2’-deoxy guanosine one at a time with 2’-deoxy inosine

was synthesized and tested for binding using the dot blot assay and the binding reaction
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aptamer ARC445 (SEQ I D NO 2). [001201 In sone
enbodi nents, the invention conprises aptaners with a
woemberesaci d sequences as described i n Tabl erdI/bs1008031965

In some enbodi nents, the nucleic acid sequences of

t he aptaners described in Table 4, where | acking,

additionally conprise a 3' cap (e.g., an inverted dT

cap (3T)), and/or 5 amne (NH2) nodification to

facilitate chem cal coupling, and/or conjugation to a

hi gh nol ecul ar wei ght, non-i mmunogeni ¢ conpound (e.g.,
condifibf? preliBus1QldBedr ' 4 i f-e '

sequ%nces gegcﬁbge ?lr?%}dgbﬁ]aﬁlaﬁggk@%t héeﬂ\dl lﬁgrgg%ugé).lsmg/mL BSA,
room ¢egpperglareyfor 3@ ngnuteshie tesé whether Apd¢By)idosincosubstitnte®improved

. A n 1 n dll d _ O_ t h | 1 - d .
ot g SR G BB i B2 ton =
H d h' - - H .
TS | nisl ne et rat Ve Ang Ko SLammer ARG ALy Sofware)

00119 AHREET defies 0P ARO1336 drivati i 5 indi
[ ( ﬁN =2'-0 gsEQ Locati on %? lllY/bQét{ ﬁ?ﬁtlgﬁgiﬁngiaﬁ@nraels-églgcg%des)mdmg
affinifymat positiens§-9((de., incaseddép xyluewkilathey Maré todanted from moderately

o veSEBERE ST, ST Al Rrenepepeadm i 3
3 thd eRiPE e e
belowd m‘&h TR Gﬁgs.(%ieldﬁ% PNl df nﬁ?g&ﬁ? (AREE562, ARC1564,

and AB(APGAGithnealy idegtinRaffidyd ARS 1562 mad AR5 Gndch@atGved affinity

PO T
as in ARUBIES (Euicktt ApRAGRE), Mad picly iGproved affinity relative to the original
aptamer ARC445 (SEQ ID NO 2).

[00120] In some embodiments, the invention comprises aptamers with a nucleic acid
sequences as described in Table 4 below. In some embodiments, the nucleic acid sequences of
the aptamers described in Table 4, where lacking, additionally comprise a 3’ cap (e.g., an
inverted dT cap (3T)), and/or 5° amine (NH;) modification to facilitate chemical coupling,
and/or conjugation to a high molecular weight, non-immunogenic compound (e.g., PEG). In
other embodiments, the nucleic acid sequences described in Table 4 lack the indicated 3’ cap
(e.g., a3’ inverted dT cap (3T)). Lower case letters “m”, and “d” denote 2-O-methyl, and 2’-

deoxy modifications respectively, and “I” denotes an inosine substitution for guanosine.

Table 4: Sequences of ARC445 inosine derivatives and K summary

ARC # Sequence (5' ->3'"), (3T =inv Kp (nM)
dT), (T=dT), (mN =2'-O
SEQ Location of Methyl containing residue)
D 2’-deoxy (dI = 2’- deoxy inosine
NO inosine containing residue)
substitution
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position 6 of MANCNCnCnANMUJdGYGd ARCL1335 GdGIGIGTrCmiU- 3T

replaced with di

17 ARC1553 nG at mAnGCnCUdGdl dGdG

woRoobiozetssg position 7 of mMANCNCTCMANMUAGTGd ARQLBSH05/031965

GdGI&IGren- 3T

repl aced with dl

18 ARC 1554 dG at

MANGTCCUdGiedl dG No bi nding  position 8 of
MAMCTCnCmANUdGGd ARC 1335 GdGdGd G- 3T

W

th di

19 ARC1555 dG at mAnGTCCniJdGrGd Gdl

position 9 of ni AMCrCmCmAMUJdGed ARC1335

Gd&dGIGrCnJ- 3T

repl aced with dl

repl aced

No bi ndi ng

20 ARC 1562 dG at

my

Wi
Il

m

th dl 21
psition 1

HG1M=d &G O]
Arrud] IS ¢

ARC1563 nf

111911911

o3jTio

)?A ngdG
eRtt)

MnJdGddG of d

55 repl aced 3

2.2
- 3T

14

Al

RGARBP3 42

VO 200891

AR Gt hERA PR ERRP
MmAMCmCmCmAmMUIGmGd
GdGdGdGmCmU-3T

0.3

15

ARC1548

mG at
position 2 of
ARC1335
replaced
with dI

MAdImMCmCmUdGmGIGdG
mAMCmCmCmAmMUdGmGd
GdGdGdGMCmU-3T

33

16

ARC1552

dG at
position 6 of
ARCI1335
replaced
with dI

mAMGMCmCmUdImGdGdG
mAMCmCmCmAMUdIGmGd
GdGdGdGmCmU-3T

No binding

17

ARC1553

mG at
position 7 of
ARC1335
replaced
with dI

mAMGmMmCmCmUdGdIdGdG
mAMCmCmCmAMUJIGmGd
GdGAdGdGmMmCmU-3T

No binding

18

ARC1554

dG at
position 8 of
ARC1335
replaced
with dI

mAMGMCmCmUIGmGdIdG
mAMCMCmCmAmMmUdIGmGd
GdGdGdGmCmU-3T

No binding

19

ARC1555

dG at
position 9 of
ARC1335
replaced
with dI

mAMGMCmCmUdGmGAGdI
mAMCmCmCmAMUIGmGd
GdGdGdGmCmU-3T

No binding

20

ARC1562

dG at
position 16
of
ARC1335
replaced
with dI

mAmMGMCmCmUJIGmGdGdAG
mAmCmCmCmAMUdImGdG
dGdGdGmCmU-3T

0.6

21

ARC1563

mG at
position 17
of

mAmMGMCmCmUIGMGAGdG
mAMCmCmCmAmMmUdAGdIdG
dGdGdGmCmU-3T

ARC1335

2.2
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replaced with di

of Gdl dGdGTCmJ- 3T ARC1335 replaced wth dl

23 ARC1565 dG at

22 ARC1564 dG at mAnGTCnCniudGrGdGdG
0.5 position 18 mANCTCnCmAMJd Gl
WORREOBRSS repl aced with dl

of dGd&IGTCniJ- 3T

PCT/US2005/031965
MANGTCTCUdGTrGd GG 1.4 position 19 mAnCnCnCnmAnJd Grd

24

ARC1566 dG at mAMGTCnCndGnGdGdG 0.1 position 20
MATCTCnCmANUdGrGd  of GdGdI dGnCmJ- 3T ARC1335 repl aced

with di EXAMPLE 2B: 2'-deoxy inosine substitution in
the anti-IL-23 aptamer ARC979 [00121] The effects of
SEOSTTTUTING REfihdEg Jresidues, one at a timg, wth
i'nosi ne on the E‘l fding affinity of ARC979 |(SEQ ID NO
1) deri vatli ves ;;1: conpared to-the ARCO79 parent
sy NplARDIs4as exal ateldmAmGmgn GeUsmGhadGe 0.5
repl acement sitidn-18e0MARCHICCInAsndd@nGdlth  2' - deoxy
i nosine (dl). A segfof apt anGdRIGMahit8T |i N whi ch
epch guangsifngrEf3BRCO79 was repl aced one jat a time
wWth 2'-deoxy IJe}gl sdde and a set of aptaner |derivatives
i h which each a1 Si ne was replaced one at a tine
wth 2'-deoxy i'h nm ne were synthesized and tested for
23 b| dRogsesThe dotd® bt mMAMGIMTMEsS RGmMEGEGIGUs| vy 1.4
descri bed Wasostfdld 0 @haiEeUMCRANMIEGTEdat | ve
bl ndi ng affini ty ogfthe der i @aldNEGRCHENMBTS
synt hesi zed was sinul taneously caonpared in
the sane b ay to the parent nol ecul e ARCO79.
For KD det erm n kt p chem cal |y synt hesi zled aptaners
were purified u¥l lhg enat uring polyacryl amide gel
24 ARC1566 dG at | mAmGmCmCmUdGmGdGdG 0.1
position 20 | mAMCmCmCmAmMUIGmGd
of GdGdIdGmCmU-3T
ARC1335
replaced
with dI

EXAMPLE 2B: 2°-deoxy inosine substitution in the anti-IL-23 aptamer ARC979

[00121] The effects of substituting purine residues, one at a time, with inosine on the
binding affinity of ARC979 (SEQ ID NO 1) derivatives as compared to the ARC979 parent
molecule was examined during the systematic replacement of 2’-deoxy purine residues with
2’-deoxy inosine (dI). A set of aptamer derivatives in which each guanosine of ARC979 was
replaced one at a time with 2’-deoxy inosine and a set of aptamer derivatives in which each
adenosine was replaced one at a time with 2’-deoxy inosine were synthesized and tested for
binding. The dot blot binding assay previously described was used to characterize the relative
binding affinity of the derivative aptamers synthesized and each was simultaneously
compared in the same binding assay to the parent molecule ARC979. For Kp determination,
chemically synthesized aptamers were purified using denaturing polyacrylamide gel
electrophoresis, 5’end labeled with y—>*P ATP and were tested for direct binding to full length
human IL-23 using a protein titration in the dot blot binding assay under the buffer conditions
previously described (Dulbecco’s PBS (with Mg ** and Ca*") with 0.1 mg/ mL BSA, room
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el ectrophoresis, 5 end |abeled wth y-32P ATP and were
tested for direct binding to full length human |L-23
waigiong2esprotein titration in the dot bl ot bi NPECTYS2005/031965

assay under the buffer conditions previously

descri bed (Dul becco's PBS (with My ++ and Ca ++) with

0.1 ng/ nmL BSA, room 43 WO 2006/ 029258

PCT/ US2005/ 031965 tenperature for 30 mnutes). KD

val ues were calculated by fitting the equation y=

(max/ (I +K/ protei n)) +yi nt using Kal ei daGr aph
tempérmk@fdi‘é@'rﬁiﬁﬁt év’%lues%’é@@&ﬂbful%ﬁ the[e Q%ﬂ?(%]yJ

t he case of systenmatic subs tut ons o
(max/ﬂﬂ%)é%yn@)ﬁmwsme K@l@lﬂa@raph dK@bc;daGmnp%l .4, Synagy Software).
adversely affect yet did not remarkably inprove
[0012@] n dIm@te &hdei ofi A&C979%yﬂmaauc spstitiahs of Budesky gliiosid® with 2°-

deoxy gSing LR aB1 G5 XA ish Tt ARk e IR PR ALGty:
Howébfef‘ 's&%gﬂlaﬁé sﬁsshtdtl@ﬁ@éf i(Qiéb%/ YGdndithe vﬁ‘ﬁp@’a&&)‘}gﬁ%ﬂ%%elded two

, as can be seen fromthe cal cul ate
COHSUW&tSu ARG 1957 abfl ARC KShowith inpawes afﬂmtye(se itwree il wue) as

compfll 5 B F ARTHIH S BnirR st Ao maing CaloRAGY o ier gp Table 3 below.
rji ses. apt.a rs wi,th a nuclejic acid sequences as
(00123} Pefﬁe%fh?lﬁ'l flicatsdyeapences 1 SahleS arpdermdntke 5°ttd’ direction.

In sorﬁé' GJn%b&n?e?ﬂtsd tlﬁeqﬂb@ﬁi%ﬁ%oﬁ%r X p?:ﬁ%@rngﬁl a(rqf&e% hA§ gedlfgnces as

5 additionally co
describnden Telde dbetap o 3dnp emdvodinpants the Iawlemeac(l&llsﬂjuences of the aptamers

descng)gﬁ ]nbggl?lte Ig%ﬁfhg%ggﬁ g(lﬁhtrﬁ%leae%&%g] I(g %L e cl.i] gT cap %’8 and/or 5
amde(NHi)mHiﬁ%ibano FaRatethemeoall cou 65’ RS arid%% fu@gtfon to ahlgh
letters "ni, "d" denote nmet hyl, and™2'-de

moleqiari weighi n@hgnmégw@tq cpappund é@g PEG, ttezmtcee latters “m” and “d”

denotgng 'ggeglé H&%&%%g%{?ggggpegﬁécgﬁelyr n%’gl ¢ ’5denotes an inosine

substmerdnvfat ademssiaed KD summary SEQ ARC # Descrl ption
Sequence (5 ->3'), (MN=2"- KD (nM Parent IDO
Met hyl containing residue) (ARC97 NO (dl = 2'-deoxy

i posi ne 9) KD containing residue) (nM 25 ARC 1648
Tabl%@c@’m‘ﬂlw %%é@?d% R Adrdepxpinpsinedierivatites 4nd Kp summary

SEQU mgpay &r&@q}}d %Eumceigﬁm L7§] (mM) | Parent

ID 4 ArerI dGdGTCdAJAIGN 1L 1£gntaining residue) (ARC97
NO (dI = 2’-deoxy inosine 9) Kp
containing residue) (M)

25 | ARC1648 | ARC979 1st | dImCdAdGdGmCJIAJAdGm 12 13

dA from the | UdAdAMUmUAGAGAGdGdA
5 end | dGmUAGmMCAGAGdGmCdGd

replaced by GdGdGmUAGmU
dI
26 | ARC1649 ARC979 | dAmCdIdGdAGmCdAJAdGm | 100,000 13

2nd dA | UdAdAMUmUAGdGdGdGdA
replaced by | dGmUdGmCAGAdGAGmCdGd
dI GAdGdGmUAGmU

27| ARC1650 ARC979 | dAmCAAdGdGmCdIdAdGm 34 13
3rd dA | UdAdAMmUmUdGdGdGAGdA
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2nd dA UdAdAMUMUdGIGIGIGdA repl aced by

dGMUdGCdGIGIGTCdGd dIl GdGIGMUdGTU 27 ARC1650 ARC979
wal20ee020kIGrCdl dAdGm 34 13 3rd dA UdAdAninid Geicd Gaix8d#%031965

44 WO 2006/ 029258 PCT/ US2005/ 031965 repl aced by

dGMUdGTCdGdGIGTCdGd dI GAGIGudGrJ 28 ARC1651 ARC979

4t h dAMCdAdGIGCdAdl dGm 100, 000 13 dA repl aced

UdAJAMUNMJdGdGIGIGJA by dI dGrudGmCd GdGdGrCd Gd

Gd&dGMUAGU 29 ARC 1652 ARCO79 dAnCdAdGIGTMCdAdAdGm

5.9 13 5TH dA Udl dAmUmudGdGdGdGdAd repl aced by

AT

TJdGhicd Gated ol 3—ARCO79
dAMCdAdGdG 18&‘?:% d%\ﬁd?ﬁ%%%ﬁ%@ UdeGdeGﬂEAd
repl aced by Grid dGnJ 31

RC1654 ARC979 dAncm deGnCdAdAdGm 5.9 13 [TH dA

) d CAGERC 5
M G
bt er ni nat P r’%ﬂ g% , nd I\/g )

D. | mg/ L BSAreX pr dp .

1osi ne supstitution|in the an@ﬁgﬁ@@éd%llaner ARC1386

C138 ) p T)
eV| éusﬁ det% ' ej‘f@“ 8%8 % """53_9 1
ibst i t utipns dve resi diies
' ARC1386| iEPBCedDX %Uﬂ@m%ﬁﬁﬂﬁmﬁti@ﬁ& Wit h
-OMe | noki ne resfdliiies () (GledGrdddGmth, Sterling,

A1
%I\J_'m'c\e“_'+Q_Q°¢)>

NARC1653 ARC979 | dAmCAAdGdGmCAAdAIGm 25 13
6TH dA | UdAdImUmUdGdGAGdGdAd
replaced by | GmUdGmCdGdGdGmCdGdG
dI dGdGmUdGmMU

31| ARCl1654 ARC979 | dAmCdAdGdGmCdAJAdGm 5.9 13
7TH dA | UdAdAmUmUAGdGdGdGdId
replaced by | GmUdGmCdGdGdGmCAGdG
dI dGdGmUdGmU

*30min RT incubation for Kp determination
#1X Dulbecco’s PBS (with Ca™ and MgH) +0.1mg/mIL BSA reaction buffer

EXAMPLE 2C: 2’-OMe inosine substitution in the anti-IL.-23 aptamer ARC1386
[00124] ARCI1386 (ARC979 with a 3’-inverted dT) was previously determined to tolerate
2°-OMe substitutions at particular positions. 2°-OMe residues in ARC1386 were

systematically substituted with 2°-OMe Inosine residues (mI) (Glen Research, Sterling, VA)
to result in a set of chemically synthesized derivative aptamers having an aptamer with a 2’-
OMe inosine substitution at each different 2°-OMe residue. The effect of 2’-OMe inosine

substitution on binding affinity was determined using the dot blot binding assay.

[00125] The dot blot binding assay previously described was used to characterize the
relative potency of the aptamers synthesized as compared to the parent molecule, ARC1386.
For Kp determination, chemically synthesized aptamers were purified using denaturing
polyacrylamide gel electrophoresis, 5’end labeled with y—**P ATP and were tested for direct
binding to full length human IL-23 using a protein titration the dot blot binding assay in
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to result in a set of chemcally synthesized
derivative aptaners having an aptaner with a 2'- Owe
WO p@siozeessubstituti on at each different 2' - OVEPCEBRIHOF031965
The effect of 2'-OWe inosine substitution on binding
affinity was determ ned using the dot bl ot binding
assay. [00125] The dot bl ot binding assay previously
descri bed was used to characterize the relative
pot ency of the aptamers synthesized as conpared to the
parent nol ecul e, ARC1386. For KD determ nati on,
tHhesy ged HE! Ukt f '
D N OF e O g L B M e Blgutated by

fitting thb efyeadion }H‘(n}a-XKZPKﬁﬁ'Btwﬂw}mmlﬂlﬂgﬁileﬂaGQIphC(KraMdaGraph v. 3.51,
g bi{édin qt’]ofull | ength human |L-23 using a protein
ynergy PQ?'%B the dot blot binding assay in 45 WO

2006 029258 PCT/ USZOO5/ 031965 Dul becco's PBS (Wlth My
[00129] esfances, spgle sepstituiigns pf 2'59Me widinawith e +kaYle inosine

LA D] R 0 et b
molequi@ABICAA8.afite parer aﬁt’hmer Syisl errgackhdbt vlet l@l)ldm@Q\@éa&G Thé Bequences

two i nstanc si.n bstitutions qof 2'-OWe urjdine
and c{gEpoRtih s s pELR COBIICH Mgy SaOMe aPHge mproved

bindif¥ 466Rity yeléthve 8- ARCW arKRsféa i in18% vefypar ed to the

parent” nol ecul e ARC1386. The parent aptamer was run
[
00123738 58 Rl B R AR oM PSS u e i

sequenbﬁsmls dBSoriDké i m Taide Bebelowprlngede ehibodintegtsa e rﬁicle)ic acid sequences of

el ati [e sted i.n Tapl e 6 bel ow.
the aqt%ifé 9fscrlire% hria éﬁﬁﬂﬁ#&ﬂa@y CORBIIFGH & rAMiBH @Mmoé@patmn to
faclhtﬁfét&@ﬁ'ic%l %dﬂﬁn@ M RlofijnR&iich toSES Hfo?&ugé u@ﬁ! hded

in Tabl e below. I n sone enbodi nts n el c
1mmuagg@ncseqnmmés£e gf, PE()elnagghenmmtw ditpents,ithenudleic Raidl seqences

e B LT SO B g SR TRt LY e

letteri ‘Qn’Q allll 9P aeoRe 2GRN N1 0.2 iR Bxy IBIURAEEHY &sﬂé@ﬂpéw NEd «1
(e.qg., PEG. In other enbodi rrents the nucleic acid

deno"%%@ﬂ@ﬁ@é%su@té%lppbed in Table 6 lack the indicated 3
p (e.g., a3 inverted dT cap (3T)). Lower case
Tablq @t&equsndembf ARQITN2’-Q¥oimesin e eriwatives, andnsp imdeayy

m)dl fications respectively, and "I" denotes an
Yostre—supstitutorm—Fable—6- ca“"mn"ac of—ARC979
SEQ2 ARC #nogs Laeatifay of ht Seqenen(s’ PQE)3§)u(ﬁ‘thy SKQ(AM) # Parent
ID Lpcation of 22@Mace| @Y dT) (F=T),(BIN=2D|(nM) Par ¢(ARC138
NOID 2'-Ove | n\inasihe ([T=d ) Méthi conPainigARC138 NO 6) Kp
i nosi ne 0 MaibRtituticin] ai FesidgePmi<P 28100k t Yt i on (M)
residue) (M = 2'- OVeifdiie containing residue)
(d=2’-deoxy residue)
32| ARC1683 ARC1386 | dAmCAAdGdGmCJdAJAdG 4.8 9.8
2" mU | mUdAdAmIMUdGAGdGdG
replaced | dAAdGmUdGmCdGdGAGmC
with ml dGdGdGdGmUdIGmU-3T
33| ARC1702} ARC1386| dAmCdAdGdGmCdAdAdG 10 15
last mU | mUdAdAmUmUJAGAGAGAG
replaced | dAdGmUdGmCdGdGdGmC
with mI dGdGdGdGmUdIGmI-3T

*30min RT incubation for Kp determination
*1X Dulbecco’s PBS (with Ca*™ and Mg++) +0.1mg/mL BSA reaction buffer
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i nosi ne cont ai ning residue) (d=2'-deoxy residue) 32
ARC 1683 ARC 1386 dAnTCdAdGAGTCAAdAdG 4.8 9.8 2nd nU
WOorRiae292581Jd GdGAdGdG r epl aced dAdGrid GnCd Gd Gd G T/ub1005/031965
m d&dGIGIGMUdGMS 3T 33 ARC1702 ARC1386
dANCAdAdGdGTCAJAdAdG 10 15 last mJ nUdAJAMUMUdGAGAGAG
repl aced dAdGMUdGTCAGIGIGTC with m dGdGIGIGMUdGH - 3T
*30m n RT incubation for KD determ nation * 1X
Dul becco's PBS (with Ca-'-' and My ) +0. Ing/nL BSA
reaction buffer 46 WO 2006/ 029258 PCT/ US2005/ 031965
EXAMPLE 3: | NCREASED APTAMER TARGET AFFINITY BY
2' - DEOXY DI HYDRQJRI DI NE SUBSTI TUTI ON [00128] The

sy R
b| ndi ng af fi ni mmmmsmmwmﬁw a
"-inverted dT) derivatives as conpared to the parent

[0012@ hgé%fﬁeds%@bl&s@em&aﬁy@ﬁbmmga @M ugicizeh readues w1th 2= deoxy
resi dues were systematically substituted W|th

d1hydmbuh§1nme dnl)omide (o@demg agits of MRCISBEARGY 79 Wwigh 2 % fivend dT)
f

L e G e e e

residubé WY Suteindiibalyssubstitutedtveith 2t devxgtidifydrantdig! (qm Research,

uridiné positon in ARC1386¥%$100129 The dot bl ¢
Sterling, Y\ rig resyitay agpt@,f c@gglpcipllaé (S ivaeTl a geeqpt:frgers each aptamer o
har act el RRAGY 2 AlfrdrBR PROVIEIIRS positon in
thesef]ﬁaé'l irre%eg)xgaﬂ} Hesi ze %ggtg%n'par &d to the parent P
ARClry,tgbecul e, ARC1386 For KD determ nation, chemcally
synt hesi zed aptanmers were purified using denaturing
[00129]3' yﬁ&‘édfdt mtcdmﬂ@g asshe pievipblyrdesiribed SWaanded tbetiaettenize fthe
P and were tested for direct Dbi ndlndto full ;
relatl\l’ﬂMWCMQf sz maiorly of the aplemery SYRihssizethas JARAGE 19y tBe Paren

molec_pi_e), %vbﬂ?ﬁ 8§S %%)( I%Drh ﬁé@%@ﬁ%&eﬁ?@l@ \Ne!ri)igﬁg%d; I gﬁﬂg&tsgﬁbre gunﬁed
usmgfdbﬁattbﬁ% ?&?a@ﬂl@ﬁﬁd@gﬂ)ﬂeﬁrbm&xéﬁi 6%qdrlabeied1\)v)thy1—?1zl) ATP and were
usi n a

el daG a Kal ei daGraph v
testedJof dngmt @)ndlng to fu{) hum ( an IL-23 using eP protem tltratlon tl?é I&o{ 191 t binding

assay in Dulbecco’s PBS (with Mg **and Ca ™) with 0.1 mg/ mL BSA. Kp values were

calculated by fitting the equation y= (max/(1+K/protein))+yint using KaleidaGraph
(KaleidaGraph v. 3.51, Synergy Software).

[00130] The sequences and corresponding binding affinities of the constructs in which 2’-
deoxy dihydrouridine substitution improved binding affinity relative to ARC1386 are listed in
Table 7 below. As seen in Table 7, single substitutions of 2’-OMe uridine for 2’-deoxy
dihydrouridine improved binding affinity (i.e., lower Kp value) as compared to the parent

molecule ARC1386.

[00131] Insome embodiments, the invention comprises aptamer with a nucleic acid
sequence as described in Table 7 below. In some embodiments, the nucleic acid sequences of
the aptamers described in Table 7 additionally comprise a 5° amine (NH;) modification to
facilitate chemical coupling, and/or conjugation to a high molecular weight, non-
immunogenic compound (e.g., PEG). In other embodiments, the nucleic acid sequences

described in Table 7 lack the indicated 3’ cap (e.g., a 3’ inverted dT cap (3T)). Lower case
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[00130] The sequences and correspondi ng bi ndi ng

affinities of the constructs in which 2'- deoxy
walrdogaizass | di ne substitution inproved bi ndi ng BET/US1005031965
relative to ARC1386 are listed in Table 7 below As
seen in Table 7, single substitutions of 2'-0Owe
uridine for 2'-deoxy dihydrouridine inproved binding
affinity (i.e., lower KD value) as conpared to the
parent nol ecul e ARC1386. [00131] In some enbodi nents,
the invention conprises aptamer with a nucleic acid
EGU C s de d a P ification
Boc iy S98's AEidipE " gME 228k 2R oS P modifications
respec@PEIFTEr S described in Table 7 addltlonally conprlse a

5" amne (NH2) nodification to facilitate chem ca

Table%? lS@hhéKbes NARUIOM | deaRY diiydrousidineglerivativesamd Ky summary

letters

wel g ht non- | myunggenic r‘nrrpnllnrl (e g PEC—1tn
SEQO‘t haRE@ #boldiLvention thSequmicel(if -aa')d(l%erueﬂces Kp Parent
Ip described ji nofl@e |7 ldQk(T=HE); adNca2'eOME clhndB. g. (ARC
NO @ 3' inverlt ggheifu 3P cdrtdining keNdie) (@sE-dedx\( 1386)

2006/ 029258 PGl USA0Q:mih esidiief @U =2~ ['d", and Kd

"gh”, denot & &M deox gﬁﬂ?}ydroﬁﬁqnﬂ! dongaintag deoxy (nM)

npdi ficatilo .respecti g@ 7: Sequences of

ARC979 2 -d%el?(lye Rydrouri di ne derivatives ahd KD

summary  SEG'N Location Sequence (5' ->B'} (3T =
34| VATKE1Pey ERCIB60f @hbCdRIGAGER0TAIAGGNUE P’ - OB 3.7

(PM  (ARC | NO3gdbst i AHAMOHUEGAGAGIGEAICLR)

(f=2' - deoxy 138610 depit @bAGAGMICRRIdBEIdGdhY = 2" 1 Kd

ppsition deox i drourldlne conta

relative tp res| the 5 end 34 ARC1713 AR{1386

d AmCd Ad Gd GviCd d 2.2 3.7 32" a 2 -

AdANUMUd Gd(&d 3 Ove dGTrCd GAGAdGnCd GAdGA G Gdh
35 UligR0e766lOARET380 ElAaSEAARGEIOMUMATNIRRIITD9 ARE]386 3.7

dACdAd Gd GrCd AdAgedh Uidh £m Biniti dGdA@G8EAdGmU

Ad ATUMJd Cd 5d Cd AR GmCdGdGdGmCAGdGdGdGm

uridine UdGmU-3T
replaced
with dhU

*30min RT incubation for Kp determination
#1X Dulbecco’s PBS (with Ca*" and Mg™) +0.1mg/mL BSA reaction buffer

EXAMPLE 4: INCREASED APTAMER TARGET AFFINITY BY 2°-DEOXY
SUBSTITUTION

[00132] A set of ARC445 derivatives was made by systematically substituting 2’-OMe
pyrimidines with 2’-deoxy residues. The 2’-deoxy series was tested for binding to human IgE
using the dot blot assay and the binding reaction conditions previously described (Dulbecco’s
PBS (with Ca'™" and MgH) plus 0.1 mg/mL BSA, 0.1 mg/mL ssDNA, and 1 mg/mL tRNA at
room temperature for 30 minutes). Introducing 2°-deoxy residues in place of stabilizing 2°-

OMe residues improved the binding affinity relative to the parent molecule ARC445 in one
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Ove dGrCdGdGEIGCdGdGdGIGm uri di ne UdGrU)- 3T repl aced

with dhU *30m n RT incubation for KD determ nation *
waxobuesxco's PBS (with Ca and My ++) +0. 1ng/pdT/BSM05/031965

reacti on buffer EXAVPLE 4: | NCREASED APTAMER TARGET

AFFI NI TY BY 2'-DEOXY SUBSTI TUTI ON [ 001321 A set of

ARCA45 derivatives was nade by systematically

substituting 2'-Ove pyrimdines with 2'-deoxy

resi dues. The 2'-deoxy series was tested for binding

to human IgE wusing the dot blot assay and the binding

erivatBRC T | 4 . l . i :
G R ORI AR Bl BB RSHA, 7-cony
substiutions, imprayed bingling affiRitAralativerto AR Coapae distedeT bty 8 Bllow.
m nutes). Introducing 2'-deoxy residues in place of
[00133] allnisbivei emghodlimeriih/ithe B eatitesconifitisey BstainBR Wit 8 hiideic acid
affi mdtg relative to the parent nol ecule ARC445 in one
sequeiiges 9 dsbsthed 0.3 8blerbrl 0 6T smBSimersy themickeas adiflsequences of
. ' -11es~,0f _th onst ruct
e REAERER R 5 RN OB g 5, SRIRHAE o
(T))adrfdiari X pmind NH))enodifidRCA4S fatlitatel chbmital sdiing, £rl@Wonjugation
emhodi nents, the invention conprises

013 In spo
toa h@ﬁ%’t‘ﬁﬂé&%‘wﬁ}%ﬁg QR nEMRogRI G coRKh {6 €s PG bawer ease letters “m”,
and “BNddRRY B-RrRely2Wnd! N ROLE ORISR eShecliPgynuC! €i C

aci d sequences of the aptaners descri bed h Table 8

TEGESAA o SOPS3Eals AP S

SEQ | a&RIG # at Peschfitiond Sequdldets" Sl RN coni kg gﬁmg” Pilefit

p high nolecul g wei ghg;_dmm}mwﬂ C ¢ompoun (€AﬂC144

No PEO) . LOWgknditifig! (o [{2bfiueflld = 2lifloxyT” HenOte - iﬁ Kd
2-0-met hyl, o Ak m%' -deocxjxiF | fi C@ I Ons Fespectivel Y.
Tabl e 8: SUences of HEIEFeSIaE y derivatives

KD sumar §e | # Description Sequenge (5 ->3"),

mN\_= Kdﬁdh gnt 1D of 2'-0 Methyl | containipg

ARPEHS NO aRTsA45t | ULA GG HRES Gde T deoxy Kd
% posi tion cqnhackg ﬁbﬁ%ﬁé‘?ﬁ%&%‘% Ve 1he S
' end place of the GAGAGdGACmU
sixth mC

*30min RT incubation for Kp determination
*1X Dulbecco’s PBS (with Ca™ and Mg++) +0.1mg/mL BSA, 0.1 mg/mL ssDNA,
and 1 mg/mL tRNA reaction buffer

EXAMPLE 5: INCREASED BINDING AFFINITY WITH COMBINED 2’-DEOXY
INOSINE SUBSTITUTIONS IN ARC1335

[00134] A set of ARC1335 based derivatives were made by combining 2’-deoxy inosine
substitutions at more than one position in ARC1335 that had previously been shown to
tolerate inosine substitution (see, e.g. Example 2A above). The multiply substituted
ARC1335 derivatives were tested for binding affinity to human IgE in the dot blot assay and
the binding reaction conditions previously described (Dulbecco’s PBS (with Ca™ and Mg
plus 0.1 mg/mL BSA, room temperature for 30 minutes). Kp values were calculated by fitting
the equation y= (max/(1+K/protein))+yint using KaleidaGraph (KaleidaGraph v. 3.51,
Synergy Software).
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36 ARC608 ARC4A45 dAdGTCmCnUdGIGIGIG 7.9 14.6 with dC
i n dAMCnCnCdAMJUdGAGd pl ace of the GdIGIGIGICMUJ  sixth
woros8ss 1 RT i ncubation for KD determ nati on PCT/KS2005/031965

Dul becco's PBS (with Camand My') +0. Ing/nL BSA, 0.1
ng/ mL ssDNA, and 1 ng/nL tRNA reaction buffer EXAMPLE

5: I NCREASED BI NDI NG AFFI NI TY W TH COVBI NED 2' - DEOXY

I NOSI NE SUBSTI TUTI ONS | N ARC1335 [00134] A set of ARC
1335 based derivatives were nmade by conbi ning 2'-deoxy

I nosine substitutions at nore than one position in

[00138RC A335n bdgden Trfn DEBIIOYSLY;, mﬁﬁnﬁ@@ﬁ’—rﬂeb Ry ifd8lre’s ﬁf)#lhtutlons at

i nosi ne substitution (see, e.g. Exanple 2A above)
positigng 14 #1d,20iesltediinfagrovakbigde: afénity mlauz@sto\wék@me%@ednosme

t he dot
substi@lons ARCESEsi fnbiih® pUERsh Waseion 2mami AR Ching gingte
inosimbesabstithidch {tekieaad)s PBS (with Ca and I\/g++) plus 0.1
ng/ mL. BSA, roomtenperature for 30 mnutes). KD val ues

[0013‘(6? Hﬁ/sgﬁlle CHIbRUBRAe, thd fnlbdthn, Joﬁﬁ;rﬁgé@];télﬁ&s é‘ﬁth a nucleic acid

(1+K/ prot ei n)) +yi nt usi ng Kal ei daG’
sequem@laé |démbaé in ¥ablg 83>rlow Iy ﬁ@mg ymBodimeats the m@leiacid sequences of

the ap%r o $S%Iﬂ o %‘?bg g i)’?‘?% E‘Bcpg@@@' qAOSH@%E@ cgl? eng an

1nvertﬁﬂl a¥tcap BT HhdASr 52 ﬁﬁﬁﬂd (!NH@HS.'O‘H Ao % FRAKAERHemital
rovgg3 bi ndi ng affinity rel atll veot 0 ARC1335 ?n al coupling,

and/0¥ %&mg?@onst,%btghtmtﬂe@lﬂyr waiRlt) Beg-ipgiunggeni¢ pespormd (e.g., PEG). In
othes B3I A0 R RORAS LERGAR B b E Rt e v

(e g, edbogierteh? ’Sded')dy'&hyrﬂltﬁiﬁ ¢a@l(3T))nMW§lﬁfas@lMt@f§Eﬁ§’ vhd hd’adenote 2-0-
qucl % aci d }é%{ences as described in Tabl e 8 bel ow

methy Q¥ BRIHESAHEDS TepRechYRlY eind “Ac fencirspudnesne modification.
the aptaners described in Table 9, where | acking,
additionally conprise a 3' cap (e.g., an inverted dT

p (3T)), and/or 5 amne (NH2) nodification to

Tablef %scﬁennt:meeanmlém elhteddaobimbiped iansihe sulistitiitigad inOARIC1 335

hi gh nol ecul ar wei ght, non-i nmunogeni c conpound (e.q.

SEPHEY | | AROWhe! enmpgiigent s t he nucISEJé Kp
Négeguences descrl b&fhstibutic a 9 lack t I'n | cat ed 3 @M)
cap |(e.g., a 3 Fiﬁ)tt% -deoxy thym di ne cap
(3T)){. Lower ca(s]@ % "m', and "d" denote 2-0-
net hyl , and 2' 8 i cations respectively, ang
"1" denotes anjino }TDdI i cation.
14 i ARC1335 none See Table 3 above 15
371 ARCI1647 2’-deoxy | mAmMGMCmMCmUIGmGdGdGm 1
inosine | AmMCmCmCdImUdGmGdGdGdl
substitution at dGmCmU-3T
positions 20 and
14 of ARC1335
24| ARCI1566 2’-deoxy | mAMGmCmCmUIGmGdGdGm 8
inosine | AmCmCmCmAmUdIGmGdGdG
substitution at dldGmCmU-3T
position 20 of
ARC1335
381 ARC1560 2’-deoxy | mAmGmCmCmUdGmGdGdGm 3
inosine | AmCmCmCdImUdGmGdGdGd
substitution at GdGmCmU-3T
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Tabl e 9: Sequence and KDS rel ated to conbi ned i nosine
substitutions in ARC1335 SEQ I D ARC # I nosi ne Sequence
wEDooM2KIbst i tuti on (AM description (rel atiRPeT/US200$€31965
5' end) 14 ARC1335 none See Table 3 above 15 37
ARC1647 2' -deoxy mAnMGTCnCrUdGnGdGdGn 1 i nosi ne
ACCnCdl mMudGnedGdGdl substitution at dGrCmJ- 3T
positions 20 and 14 of ARC1335 24 ARC1566 2'-deoxy
MATGTCNCUdGrGdGdGm 8 i nosi he AnCnCCnAMUd GnGd GA G
substitution at dI dG nCnmJ- 3T position 20 of ARC1335
MIJOGM=dCGaGM 3 T NosTne
A [ mud é%%(g LO;tution at GdGnCmJ- 3T 50
WO 2006/ 029258 |PCT/ U 31965 position 14 of
ARC1335 EXAMPLE 6: | NCREASED BI NDI NG AFFI NI TY W TH
COVBI'NED ™~ PHOSPHOROTHIOATE SUBSTHTUTHONSTN-ARCA45
[00137] A set of ARC445 based derivatives was
chem cal ly synthesized by conbining phosphorothioate
sub&ENAMBRIFH6: INCRHASHID EﬂiNMN (EQA)EF]NIWFY WITERCB N INED

phoshnor GHOSEHDIOTHAS
phosphor :
bstltu 45 derlvatlves wer e - tested for
1001351 g5t wadﬂﬁﬁlﬁﬁm{% mvas chemically symshesized dyzppmbining
r
Ph°sﬁ*§°§%¥’?>%fee?“?g‘f“%%ééﬁﬂ§f%%%n%%?hgl&.f?fhRRSMNS #ithod pregiopsly been

determined to tolerate phosphorothioate substitution. The multiply substituted ARC445

derivatives were tested for binding affinity to human IgE in the dot blot assay and the binding
reaction conditions previously described (Dulbecco’s PBS (with Ca™ and Mg++) plus 0.1
mg/mL BSA, room temperature for 30 minutes). Kp values were calculated by fitting the
equation y= (max/(1+K/protein))+yint using KaleidaGraph (KaleidaGraph v. 3.51, Synergy
Software).

[00138]  Ascan be seen from Table 9 below, combining phosphorothioate substitutions at
some positions improved binding affinity relative to ARC445 and to some of the

corresponding single substitution positions.

[00139] In some embodiments, the invention comprises aptamers with a nucleic acid
sequences as described in Table 10 below. In some embodiments, the nucleic acid sequences
of the aptamers described in Table 10, where lacking, additionally comprise a 3’ cap (e.g, an
inverted dT cap (3T)), and/or 5° amine (NH;) modification to facilitate chemical coupling,
and/or conjugation to a high molecular weight, non-immunogenic compound (e.g., PEG). In
other embodiments, the nucleic acid sequences described in Table 10 lack the indicated 3° cap
(e.g., a3’ inverted 2’-deoxy thymidine cap (3T)). Lower case letters “m”, and “d” denote 2’-
OMe and 2’-deoxy modifications respectively, and “s” denotes a phosphorothioate

substitution.

TABLE 10: Sequence and Kps related to combined phosphorothioate substitutions in
ARC445
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nmg/ mL BSA, room tenperature for 30 m nutes). KD val ues
were calculated by fitting the equation y=
W@ paxhtd23&/ pr ot ei n) ) +yi nt usi ng Kal ei daG aph PCT/US2005/031965
(Kal ei daGraph v. 3.51, Synergy Software). [00138] As
can be seen from Table 9 bel ow, conbi ni ng
phosphorot hi oate substitutions at sone positions
i mproved binding affinity relative to ARC445 and to
some of the corresponding single substitution
positions. [00139] In sone enbodi nents, the invention
[SES aner L nucleic acid sequepces as
?ﬁf‘ﬁ;géﬂ'é"tﬁ%’% ow. | n Swwenenbodi nent g, the
of the aptamers descrl éé n
wher@omgeﬂlng, additionally conpri s¢

andesonipgioned dT cap (3T)), and/or 5 amihe
fication tqfadilitate chem cal coupli ng,
jugation to a high nol ecul ar wei ght,

i d G th
5. "the nubl o1 ¢ laci 4 seqtEnEBs O [bid
ack t hRchasligdtled 3' cap (e.g., a @
Igvteers ol %8 QI‘ ngﬁl@' NE A& élﬁ@ﬂl)’d(‘}&@@@d‘ase

d dgoxy
ificati onge S%Ibg%% ] e
phosphor otlhi oat e ut| o q’é&%@é é}gm%%‘am ends hnd

MOS ARt aqed t o gREhH@GkhOhosphor ot hi oat e subst|i tuti pns
I n|  ARCA45| 55y 1%9&@109%92%%6@(&1&4@%1@@@@@&@65_ SEQ
ARC# Phosph v gsﬁnéfsqueagﬁldﬁ&h@@uﬁ@aewu on

pogition (n

abbve 12 6| 39 AR(‘RRIS?%Z&;@ 45 W@E &Eronr o 12216.293

AAI AROTOP M CAd A C4Be twikhen posi ti ons GdAnCnCn(,dAnUde
20821 GAdGdCd@hpsplomsinidate B dAMIGMBRERHIUABRDEAGAV t h
Phosphor ot hi gatsReAl HeETERENEE BHEHIEMCIAMUIG-s-
16&17, 20&21 dGdGdGdG-s-dGmCmU 2.6

42 | ARC768 ARC445 with
Phosphorothioate | dAdGmCmCmUdGdGdGd
between positions GdAmCmCmC-s-
13 &14, 16&17, | dAmUdG-s-dGdGdGdG-s-
20&21 dGmCmU 3.5
43 | ARC767 ARC445 with

Phosphorothioate | dAdGmCmCmUdGdGdGdGd
between positions 12 AmCmC-s-mCdAmUdG-s-
&13, 16&17, 20&21 dGdGdGdG-s-dGmCmU 27

EXAMPLE 7: INCREASED BINDING AFFINITY WITH COMBINED 2-AMINO
PURINE SUBSTITUTIONS IN ARC1335

[00140] A set of ARC1335 single substitution derivatives having a 2-amino purine
substitution at each different A or G was synthesized. Combinations of 2-amino purine
substitutions were synthesized combining positions at which the 2-amino purine substitutions
were tolerated. The ARC1335 derivatives having 2-amino purine substitutions at multiple

positions were tested for binding affinity to human IgE in the dot blot assay and the binding
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bet ween positions GJAMCTCnCAdAMUG s 16&17
d&dEdGIGIGTMCMY 6.9 41 ARC702 ARC445 with
weh@sprasot hi oat e dAJGTCCnUdGIGIGd  bet ween pPGT/UBINS 031965
GJANCCCdAMUAG s 16&17, 20&21 dGIGIGIG s-dGnClJ 2. 6
42 ARC768 ARC445 with Phosphor ot hi oate
dAAGCCmMUdGJdGdGd bet ween positions GdAnNCCnC-s- 13
&l4, 16&17, dAMUG s-dGAEAEG s 20&21 dGrCnrJ 3.5 43
ARC767 ARC445 wi th Phosphor ot hi oat e
dAdGTCMCMUdGAGIGIGd bet ween positions 12

TR IR e 5 R T

mg/mOGBBANBD2tepitdtire RiyRIONRInSSE K oAl <SNGert NaldRakd 3y fitting the
001401 t of . 1335, singl.e substjtution
cquatigg 3 G743 OIS e AR o (Kalsedatiiogt -8k, Synergy
So h different A or G was synthesized. Conbi nations of
2-amno purine substitutions were synthesized

o0 SFIOAPL IS 0.0 BLER, S AL B s

positibm¥j $hgnd®1hedchaegpilted irea dedrsdst inbinditgy #ffinity(itd, Higher Ky value) over

e S N B LS oot 2 by Lo Pt L

of 2’-2RRR/ (e B M dde APPSO 14 RAGHIOR. aﬁﬁﬁ%‘gﬁéﬁ? gm'%r%g affinity
I S (wt m an

previously described (Dul becco's PB
(i.e., lowesKp valuejrggmparBSy, the aslivitealpebsitutiansiab poStoms and &4,)resulting

g SRS PAEC B b B B B SL0 amin
purind KdkLubdd &PdsitionS 1,56, anSY D eéstited ROMENBER)bindiRD AfthltyABe., lower
can be seen from Table 11 below, individual 2-am no

Kp valie) corapaigd 4@ thedpdiyidyabgubstijgtions apositions hrid and 1ézeH remarkably
. ' r ' .ndi f i (i.e.,

improf 8 i g fofy, 676 (GADP el dubBE B! ARSIS | ARC 1335
[0014%1;3%%%12?? 8di%l1'lernltslj %esilr'lnk?g’n 1105 %grln%n €s a'ial?avfnee\zlrg rW‘i‘thtahneucleic acid

sequences as described in Table 11 below. In some embodiments, the nucleic acid sequences

of the aptamers described in Table 11, where lacking, additionally comprise a 3’ cap (e.g., an
inverted dT cap (3T)), and/or 5° amine (NH3) modification to facilitate chemical coupling,
and/or conjugation to a high molecular weight, non-immunogenic compound (e.g., PEG). In
other embodiments, the nucleic acid sequences described in Table 11 lack the indicated 3’ cap
(e.g., a3’ inverted 2’-deoxy thymidine cap (3T)). Lower case letters “m”, and “d” denote 2-O-
methyl, and 2’-deoxy modifications respectively, “mAP” denotes a 2’-OMe-2-amino purine

substitution, and “dAP” denotes a 2’-deoxy-2-amino purine substitution.

Table 11: Sequence and Kds related to combined 2-amino purine substitutions in
ARC445

SEQ | ARC# Amino Sequence | Kd (nM)
ID purine
NO substitution
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—1iv) me—NO-stbstt+tuti-on—53—Wo-2606/1629258
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ARC1335
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substituted | APdGmAmCmCmCmAP
at | mUdGmGdGdGdGdGmC
nucleotide mU-3T
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and a mAP
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ARC1335
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substituted APdGMANCNCnCmAm at the 8th
UdGnadGdGdGIGTCm  nucl eotide U-3T position of ARC

WA 3BG/02252047 mAP mAnGTCnCnidGned 4.8 subst i t BEETS2005/031965
GdGMANMCTCNCmAPmM at  UdGrGdGdGIdGIGnCm nucl eoti de U- 3T
position 14 of ARC1335 47 2360 dAP mAnGTCrCriud Grd
2.7 substituted APAdGMANCTCnCnAP  at mdGnGdGdGdGdGnC
nucl eotide mJ 3T positions 8 and a mAP at
nucl eoti de position 14 of ARC1335 48 2361 mAP
MAPMGTCnCniJdGnG 0. 8 substit ut ed dAPAGMANCTCCmAP  at

GOEOEGRRAEIsE0TTde mM>F 3T positiops, I, drr'd

14 and dAP dt position 8

EXAMPLE 8: INCREASED APTAMER TARGET AFFINITY BY COMBINED 2’-
DEOXY-5-METHYL CYTIDINE SUBSTITUTION

[00143] A series of ARC445 derivatives was designed and synthesized in which 2’-OMe
cytidines were systematically replaced with 2°-deoxy-5-methyl cytidine (SmC) residues (Glen
Research, Sterling, VA). Each aptamer of the resulting set comprised a SmC substitution at a
different 2°-OMe position in ARC445. Based on the data generated from this series, a second
set of ARC445 derivatives was designed in which combinations of 5mC residues were
substituted at more than one position where individual 5SmC substitutions were shown to have

little or no adverse affect on binding affinity.

[00144]  These SmC series were tested for binding to human IgE using the dot blot assay
previously described. For Kp determination, chemically synthesized aptamers were purified
using denaturing polyacrylamide gel electrophoresis, 5’end labeled with y—>*P ATP and were
tested for direct binding to human IgE using a protein titration in Dulbecco’s PBS (with Mg ™
and Ca ™) with 0.1 mg/ mL BSA, 0.1 mg/mL ssDNA, and 1 mg/mL tRNA. Kp values were
calculated by fitting the equation y= (max/(1+K/protein))+yint using KaleidaGraph
(KaleidaGraph v. 3.51, Synergy Software).

[00145]  As seen from Table 12 below, substituting 2°-OMe cytidine with individual 5mC
substitutions at positions 3, 11, and 22 resulted in little to no change in binding affinity.
However, double and triple combinations of these individual 5mC substitutions resulted in an

improvement in binding affinity (i.e., lower Kp value).

[00146] In some embodiments, the invention comprises aptamers with a nucleic acid

sequences as described in Table 12 below. In some embodiments, the nucleic acid sequences
of the aptamers described in Table 12 additionally comprise a 3’ cap (e.g., an inverted dT cap
(3T)), and/or 5’ amine (NHz) modification to facilitate chemical coupling, and/or conjugation

to a high molecular weight, non-immunogenic compound (e.g., PEG). Lower case letters “m”,
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ARC751

ARC445 with
5mC in place
of the first
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dAdGSmCmCmUdGdGdGd
GdAMCmCmCdAmUIGdG
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ARC445 with
5mC in place

of the 3rd and
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dAdGmCmCmUdAGdGdGdG
dASmCmCmCdAmMUdGdGd
GdGdGdGSmCmU
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20
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deoxy-5-net hyl nodification. Table 12: Sequences of
ARCA45 2' -deoxy-5-nethyl- cytidine derivatives and KD

WG 00e9esESEQ ARC # Description Sequence (5 - >PGI/ps20051081965
= Kd (nM Parent |ID of 2'-OMWe containing residue)
(ARC NO substitution (d = 2'-deoxy containing 445) Kd
positon residue), 5m= 2'-deoxy-5 (nM relative to 5
nmet hyl containing residue) end 49 ARC597 ARC4A45 with
dAdGENCnCnUdGdGdGd 21.5 20 5nC in pl ace
GdAnCnCnCdAnUdeG of the first dGdGIGIGCnJ nC

—3—of—ARCAH45)— 50 ARCS99 ARCA45 W T h
AEAEG 2058 20 5pC- i1 nl ace

CodmTi i eith dALGEMOMCHUGHEEEEEOTU 4 20
éﬂacqh IRRCA 4RI 5 1REmARIBARMRRGIAS Wi t h

rUQ 26 20 BAGAGAGAGERECMU
%(f the sixth GAdGAGGNMMJ nC

[445) 52 ARC751 ARC44H with

54

GdeGd 15 20 5nC in place
*30mi AT GAEHHad At GGdeterinindtionf | r st dGIGIGIGECU  and
*1X BilbbiboPdPBS (with Ca™ and Mg™) +0.1mg/mL BSA, 0.1 mg/mL ssDNA, 1
mg/mL tRNA reaction buffer

EXAMPLE 9: INCREASED APTAMER TARGET AFFINITY BY COMBINED 2°-
DEOXY-5-METHYL CYTIDINE SUBSTITUTION AND 2’- DEOXY CYTIDINE

[00147] A series of ARCA445 derivatives was designed and synthesized in which
combinations of the 2’-deoxy-5-methyl cytidine (5SmC) substitutions at positions 3, 11, and 22
of ARC445 (described above in Example 8) were combined with one or more substitutions of
2’-deoxy cytidine residues (dC) for 2°-OMe cytidine residues at positions where the dC
substitutions were previously determined to be well tolerated (positions 12 and 22 of

ARCA445, see Example 4).

[00148] These derivatives were tested for binding to human IgE using the dot blot assay
previously described. For Kp determination, chemically synthesized aptamers were purified
using denaturing polyacrylamide gel electrophoresis, 5%end labeled with y—2P ATP and were
tested for direct binding to human IgE using a protein titration in Dulbecco’s PBS (with Mg ™
and Ca ") with 0.1 mg/ mL BSA, 0.1 mg/mL ssDNA, and 1 mg/mL tRNA. Kp values were
calculated by fitting the equation y= (max/ (1+K/protein))+yint using KaleidaGraph
(KaleidaGraph v. 3.51, Synergy Software).

[00149]  As can be seen from Table 13 below, various combinations of one or more 2’-
deoxy-5-methyl-cytidine substitutions at positions 3, 11, and 22 of ARC445, combined with
one or more 2’-deoxy cytidine substitutions at positions 12 or 22 or ARC445 did not
adversely affect binding affinity, and resulted in several constructs in which binding affinity

was moderately improved (i.e., lower Kp value.)
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and DI L 0P sl S SRR Rh s b, i e 2
deoxy4J-mdtiN] b4Bding hesbfi citiohyaid “d€s denses h 9sHesky Gridaietdbdibcation.

to human |1 gE using the dot blot assay previously

Tabl&ER Felgestes b A REUES ed ok PAL n@thyl P EAinedindY2’-deoxy cytidine
derlvﬁﬁ%wlzgquﬁﬁﬁﬁ@ers were purifi‘ed” using denat u?’ ?’1

yacryl am de gél ectrophoresis, 5 end | abel ed W|th
SEQ/ 3ARQGVP Mciﬁptlﬁn 1@6@@&@5’&3% i=ndi nggf 0 huBRent
ID | E usingl a prefein | at-om &Shthﬁn m@ s (*B@L( MARC445)
NoMJ ' an s%stﬁﬂnoﬁﬂ &>=Jz’ mQ ] JKp (VD)
iona, and Tpim 5@& Rl gol cl et pd B
[
Kal ei dgGr ?ﬁl ﬂg%{ l S gyy ’
Saft war e) can be seen from Tahl e 13 bel ow,
49 VArAROSOT omanaslv@ﬂs A ITBI O O EGEGdGd 16 8.5
deoxy- 5- netst ik ylakel r@d&ﬁmﬁ@ﬁl@md@mros' tions 3,
11, and 2P ofyf b| conbi ngey (§ Qﬁl'?U(r nmor e
2'|- deoxy ﬁ{lg(&%&%ﬁy Dstit ut| ons at positrgns 12 of 22
ol ARC445 Ot of
ARC445)
50 ARC599 | ARC445 with | dAdGmCmCmUdGdGdGdG 10.4 8.5
SmC in place | dAASmCmCmCdAmMUdGdGd
of the third GdGdGdGmCmU
mC (position
11 of
ARC445)
51 ARC602 | ARC445 with | dAAGmCmCmUdGdGdGdG 9 8.5
SmCinplace | dAmCmCmCAAmMUAGdGd
of the sixth GdGdGdGSmCmU
mC (position
22)
55 ARC914 | ARC445 with | dAdGSmCmCmUJIGdGdGd 11.9 27
SmCin place | GAAMCmCmCIAmMUdGAG
of the first dGdGdGdGdCmU
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adversely affect binding affinity,
constructs in which binding affinity was
KD val ue.) SHCTNIS2005/031965

sever al

woreaenz26d y | nproved (i.e

., lower

2006/ 029258 PCT/ US2005/ 031965
the invention conprises aptaners with a
sequences as described in Table 13

enbodi nent s,
nucl eic acid
bel ow.

In some enbodi nents,

[ 00150]

and resulted in

In sone

the nucleic acid sequences

of the aptaners described in Table 13 additionally

conprise a 3' cap (e.g., an inverted dT cap (3T)),
and/or 5’ aNBoditibir] nodifrcatiron To Tacifrtare
chemical ¢ @gclﬂ1d/or conjugation toja high
mgl ecul ar qug of th 1 I mmunogeni ¢ conpound (e.g.
PEG) . Lower cas ﬁ ters "nf, and "d" denote 2'- ﬁUVE
and 2'-depx a)ng%y ations respectively, and "5nf
dgnotes a oS %& b-met hyl cytidi ne nodijfication,
and "dC' denotes a 2 -deoxy cyti di ne nodi fli cati on.
ab
56 2 -RGA iﬂ{;ﬁ? ;& @%@@g@w. ai 169 27
dgrivative |ption
Sdquence Bftheﬁf@ C (nN = K midf 2’ - O\/t*ﬁ
cdnt ai ni ng ﬂ@@ﬁ@aéﬂ) nM (ARC445) NO substltutior (d
= |2' -deoxy comddd@img KD (nM positon regidue), 5m=
2'|l-deoxy- b rdhatofitheto 5° et hyl containing residye)
end 49 ARC597 AﬁEA45wggggugégg?nfhfﬂthfdcﬁcd 16 8/5
5nC in pl ac@os@enRay of the firgt
dCﬂGUGﬁghCQ% nC (position 3 of ARC445) |50 ARC599
ARCA45 w th dAd MdCGAGIGAG 10,4 8.5 5nC in pl ace
57  dASARODNCH AR®EEGHith 0fdAEShOMTnGdGIGIGaTU 19 27
(gosi ti on| BnOin pARAHEIAMCACmCIAMUIGAGd
of the first GdGdGdGmCmU
mC (position
3) and dC in
place of the
4th mC
(position 12)
58 ARCO18 | ARC445 with | dAAGmCmCmUdGdGdGdG 14.6 27
5mC in place | AAmMCACmCdAMUIGdGdG
of the 6th mC dGdGdGSmCmU
(position 22)
and dC in
place of the
4th mC
(position 12)
59 ARC920 | ARC445 with | dAdGSmCmCmUdGdGdGd 12.8 27
5mC in place | GAAMCdCmCdAmMUdGdGd
of the 1st and GdGdGdGSmCmU
6th mC
(position 3
and 22) and
dC in place of
the 4th mC
(position 12)
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51 ARC602 ARCA45 wth dAdGTCnCmMUdGAGIGIG 9 8.5 5nC in

pl ace dAMCnCnCdAMJdGdGd
W@ pwsiozdzes 22)

dAdGSMCnCnUdGdGdGd 11.9 27 5nC in pl ace
GAANCCCAdAMUdGAG of the first dGdGIGIGICnU 58 WO
2006/ 029258 PCT/ US2005/ 031965 nC (position 3) and dC

in

pl ace

of the

of the sixth Gd&GIGIGMCMJ nC
55 ARC914 ARC445 with

PCT/US2005/031965

6th nC (position 22) 56 ARC915

ARC445 wi th dAdGTCmCmMUdGIGIGIG 16.9 27 5nC in pl ace
dAATCCnCdANMJUdGAGd of the 3rd nC GdGIGIGICnlJ  posi tion

11

A [l

DO

) and d

ad

pl ace
h A

C1n

of the

ACE

6T WC (Posit
dCd G137

ion 22)
27

57

Srﬂ*‘in

1
AN LU AN

60 pl

(H
12

FRCRZIA|
osition

)

3)5-Aeddd @
place of the
3rd and 6th
mC (position
11 and 22)
and dC in
place of the
4th mC
(position 12)

U OJTTIOITIGT

SdAdGonCremPiG6IGIGY
JASmEdEmTd AhYdGA6d
GdGdGAG5mCmU

o

GdGnd)
nC ( posi

nC
tion

13

61

ARC925

ARC445 with
5mC in place
of the 1st mC

(position 3)
and dC in
place of the
4th and 6th
mC (position
12 and 22)

dAAGSmCmCmUJdGdGdGd
GAdAMCdCmCIAMUdGdGd

GdGdGdGdCmU

8.1

62

ARC926

ARC445 with
5mCin place
of the 3rd mC
(position 11)
and dC in
place of the
4th and 6th
mC (position
12 and 22)

dAdGmCmCmUJdGdGdGdG
dASmCdCmCdAmMUdGdGd

GdGdGdGdCmU

5.5

13

[00151]

example, those of skill in the art will recognize that the invention can be practiced in a variety

The invention having now been described by way of written description and

of embodiments and that the description and examples above are for purposes of illustration

and not limitation of the following claims.
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58 ARCI918 ARC445 with dAdGTCnCmUdGIGIGIG 14.6 27  5nC
in place dAMCACnCAANMJdGIGIG of the 6th nC dGdGIGENTCU
w@ pwsiozizet 22) and dC in place of the 4th m®PCT/US2005/031965

(position 12) 59 ARC920 ARC445 with dAdGEMCCmudGdGdCGd
12.8 27 5nC in place GAANCACnCdAMUdGAGd of the 1st
and Gd&G&IGSNCm) 6th nC (position 3 and 22) and dC
in place of the 4th nC (position 12) 59 WO
2006/ 029258 PCT/ US2005/ 031965 60 ARC921 ARC4A45 with
dAdGTCnCmMUdGdGIGdG 8.5 13 5-Me-dC i n

What §AsHHRaEd AMUdGAGd pl ace of the GIGIGIGGENCMJ  3rd and
6th nC (position 11 and 22) and dC in place of the
4th nC (position 12) 61 ARCI925 ARC445 with

1 m@% su%‘s&tu%‘e% sil?gqgstirarhd%ld %gteamer comprising the steps of:

a) substituting a phosphorothioate or phosphorodithioate for a phosphate at an

internucleotide linkage position in a single stranded aptamer;

b) assaying the substituted single stranded aptamer for affinity to the target; and

¢) identifying the substituted single stranded aptamer having increased affinity for the
target relative to that of a starting aptamer which is identical to the modified single

stranded aptamer except that it lacks the phosphorothioate substitution.

2)  The method of claim 1, wherein the substituting step further comprises incorporating a

phosphorothioate at the internucleotide linkage position by chemical synthesis.

3)  The method of claim 2, wherein the substituting step does not comprise incorporating
the phosphorothioate substitution at the internucleotide linkage between the two

nucleotides at the 3° or 5° end of the single stranded aptamer.

4)  The method of claim 2, wherein the substituting step comprises incorporating a single

phosphorothioate substitution into the single stranded aptamer.

5) The method of claim 4, wherein the substituted single stranded aptamer comprises a
binding affinity for the target that is at least two fold higher than that of the starting
aptamer.

6) A substituted single stranded aptamer identified by the method of claim 5.

7)  The method of claim 4, further comprising the step of incorporating an additional

substitution into the substituted single stranded aptamer to result in a twice substituted

single stranded aptamer.
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of the 1 st nC Gd&GIGIGICMJ (position 3) and dC in
pl ace of the 4th and 6th nC (position 12 and 22) 62

WORARGHAD2ARCA45 Wit h dAAGTCNCmMUdGAGIGIG 5.5 13 PENMIB2005/031965

8)

9

10)

11)

12)

13)

14)

pl ace dA5SNTCdCnCdAMJdGIGd of the 3rd nC GdGIGIGICnlJ
(position 11) and dCin place of the 4th and 6th nC
(position 12 and 22) [001511 The invention havi ng now
been descri bed by way of witten description and
exanpl e, those of skill in the art will recognize that
the invention can be practiced in a variety of

TRb %kﬁ&mﬁlﬁﬁw,tfﬁ@ﬁer%BﬁPH$§g L) ggﬁh@ﬂﬁcg m‘tnﬁéd single stranded

above are for purgoses of ilTustfation and no
| iaptamet fasrfBRity teethe tarpeveind gdentifying theB&idABuREGIcd 282 5K8stranded

319 .. WA [ l.aj is:. ). A nethod of .
" Bl SR Ay apaic of gt Gndlime sBiniams bstituted
C@ifpld Saded fHRambeps of . a) substituting a

phosphor ot hi oate or phosphorodithioate for a phosphate
at an internucleotide |inkage position in a single

; i-ng _the. supsti.tuted,.single

Ipt ERGER RIERTY rpler SORBYHEY L4 R IR bR oy Fete sranded
i dptatrick j?drrujﬁﬁjh}e‘:josﬂ:l??dr'gétwh& ]?d@iifbliihgt}&ttﬁv@dmt ﬁstlﬁtﬁ%e_@@ﬁfgtle stranded
havi ng increased affinit or, the target relative to
¢ RBfag et bysan ifigity 5%1%@% onfgledr than thakefthe phospborotoate

b f TaTe| rﬁj@é}ﬁ aptamer except that it |acks
ﬁ@%@%%gg%tsﬁagﬁde su ési,l'tituti on. 2) The net hod of
claim1, wherein the substituting step further

got{l}%ei U gtitlupe(éosgrpg% s%}‘a{nlgigd gptamer identified by the method of claim 9.

The method of claim 7, wherein the additional substitution is an additional
phosphorothioate substitution at a phosphate position different than that of the first
phosphorothioate substitution.

The method of claim 7, wherein the additional substitution is selected from the group
consisting of : substituting a nucleotide modified at a base position, substituting a
nucleotide modified at a sugar position, and substituting a nucleotide a modified at

phosphate position.

The method of claim 12, wherein the additional substitution is selected from the group
consisting of: a phosphorodithioate substitution at a phosphate position, an inosine
substitution for another nucleotide; a 2’-deoxy dihydro uridine substitution for a
uridine; a 2’-deoxy-5-methyl nucleotide substitution for another nucleotide; a 2’-
deoxy nucleotide substitution for a 2°~-OMe nucleotide; a 2°~-OMe nucleotide

substitution for a 2’-deoxy nucleotide; and a 2- aminopurine substitution for a purine.

The method of claim 13, wherein the additional substitution is selected from the group
consisting of: a 2’-deoxy inosine or 2’-OMe inosine substitution for another

nucleotide; a 2’-deoxy dihydrouridine substitution for a uridine; a 2’-deoxy-5-methyl
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phosphorot hi oate at the internucl eotide |inkage

position by chem cal synthesis. 3) The nmethod of claim
WQ2006402268 n t he substituting step does not conPCT/BE82005/031965

i ncorporating the phosphorothioate substitution at

the internucl eotide |inkage between the two

nucl eotides at the 3 or 5 end of the single stranded

aptamer. 4) The nethod of claim2, wherein the

substituting step conprises incorporating a single

phosphorothioate substitution into the single stranded

& subzlitution f6R4 Baeind, &l@d fMdboxPABERb IR é?l%sututlon fora2’-
st ituted single stranded aptaner conpri ses

bﬁﬁdﬁngd%ﬁﬁhnlty for the target that is at Ieast t wo

fold higher than that of the starting aptaner. 6) A

substituted single stranded aptaner identified by the

15) mehbmed of idehifyinga substifidl dRAthatoaiprizinaithe §te¥§ &t her

conprising the step of incorporating an additiona
3LipserpprAing & sphetbutioneinin ® gtatttnmaew mgleesis theamulistifution is selected

SR ] Gbling B S s SO R0 Festigas 2 deory

8 dihhideouridifecsibetitutibm fonatiriding, ti2edeeo P &hylT yliaRbNYcytidine,
the tw.ce substbtuted singl e stranded aptaner for

aff- AMNRP PYReRubstHptRR fof dPurige Ard # 4 rlgoxy Buelgptide substitution for
sy ad l e stranded aptaner that has an
af ??gyggheqﬁé?afo or higher than that of the starting
bhassipgng thetsebistitsted ghanst f(armﬂﬁnityaqotthem;rget%nd'l' h e rret hod

t he t

;
gty edte sibhlfeea pERiss Bevide Mt SRy forihe fireg relaive t
t et Bﬂﬂﬁ%&a‘;ﬁl? dﬂt&ﬁ@f Wflﬁéh'?&d‘éﬂﬁcatl W e sShRitibd 5}5@1@1& fxcegt that it

single str aptanmer that has an affinity equa

olacks giesubstitaied mbeleodde. t he phosphor ot hi oat e
substituted single stranded aptaner. 10) A twi ce
substituted single stranded aptaner identified by the

16) e hethodfof elaithM5Iwherkin the Mcoffirinatk Qép flrietompides iRiofporating
the additional substitution is an add‘i tional

pHissRsiitEtion Bue thestasting enfamenthzqugh chaminshamshesissi ti on
dlfferent than that of the first phosphorothioate
substitution. 12) The nmethod of claim7, wherein the
17) ‘Ghiincthodalfl chirh 6] wheieonthe sdeneified twdtifutanaptiaeds eltgle stranded.
consi sting of : substituting a nucl eotide nodified at
a base position, substituting a nucleotide nodified

18) fhe ﬁieﬁiégfi‘)ﬁ‘f cRafi15! QferefMile SRS ﬁlﬂhéﬁ%ﬂﬂ)ﬂ%yg{h%%épg Bra
modifi ed at phosphate position
incorporating an additional substitution into the substituted aptamer, wherein the
additional substitution is of a different type than the first substitution, to result in a

twice substituted aptamer.

19) The method of claim 18, further comprising assaying the twice substituted aptamer for
affinity to the target and identifying the twice substituted aptamer that has an affinity
equal to or higher than that of the starting unsubstituted single stranded aptamer.

20) The method of claim 18, further comprising assaying the twice substituted aptamer for
affinity to the target and identifying the twice substituted aptamer that has an affinity

equal to or higher than that of the substituted aptamer.
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13) The nmethod of claim 12, wherein the additiona
substitution is selected fromthe group consisting

wo@Rewempbosphor odi t hi oate substitution at a phpSpOs1085/031965

21)

22)

23)

24)

25)

26)

position, an inosine substitution for another
nucl eoti de; a 2'-deoxy dihydro uridine substitution
for a wuridine; a 2'-deoxy-5-nethyl nucleotide
substitution for another nucleotide; a 2'- deoxy
nucl eoti de substitution for a 2'-Ove nucleotide; a
2'-Ove nucl eotide substitution for a 2'-deoxy
nucl eotide; and a 2- am nopurine substitution for a

urine. 14) The method of claim 13, wherein the

helmethodalt chim 20, wheietmthiesidditlonaltsatistituigon istselegted dipm the group
cqnsi.sting of.: .a.2'-deoxy..i.nosi or 2'-OMe.inosine, .
< ST R o A sy s G R BrsbiaccRs 2 DS PO subStiuting a
dinlyldétdy medified SU@&Iga%\%béiﬁéh f &1d substitiGh N2 nudeotide a modified at
2' - deoxy-5-nethyl 62 2006/ 029258 PCT/ US2005/ 031965

c Phosnbate posiioni t uti on for a cytidine; and a 2'-deoxy

nucl eoti de substitution for a 2'- Ove nucl eotide. 15)
A net hod of identifying a substituted aptaner
Themptetindnd cladia 231 ehsredf theallditibaAIsabstRhtic0 idselected from the group
substitution into a starting aptaner wherein the o

s GpRystingtafonphesphrpdithiggte spbwiittianeat gmboprhats rasionngn inosine

0 - j L 1. 0N of ’ i

oy JRIGH b aaichithe W ooy it Sbetfontor

2 urideex 2 -Heomyt-fptetiogl tnudicotdd aubs@tutiyh ifsh araucleotile, a0i-dzoxy
purine.substitution for purine and a 2'-deoxy o

P B IS qec B Be {05 ai g Wig muclsosde, ek Qe puglepidle pybstitution for
a8 9By ikt@ectidB Sdnldld - CfhiRRH AR ol Eo¥iri i
tar_et?ﬂénd p)_identifyi&ggéhe gggggF@%{%@hgﬁ?gﬁg@ﬁ%hmeunhe
hadditignal yubstiteinn is fliffanentyfrone thet fivet substifetiom.el at i ve t o

that of the starting aptamer which is identical to the
substituted aptamer except that it [|acks the

ThibfiettiodioFdlait OBewhidh thé @idiTibeal¥abMREH is 64184183 £Bm the group
wherein the incorporating_ st ggﬁhif urther conprises
i RRRTHEAL] herdeomiingsine o 2 uPMminpsine sybistitugion for angther nucleotide,

apba .chem .8. 17}, The nethed, of.. ..

R Ry A QU8 RE R bR G o S S p e Pidine

i sutsstingion fot a @ptidide, aidB) 2 THeoxyatuehdtioé sulstiutiod Jor a 2°-OMe
wherei n. the nethod further conprises the steps of

i RRlFpisleati ng an additional substitution into the
substituted aptamer, wherein the additiona

substitution is of a different type than the first
‘Slsbmieihodtof olajm 16, fuethert comprising inaorperaingshiatiditienal substitution into

apt aner,. ). .The net had. of , cl ai 8, further ) ..
BB bty FErePDin g oS ulhstbited Abeema v hevsin the additional
substitution is of the same type as the first substitution but at a different nucleotide

position.

The method of claim 24, wherein the method further comprises assaying the twice
substituted aptamer for affinity to the target and identifying the twice substituted
aptamer that has an affinity equal to or higher than that of the starting unsubstituted

single stranded aptamer and/or the substituted aptamer.

A twice substituted aptamer identified by the method of claim 24.
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affinity to
substi t ut ed

the target and identifying the tw ce

aptaner that has an affinity equal to or

whe@hmee2shan that of the starting unsubstitut ePCHUSINF031965

stranded apt aner.

20) The nethod of claim18, further

conprising assaying the tw ce substituted aptamer for

affinity to
substitut ed
hi gher than
2006/ 029258

the target and identifying the tw ce
aptamer that has an affinity equal to or
that of the substituted aptaner. 63 WO
PCT/ US2005/ 031965 21) The nethod of claim

20, wherein the additional substitution is selected
fromthe group consisting of : substituting a
nibe awthadeofrebadin § % whateimthisaneorparsting stap figties comptisasgubstituting
nucl eot | qe rmgki‘fi edl aﬁ a sugar position, and
s D APHIPH YA TR ED qede a nodified at phosphate
PTEE hiettibd t2)aiti 17, MRichaditeiinsHiml sibdtutedpimhdt cbBPrise a binding
addi tional substitution is selected fromthe group
c 8Byt trgsidvoalofshiashm dhadhetnfdhe staginggmsebstinged aptamer.

[.t4ic0 ' ine .substitution far . . ,
B RIBLRCRRay s e S hE AROAGrafTin ddfbinies gibstituting a 2™
S desdyi riugldotide forra 21-OMeimfhiciRotide?’ - deoxy- 5- net hyl|
nucl egti de substitution for a nucleotide, a 2'-

I deoxy .
Raemethod of clagm 20; vhetetrihe r-depxy subsiituted aptasar gempgise 2 binding

2’ ¢ [ ' j ) L - Vi
R YA B RS BT dBling Bodips iRt
‘Phe method od claire26] whereim the fidit sulstiziticaiib 2-deety substitation for 2°-
different fromthe first. sybsti.tution. 23) The nethod

oY Bflroside S drcadsidiel %ﬁaﬁltﬂlaw arsRERF SERSHBIORS

TR RelRd JftRihiIPewdERHRhe 61 kiistiRte®ingR s?réﬂ(féa?ﬁosphorothioate
i nosine or 2'-OMe i nosine substitution gor anot her

nepirmet ¢ateprises adindiegaffinity tyat isoatdeast A dold lngdter thanitlnstarting
f | di 2'.-d - b= h tidi
 uBrdl e R B L1

deoxy nucl eoti de

Aluhsld éttinidedaptamefcanpridi ndweleOhh dfe pﬂd‘s})_ha_ ehidRE B&Kkbone
of claim 15, further conprising incorporating an )
asiehstifvsionwhereis the single piranded aptamesr binds specifieslly dpe sarget with a
t Q.. e ' ' f:] : r reinth
Rl 6 chobafe Dbl BREOCRS DBl ey or e
f targdt of alssddnt singhstiantiedisiptamel idesticanto the Glret®ut Beking the

po&i t'bon. .25) The nethod of claim 24, wherein the
mBRHBEOHHPHE FIRGHONses assaying the twice

P 1eYd i iti

Pl e AR of Pird S Cobris e 1o ) ot iditiopal
aphosphorptligaiaubtstitwsionhi gher than that of the starting

TR bt altaBr S b 58 EomBRYATRG nibte 12 2 alitional

phosphorothioate substitutions.

27)

28)

29)

30)

€r.
a
31)

32)

33)

34)

35)

36) The single stranded aptamer of claim 35, comprising no more than 3 additional
phosphorothioate substitutions.

37) The single stranded aptamer of claim 33, further comprising an additional nucleotide
substitution selected from the group consisting of : a substitution with a nucleotide
modified at a base position, a substitution with a nucleotide modified at a sugar
position and a substitution with a nucleotide modified at phosphate position wherein
when the nucleotide substituted comprises a modification at the phosphate position it

is not a phosphorothioate substitution.
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26) A twice substituted aptanmer identified by the
met hod of claim?24. 64 WO 2006/ 029258

weEamsBRe05/ 031965 27) The met hod of cl ai m 15PCTHI82005/081965

the incorporating step further conprises substituting
an inosine for another nucleotide. 28) The nethod of
claim 27, wherein the inosine substituted aptaner
conprise a binding affinity at least two fold higher
than that of the starting unsubstituted aptaner. 29)
The nethod of claim 15, wherein the incorporating step

38) @%@%@%ﬁ@g&g%ﬁ%@% §g§a1%§7,-wﬂ%Mha Hedifaehil 9 cle8fidesubstitution

e nmethod of claim29, wherein
ti6 gel@tted Goxyths gosin comsistingef apbosphorastithieatessubistiafiagat a
affinity at least tw fqgld higher than that.of -, .
CeoePRAyp RO PR s R 1o U R oy -deoxy dibycro
ClRdi glﬁwsti%%]fl &foh atubiRlire] 251’ -@ddRF15-nethiyDAudisotRle subgiitytion for

substitution for 2' - OWe nucl eoti de and the additional ,
satfoslier utleotidd, 8 2anddony supleotiderubstitutionfpr a3yONlgaucleotide, a 2’-

od of .cl ai 2, erej,n.t | S hi :
Phi iR e IG5 g ey Bicttifies HRPA 3. i Epurine
bidiift@or i Mpdrinet hat is at least 2 fold higher than
the starting unsubstituted aptanmer and/or the

substituted aptanmer. 33) A single stranded aptaner

39) égg&ﬁ% stst{#lg%cgg t e%?c&rﬁ@ﬁké %fm? é&ﬂggﬁﬂﬁﬁﬁ@(ﬁ{ S1R8&KBRAShe group

40)

rein I ngl e stranded aptanmer bi nds
S B&Risting A | ¥n dsetsabgitttion fohamvthdrimdientidefaf’ rdeoyy f or

the target that is increased r tive_to the pi.ndi . g
aflhyreugioine SupF Ut g riiess CRBTY: ST LU gk cytidine,
aﬁﬁ agﬁrﬁiﬂoqﬁ?fn'e Ghbsti@id®r b blidhe M a dagddxythublRetide substitution for
phoSphor ot*hi

oate substitution. 34) The single stranded
apaIONe aficlebtideymdBrein dngpsubstitntpdsmghe steandad aptemer binds

addi t | onal hosphor ot hi gat e.Ssubst i [ 5).T .
PRSP ATIEEE A0 AHAPODF SRR pGscd reltive o
”‘&%eet%ih'tiiﬁg afietiol iiRNAlget PhoephRT Shile @atgded aptamer identical to the
supstitu

ions.” 36) The single stranded aptamer of
c fmstrouBBcking wipy nedlengidesubgiifiionhan 3 addi ti onal
phosphor ot hi oate substitutions. 37) The single
stranded aptaner of claim33, further conprising an
6 kb RNahn A ECApRAh S clAmlas, torpricing sieloast ted nficleatidehe
group consi st ng of : a substituti &[t] with .a mtl%h%glt [ (%le th
medbstitetipng selgetsd Sonphsigrouncongisahk | A PPYAC FasHiwgon for another
nucl eoky de g £ HeabstitRi fot QRridd, #2°-deoxy-5-methyl
sdjﬁlg]?lg{l Ut ?gg%\%b{(*ﬁglym?c gglt i eS 1rmdi fied at phpsphat g d
PQytilline fordeytigdiwe, an 2- amino purine substitution for a purine and a 2’-deoxy
nucleotide substitution for a 2’-OMe nucleotide, wherein the twice substituted single
stranded aptamer binds specifically to a target with a binding affinity for the target
that is increased relative to the binding affinity for the target of a second single

stranded aptamer identical to the first but lacking the at least two nucleotide

substitutions.

41) The single stranded aptamer of claim 39, comprising at least three nucleotide

substitutions selected from the group consisting of: an inosine substitution for another
nucleotide, a 2’-deoxy dihydrouridine substitution for a uridine, a 2’-deoxy-5-methyl

cytidine for a cytidine, an 2- amino purine substitution for a purine and a 2’-deoxy
66



when the nucl eotide substituted conprises a
nodi fication at the phosphate position it 1is not a

W@ bwsprasot hi oate substitution. 65 WO 2006/ 0292EBUS2005/031965
PCT/ US2005/ 031965 38) The single stranded aptaner of
claim 37, wherein the additional nucleotide
substitution is selected fromthe group consisting of.
a phosphorodithi oate substitution at a phosphate
position, an inosine substitution for another
nucl eoti de; a 2'-deoxy dihydro wuridine substitution
f QfucRotidd fibs@utien £or- ad?O(’SMeﬁlu@FeBﬂbfé Mélﬁ O&lé Q(T})le substituted single
substitution for another nucleotid
ntraeded agtamay bardssnediBealfydp aatalg\et @m mhmﬂmgtaﬂﬁkaty for Mo target

nucl e ub t 0X ucl eot.i de,
el B RV R e il S 51 B o) o meConsiogrte
SisfgthdedSpaaitd edbndiplaoehe ﬁﬁﬂ'@l!itl 18dKkeL theAHhQQhic Qucleotide
substitution selected fromthe group consisting of :
arfubsiigalians. substitution for another nucleotide, a
2' -deoxy di hydrouridine substitution for a uridine, a
2' -deoxy-5-nmethyl cytidine for a cytidine, an 2-

42) e smgxewmaﬂ@edsammtdﬂdlm 409 WharemJﬁﬂ'lB@ subRtltutePsingle |¥nded
nucleotlde su -Ove nucl eoti de,

?Pbé‘lt tution for

wiigtemes bindg s ally e @darg%wb ashm@ﬁa atfinityt fapihe tiigatibat is
S [

¢ RRSELPE Rt ot BBl Yol i} PP PLcehil bieieignaca

afaptamet wehtcalttdéhet fasygatt latkig omcu:f itk sudhgptide Stsaingtashs.
aptaner identical to the first but |acking the
nucl eoti de substitution. 40) The single stranded

43) Bt 8ikBle sBbndddBipfnddt ofCRRI415 WREref thk 825k s& ituted smgle stranded
nucl ectide substitutions sélected fromthe group
c @nter bings specifigally o gitaraets with taj tinding affingty fanthie hzmget that is

T4 8 ARG A 8 e

C piattien &lentital 2o tHRMBObRIMkAfR &UBSS bhé!bf BB nh@l%oﬁd@éﬂbbﬁﬁtmns
and a 2'-deoxy nucleotide substitution for a 2'-0Owe

nucl eotl de, V\,her ein the twice substituted single

44) glﬂg rﬁﬁfax#i’ér%‘}% 2‘8?2; %?1% 1‘{%18}1801%0{1 Ie s §£t§1§488n 1s%he

r eulaatututmntaf Z’hdeolgy mdclegtide for th-ﬂ)MéDhuélElﬁldear get of a
second single stranded aptaner identical to the first
but | acking the at |east two nucleotide

45) TH@ SihbleWirh QY- ap falﬁerm‘;‘cla‘ﬁh 19l GhslklRe ﬁgclﬁtptﬁc?é‘%&stﬂ{ltmn is the

cl ai m 39, corrpr|3| ng at | east three nuc
s ghbstibttioniofas ismsinedbed phriom t he gr oup consisting of:

an _i nosin ubst. an,for ano cle tlde a
40 SAngBiRpandarcily i Qneiiephatorit e 2ot apmeries
2 nuélestidé seqidic hving a phosphorothioate modification of the phosphate back

bone at a position selected to increase the binding affinity of the aptamer to the target
relative to the binding affinity of a second aptamer to the same target, the of: an
inosine substitution for a purine, a 2’-deoxy dihydrouridine substitution for a uridine, a
2’-deoxy-5-methyl cytidine for a cytidine, a 2-amino purine substitution for a purine,
a second aptamer having the same nucleotide sequence but lacking the

phosphorothioate modification.

47) A method of stabilizing an aptamer comprising the steps of:
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cytidine for a cytidine, an 2- am no purine
substitution for a purine and a 2'-deoxy 66 WO

WQe6HARIP58 PCT/ US2005/ 031965 nucl eoti de subRET/USZ005081965

48)

49)

50)

51)

52)

53)

for a 2'-0Owve nucl eotide, wherein the triple

substituted single stranded-aptaner binds

specifically to a target wwth a binding affinity for

the target that is increased relative to the binding
affinity for the target of a second single stranded
aptanmer identical to the first but |acking the at

aé ¢@vda ngges?abﬂﬂ‘z‘ing AhddiBcatiRHO Rltd b Ylar@itSaptAder tdhesust if @lrRodified
tranded “apt amer “of clalim40, wherein tw ce . i

safiiamet wherdinghe gheingtaptanks dhas a predeterinnedieinding affinity for a

s&ggifically to a target with a binding affinity for

t fbarget that is increased relative to the binding

@fafséeﬁr{ieﬂ@/mg@iﬁea Bptahf B2 biRfin@aFREONS tif taglecarkl Whsrg etk binding
ptarer  1dentical to the first but |acking one of the. .
naffingtytis thes thab it plithestastingiaytampreingphyiieg & pueprfidy substitution to

apt r of i 1 i |l '

cFeriiten e fosfingt lpanfis it Rk & it ebiRhn e
t ahiatuted iftarfertiaRitignobiading piffinityf fot thdtergethightr thivathat sf the
increased relative to the binding affinity for the

t anoglefiedoAptameiecond singl e stranded aptamer identical

to the first but |acking at | east one of the

nucl eoti de substitutions. 44) The single stranded

TRE BIdodWT dthiai 47, B8reinthersabstitttied aptaniee otripiases a binding affinity for
substitution i,s the substitufion of 2'-deoxy

nifes teeget sbsiegtially e sepg ap et b GNP Si ngl e
stranded aptaner of claim 39, wherein the nucleotide
substitution is the substitution of an _inosine for a
Dhe heehoddf)clabm 4pwherein thhstabdljzéeg modifichjorbisggaodifcation to
target, wherein.the taper co ricges a nucleotide
sé%%&épmfﬁlsé“ﬁﬁg‘gﬁhcg‘%ﬁ Fﬁ’sbnsg & modi fication of the
phosphate back bone at a position selected to

increase the binding affinity of the aptamer to

. the . .
The gethod ofl caiim A9, wirereiiethsistabilizangimef Hicatjoreorprisss sipptituting a
apt r to th r he of: an inosine
s%‘o@ﬁﬁﬁ’??@%ﬁ eot?)?ggoﬁh%l%gebga ' -deoxy di hydrouridi ne
substitution for a uridine, a 2'-deoxy-5-nethyl
cytidine for a cytidine ' urine.substitution

a 2-am.no
methiagh ofrrdaim 30, sebt e pARBICIE PR EpriRises Hrgducing Hre than
nugl eetA LRGtdde phosphor ot hi oate

n;%gijle% g@?éﬁﬁﬁﬁﬁﬁzoﬁoﬁ%%gﬁﬂeg%%%i lizing an aptaner
conprising the steps of 67 WO 2006/ 029258

%Clzlynye%&gdogt[ c?a?i%lgg 15, wherein the substituting step comprises a substitution selected

from the group consisting of: a substitution with a nucleotide modified at a base

position, with a nucleotide modified at a sugar position and with a nucleotide modified

at phosphate position.

The method of claim 52, where in the substitution is selected from the group consisting
phosphorothioate substituted nucleotide for an unsubstituted nucleotide, a
phosphorodithioate substituted nucleotide for an unsubstituted nucleotide and a 2°-

deoxy nucleotide substitution for a 2’-OMe nucleotide
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a) introducing stablilizing nodifications into a

starting aptanmer to result in a nodified aptaner
wob@se2nsg he starting aptamer has a predet eri nPCEUS2005/031965

binding affinity for a target, b) assaying nodified

aptanmer for binding affinity to the target and where

the binding affinity is less than that of the

starting aptamer introducing a nucl eotide substitution

to result in a substituted aptamer wherein the

nucl eoti de substitution results in the substituted

s6) THLATHOGTAAA 3, BLad Aot 01 AP i
metd¢ledidsffor bmimsubdtitufed macieotidee substituted apt amer

conprises a binding affinity for the target
substantially the sane as that of the starting

55) ARASNEI of MR J%%E‘t?c%eﬁ_fag&!nﬁeir Mt HinddE b 8Bt Berein the

stabilizing nmddification is a nodification To
i pehstided apjamentras adsgher hinding affinity ferdbe targs itlsinathatenf an identical
50), The hod o l.aim 49, .wherein the stabilizing

AFREL e oh B by U b rRE IR s o e
necéudstifudfy bemghNAlchRtd8 HIdemid AQ.-badd, suddt®r PROMRGke Phsition for
clai m 50, wherein the introducing step conprisés
i Al pewbetitttpdaveleotideand one 2' - OVE substitution for

[ . f.clbaimb1,

BRBLGELe B EREhEE piitle BRI MR CHE B Lt on
selected fromthe group consisting of: a substitution

ith ucl eati de nodified at a base position, wth a

56) Thrometiodaé e 13 athosin eyl L ep Sithen coraprisss substiuting at

NHGLIERG! HiFc1ERMeS inpdificalat IRASRR ‘§it§3g%1t 3t30kst &) uniSdified
met hod of claimb52, where in the substitution s
sehdedtaldsf rom t he group consisting phosphorot hioate

57 b B S b BhelE e mprios atsiaig
nakiaRtde dAclkofidaRubdHBE bi thekade PGSR trde1afdnie %i'uglodiﬁed
deoxy nucl eotide substitution for a 2'-0OWVe nucl eoti de

6BUGhDtIES6/ 029258 PCT/ US2005/ 031965 54) The net hod of

' , [ ubst it ution i.S. .a . N
% PhBhed or H5h 35 WA R IBL ik P e o substituing o
uRasthsivinuolebtdesunddiftd aadiftbfht posiddd@er ffledstery infiddifed
a sybstjtuted aptaner that binds to a target, wherein

t Recleatidsst i t ut ed aptamer has a higher binding affinity
for the target than that of an identical aptamer but
for the substitution, conprising the steps of

59) The method of claim 58, where the substituting step further comprises substituting at

least three nucleotides wherein at least two of the nucleotides to be substituted are

modified at different positions for at least three unmodified nucleotides.

60) An aptamer that specifically binds to a target, wherein the aptamer comprises a
nucleotide sequence having a substituted nucleotide selected to increase the binding
affinity of the aptamer to the target relative to the binding affinity of a second aptamer
to the same target, the second aptamer having the same nucleotide sequence but
lacking the substituted nucleotide, wherein the substituted nucleotide comprises a

modification at a phosphate, sugar or base position.
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a) substituting a single nucleotide nodified at a
base, sugar or phosphate position for an
wae®alssg ut ed nucl eoti de, and b) assayi ng thePCT/US2005/031965

substituted aptamer for binding affinity to the
target. 56) The nmethod of claim55, wherein the
substituting step further conprises substituting at
| east two nucl eotides nodified at the sane position
for at least two unnodified nucleotides. 57) The
met hod of claim 56, wherein the substituting step
furth foat thar &25H @6 substitution

o) eI SRR ol BRShCICUES subst
lvaaséintiy adstitubadivcieetde oampess adbsmid@8motification piopbase, a
claim55, where the sybstituting step furth . :
T SURSTISLROSH R 3G Whterei e ing i Ponee aBapngs binds specifically

if ht Blindreasd rdlive to the bindin

e el Bt e m 08, ’
vifiniey fdrehstabgst iof aséoond Smb‘: ftandérbaptanapideriics] to the first but
substituti | east three nucl eotides wherein at
ﬂéﬁ@?g#W§“ggﬂPH%pnucleotldes to be substituted are
nodi fied at different positions for at |east three
unnodi fi ed nucl eoti des. 60) An aptaner that
specifically binds to a target, wherein the aptaner
conprises a nucl eotide sequence having a substituted
nucl eoti de selected to increase the binding affinity
of the aptamer to the target relative to the binding
affinity of a second aptaner to the sane target, the
second aptaner having the sane nucl eoti de sequence but
| acki ng the substituted nucl eotide, wherein the
substituted nucl eotide conprises a nodification at a
phosphat e, sugar or base position. 69 WO 2006/ 029258
PCT/ US2005/ 031965 61) A single stranded aptamer
conprising no nore than one nucl eotide substitution
wherein the substituted nucl eotide conprises a
chem cal nodification at a base, a sugar or phosphate
position and wherein the single stranded aptaner binds
specifically to a target with a binding affinity for
the target that is increased relative to the binding
affinity for the target of a second single stranded
aptamer identical to the first but |acking the
substitution. 70
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