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[ 0001] The present invention relates to oligonucl eotide chel ate conpl exes,

conposi t iwoidenwsf and net hods for the formnul ati on of palrianugioessi des

(ONs) as chel ate conpl exes and the use of these ON c c%ﬁa xes for ON
ngou ds I

adm ni strati on BACKGROUND ART [0002,! Salts are ioniC €O whi ch
result fromthe |nteract|on (neutra'l zation) of an acid and a base. Salts
are conposed of cat| hat an electrically
neutral state is na CEQY an ﬁgb% such as Cr) or
organic ge ARG Ebe (CHBCI)O ). Aqueous sol utions containing dissolved
salts ( re able to conduct electricity due to the dissociated

state of (000 diheopresadt devention pelates ton oligoraglentide cheldte osomeplexes,

d i gonucl eoti des are ani on nd, h een reV| ouyght to only
benave. sSRrvEs e 817 BB eb iEe RERoE X pL STsndeirlERs y s

di ssoci a(Gs)sdsatigelateOciidplexde and théusé ohtheye ON &@at’éocdmmai‘espﬁirl ents has
typi cal | y _been accgonpani ed by several generalized side effects not rel ated
to the né&‘l%ﬂ'ﬂﬁgaﬁ%uence present. These include anti-coagul ation

(el evation of pro-thrombin tinme or PTT tine) of the blood (Kandm m | a et
al ., 199§AC$(@ROQFNDAW Chem Let., 8: 2103; Sheeban et al., Blood, 1998,
92: 161 al., 1197, Nucl eosi des & Nucl eot | des, 16: 1145; Kwoh,
2008, Annopgzins%ﬂtgr LﬁjeTéQrHC gﬁ@npeunds pahigh gasult nfreey ithe dnteeactieact i ons or

adm i st {50 A gal B o A g PSS Sa R o R BRI B el

2001, Gaamomawhmhohte;actzw tha%gelestrmm heefralsitate i@ 6Gintaihed PRAalonacol .  Exp.

Ther ap. , 133 8, Antisen e 383; Raal et
Al Do e b rodgaric RR asdyt) S FSCa e GrERPERYy AecBRought to be
medi at eds&mlmrbo?\mnﬁﬁg@%s%n@els‘alts (elattedsl &) are anié fo powdut BRechrcity he

coagul ation casca have been shown to possess immunostinulatory
propert i 84 (‘Q/utﬁe1f1i$§Q°thT<‘é Snt%téeﬁbft the GP'WL%d@&%o‘)"d’ﬁ Bk AReAqUsEqUEt i on),

SR s hayilohRicre! DigBREdledides! B Gbijahidhe drddWateTBedn IheviBlg
concentration ON admnistration In a sna vol ume 05016051- 32P - 2 -
(typi cal thpughtdoonfyobehaybast salis sihere $B)ir ¢atioscoupterparts existiis sohibiaght to | ead
to local. . t the injection site. [0004] Wth the advent of

nucl ei c- ch!“%&%%&i%é&%ﬁbt?apy in recent years, the increased nunbers of

ON- based conpounds in clinical devel opnment has increased. Hi storically nost
ON dosi n9003gi Thenadhanistration of edNsuta ihphwnd patients nhas ipgikalyr beengl e weekl y

oF° G "SSPl By S BEIGR S e R B e i 3 e
limted @qdeﬂ@étpréé,én\t ﬂ'ﬁ@é/eeincltﬁié HRY- t:mgulmﬁtkmﬁa)noarwr pYaLthebritsin

| ogi stic y demand |2(%é|n a chronic dosing scenario, nore recent clinical

appl i cat {BR 6 F ToNEN@/dhe iagdi (Kandmisela & 01998 JRiporann: Mesk ChM. ni st rat i on.
Thi s | eafg % 5104 "Bhecbamt EfTLF, éfb%d”glg'ébd e‘cﬂs‘fl"?I Néjéﬂh étsalty igal |y
acconpan|ed I nj 'eCtion 'sit e r 6act] ons o vary egr ees o seéverity (as
descri beNuelbosndés &Nndeettide@ 6 t145; Kovaln 2008, Anhsmaﬂbmgb‘l;emhﬂedr out e of

adm ni strati [ 0005].1t..woul.d t heref ore use and . desi bleto be

provi dedéan' %}491 iﬂof'b?mnatsf%nreﬁﬁf'% \%ullég{s flppar&tlgn %[m ’dUI’I ng

eit her |t‘éndérn§§s ramidt p@npmutadmmjufetrre@nscaum:ﬁistrbh@rr MWedb #thail e19§ve

anti - coagul ath(‘)éeeffects of ON adnministration are consjdered mininal, it
| 53asé

woul d a 9969 Schrigher stiake 200].sCastrreniarrbc 12511338 SeaWgl ovi de for a
greater gpggispoof JS@fhawaw Ewﬁaﬁhé\ae R HBQE“K%HI 99@@ A.Lt%%ﬂééThere I's

thus a need to be provided w an i nmproved ON fornulati'on.

[ 0007] | nD&tchFﬁﬂan%@ Eick hP%ﬁa Ba@s@nﬁl deeth.i lpﬂﬂCGh Nﬁsr%g&)sTh@vWﬁFow ded an
| tid
i niked by By ofipd ork oBLA RETRLucled 18 oneifiafie dtfie o' ' oo

ol i gonucmmamtcdm with protteing oﬁthfeorroaguladmh gascade. adrONs savabeem showe
ol i gonucl eotide formul atj onllafonprl a%at he ojgglg nucI eoti de chelate conpl ex

as descrPb@ISHESeiMMUNEBHBYIRIOTY SPOPEBieg LR oSellike JRaPRIAE Rl iTLRN
conposi t inefiafeMRyickindd iddiRtion), ISR | ARkl dpicg! Bdéh HBLRY ¥ thbe

ol i gonucl eoti des fornul ati on described herein and a carri er.
0501605 1reqawement for. high concentration ON administration in a small volume




[0010]1t is further disclosed a nethod of reducing liver or kidney
dysfunction associated with oligonucleotide admnistration to a subject
conpri si nyotzhe/iwp of admi nistering the oligonucl eoti decraAzha/wespect as
a chel ate conplex as described herein, an oligonucleotide fornulation as
di scl osed herein, or a pharmaceutical conposition asOREIPIEEGer ein
[0011]It is disclosed herein net hods2 f or t he suppression, inhibition or
reducti on of blood anti-coagulation by ONs by adnministering the ON as a

cal ci um Cyrisallydl cebigsisuheanepuse(S G ipiestia. ét\t*‘éC'UQ thewght te Fﬁ@dalpéo%airrpl exes,

ol i gonuc cribed herein, or a pharnaceuti cal
conp05|tl|hg%h escr%bﬁghﬂg$gﬁhgﬁf0012]It i's also di scl osed herein nethods for
the inmprovenment of the tolerability of any ON adm ni stered by |V infusion
by pr e[@ﬁﬂﬂng tWigh GReagdventabtinusleihadidt basssiptherapyr inorénent aygaraptiieat e ON

met al I rein, or a
phar W&@g%tl n%%%?fﬁNoﬁgé&ogéﬁbggﬁcL e‘% 'ﬁ Erag\ié\l?&pgﬁéﬁ%ﬁ E‘?Foaégﬂ her ein
mdat hodshsftwrcaujnmcmnpfmﬂmingrlreltgtimewlhﬁv?@nwloyed ﬁmltlpam dei;ésﬁirf gagdédlons W t hO\I

a nlnlsterln as g cal ciumchelate co ot her approprijate

rer sl ShEPapeeklnaosse e | GURt e dtiate PRGN | e dectl GRRY 18Pk n. or a
phar magiggiaiadlitt 8. [Qitde ﬂﬁ%@éh&ﬁadmlﬂﬁi&ﬂ Bf OREY Is' icﬁﬂ;} Yosé @ﬁd?ﬁh

subcut aneously ‘adm ni stered. [0014]1t is dlsclosed ereln met for the
suppr elpitechby feantivily (fevesi alnw@mngmweakaas;s @dauotlldibst legistically demyanding e by

R R e Tl

phar na@lmuuta:r@ouéqsm)%meoaf deministegidnhani lead$ Q6 khihirhali §/stbrﬁl@|dlﬁ§iﬁb her ein
met hods, for, the reduction of the serum%|ife of any t he

adni ni 3¢ gffeets byt i iygicafly aecompanied @mn&r@paﬁée é@ﬂ‘ﬁS'Péi °6Vardtﬂ9é#egé?ﬁﬁ opriate

ON net I Iy erein,

o 8 P o B B e P By P R0 s

her ei nofagdrhioérafion. t he reducti on of serumprotein interactions with any ON

by the administration of the ON as a cal ciumchel ate conplex or other

i Op@'ogéle et Wou?&‘%e% ré’%@%&%?ﬁ ”de%'.ﬂagfé”tbcbsoéﬂog%eﬁ%gﬂr'g?\t o as
escri her el or "a phaf nacel osition as

05016 0fotmardmch Whtchhwwlm mibigatel craécarvity dmdinzg aithgonivcloSiCdaoctes! af e

conpl ex fornul ati on or conposition, are adm ni tere IV.infusion to a
oy beacminagiamp, Fdhenicss Btk Yt GniePag iaian s N AABBHEIGR at | on

wher ei Brefcotiitieféd RiinifaY A Wlid ERioMe GSEflIOG ri‘eru@rmlfé%.@é‘déféﬁe&todflmw list is
provided with the ollgonucleotlde as an ON chelate conplex at the tinme of

ol i gonpevistet fotja greater margin ofrﬁafﬁtygnélymm ansbmen-humanghbjestsnganese, barium

ni ckel , copper, and/or zinc. is thus described herein an oligonucl eotide
f or mul n c { j conpri si ng
ol e CorL Y A qie%H%‘ Sitofipd ARH e o OR Rinfigi b

oligonucleotlde formul ation conprising iron (2+); an oligonucl eotide
f or mul SUMMARYpri si ng manganese; an oligonucleotide formul ation conprising

copper ol n r.' i

di scl ogoogﬂher He'?%%#é (%Rhé Ckﬁ'(t)ﬁ %%%%ﬁt}f g%g&ﬁgb ﬁ%&% rrgt acTV‘L %%é?é{e& %orrpl exes
usi ng eligonatlebtide thélatancargple icampeigingdtws, orimerieviligoalitigotidesi Imkedmyiznat i on:
cal ci um ma nesi um cobalt, iron, manganese, barium nickel, copper, and/or
zi nc. gfen cationy| 5o di scl osed a nethod for the preparation of the
oligonucleotlde chel ate conpl ex as descri bed herein, the oligonucl eotide

f or nul pobgn deswy iflretbrhprioRided an SihiBleetidé cfaim@laﬂ@osrbt isoBcaiapesuded
herein, the nethod conprising dissolving any oligonucleotide sodiumsalt in

an phakfEinsatens e clgenwsiesiide sEmulatien éQEPﬂ?'@Etthe aligeryrciagtide chelatrii ng a

di val eghmpRkak RALfib&Phareion to the dissol ved ol i gonucleotide such that the
ol i gonucl eoti de chel ate conpl ex remains soluble. [0020]1t is disclosed

herein a nmethod for chelating the follow ng dival ent netal
[0009] It is also disclosed a pharmaceutical composition comprising the

oligonucleotide chelate complex or the oligonucleotides formulation described herein

and a carrier.



cations within a subject using a oligonucleotide sodiumsalt: calcium
magnesi um cobalt, iron, manganese, barium nickel, copper, zinc, cadm um
mercury, weadi2/deysgl | i um strontium radium and/ or anyPoTlER0rmabedss

transition netal, post-transition netal, |anthanide | ement

capabl e of existing in the 2+ or 3+ charge state. gégfﬁ* éﬁi&t\‘g

di scl osed herein a nethod of irrprovT%g t he st abi I|ty of any ON in solution
ng the ON as a cal cium chel ate conpl ex or ot her propriate ON

b
ot o1 “THEDLL e I Gnfiriser GraieRsnBl BoMogoor NG, AT SosBney GHSHEREPR, or &
phar Meesidael FileRgercRbIHE SdmRRRafigs % stibbkt Etinpfitig thé stép drscl osed

a net ho ng an0|gonuc eot | e|n n aqueous ut1 on.
0501608dr@Hstering tite olijg@oriatideits tbacsahmtseeca bleglatencarhpiex tasedencribed al ent

cation_is.a dival ent calo 3It|s sed her in that.the

i val ehpreit P OIBRRERIE TormuBfoll b HRGRER BESH: tras g driadBiial oo |
S encgmsg.qdn Belde&clbskeialerdine di val ent cation is a transition or post-
transition metal with a 2+ charge state. [0025]1t is enconpassed herein

that the di | 1 1 | d t al t.h 2+ ch t at
L 0026] M0 SiER sisciised hessi et hAds 1 1S afmRIRESoN IR BIANIE raicien oh de
met al gtdé’ﬂ aa}mZeba@nParueﬁ byloNE by b@%]sf@hﬁg He/ohesy a earcimcﬁaateb@ompuex

i ndi vi y or I'n conbinatio cal ciuml magnhesium cobalt, iron,
manganes eothbarappropridte keN, neetpbeheladh dtamplexess. ol[nglepadeuf@uhaiatlgn t he

i var opeSHERSTeCAR B & BR RIS 6T R EPrE BB BRel S5 R chel ot o compl ex

conprises at |east one double stranded oligonucl eotide. [0030]1n another
enbodi pE1R] t heis@sd discosedrpérein methnds festhatimpeasmen ef tie tgmnalm'litgcufi de with

hosphgy,ot hi pat.e | 0031] The chel |
ot 1 Baany AN an et Br o rion 24 BrepgBRaang SoRuBs 3 GORITREl nt e
conpl exofpiexal 60 otETPIdppPoptiatd CON  PBRI OLhEIRRU CdopRBiexts, V"oﬁ&brﬂi&%oﬂde nodi fi ed

ri bose.
formulation described herein, or a pharmaceutical composition described herein.

[0013] It is disclosed herein methods for the suppression or reducing of injection
site reactions with administering the ON as a calcium chelate complex or other
appropriate ON metal chelate complexes, oligonucleotide formulation described
herein, or a pharmaceutical composition described herein. Particularly, the ON is

subcutaneously administered.

[0014] It is disclosed herein methods for the suppression of metal chelation with
any ON administered by any route by providing the ON as a caicium chelate complex
or other appropriate ON metal chelate complexes, oligonucleotide formulation

described herein, or a pharmaceutical composition described herein.

[0015] It is disclosed herein methods for the reduction of the serum % life of any
ON by the administration of the ON as a calcium chelate complex or other
appropriate ON metal chelate complexes, oligonucleotide formulation described
herein, or a pharmaceutical composition described herein.

[0016] It is disclosed herein methods for the reduction of serum protein
interactions with any ON by the administration of the ON as a calcium chelate
complex or other appropriate metal chelate complexes, an oligonucleotide

formulation as described herein, or a pharmaceutical composition as described



[ 0033] The chel ate conpl ex can al so conprise at | east one oligonucleotide
whi ch has each ribose 2' O-nethylated. [0034]In an enbodi nent, the chel ate
conpl ex owoforrmliwsi on i s adapted for subcutaneous adm RCIITA2DI1EM00956 S
adapted for at |least of the follow ng routes of adm njstration:

I ntraocul ar, oral ingestion, enteric, inhalation, cut%ﬂé@@@‘?%ﬁaggt I on,

I ntramuscul ar i njection, intraperi t offleal i nj ection, intrathecal injection,
intrathecal WO 2012/ 021985PCT/ CA2011/ 000956 05016051-32PCT - 6 - i nfusion,
i ntrat rh&é?iBaP?mPH‘?F%v@ﬁdﬁ'QoﬂH‘ﬁ‘%%ttqeo?helatﬁtqomﬁﬁ??buf;Qr mialien Of caAPostisNcal | y.

Par ti culr@blphinitiBRA B [VoiRfRSEA ﬁiégmﬂé&on can be an aerosol. [0035]It is
dt

further enconpasse at the ol1gonucleotide consists of SEQID NGs: 3 to
14. [0036]It is further enconpassed that the dissolved oligonucleotide
concentlP@47] on It is @sodiscloped Migrein gir eligonueleptide fasmalationl whesgini a sowce

003 i . ' i )
o1 1 gondii ENEENE ke  Gigh? gt HnyS el Falouf PHs B FaBged e Hle
ol i gonwtigemidletstide[ £308BDN chiedatk wohipdex strthe tiprssferdigbhadledtidealseokalgimm)cl eot i de

concentration is Q.21- 100ng/m . [0039]In a further enbodi nent, the netal
colt T ananesaR s cohal. 5P aMERRgReSFe DA, MEkSH HOBRAL ARG 1k habe. sal ¢
a lact Qie%cﬁ@%&’ h%rﬂﬁ' adrf %ﬁgénuc"fébtﬂépafotrﬂh tiod! Leorfpdsiif dakifdl t anan
ascorbate salt, a benzoate Salt, an erythorbate salt and a propionate salt.
[ 0040] latigamugiéatideefasmulationt Goraprésinge traagnesium;sain ligonudeotidel frsmailatiosast one

of cal cium. nagnesi um _cobal hron (Z+ ngapese.. .Copper or,_zinc.
o041 RS OCRAtD o Slodnncidedfe: oS RanRas S DR, Fafk hana: o
conpl exligenudesteizl foimalatibat coreigie maryanasel A8 dbligagnasstivd fomulationchel at e
conplex. [0042]1t is also provided the use of a nultivalent cation as
descri EOHIEING GPRPRT ANClIgRAUSGRYLF formplalipn SPMBBRNEIZEGt | de chel ate conpl ex.
[0018] It is disclosed herein methods for the manufacture of ON metal chelate
complexes using any of the following metal cations, individually or in combination:

calcium, magnesium, cobalt, iron, manganese, barium, nickel, copper, and/or zinc.

[0019] It is also disclosed a method for the preparation of the oligonucleotide
chelate complex as described herein, the oligonucleotide formulation described
herein, or pharmaceutical composition described herein, the method comprising
dissolving any oligonucleotide sodium salt in an pharmaceutically acceptable
aqueous excipient, and gradually adding a divalent metal salt solution to the
dissolved oligonucleotide such that the oligonucleotide chelate complex remains

soluble.

[0020] It is disclosed herein a method for chelating the following divalent metal
cations within a subject using a oligonucleotide sodium salt: calcium, magnesium,
cobalt, iron, manganese, barium, nickel, copper, zinc, cadmium, mercury, lead,
beryllium, strontium, radium, and/or any other metal, transition metal, post-transition
metal, lanthanide or actinide element capable of existing in the 2+ or 3+ charge state.

[0021] It is also disclosed herein a method of improving the stability of any ON in
solution by preparing the ON as a calcium chelate complex or other appropriate ON
metal chelate complex, oligonucleotide formulation described herein, or a
pharmaceutical composition described herein. Particularly, it is disclosed a method of

stabilizing an oligonucleotide in an aqueous solution.



[0043] 1t is additionally provided the use of the oligonucleotide chelate
conpl ex as described herein, the oligonucleotide formulation descri bed
her ei n, owophevereaseuti cal conposition descri bed herei n fPoT/Guprweesssng or
reduci ng the anti-coagul ati on effect of the OligOHUC|§§#th ﬁgghg' tration
to a subject. [0044]1t is provided the use of the oli VS chel ate
conpl ex as described herein, the oIigéhUcIeotide formul ati on descri bed
herei n, or pharpaceuti cal conposition described herein for suppressing or

r educi ng[o%?gc ut hifcRnromnassed nerein fhad thempttivalest cafion is gufiwlentsation; 4

subcut aneously adm ni stered ol i gonucl eotide. WO

2012/ 021385{CT/ fA2BhabAPRSRR RERHOMAL 132 BElent Catioh AD4R]dikali Sarth Futarr Ovi ded
t he use of the oligonucl eotide chelate conplex as described herein, the

ol i gonucVidhba 2dechpegesitate i on descri bed herein, or pharmaceutical conposition
descri bed herein for inproving the tolerability of the oligonucleotide in a
subj ect adm:ni I [Jraya e 6 i | j the use
of the olig nucF]eI%teiﬁggrhgﬁseﬁt gé/rceltl)ﬂt) egﬂgsd“gée?%@r(lldgfgg Iﬁea?g'i%ﬂ,sm{)ﬁ\grmt

ol i gonudrasitiodenétal with at3+ochatge statdbhed herei n, or pharnaceuti cal conposition
described herein for reducing serumprotein interaction of an

Fur tnor P2 ach W ibcsapd bRt ot e caIRY dfior & SRRl metafal ' 1 °

descri begi2heneaige, statee ol i gonucl eotide fornul ati on described herein, or
pharmaceutical conposition described herein for reducing the serum1/2 life

of the aliggonucleotide in a, subject. [0048]1t is also provided the use of
Che ol | BN ookt e Couratogd BETRI Diat dae duatent satiprils 0iafinidednetal wih

ol i gonuc)egidrge stpenul ati on described herein, or pharmaceutical conposition
described herein for reducing liver or kidney dysfunction associated with

the oligonucleotide adm nistration in a subject. [0049]It is also provided
t he use [8P2Fhe The g@dMalenk@atige ekl ke eindbrigially a6 ifesempinatiomecalciimyt he

ol | gonucygald ftin! 5N Rbh HafRARELOBSET L, RopBNHnIRFSH cal conposi i on
descri be erern for the'sta I'zatton of "an ol T goriucl eoti dé in an agueous
sol ution. [0050] The expression "anti-coagulation"” is intended to nean the

i nhi bi t[0028]f nBarisllabyote cbelglel eoiplexodescribed frereint ¢am comPas Jtwheor

expressi on "(ﬁ.ﬂel a&hon" 'ts ir]t gﬁdned to mean the sequestration or renoval
from f r 8O ETES 'P’@EE F‘@ﬁag Mt er-ion (negative or positive) by another

nol ecul e capabl e of binding to the counter-ion, formng a chel ated conpl ex.
[ 0052] Theozsipr els mofurther \emhisodiment, ahe celtelats” coraplent comigribesoatmisast aome net al
cation which can patuyrally exjst in the 2+ charge state and i ncl udes

al kal i nedQuie sfr I 'gf’ﬂﬁ‘éﬁﬂ' el enents according to | UPAC nonencl ature),
transition netals, post-transition netals, netalloids or |anthanoids. WO

2012/ 021385d7CT/ (2Rt OsAB&diRRAL Efiel cREBfel complex comprises at least one

oligonucleotide with one phosphorothioate linkage.

[0031] The chelate complex can also comprise at least one fully

phosphorothioated oligonucleotide.

[0032] The chelate complex can also comprise at least one oligonucleotide with

one 2’ modified ribose.

[0033] The chelate complex can also comprise at least one oligonucleotide which
has each ribose 2’ O-methylated.

[0034] In an embodiment, the chelate complex or formulation is adapted for
subcutaneous administration; is adapted for at least of the following routes of
administration: intraocular, oral ingestion, enteric, inhalation, cutaneous injection,

intramuscular injection, intraperitoneal injection, intrathecal injection, intrathecal



- 8 - [0053] The expression "trivalent netal cation”" is intended to nean any
metal cation which naturally exists in the 3+ charge state and i ncl udes
transi ti omoreet2al2s98spost-transition nmetals, netalloids, Pamda2naideser
actinoids. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0054] 8o B now be
made to the acconpanying drawi ngs: [Q055]Fig. 1 illugﬁoﬁtpggfﬁﬁgbtﬁomn
physi ochem cal features of ONs. A -~ separation of REP 2006 and a 21ner

phosphar pt hi oate ON wi t h.a defined segquence by high perfornmance.|iquid

P hr omnt B gnn ntraiasnial ' interEbo & InpERIET FEavnols inShn, 6R Bhicad.

spect r cEgraevlaryL)inHdlgtivn ddraiaistratio® tas be@negerbsolt he REP 2006 ON by mass
spectroscopy. [0056]Fig. 2 illustrates the formation of ON-cal ciumchel ate

conpl exes_ by fluorescently | abel ed degenerat hosphoy ot hi . A of
Car T ouddislss. biolnpREPIeRmRARaEY (aldHE heRRs esba8 RS S e EC (RS04 PL)
40mer (RP12006- FL) and B) of fluorescently |abeled degenerate ONs
utilizing phosphorothioation (REP 2006- FL), phosphorothioation + 2" 0

met hyri bose (REP 2107-FL) or 2' O nethylribose (REP 2086-FL) and different
sequend@@3€lpol § iscfuriep epogrmpassedshet (e dissalyed pligonusieoidg soneentiaiipandent

nature . he I (:Hgg{] was denonstrated by using
degener'gtbéd1ol ﬂg@h@?ﬁ'&gt"?ggs u?éjiI égg%h%mnstrat ed using a sequence

specific oligonucleotide (REP 2031; SEQ ID NO 4). The formation of
ON- cal dpos#]c hePartieuladypthexratio wd snetahsalt added do thye dissbivad redigomesieatisieng

concentratio ACS .arad | ci chloride with FITC | abel ed

oli gomﬁﬁne%e[ Q‘éé@m%g’f@?ﬁﬁ'gﬁqg%%1 M4 %fql'ﬁanﬁélv?%tbq?ucl eoti de chel ate conpl ex
formati on by an increase in fluorescence polarization as described in
Exanpl g0438]Val tids furtheresmvmpasseadhatHina taligdancleotide adneemtdatiomisi@pt-i cat e
measurenents. [0057]Fig. 3 illustrates the formati on of ON magnesi um

chel ate Q%‘Fﬁ‘%xes by fluorescently | abel ed degenerate phosphorothi oate ONs:
A) of various sizes 6ner (REP 2032-FL), 10mer (REP 2003-FL), 20ner (REP
2004- FlibgsefOre 4 Ridhe? @bodthencafth Bletdlisaltivaf RespBhe f balhiri agener at e
ONs utilizi'ng phosphorothioation (REP 2006- FLQ, phosphorot hioation + 2" 0
met hyr i Jecanateresit, acrateisaltoa lactate salit dpalate e, ArReEsparte st )a Wmaratef f er ent

sequenc, - - EL.; - ependent
natur o G pRastabaiecrl § ehrbs St ol P e s B P R R S e g
degenerate ol igonucl eotides but is also denonstrated WO

2012/ 070040 PCTinCaddthér embodbndri) a0 fletd 26T selubon costamy at s=gtieneeofspeci fi c
ol i gonucl eoti de (REP 2031: SEE ‘JP_B NO 4). The formatjon.of O\ rmagnesi um
chel at CASWP BRGLHUT. GRAAIHIPR AL B MANIEBREH FPRBCT MY Y%y concentrati ons
of ACS grade magnesium chloride with FITC | abel ed ol i gonucl eotides in

sol uti qoognd nenist alsbnencdmpassed! aothélatec tehmpilex GRIY ex daliumt cliaslatey an
increase in fluorescence polarization as described in Exanple 1. Val ues

r epr es SAMRAGE agBagnesin riiglale camRlex.ofr Ar ixedupagpasiunyidumephalats,

[ 0068] Figgn I?x.i | lustrates the formati on of ON-cobalt chel ate conpl exes by
fl uorescenpt y | abel ed degenerate phosphorothi oate ONs: A) of various sizes
6mer (REP 2032-FL), 10ner (REP 2003- FL?_, 20mer (REP 2004-FL), 40nmer (REP
2006- HP942ind IBjs ajso pravidessibentseyofiaamultivaleabeatioaras desoribed herain imipe

phosph ' ' . 0 thioation + 2' 0 nethyribose
(REP 2%3&%@%8{%4@%@g@?tﬁ%g@%ﬁ&@mg& FL) and different sequences
(poly C -REP 2031-FL; SEQ I D NO 4). The non-sequence dependent nature of
t he ON [0044] at elt soaqditgonally praideshtheasedd the stigatuetediie gbelale dayples st e

ol i gonugl eot i des but, is.alsag d strated pysin sequence speci f.i

o1 1 gonuEsEaRedEereming g 8BRIR g Jiten aiserlendRih S PReRPEGHIFR chel at e
conpl emmwmiodedmﬁbé@hefénb%mmbwﬂsng oMeuasing NBe epncoapiatiowefes ACS
grade caqbal t _chl ori dg wi th FITC I abel ed ol i gonucl eotides I n solution and
moni t orQTiRE BigwReeNde afopnietation e aBiREx formation by an increase in
fluorescence polarization as described in Exanple 1. Values represent

aver agqogds) StRRIBFNidAtha UseLIthe Bigoicisctia dHRRie cBf:Sas HESGREE 9. S
illustrates the formation of ON-iron chel ate conplexes by fluorescently

| abel edhedeigentheat @ligonuelpalient formgtaiomNslespjbask Rereinousr siphaunanesiticalREP

2032-F REF - . - ER. 2006- FL)
and B) L%)lm pf]qgﬁfébeéseégﬁ?%ugﬂ%ggnﬁoéaa%éﬂéﬁf ég%%@{ﬁq%%qﬁghﬁﬁﬁgﬁ'ﬁﬁrs hi oati on
( REP 2Q88etdns in phasjeabobsdid sabdudaneoudly ddmmistered tigendRidtid@107- FL) or 2' 0
met hyl ri bose (REP 2086-FL) and different sequences (poly C -REP 2031-FL;
SEQ ID NG 4). The non-sequence dependent nature of the ON chel ate conpl ex
formati on was denonstrated by using degenerate oligonucl eotides but is also
denonstrated using a sequence specific oligonucleotide (REP 2031; SEQ I D NO
4). The formation of ON-iron chel ate conpl exes was denonstrated by

o . - Y




[0061]Fig. 7 illustrates the formati on of ON-barium chel ate conpl exes by
fluorescently | abel ed degenerate phosphorothi oate ONs: A) of various sizes
6rmer ( RERWOQ82/@BL9s5s 10nmer (REP 2003-FL), 20mer (REP 2004!€IFI_QA2014@10@56(REP
2006- FL) and B) of fluorescently |abel ed degener ateogﬂjﬁH%I hg%

phosphor ot hi oati on (REP 2006- FL), phasphorothi oati on yri bose
(REP 2107-FL) or 2' O nethylribose ( 2086-FL) and different sequences

(poly 31-FL: SE 4). The. n en de n re of the
o chel 0BT Conb e AR AaTTER Bastte RooF BRIl (BAk SRmAEY

ol i gonufdseabédirsreii)ithd sliddrtielcdao® forhiudition desbnlgecaheneqwn@aaﬁmuftibal

ol i gonucl eotide (REP 2031; SEQ.ID NO 4&1 The for t| on %bari_um chel ate
conpl ewmgloaémgwcaheeubtprdmmwnm 8 I%qrélakw tE%ﬁEQa‘?ﬁlIc tigadn 8t Acs
grade it | ed oligonucleotides in solution and
noni to%ﬁl{lb&mgh%gc @Syr%d]b%wﬁatsg&gonpl ex formation by an increase in
fluorescence polarization as described in Exanple 1. Val ues represent

aver agg0046] st lhrislaalsio quovided dhef usemofiupe i digoaueteatids ehelate copmiselasi g. 8

illustr test fornati escent |
P e T e i i
050160 bndsdsitbn( RidScAbSR - Eérbln 1ﬁﬁereduREI§ 20dmFlproteROniaterg¢dtion 2504nFL) ,
40mer (REP 2006- FL% and B) of ent|ly | abel ed degenerate ONs

uti | i ziqligopueleotids when aﬁmiweqeﬁéw |%0§1.8Iq_n) toasisfor ot hi oation + 2' 0
nriethyri bose (REP 2107-FL) or 2' O nmethylribose (REP 2086-FL) and

di £ f er qBbar cURNE It dtohisviBen TRE 8311 Fils oAl GnelafBccdifgies eiuence

dependent nature of the ON chel ate conpl ex rmati on was denonstrated by
usi ng diegeribeciherei, It@entgnrw@tao@de fotﬁ“'ﬁ@"ad%@"bI@hbﬁ@m&tr ohatmasaytisalsequence
speC|f|c

ON- ni ck& ﬁd%ﬁ%ﬁﬁes@ﬂ%cfﬁe%ﬁ%igﬁ%nﬁ tg rézf?le %yec%fntg?r%h%ﬁ%]écdﬂgggﬁ r?g
concentgubjéopns of ACS grade nickel chloride with FITC | abel ed

ol i gonucl eotides in solution and nonitoring oligonucleotide chel at e conplex

fOI’ITB.tI rease in, fluoresc ol ari i, ON des

Exanpl d 348?Val Ee’ é?)r@%'ﬁ?d Rb@rﬁ%ee intﬁ ngﬁégé% acthle cpﬁﬁﬁ %E% i cate

measur eqeyetibed h@fé%]tﬁé BII?&UCIéo‘tI&é If@"hﬂﬁattdhedés@hﬁ@d h@I‘éerforGNaﬂﬁmmcalhel ate
conpl exes by fl uor escently | abel ed degenerate phosphorothioate ONs: A) of

var i ouscampasitioprggscyipggbheein farreducinghiyer qriisneyolys ryctlorzeﬁ%?c'atﬁﬁw@o04 FL),

40mer ( zﬁl'f'q ently | abel ed degenerate ONs

utili 2|tﬁ Ohﬁgli{gcnoro hi"oa %ﬁ%%@#%%&FL) phosphorot hioation + 2" 0

met hyri bose (REP 2107-FL) or 2' O nmethylribose (REP 2086-FL) and different
sequenci@s4gipol it i€ aIREFprmlﬂed Fbe @FQ df DhsiOoligonuTieetide rechelade cavmeplede @sndent

nat ur e f.ormat.i on

degener Sé’r'g?‘# EN ﬁé n&??é?sor 'O@eqﬁ?ﬁgpg‘ggg%% ILI’S‘Q"R%%“%‘S'%%

speci f 'é‘oﬂbdéilﬁmtfés%ﬂbediﬁe(éﬁEFerﬁB%tabﬁEQndﬂ)m él)gonﬁbl%ofldlé pan aguedus

ON- copper chel ate conpl exes was denonstrated by conbining increasing

concent¥U¢tiohas of ACS grade copper chloride with FI TC-| abel ed

ol i gonucl eotides in solution and nonitoring oligonucl eotide chel ate conpl ex
formati@nsdly afhé EpFaASRN Parltl-SUFEIABAC §s IkAGEd 36| ABaRIhE SRRBIRACS N
Exanpl e 1. "Val ues rg resent average +1-standard deviation from duplicate
rreasuremmaéblopo@@agmagon o0clpt forrpatien.es the formati on of ON-zinc chel ate
conpl exes by fI uorescent |y | abel ed degenerate phosphorot hi oate ONs: A) of

somer (RSSO LIE Py enedon oPotiehfie) 1 Pl b o ]

utili zireghgyabéphofree Iaohdrpndna(:tREPamm&?ﬂgm (pegniwhowropmlm@I)IhynanotIzer 0

Cequoncageeybippebpispglo fe chuffE B RIS siBeleP Rk "G penoent

nature of the ON chel ate conplex formation WO 2012/ 021985PCT/ CA2011/ 000956
0501605008APCTThe lekpression Gdivalest neetaldcationtsis nigtetelge nter ateanodamygmmial eoti des
but is also denpnstrated usin u ce speci fic, ol | gonu otlde(REP
2031, * SRIOTOVRER AR FHIEAS SR 10 1 o Biain rik BoliRs dkalge, g
denonst h@fa@%\c}?&uﬁ? BEMAEME dcBERRPIoNd PATNREMERARILPE)S trﬁﬁsnﬁ@nﬁﬂﬁg Epddtnc
chloride with FI'TC | abel ed ol i gonucl eotides in solution and nonitoring

ol i gonuteansdtiandeetalse natallaidmpr lertheseidat i on by an increase in fluorescence
pol ari zati on as described in Exanple 1. Val ues represent average +/-
standard devi ation fromduplicate neasurenents. [0065]Fig. 11 illustrates
the formati on of ON-cadm um chel ate conpl exes by fluorescently | abel ed
degener at e phosphorot hi oate ONs: A) of various sizes 6ner (REP 2032-FL), 1
Orer (REP 2003-FL), 20ner (REP 2004-FL), 40ner (REP 2006- FL) and B) of
fluor escent I 'y I abel ed degener ate O\Is ut| I | ZI ng phosphor ot hi oat| on (REP

e ——— g, -, = o NI N A P\ -]




[0069] Fig. 15 illustrates the nodel for solution behavior of ONs in the
presence of divalent nmetal cations at varying ON and divalent netal cation
concent r avpanr/028985Low di val ent/trival ent nmetal cation, PCOXAZN1/000956
concentrations yield diners or | ow order ON chel ate

I ncreasing divalent/trivalent netal gation concent ra@?‘g{gg%ﬁfe"zpﬁmre
conplete ON chel ate conplex formation™in the solution. QO Further

i ncr easi ON ncentratlons in.the presence of divalent or triv nt

ot o SRR i Exdiesspbl nvaiens Betl naRs Rotermarhis Mestphk ey

I ncr eagatite Wﬁkﬁ'nat@n@ﬂ?@iﬁs el 3+ chérg{e SRS QRHAEILOES trafbition Irhﬁetél%e| at €

conpl exes in %A) t hrough (C) are soluble in agueous solution by vi rtue of
havi ngp@stdranshionireetalss ﬂ&é@@'dﬁ 1anthangisserpatipoidse aqueous environnent thus
mai ntai ning solubility. D) At sufficient ON and netal concentration, all

hydr opBRIEE CRMEITOR'SF TR PRASVINGSEd Wi thin the ON chel ate corrpl exes,

| eavin exposed to the aqueous environnment.
Thi s rﬁwéﬁts iRefpreace Wil new e roade ketheracepmpanying gngpyiegs: [ 0070] Fig. 16
illustrates the effect of the solution behavior of fluorescent-ON chel ate

I f I I
ggxeﬁ@ n #@he Sl zeﬁ%am ﬁ‘é@@hm\%hﬁ'dﬁéa@g@s@xﬁﬁgﬁé |on al so
i ncr easqmrébmeoﬂREP 2P anuda 2horer IphntxbmotInmadae SNowith a defsedigeqaancerhi s
I t | i f the cqnpl d
pol ar 1 DU AEBPeIfRimaRcr fafid ADee HeSAMYoE) [RpYEFHHRg Of SPOSRBIR Tha B mat | on
of ON ofebphfass QPBEEIRDPWM ¢ Idéﬂhﬁéaﬁahmls EEES irPtheCREPI 2006SON 3t Rass _
nmeasured by fl uorescence” pol ari zati on. ON chel ate conpl ex formation with

REP 208Beahosc®BR | D NO 6) and REP 2056- FL (SEQ ID NO 7). B) ON chel ate
conmplex formation with REP 2033-FL (SEQID NOS) and REP 2029-FL (SEQ ID

moasur SN S G075TERlaR SRR Tortiatoh’ PN ol icite) EFTENES F e

wi t h clilarescentlyl labéldd degevpataté phosphdrathioate OlasA) ed vayiols sizesstrmace

B O RFBIAR2 i miPER" (BF Rt o CHGERT e 00 P et et 2008) oy

chel at pLrafB! BX of qruasvésceﬁﬂw Iéﬁ”él&ﬂ?le%ba@raté:[or&@%tﬁﬁﬁgZQI%kpﬁbrotMahu@ﬁ

represent aver ‘%e +l - standard, devi ation from duplicate neasurenen

[ 0073] (R AWEshlowphorphergtrieatioan+of’ Bnmeliribose (Bl &04-Fit or 8a|Q:| um

Chel at SeUBIfRE (REP 2066, A Lo o FERRY 360 chter Q10 TS 207 PER SRR 1o L

(SEQ | ISICNO The B)n-StjuEmek adependapl patufeofriite QN whelatdREEMPIEXSfoRhal{BEQ | D

NO 11) and, REP 2127 FL (SEQ LD NO 10 1:
S andnES dHeonstafed by siestr ot b dian AT BUE R Bbs emaRFaled s . i 1n
REP 21§§Ingla ée‘éE@nbé)stIﬂébn%McBBﬁdaQﬂépao31BBE@IIDINfd) ). THeOfsRhatiorf Or mat i on
wi th REP 2045- and REP 20 FL. Val ues represent average +1-standard

devi at PorPNcaleiun prhelatee campiaxes nwas s demoostrted gby ccomabiping infeeasitgrat i on of

ON che &£ S
measur S Gy TR SEACH dradBaTh R R R BE SR BLE TS i ¢
REP |20§6I]Enﬂn éﬁE@Idrﬂ)oN? g)é%@nd:ldﬂﬁgezméﬁwlcomﬁl@ I’oEDnhI(GjDIrVRhE)I/D aBgrzlgwgfél?Isgg eI 5
conpl ey fornmati on wt an
o oy Tucr@heRtice R izabab andrsBed i EeTInRs i VALESHEPBent AHTARE T oate
nmeasur siReaR. ddvidlioalifond dupikatd meastifeendrs.mat i on of ON chel ate conpl exes
wi th magnesi um chl oride or magnesium suI fate as neasured by fluorescence

ol ari zation hse chel at | ex formatjon th REP 2028- FL
?SEQ IIZB R|'I6 11)‘% 3 lygtia HIES\I%BH‘{IPM ONRRg S IRRErSh QI%er C\gmpd%@@ o NO 8) .
B) N ﬂtﬁkﬁé@é&tl?qgﬁéléd d‘égléﬂeidt@rbh%bﬁerE\Poa?%é?@NELAﬁw vBﬁB’u@%?z%sFémé.SEQ I D

NO 3). Val ues fepresent average +/- standard deviation fromduplicate

rrears]ur mt@mfﬁmﬂ@mﬁg (REB @%EL)I‘. REnfes (&R 3004 FLDMAmen @EP 2066t exes
bol ar 1 o 254" EF oloiie B, TAAIEP e8P B1al O T RARE RS pYrqiB R

NO: 12) (RER! zme IZJ)Z@)hEprﬁ(SE{BIddﬁoNO!-% OBjnefiyribbeé ARER @OV HL)f @r a0 on w. th

Rver agReMIItSS KR EP R RE Wk 3 ok I?Eféﬁfé%@q%sé B S e L BBRRIE 5 o4
shows Kbes)f ghEBidrRSedifentd! (fép%haé.et GROR! 8k @ N Qh%wﬂeémgr@x%hﬂ%\l or

nmagnesi um suI fate as neasured by fluorescence pol arizati chel at e
wi t h Regs Ziegwrsirategeby usingodeggnesale gligonadigetidas, ba) isCalse rrarmr@tr@mqu ex
formation with REP 2045-FL and REP 2007- FL. Val ues represent average +/-
standard devi ation fromduplicate neasurenents. [0079]Fig. 25 shows the
formation of two different double stranded ON chel ate



conpl exes in the presence of cal ciumchloride or nmagnesi um chl ori de as
nmeasured by fluorescence pol ari zation. The doubl e stranded ONs were

pr epar ed W9 2nirimszat i on of REP 2055-FL (SEQ I D NO 6) WCThCARER/AQB8- FL
(SEQ ID NGO 5) and 05016051-32PCT - 16 - REP 2057-FL é@%@ bgzgg}k%) wi th REP
2056-FL (SEQ I D NO 7). Val ues represent average +1- Q Q [ iation from
triplicate neasurenents. [0080] Fig.” 26 shows the formati on of diverse ON

O G e b BB ROR P o S T, R il =
Val uesgf @N—ﬁ%@ﬁési@hﬁeéﬁéﬁe+&omﬁbi‘é§ja\fé§ 88vibRstrA8d TyoBdrhbinflg MRkcasin

measurenments. [0081]Fig. 27 shows the anti-coagul ation effect of the
addi t i eancentratinnsefACS geada magnesismothlanide with &1 FG-taheiad eligoayclepies?004, REP

2006) i£.f | SELA : d. The
non- se@%ﬁ@@%ﬁ?ﬁﬁ%@ﬁ%ﬁ%ﬁﬁg%&ﬁg ﬁ?'%%e?@kegﬁgﬁagkge%%@ﬁég%% by using
degeneingtueredcegca polacinatichess (édcribad il Exanple2D0fgludd=reprdsent abertageas- al so
denonst ra@eg Si n.g 2 seguqnc? specific gl%i gonucl eoti de (REP 2031; SEQ ID
NOR) . BRBIIARvIalieB gt QuRlicats meppwe nce of these compounds was
nonitored by neasuring pro-thronbin time (PTT) and conparing it to PTT.in
the pripsssice Giignar Wistramdsi fies | Brrhdfordl FOONIBOI RhERAS Cebraplerés Ay

| aborat ory test nethodol ogies. The ratio of PTT in the presence and absence

of dr ulrareegendy tinkelnd degene@te Phesphqratljoata Qlits:of) of ivatPussEZES PRl bl ood

e L g S L Y
of theFlanand cBaglifabrescestly datieled debepenatec Qe iudiéizingyphidspharidiibation of

o6y (T B g rEpoRteBRSRER P ) OSkEuiblet R BRI WY SEQ 1P
si gni f inggylribdse QRERMEISECPIMHPdifferent E5lcARES (el CCIEP PEZH-FL{ SEQAID OUS

conbi nations of CaCl 2 and the effects of each concentration of CaC 2 added

ver e déOAriThednarsseryease depeadent nataes of HisoPN shglatecsemplexHetoalial es.

Bl ood i i iR th CQ:; C u itored by
measr Ay SRS By i 6o @5 A8 lioBhubldBhiesBIP R 853 AdfofiBe 0 0%
of norusihg aaddquencer spéafidbligahuoieotide dRER203d; SEST IDvBiOé)d dihegoamatiohhe rati o
of PTT jn.the esence and absence of, dru jelds the narmalized. ratio
(NRy. 9 RpvGseosl Goglats: Lomplmes Waso G SRIAISE: (B ARG y NFRFSINR above
1 i ndi gsrcenirBliciadof ARG hAldeOPolHi EMblide With PR@NIabBRA bifjfdnucleotides in
(anti-coagul ation). 05016051-32PCT - 17 - supplenentation are shown in (A)
and pasQleinsand ganitprieg oliggiiusiaotida chelatevapmelexfaenaiinmby an in¢reaserint  as
shown j . . i rQvi '

deno nsttldrbar%%er? c?ﬁ;{tﬂr&%ﬁ or(?%g %sgﬁé%'éé gggé‘gp\h/éap 'e?{%‘ er?gtr’gﬂ?eggp fé\‘r?]ésrggﬁgl/_udi ng

cal ci ustandagrieviation foobduplicate measurengatese, barium nickel, copper, zinc,
cadmum mercury and lead. It is further denonstrated that chel ati on of

t hese gi.val ent_.catd aps .results i.n the faor { on_of chel ate conpl exes
conpr i D080 i or iR eB, Rt e PhY- Pl FARIeS P RSie
exenpl filfdrescenBiytiabsiéd |dedeherhtd PhosPorbmioe OIds:aAY 0BYarnogd 8Rlek Bified N
| ength, and in the presence of phosphodi ester or phosphorothi oate
), té)féﬁh 59 E é{)

d
ol i gon(RER2033 {RBR 2003d"loc 20mer kRER 200456kl A0mgri (kP €80€i ni ng 2

modi i gat ianﬁ@sB)agf tﬂ'ﬂSngicQﬁ*@ﬁl enébptdega/nér%m/%mst iﬁziﬁ??lﬂatsbﬂaro%ioétgb% et al
cations 1s not epen ent n the sequence of nucl eot es resent ut i nstead
rel i es(RixP t3086dHy sipbobimrothioationt +1r2 sOcoethynibose dREP i1 §6ifliy | aroR’i es (see

e ouTeyrieRE KR EBAER ) AR fteR o dlented LR REW Raft FE REER Nt “Coucn
as forNexnphe ruon-setpienté rdepeddént, ndtaztof Mp2®N Eedlade domplek forhatioras sal ts

but rather, as chel] ated conpl exes of . These conpl exes are conprised of
ol | gonVigs sanstaleRcp, USIohiiearmerale RIGoRKFBE IS DU oAb ATestRteduni ch  ONs
are |i } Fp&qﬁp J : . W { t i bri dges
(see Fllrjgg;'@?éj ??g)qhéﬁ;é gpeci f?éw&%léltgﬁgd%eﬁt@%b%gg? i gﬁac?nﬁlgjnf??;th?ghgbaqfﬁgse

chel atefd @Wrifginexahelate e complaxesamess olemorstiatechqby osembiiing i inereasing

Col ut i e ARt B oS bhadk iR PhRR WY, Aricrafeeh GBaieloRE oo O

occur selitionsamtbhniteting oligdnueledtidé ichelatd tomprRxFermasticar Bakflindrégs¢lrppi cted in
Fig. 14B). Thus ONs function as divalent cation chelaters and do not form

salts with divalent cations. [0086]Inportantly, the formation of

ol i gonucl eoti de chel ate conpl exes does not occur with nonoval ent cations
such as Na+, K+ or NH4+ and is thus unlikely to not occur with any
nmonoval ent cation. Thus, the term"oligonucleotide salt” is specifically
limted only to oligonucleotide salts with nonoval ent cations or with




[ 0087] The standard in the art clearly teaches the adm nistration of ONs
only as sodiumsalts. This is exenplified by the adm ni strati on of numerous
ol i gonuclwotzotbari1988 clinical trials as sodium salts whi ebTiaabudesse
Fomvirisen (1SI'S 2922), M ponersen (1SI'S 301012), 65?3%6 3(2% M 91),
Custirsen (OGX-011 / 1SI'S 112989), nasense (G3139) lii) 9 arsem (1SI'S
3531 / LY 900003) (Geary et al., 20 ,' C||n Phar macoki netics, 41. 255-260;
Yu et r mac 50; Sereni et al 1999

" & i fborencePi noterizaten 33 Anabedhin Exatgple 1 oHgkieS JepRaPN wuitood ik,

1287 1396dariesabh ok alplica@0fdashemen@col ., 15: 1274-1283; G ossman et
al ., 2004, Neuro-Oncol, 6: 32-40). [0088]It is also provided herein a
denonstration that the anti-coagul ation of blood by oligonuc|eotides is

caused0B§PlchelFig i @ iflustrates) @PJM’B?“‘H] Pb@rﬂr@?%’@?l‘ﬁ% caglag%eampweﬁ HY reversal

of oli . | free
cal ci uf%%?n eﬁﬁ%cﬁ%&?%aggeﬁ ti o'? ca ﬁ:dlagér;g ch o's);S BPR/QP&)%@S F? rBl?é&ZI SO
provi dREM@0324fLy tRmenRERA063- Fth)aﬂOltnlee (REPe2ﬂ04eEL)s|4lOmere(B(EH @866-obser ved

wi t h suhcut ous i nj ecti.on o | i onuc i de |nd ra N flannatlon

Henderiiasna i BE hPeRE R artlac geBeraiale HNe iihd IBHeRbh Sibmindtn™ o <1
and pqmmlzooetmeyr pﬁby@%cﬁaﬂh.mbhonsz SOCImedHyribBEN §REPTR307F drnpegtion site
by ol i gonucl eotides as shown by the inhibition of the injection site

react |'6ﬁ§1thleR§XR5§ 2086-FLnjangditberept sqaquences (radpar-8dFad03!-Ehl 2FG@Pchel at e
conpl o4 09‘39] ﬁSé‘Co"e R4t ﬁa"lﬁn'e%‘ft] ONC OhEIR{R 8&%?@?‘% o?ﬁseo' to
examne| terno r Fhteractions In-t I's techni que, . any
ON) i swdaakiehmn\stmteki Iay MBWrWatEa@g@eU@&oﬁéﬁ@ut ||snalsmldmlmtratdde bai t

I t unbl ' t ' | t
e ok §RaEA L4 5l BBt R SEELET MR gl e '
exci t agfi ON-whhfartdre @ﬁmétQCéompmé@mhd@ﬁohstméd by écfl’nbmlriggmﬁfba@fng
suf ficient nolecul ar weig (at | east sane size as the bait t he

inter a‘&ﬁcéﬁtf%@ﬂﬁé%frﬁcﬁér% maaqusechlqrgi@nwth Rt Cotpbeled qliggnucieatidasal

i nhi bi f de Of this
i nhi bi b Q{t@hb%r{?xembﬁﬁajisg' Qllq% uEI@? 'ﬁ%regélgfeén%dgn@%k g&sﬂngé%mgﬁoﬁnei&zl gnificantly
pol ari meﬂﬂuocqmanwpoha:atmm asTthescribed in Ehamplee‘cwalupmrepre&eat averages/can be
rreasur 6{2’ @i, Eep ¥S| cal nstraints on either binding

part nef anc,i_qrg S "bgtl‘%{'rcf" A aﬁurpgneln orted as the dinensionless nP,

which is directly proportional to the fraction of bound bait nolecules in

t he r 061]0N. Fipr 7eiaspates tHe domedtions ol ONibasiahi whelite bedrhplexdsdyl es wer e
bound by a particular 05016051-32PCT - 19 - Ilgand there woul d be very

i tt 1 eflyaressenty dakeled slegeneraie phospherelbinate, (Ns:14) ShyANoypsizes feer At the

ot her @;ﬂﬂ; r t . wer e
bound by a(?gg?tl F&ﬁéfl gandz‘ogg IiLa/l gﬁm@iKREEe%%oﬁ%e%?ﬁaﬁr:@ﬁ?b??gand),

t her e Wogubad H8) stilfisorascently ﬂahenb&cbsiegawataolcms ditiziog phospborotidoatent |y | ar ge
nP val this asﬂo ndi ot hernx for b tI and

i nt \éra or‘#@%gﬂ)bgk 3?’190(?“89' D% n@eﬁynggﬂ?rgmhgsgﬁ a% I Ingt he

pr esengetgirivdsé (REP ZOBBLFTL) vid dlffél@hﬁ%‘cﬁ!éhbds (R eI RER 2031- PQ9SEdelDel n

di ver se fluorescently | abel ed I%ﬁ/ed to exanine thejr conpl ex
f or mat Né The B%SEQ@@RC‘EP@ﬂdWHW‘éﬂeéﬁtth% ghelatessprmplgx f@ﬁ?t'om"‘tfﬁough t he

moni tO&%rﬁSﬁ?ifaté‘d)BVh% fdéb@ﬁéﬂa?é‘ol‘ﬂ%’orfu'clé%ﬁﬁésf@@ﬁ@ e @érh&ﬁétn‘a? e[@o\l&'ar es these

uorescent ["abel ed hi s Is affixed to t at the 3
end sosespienog specifi mpmdwmeKRéﬂm1 t§=Q P tNOQ e n b fasmstion rof O
phosp te h n r he. f scent tag
i's hergag‘é'\ﬁvay reomgt h(g%fgﬁest %vag\l gggl%ggt?%fgﬁ |P’2’Ee°f°9¥@5¥’§rtﬁ'8re%§x§ ude any
per t urdoaicentatifnsnofr AGS ngJdbdimmnochlbndswlm FITIC-labelesl alinonGileotides ix

for matglﬁ& observed. herein usi P?% fl uB eiecence gol ar i zatl on with a

f I uor e30WHAN 39 MipRjteRNGRYiganugieoide ¢ FU/BPlEL SRR P AN (LSRG [ i on
behaV'ﬂUor@iceHBé %@dr&ﬂtl@ﬁ\lﬁs(d’é&%m&{ uPEBIEr'nﬁ}éeqj Vélu@@trépreEQthg\}e-FQ e gy m

ol i gonucl eoti d @Sd refers to an oligoner or polynmer of ri bonucl eic acid
(RNA) siaedasd dewigxon foomdinlisnte mersuremTASs- and/ or anal ogs thereof. This term
i ncl udes ol i gonucl eotides conposed of naturally-occurring nucl eobases,

sugar s t u Kk i

ol i gon[Ljaf%otl \gzds a\'}!uﬁ{rs{r?%n%niﬁéwﬁwgdgc?Nﬁ)ﬁé&pgb [ onsw*uésf arjﬁ’ctl on

si m | dfuoyesceoty laheded idedenerataiphosphdretiioaite qavsicArof vddsusasizesfGraer
preferred over native forns because of desirable properties such as, for
exanpl e, enhanced cel | ul ar uptake, enhanced affinity for nucleic acid
target and increased stabili ty in the presence of nucleases. [0093]In the
present application, the term"degenerate oligonucleotide" is intended to
mean a 5| ngl e stranded oI | gonucl eot| de haV| ng a vvobbl e (N) at every



05016051-32PCT - 21 - [0096]It is also provided a pharnmaceutical ON

conposi tion which prevents oligonucl eoti de-induced anti-coagul ati on using a
t her apeutwoabiynedfssecti ve anount of a pharmacol ogi cal | y pataapabaloesse

ol i gonucl eoti de chel ate conpl ex as descri bed herein (ﬁ%ﬁﬁi% Eﬁgﬂg any of
the follow ng netal cations: calciuqi magnesi um cob 5 se, iron,
copper, and/or zinc. The ON chel ate'¢conpl ex may al so be prepared using two

phar nelReh PO PR fioe PR 0P8, Pneh (REP 20 PP ot Bhert 2808, o

a nonheweandB)Tef flaveiRcestya ldbeied) degandrate@iNG ufuwﬁﬂg]dﬁospﬁo@hﬁ@atwmw ded a
pharmaceutical ON conposition which prevents the EEeCtI on site reaction

wi t h sifUt29RE4L. Rhasphasethiaation ‘Eo?nt(al metyriRost dREFe 81 P EELL) reft Bct i ve
am)untmg{ Zﬁ‘leQé”(I@EPCﬁdS@' Iq_a}léfn)d (ﬁﬁ&@ﬁf %’%eu"ep%% m@t ?EW?M?I‘L%E@GI@C“ bed

herei n prépared using any ‘of any o g netal cations: cal cium
magnesiNOm). dbeaian; sem:ngae]wpenderUmatur@ppfethe a@hdthelatei cmnpmhéom\atwml ate

).
conpl ex al s ared usin r di f.fer atlo
Gestr et okpRoataRl BLPERG edtRertle RaRiafRidtechl! BAR0 deRidRBER
appr ovigging arseadendy speécifid SliohacidofideTEREP @034, SEQr IIDJNﬂ)M)athEfbrrﬁatIHh as a
non- human_pri mat e. qgﬁgOQS ]It is also provided a pharmaceutical ON

conpos?ft IQNrnwkeb rehefie ocempleyes nvasi damopstatgdi byt foﬁtbr'ﬂl%ﬂ ninﬁgeaémg
ther apc%htcbﬁl"f‘%xtli&ﬁse&f £6Y4 gI%d%WHUIE@l afno.fdeoﬂraﬁ diaN 'IQBéI%@'&IIQ ?ﬁ

chel at e conpl ex prepared using an fol Fowmn ons caI cium
nagnessalmt]oncarirhhtomtmmg;aimmplaotldel chelatq:)emmplewdbmmatmnriw am hrmrém;ecinel ate

g ferent cat
Gostr | EIESsBoE PolizBlot e iesr BRRE bR e bep EHRDY RAHES 2Te
appr ovagnddd dediation fohpdiitateomaadteRRnts0r a non-human ani nel such as a

nonhuman primate. [0099]1t is also provided a pharmaceutical ON conposition
whi ch prevents_ ol igonucl eotide-induced defl ci ency of cal cium magnesium

i ron, ‘ﬁ-’éaneﬂﬂ Boppetratgs Hrenformatiqg af (Plcapeer ichglaty eamrlexss, dYamount  of
a phafﬁmﬁ@éc%auf%éfe@%@eﬁ@m@ PROSERALRIRE QT B LB nYsBL orhe

foll owm n cat1ons” calcium ‘nmagnesium cob manganese, 1ron,
copper(,RE*R@D&Z FL),ntOmahRER| ZﬂQéIFd.t)BZQmEpI(BEPnﬂ;O%FIsb 4I0memr(8IE&‘r 2806:si ng two

ohar et pid 3B SGB e PPN oL S pOE AR b, (ARG b Bt am, v, o
a nonhREmM 2006+Fl), pHESpHSotAIoaEoN hhlrerpme{I‘iyhBose \\REP 2107 FL) or 22 O

2012/ 021985PCT/ CA2011/ 000956 05016051- 32PCT - 22 -5%%3 It is also

pr ovi dBathyIrbrae AREEAG8EHTL) and difgrest saienars (PaAhnpr- dZQ?t FageEQtRbi ity
cont ai I I n h I I
cccept D1 BRE JRFERehES debeRicRantit DN phal TBER BIMARE ¥ rns.
cal ci uwas megoasirated by baing, degengeate sdigonudeotidespipwris alsel/demanistratedThe ON

et G TR st BB 850 0 oSl R g o7 =

appr ovgd ONreogisET @hélatedtdopipléxesd wigTRIBMdHstratedo byh BRibifing "RAkreadihg as a
non- human primate. [00101] It is al so provided a pharnaceutical ON

conpos§acentralians of $egfa§%mﬁpqv thprl% with F@&J@éé'eﬂm@ﬁaéﬁlﬁ@?ﬂ% ih serum
t t

Phar oy AR (HoRforthd BdGHREINliGe chal ComibeX ToRIRA'nPan Torease in ) | i ng

met al fowréspesce palasization aagiessiibed incBkainple taviglaassepresentnaveragper-, and/ or

i 11 or SR dEDRYO BB ReRa BB Ref. Do T chl ar - e phar maceut i cal

conpositions are approved for admnistration to a human, or a non-hunman
ani nal[08é41h afiga nOnilluskatepr theatformat@hl GF] ONszinbechelate, dongpleEsy by

carri aker SRl neled, BRBeRerilE, Bndritehipeln ONvr i) B Rl rer 901 L he

carri qREFRR08ZFENt OMer (REP @008-F), 20ken (REPAEO0AFL)T 2@mie? (REP 2006-
"phar naceuti cal I?/‘gacce ptabl e carrier, adjuvant, vehicle and/or excipient"

ref er Sloand &ir e uoreéa?mllyahbei%ﬁeamera ONs wtitizing trespherptiieation

adm n rAt e~present

i nven!t(?sztoerifH %Og(%vlvz ?H& oetmtm?f% '(gagfrzgyét bﬁ%ﬂg&n% g’;?i%fﬁg& ( v‘?t 9pt her eof .
Phar navethyiribasé \REE Q@ﬂﬁéﬂ])@ndwﬁerensse@énmmody C\/-REFCI@SI BbdSE®@ADpi ent s

t hat be_used in the ar nace nposjitions described herein

i ncl uﬁ,%"‘guﬂ%r"@nfﬁﬁquﬁpﬁé)ggﬂe? ”rfeo?fo%‘\?n ﬁb' ch ‘T’Itee%ﬂ%fﬁﬁé?"é“a ®Numi na,

al um num stearate, |ecithin, sel f emul si fying drug delivery systens
("SEDDS"), surfactants used in pharmaceutical dosage fornms such as Tweens
or other simlar polyneric delivery matrices, serumproteins such as human
serum aI bum n, buffer substances such as phosphates, glycine, sorbic acid,



05016051- 32PCT - 24 - phosphate, starch, magnesi um stearate and/ or | actose

and/ or ot her excipients, binders, extenders, disintegrants, diluents and

| ubri cantwoon2amst hose known in the art. The present eoFEAR11/000856MBY

al so be delivered through the oral cavity by subling / cca

adm ni stration. Mol ded tablets, ng essed tablets o§§¢v§§3é£%¥?td tabl ets

are exenplary forns which may be us Exenpl ary conpositions include those

formul ating the (& nt conmposi tions Wlthfa dissoal vj dilu S, such as
ranni t 6P SeRBUAI Y sl Hrghsr ot eitioidePlars bR BodisA HmRIRISL Lo

f or nul agihgassamuenbe spegiic oiy@Ettlcatid®eRBPL2034¢ ISECE D NGUYE hrreSfoﬁﬁhimH oses
(avi celgj or pol yethyl ene glycols (PEQ. Such fornul ations nay al so incl ude

an excP @Ntz"f“b ‘ah%lat#udi%‘%ﬂe’éﬁfhéﬁ?%ndg'ﬁ‘éﬂsﬁe%y@b’o%?mrﬁml "t?éq’qsuﬂg)se

HPC
((:el I LI 8(55%&(] gé:?\f?ég ‘B%Ace?‘;érgﬁ% %lo@@%oflhﬁ'\ﬁﬁg Iéeéile”bI@ BE)‘)&mand agents to
contr obolutubreasdz nmmﬂonag opgrbmmqhuecchem Icpmpiex(ferrgatmr(:hy laopnd:re@@el)n

Lubricant s |da flavors oIorl nd stabiljzers al so be
niged Tunesodliceqiodzation 3 ddkorfigd T PRiR Oc ol @bR3ent S GaBL: “of a

corrpouadndmexﬁmi@nhﬁfreuummk Rragelepigntsed by one of ordinary skill in the
art, and includes exenplary dosage anounts for an adult human of from about

0.1 to_500 my/ t d d h b
acimi ot BBBPe 10 4 ABteR 46 Syaon e DO AT AhaRiR, SDMARKEBERY dus s,

such aﬁuéré@é@n%ly“@b@le&'d’%%n@%te %bspl'wéromléa{te @Ngnﬂ?rét\@%uﬁ Ridest B@eppeci fic
dose | evel and frequency of dosa[? for an\éﬁ%artl cul ar subject may be varied

and wi (RERPSRFL)pddmer (BEPe2G03FLY, 20mer (RER:RAH-Fib).14AmeictRER 20061 t he
hat combatce) of Bt uied Boelale MRE hirekgM BibesfpRNoBlod ' o el

of t he(RER] ZBUGrFL)hQ)HmﬁﬁomﬂﬂbétlolﬂiE+02 @dmeun;&tbbaél(MP 240%-Rif) exer€ion and
cl ear ance drug conbi nation, and severity of the particular condition.

Pr ef er F@H‘Yérthﬂsédﬁgpf #186-Floandsifferent pequensss kel C 1RizR 2EPEFéy §EQ/'%mml i an
Speci eRCBACHaSh &vmnca%pgeaemt h&tufd o e ONJ%HeI%?e QBH@Iex Jﬁal sort he

| i ke, subj’‘ect to angi ogenic endent or angi ogeni c assocl ate ders.
[ 001o7wa§r®mmny|Mg degmah oligomsigleatides buhisaaisooddmonsitated e

factors_.and/ or ag ent s nhan \ I osi tions
and f 0Pl &t rasuEnFeepe flaARREe RREP . ST IIREAY) i oHERE

oi nt mest ONlcadimiums, criftenBomplekss whHORIRMoNSERRA bYr ¢ERbinkgr &Weaslmgw ds,
powders and aerosols. Conventional pharmaceutical carriers, agueous, povvder

or oil 9°Q5@§§§t'°ﬁ%9fc&@§@§d%ﬁﬁdmh@ phIra@dwhtféTﬁée%@gapygw%'ﬂ%m e. O her
f or mul 59#1{3 5 -

m xed \%16'%1 &ga?gﬁ%@ﬁ%ngg%ﬁgeﬂ}d}}:léggi'g%{bhtguc %pfé cfg ggégﬁrégrg; %t"t?y aci ds,
fatty ﬁmrdswtcermlamaeoma!psde&clnbewm frxaagpdantls Vah&ssmpf@@ntaavsragé’r*éf erred

| i pids ude, n tral di ol eoyl phosphati dyl DOPE

et hano?%ﬁgﬂrg ‘P @PB‘F&?&% e I"ge@ﬁ%I ine DM PC, di stearol yphosphati dyl
chol i ne) negatl ve (e g. dinyristoyl phosphatl dyl glycerol DM PG and

cat i onfooegle. g.Figli dReitiysttates ahetfosrhation op r@dyheDiiyABheldieoomplgxessiphat i dyl

encaps HETERcel ApHlef dss80miate GoSHyPrPHTRALE dolib Lot VRBPLE GIZSSTOBY | cul ar

to cat [REp Q0BRSS ONBHer @Eprma-w merNS(RIE@afzb@;-FQMcﬁﬁad Regp l2opsds, in
particular to cationic &meelPre erred fatty acids and esters i ncl ude but

are notl) ianft B of dluar@@ﬁn edidegenerte Qs cutilising ophespheratiipation auri c
d,

noi . [FRES 20062, hoPRAPHIGIcH, » P O° iAot BT 107:55, & 2010 ©

di | aurth;@iQaser(REPlZO&ﬁelﬁb)cmmdifferenlsdqu&myb amwrmﬁeaoam SE&€ IDan

| i i ne, | chol | Ci
"oy or OBl (1he.feh-Seyenes siehanggh festire-af g7, OB} Bl cifarelomtetion 1
accept ghb eierddristrafedy B?fusu{goeé@e?r]era'@eoI@oﬂﬁ@l@btld’ésﬁ BhP%UéBoVuéﬁoﬁ%Qra'f@U e

readi | y understood by referring to the a
EXAMVPLESING acgagugaee spoeific @W%WC@@@l@ﬁéREPe?(?@W Nrfr?p :4). The feemalions t he

separa g |de
prepargft m?vﬁh cgérigfeg%oﬁw ect egja mgﬁe co%‘ fr?% adtmf ﬁt‘lgsfa”rar:e e{sﬁforé
first odndeh&abonsomcsegtadaenernﬂr@'rzrtﬂtbncm witll & TC daitsblé d oligchlietentides in
phosphorothloa e oli onu eot d defi ned sequence, the

B e ondSILteREB TS Bt R ST AU IHElate RBE IR BrTike B A GURASS Hot | de)
Bot h of these species separate into distinct defined peaks based only on
their physiochem cal properties (i.e. size and hydrophobicity); the

sequence of nucleotides present in each of these ONs has NO neani ngf ul
i mpact on their physiochem caI pr opert| es and ther ef ore has NO [ npact on

o o o



WO 2012/ 021985PCT/ CA2011/ 000956 05016051- 32PCT - 26 - 21nmer specific
sequence which illustrates the common physi ochem cal properties of all
speci es IWORhE/REB52006 preparation, even though there a&ce/@20daripodsar ge

nunber of different sequences present. Subsequent t R par ati on of
the REP 2006 and 21-ner peaks, theag can be subj ect@#@#ﬁ%?@gectroscopy

(M5) to identify the speci es presént within these defined peaks (Figs. 1B

and 10 00110] I n, Fi 1 into a, sin peci es
with ﬂmr6£°W62J%arﬁét'gE qi%stcé'ﬁ?g Wﬁ%amﬂ'%"a' g)a SH&W%?&“Ba&%T%Pﬁez sequence.
Howev giang e deviltivhiffon?tuplicateRid@sfentents.C) reveal s an extrenely |arge
nunber of species present whose mass range has an al nost perfect nornal

distribution, consistent with its conpletel da&ﬁenerate nat ure. This nass
r angel0§68s f rkign d80 iljustiatesndne e@fméb‘e’tl%fs)o'gdﬁ hefate FUPRIEXES sPeci es) and

the Pﬁ&é’@&@éﬁ% I%elle{]eée%eﬁgﬁ%ﬁ)}o?eﬁorﬁﬁ% Q%Mssﬁzléf Wiribls i$iRs gr of

speci es I ner e as their approaches t center of
t he mMERBP r203@e-L)Th0mer $REBCc2003:FR)) 20nwrdREMZ0§4-Fh), gimeru(Ri 2@06d| fferent

seque es i result in,a.simlar ma f tth diff t
N SpBEI aedopbatTiorsscaBly e aecrnete s Bty BloEnauhgbln & 1 o€
hydrOWb'%@F%%dbh&@tm@nsepﬂrdhfé’dhﬁlb%@é' BRIEOTIEG o0 2t ot al | ONs
of the sanme size and with the sanme cheni cal i cati ons

phos phwitilibaset (Réw) 2%6 -FLnanvediffeegit §e§lﬂQﬁqe§_r(pQ|ny TREP 208 il §,E)Q ID
glh%’f: fa{tﬁ’ﬁﬂ‘ﬁuae' n8f-8B&ldr c%sdéad?e‘?md%ﬁt Rufele of Ak BN %ﬂ@%‘t@'% |é’>61f6%bf?6}ﬁl ly

any app ron or property which is not ndent on the
sequenas dﬁmdsnmliami byasiny degenerate alignmucleotities b(n\llsmlsecdnmongﬂah@d any ON

REP 25193 FEIUB06% SOl RO e BER 2] S LG o fefnalicn (-0

ol'i QOBPCbRPI"ehée%hQI"aﬁeSeéﬁm@l@ﬁeémﬁ/bs b@eﬂfbmgﬁdl%ﬂt byn ddfnmﬁmgsmore@kmg
physi ochem cal properties of orm chel at e conpl exes

with @pneantiations #if ANES ngrede leatiuqfﬂerlqeo@fltmlifﬁfﬁelaibﬁleér aldﬂqrts'ﬁ'e@ﬂ es in
ol i 99@8@1 §r?ta*1ﬁ‘?nmﬂ LHT’Ib éléotWetéheYﬁ%lggﬁ ﬁ@cﬂén @ inERbseRs Was

exam ne uoresce ari zation [ b above. During
ol i gOIﬂucﬂeeoenadaepcslamdtmmas deeccribedlln doample dt i\duesarepresgnt gaeaget b/

fluorescein i sqthiocyan FITC at the 3' end by a rigid 3 carbon |inker
usi ngsWé‘Id?rdeg?‘ﬁ?)tfqeré’H d?‘@ﬁ'ffé HEFeSHPhesi s protocols. These

ol i gonucl eoti des were cl eaved from the synthesis and |l eft as ammoni um

sal t sy oEbg 0|FngT1HA| iﬁ@étia@@éithesgdnerel t:hemuoexmmesacsfeoueammcbmemmtTab| e 1.
WD 2012/ 021985PCT/ CA2011/ 000956 05016051- 32PCT - 27 - Table 1 = ONs used in

Exanpldependant gonQbl sesuenee JRedrrdless ©f sequende, 0 PN xisto 38 3BPVIES2- FL N6
PS REQA4ORaE bomlﬂfﬂrg&d%%) afdt chJphm%Oactwltles. Phosphorothioation (depicted

in the chemical structure in this figure) serves to increase the hydrophobicity of the
ON polymer but does not affect the hydrophilicity. Fig. 14B conceptualizes the nature
of oligonucleotide chelation of divalent and trivalent metal cations. Metal cations
(represented by grey solid circles) link the hydrophilic surfaces of ON polymers via
metal ion bridges (represented by ellipses) between two or three non-bridging oxygen

or sulfur atoms in the phosphodiester linkages.

[0069] Fig. 15 illustrates the model for solution behavior of ONs in the presence
of divalent metal cations at varying ON and divalent metal cation concentrations. A)
Low divalent/trivalent metal cation, low ON concentrations yield dimers or low order
ON chelate complexes. B) Increasing divalent/trivalent metal cation concentrations
yield more complete ON chelate complex formation in the solution. C) Further
increasing ON concentrations in the presence of divalent or trivalent metals are

capable of yielding higher order ON chelate complexes with increasing metal



PS REP 2006- FL N4O PS REP 2107-FL N4O PS + 2' 0 Me REP 2086-FL N40O 2' 0 Me
REP 2031-FL C40 (SEQ ID NG 4) PS N = degenerate sequence (random

i ncor por avoan12021985 G C or 1) PS = phosphorot hi oati on @aCTaachiidoedsage 2' 0O
Me = 2" 0 nethylation at each ribose [00112] The 3' FJ

ol i gonucl eoti des used were REP 2032-FL (a 6 ner phos;ﬂ?@%@éﬂzggﬁga
degenerate oli godeoxynucl eotide), REP'2003-FL (a 10ner phosphorot hi oat ed

degenerate ol i ode eot| de REP. 200Q4- FL ?& iOner hor ot hi oat ed
degenercgnee'e}rq aae 8 %ieu Plexgsoim gghrauana(C @r‘@r” BIHWSoat ed
degenergifiofl b ?Qﬂﬁ@éY&Uﬁhﬁﬁé B¢drop Iﬁﬁ?s%@f%éef '-stﬂlaeﬁ&?g%ﬂ RP' CYqRu—e
phosphor ot hi oat ed ol i godeoxynucl eot| de; REP 2107 FL (a 40mer
phosphmvtrhmrnaneﬂ)use@en@rmmgasolub@b'nm|Pé@tuiffwrﬁm ragdemetal eonnestrationi fi ed by

0 h P F ganer, p
oI i gogﬁagll é @%h@ﬂ%a%é:ggac% ﬁg‘ﬁoé%&#g %HECVJHE‘ ?r% @m@h@%a@%h‘%%%&h of
t hese Gb@um@sonbyr tﬂeahﬁdoabobic &uﬁaoéﬂ gkpoded to ﬂhentbﬂ'ém& épvirohn®nt. Thisse st ock
wer e used %E[)’E'E@? (ﬂ%ﬂ 8 ent ON solutions in FP buffer (10mM TRI' S,
80mvI Naf@?u' Sl'FHW 10 ep B8 B\H‘?&‘t‘lol and 0. 1% Tweene-20). EDTA was
present to renove any dival ent net aI s present in the solution prior to FP
nmeasur qogmys. Ercheoliiubiiges fhef éffsct o7l tHei sulstiol Beh&AeY af MeereBBemMONACI to

assess ON conplex formation in the presence of a nolar excess of nonoval ent
cat i onshelate eempleyeapn flugrescgace QC"@QZQWHS With inefegsingdnetal eenceptrationet al

chl ori C Oc

vari ougﬁa(r%b?z&’n o’?\giﬁsgfgcr)gdeﬁqﬁporl e sa ﬁ{sélgg\%é en#te%gg?w 'Zﬁg. These
salts iaml tludsctunmlles umre:fsllawly de sorcmgne%mslohboItmrdbllngpobaiet ccﬂnb@xi ide, iron
chl ori de ﬂ% ‘£9h hi orc'Lge, bari um ch| 0{| de, ,ni ckel %ﬁg copper

chi or i GOMtER |gads iSdneiaased tuirprRNCRIPIaHaIoNaRY dPyncTe &ie-| oad
chloride. The formation of diners or higher order ON chel ate conpl exes was

noni t oree7 1y apig. ne7 %’h‘b&/sl the [foeiaRAEBE OMOLIAteatb®plekas anith fdadsiumy t he
di nensi onI ess unit " t) so that increased formation of ON chel ate
a

conpl exadorideser qadeiumrsulfateyas meagHipssby fluorgseenseprlarimation. Ap@N chalale. The
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nol ar  ejgficstehed¥urernsntgpl i ed as NaCl), indicating the formation of ON

chel ate conpl exes with d| vaI ent metal cations only. These results

denonstrate the follow n in the presence of 80 nM NaCl dagq_not
exhi bi t[0&FA} def&t%l%‘%mﬁlfﬁrﬁnﬂpndpfrﬁrﬁ phelatgy complexes; Wit rcalsivdr oN

conpl e nde%‘fjcaflé? o Ry %Qsﬂﬂe@*ﬁﬂmﬂfr@&f}en%@?&'la‘?&ﬁﬁoﬁ n 5'383&{%5&“09 of

thefo ent rret cat | ons “'when i st |nt 2+ charge
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formatimn Hid Q¥R ZIIERES Vb0 refresehte atéragibri-dsantiaen deeiaties nfrom

ni trogenous bases vial traditional Watson-Crick interactions due to the
degener@HPHCHEITRASUGEMERIS. ONs tested. Additionally, REP 2031 (SEQ I D NO 4)
cannot sel f-hybridi ze under the experinental conditions enployed. The

format i pgrhf qdlqzo’f@lé'ﬁé% kife ToMMtRnaRE G él%l@te' Boﬁ?lé&e§5wﬁw|é§|¢|% and
si nce these conpl exes fpg;(ear to incorporate the divalent metal in question

as par (chiriderer Wesul ﬁ%meaﬁh@gebxﬂu%féﬁ?ﬁ@,@d@lwmoﬂhé) ON ehelatef
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metal s occurs with oligonucleotides from 6-40 nucl eotides in |ength.

[0074] Fig. 20 shows the formation of ON chelate complexes with calcium

chloride or calcium sulfate as measured by fluorescence polarization. A) ON chelate
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nmetal s occurs in the presence or absence of phosphorothioation or 2' ribose
nodi fi catworo129®i3] The expansive formati on of ON chelpatraaconpoadses W t h
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sal ts ot her than chloride salts may al so permt the formation of ON chel ate

conpl egderider oj maoresiwn sulfate as rasasa#ﬁe@an%l%eswserpc&wwgm sA) ON
corpat b#?énstewtp @EPCE%@KEE f&ﬂf@cl?‘ N@ﬁ@?tdnanR@yszG!FW WON'QHElate

restriction calciumg | ucona lcrumcitrate clum l'act at e, caI cium
mal at e,comalesifgrmetmawmat%P 2845FlnardiREPa2@Q7-EbI VYalues aspreseat: average ci um
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magnesi um [ 00114] I n order to further denonstrate the universal nature of ON
chel at fpozepl| efigf 25 shbwsnharfmimajxoalcn‘dwdedﬁﬁereht doeble I'strantied IQN chélath f f er ent
salts of d@ﬁal en} net al f s. in the formation of heI ate co Iexes,

two di PPEPIEXES fibihespigeencs o IWrHchREdRor N1RAgegFHE pHid %ééd“?%?“fﬁ par e
di ver spy Chusrastéice GBHANES. WHeY ddbIOf strirfeb6WMls 34k prepared by

hybridization of REP 2055-FL (SEQ ID NO:6) with REP 2033-FL (SEQ ID NO:5) and



- 31 - different specific sequences. The salts used were cal cium chlori de,
cal cium sul fate, nmagnesium chl ori de and nagnesi um sul fate. The ONs used are
i sted i rwoabl2z2psbel ow. FP reaction conditions were ideoricabitwodshose in
Exanpl e 1 except that EDTA was omitted to denonstrate the formation of ON
chel ate conpl exes in the absence of any EDTA-nedi at e8981§8dt32PGhbie 2 ONs
used in Exanple 2 Aigonucl eotide Séuence (5 - 3') SEQ |D NO

Modi fi cations REP 2055-FL (AC)20 6 PS REP 2056-FL (TC)20 7 PS REP 2033-FL
(TG 20 RERPEOFEPLASES HD NQG) withSREBRFR2GG2IBL KEE@4D NO:7). Values represent

average +/- standard deviation from triplicate measurements.

[0080] Fig. 26 shows the formation of diverse ON chelate complexes only in the
presence of divalent metal cations (Mg®* and Ca®") and not in the presence of
monovalent cations (Na‘, K or NH,'). Values represent average +/- standard

deviation from triplicate measurements.

[o081] Fig. 27 shows the anti-coagulation effect of the addition of various
concentrations of ONs of different sizes (REP 2004, REP 2006) and different
chemistries (REP 2006, REP 2107) to human blood. The non-sequence dependent
manner of this interaction was demonstrated by using degenerate oligonucleotides
(REP 2004, REP 2006, REP 2107) but was also demonstrated using a sequence
specific oligonucleotide (REP 2031; SEQ ID NO:4). Blood anti-coagulation in the
presence of these compounds was monitored by measuring pro-thrombin time (PTT)
and comparing it to PTT in the presence of normal saline in the blood using accepted
clinical laboratory test methodologies. The ratio of PTT in the presence and absence
of drug vields the normalized ratio (NR). A NR of 1 indicates normal biood
coagulation activity and a NR above 1 indicates blood coagulation activity has been

impaired (anti-coagulation).

[0082] Fig. 28 shows the suppression of the anti-coagulation effect of
oligonucleotides by the addition of CaCl,. REP 2055 (a 40mer phosphorothioate with
the sequence (AC)20; SEQ ID NO:6) was added to blood at 2.5mM, a concentration
which induces significant blood anti-coagulation. REP 2055 was combined with
various combinations of CaCl; and the effects of each concentration of CaCl, added
were determined using accepted clinical laboratory test methodologies. Blood anti-
coagulation in the presence of these compounds was monitored by measuring pro-
thrombin time (PTT) and comparing it to PTT in the presence of normal saline in the
blood using accepted test methodologies. The ratio of PTT in the presence and
absence of drug yields the normalized ratio (NR). A NR of 1 indicates normal blood
coagulation activity and a NR above 1 indicates blood coagulation activity has been

impaired (anti-coagulation).

[0083] Fig. 29 shows the calcium chelation effect of chronic ON treatment on total

serum calcium in patients with chronic liver disease. Patients receiving no mineral
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supplementation are shown in (A) and patients receiving supplementation while
undergoing ON treatment as shown in (B).

DETAILED DESCRIPTION

[0084] It is provided herein a demonstration that ONs chelate diverse divalent
metal cations including calcium, magnesium, cobait, iron, manganese, barium, nickel,
copper, zinc, cadmium, mercury and lead. It is further demonstrated that chelation of
these divalent cations results in the formation of ON chelate compliexes comprised of
two or more ONs linked via metal cations and occur as exemplified, but not limited to,
ONs between 6 and 80 nucleotides in length, and in the presence of phosphodiester
or phosphorothioate oligonucleotides. Chelation also occurs with oligonucleotides
containing 2’ modifications at the ribose or not. Moreover, the chelation of the metal
cations is not dependent on the sequence of nucleotides present but instead relies

on the physiochemical features common to all oligonucleotides (see Fig. 14A).

[0085] Herein is presented the discovery that oligonucleotides in aqueous
solutions containing any simple metal cation that is divalent (such as for example but
not limited to, Ca®*, Mg?*, Fe?") do not exist as salts but rather as chelated
complexes of ONs. These complexes are comprised of oligonucleotide dimers or
higher order molecular organizations in which ONs are linked at their phosphodiester
backbones via divalent metal ion bridges (see Fig. 14B). At specific ON and metal
cation concentrations, these chelated complexes are stable and soluble in aqueous
solution and effectively sequester any divalent cations in the ON chelate complexes
from solution interaction. This chelate complex formation is also likely to occur with
simple metal cations with a 3+ charge or greater (as depicted in Fig. 14B). Thus ONs
function as divalent cation chelaters and do not form salts with divalent cations.

[0086] Importantly, the formation of oligonucleotide chelate complexes does not
occur with monovalent cations such as Na*, K" or NH,* and is thus unlikely to not
occur with any monovalent cation. Thus, the term "oligonucleotide salt’ is specifically
limited only to oligonucleotide salts with monovalent cations or with cations which do
form chelate complexes with oligonucleotides and is incorrectly used to describe
oligonucleotides existing in solution or in powder form with divalent metal cations (or

even trivalent metal cations).



10 PS REP 2006-FL No NA PS REP 2139-FL (A5 MeC)20 13 PS + 2' 0 Me REP
2045-FL N60 NA PS REP 2007-FL N80 NA PS N = degenerate sequence (random

i ncor por awoan12021985 G, C or T) PS = phosphorot hi oati on @atTaachiidoedsage 2' O
Me = 2" 0 nmethylation at each ribose NA = not applica I bgﬁy?,&e S
degenerate) [00115] The results of these experinents 15 ed in
Figs. 17-24 and denonstrate that alt 18Ks tested can form ON conpl exes with
different salts of cal ciumand magnesium Two exceptions to this general

obser vai0P# ar dhrestandgrd.in the ezthmﬂypt@aghe@g themgmipistiation ofQiNs aBlX asnd 224)
and RER. %}E{Q of

t hese Ciﬁdﬁ{gﬁ ég‘é%l(f?ﬁgﬁ ﬁ)gésmglh d ecl zﬂmﬂ f?rfaﬂgﬁ %Zn%@?g&%%lé%ﬁbcl& aérée known
t o f or nintdiieicabtiiaisaas sadiuyn saltsbwmchnnclad@IF@ouVlasen (543 2022)0 Mipomersend

For i eSO Bl atireviren "R gibe uRlimEn: FARELbHodPR { B Rk bone 1 <
l'i kely @éﬁéde@a'sb)(GB@Bg')e&d/mbhhébaIré‘érﬁ (FS!SES@X ay Qmﬂmgeéa@bét&!lt 002,
participate in solution interactiaons (I hel at e conp formation. REP

2029- FLCnsEtharmagkingticgad 12k 2§0:201 et @‘o %@fanp&'he'?féaf@a@@h'ﬁﬁtﬁﬁ WB9th is
likely gilesdOnitdie e8¥o " AciindPRifN2do1 33675438 i et al., 2005, J. Nat. Canc.

Inst., 97: 1287-1296; Marshall et al., 2004, Ann. Oncol., 15: 1274-1283; Grossman et
al., 2004, Neuro-Oncol, 6: 32-40).

[0088] It is also provided herein a demonstration that the anti-coagulation of blood
by oligonucleotides is caused by chelation of calcium by oligonucleotides as shown
by the reversal of oligonucleotide-induced anti-coagulation by restoration of normal

free calcium in blood by the addition of calcium chloride.

[0089] It is also provided herein a demonstration that the injection site reactions
observed with subcutaneous injections of oligonucleotides (induration, inflammation,
tenderness and pain) is due at least in part to local chelation of calcium and possibly
other divalent cations such as magnesium at the injection site by oligonucleotides as
shown by the inhibition of the injection site reactions (ISRs) by the injection of the ON

prepared as a calcium chelate complex.

[0090] Fluorescence polarization is a common methodology used to examine
intermolecular interactions. In this technique, the bait (i.e. any ON) is labeled with a
fluorescent tag (e.g. FITC). In solution, the bait molecule tumbles freely in solution
due to Brownian motion which results is poorly polarized fluorescence emission when
the bait is subjected to excitation with the correct wavelength of light. With a ligand of
sufficient molecular weight (at least the same size as the bait), the interaction
between the bait and the ligand introduces a substantial inhibition of the tumbling of
the complex in solution. As a result of this inhibited tumbling in solution, fluorescence
emission becomes significantly polarized upon excitation. Thus with this technique,
interactions can be measured in solution with no physical constraints on either
binding partner. Fluorescence polarization is reported as the dimensionless mP,
which is directly proportional to the fraction of bound bait molecules in the reaction.

For example, if a very small fraction of bait molecules were bound by a particular



gquartet" interactions occurring with this ON. Thus, not enconpassed herein
are ONs which only conprise poly A and poly G and aptaners which form

t her nody maioi2zeeld2yssst abl e i ntranol ecul ar interactions. TireT@d0HMOMIPassed
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cal ci um can be used to prepare O\I ch‘e?%te conpl exes and further illustrate
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they 05016051-32PCT - 33 - Sh be able to formchelate conplexes in the
pr esences afuedtiom| Mareovet |t?aﬁ1§luonascemtd@g isoheld sawayhfromh{hsoONe blysa rigich 3

rep 20553001 TofRend BT et Ge s EPRTBSG) BRRoi T SERAVRE ot o UNBh, "G "
SEQ I D NGius) amﬁ(d)NREBnW fd?hdtléﬁ%sewdoy héin SsRg fludvesédncel pdtafEdtioA056- FL
(40mer poly | . Because ON hybridizatign results in a duple
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br opar o T AURRAONE el EORpleYEd 0P ablI° Bep2055. Fi. ( SEQ 1D ‘ﬁée‘é)“’Rep
2033-FL (SEQ ID NOS) Rep 2057- FL ESEQ | D NO. 8) and REP 2056-FL (SEQ ID
NO 7)) vieefRleachdi terme ®ligenuztemtiden (AN) FRfessif foeran Phgomebrardpelymesrofof t he

two co r el rri 1X FP
bur for | CEERRESE SoTRARY dictfotvibenitial Bl IR BRas hpRls Whrebbase 1
fl u% gs mlﬂscg%mghmwdﬁ) b%gwbnuﬂwndwlmbmpelseardachta?m;uo?:um’mgvmomdﬂaees expos eg
to or a ex rmatjon nitore
by 2 f urtigers i CouIEnt et durasiec hac kBTl inasssons pellasraligonudeotdrae
results HHvu{d1hén%ﬂﬁéﬂﬁﬁéﬁurﬁﬁt{'fﬂoﬂmn‘sh\ﬁh%Cﬁlﬁéﬁcfrﬂlsm"i'i)é%' @u%ﬁt r'n@an 88 &Ot h
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Cad 2 ory e r I n r Ccrease
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coul d alaffinifydformudleicatci tacyglland dscreasddetabitityse e presedce af mudleasesal
cations. These results al so strongly suggest t hat doubl e stranded O\ls can

form ON ate,c | exes 'th.a a ntc.tlonad al s
expect e()[sg%hhaven Otﬁg 8?"1388 “g%ﬁ’u %8 ?PHe'&?fGQﬂ € lpoelé‘fl??ﬂ‘r’% f Fom
sol uti orintended to mean a single stranded ohgonuclEéftMéDhEvM 0 wabbee (Navalemt
cations do _not formchel ate conpl exes with [00118] In order to nore

speci fi Rasitipngauethas NYNNNANNNNeEaeh hase &Slﬁ’fthW%é‘f’ & wobkmsiugh dkatc annot
occur i nhrsF@Nchﬁfaeg%s?; aé‘%][bﬁrﬁ‘:'la%h d O@@ﬁt epeoﬁpﬁ@ﬁér%b'%qhgﬁ%g@f

di val ent cations t0r therr formation, mation wth many ONs

(see Exathplser@) Iema@ mﬁtelnysmhemlﬁ? proerties. \ﬂmretxamla dorrwdehdqgenm:aetesour ce
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concentration of cations in the FP buffer was equival ent. Fluorescently
| abel ed ONs as described in Exanple 2 were



diluted to 10nMin the different FP buffers and ON chel ate conpl ex
formati on was 05016051-32PCT - 34 - nonitored by fluorescence pol ari zation
(see Fi g.wd@p12/zmsshe case of each ON tested, chel ate cwn‘mlce%oﬁmomﬁi on was
observed only with the cations Mg2+ and Ca2+ and not with any o

nonoval ent cations tested (Nat, K+ or NH4+). As obser\9§91$951E§?é°n%Te i,
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modifications, and thus can include at least one modification in the phosphodiester
linkage and/or on the sugar, and/or on the base. For example, the oligonucleotide
can include, without restriction, one or more phosphorothioate linkages,
phosphorodithioate linkages, and/or methylphosphonate linkages. Different
chemically compatible modified linkages can be combined, e.g., modifications where
the synthesis conditions are chemically compatible. While modified linkages are
useful, the oligonucleotides can include phosphodiester linkages where the general
physiochemical properties of the oligonucleotide polymer are not substantially
affected. Additional useful madifications include, without restriction, modifications at
the 2'-position of the sugar, such as 2’-O-alkyl modifications such as 2’-O-methyl
modifications, 2'-amino modifications, 2’-halo modifications such as 2’-fluoro; acyclic
nucleotide analogs. Other modifications are also known in the art and can be used
such as locked nucleic acids. In particular, the oligonucleotide has modified linkages
throughout, e.g., phosphorothioate; has a 3'- and/or 5'-cap; includes a terminal 3'-5°
linkage; the oligonucleotide is or includes a concatemer consisting of two or more
oligonucleotide sequences joined by a linker(s).



05016051-32PCT - 35 - ON Sequence / chem stry Metal Chel ate Prepared Metal
chl oride added (ng/ 100ng of ON) ON concentration REP 2006 N4O / PS Ca 10
50 ng/ M WBRo2AAHSE140 / PS Ca 20 50 ng/m REP 2006 N14@Ch/dA30Ga0@56

05016051-32PCT
-21-
[0096] It is also provided a pharmaceutical ON composition which prevents
oligonucleotide-induced anti-coagulation using a therapeutically effective amount of a
pharmacologically acceptable oligonucleotide chelate complex as described herein
prepared using any of the following metal cations: calcium, magnesium, cobalt,
manganese, iron, copper, and/or zinc. The ON chelate complex may also be
prepared using two or more different cations as described above. In particular, the
pharmaceutical compositions are approved for administration to a human, or a non-

human animal such as a non-human primate.

[0097] It is also provided a pharmaceutical ON composition which prevents the
injection site reaction with subcutaneous administration containing a therapeutically
effective amount of a pharmacologically acceptable ON chelate complex as
described herein prepared using any of any of the following metal cations: calcium,
magnesium, cobalt, manganese, iron, copper, and/or zinc. The ON chelate complex
may also be prepared using two or more different cations as described above. In
particular, the pharmaceutical compositions are approved for administration to a

human, or a non-human animal such as a non-human primate.

[0098] It is also provided a pharmaceutical ON composition which improved IV
infusion tolerability containing a therapeutically effective amount of a
pharmacologically acceptable ON chelate complex prepared using any of the
following metal cations: calcium, magnesium, cobalt, manganese, iron, copper,
and/or zinc. The ON chelate complex may also be prepared using two or more
different cations as described above. In particular, the pharmaceutical compositions
are approved for administration to a human, or a non-human animal such as a non-

human primate.

[0099] It is also provided a pharmaceutical ON composition which prevents
oligonucleotide-induced deficiency of calcium, magnesium, iron, manganese, copper
or zinc using a therapeutically effective amount of a pharmacologically acceptable
ON chelate complex using any of the following metal cations: calcium, magnesium,
cobalt, manganese, iron, copper, and/or zinc. The ON chelate complex may also be
prepared using two or more different cations as described above. In particular, the
pharmaceutical compositions are approved for administration to a human, or a non-

human animal such as a non-human primate.
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[00100] It is also provided a pharmaceutical ON composition with improved storage
stability containing a therapeutically effective amount of a pharmacologically
acceptable ON chelate complex using any of the following metal cations: calcium,
magnesium, cobalt, manganese, iron, copper, and/or zinc. The ON chelate complex
may also be prepared using two or more different cations as described above. In
particular, the pharmaceutical compositions are approved for administration to a

human, or a non-human animal such as a non-human primate.

[00101] ltis also provided a pharmaceutical ON composition with lowered serum %2
life or reduced interaction with serum proteins containing a therapeutically effective
amount of a pharmacologically acceptable ON chelate complex using any of the
following metal cations: calcium, magnesium, cobalt, manganese, iron, copper,
and/or zinc. The ON chelate complex may also be prepared using two or more
different cations as described above. In particular, the pharmaceutical compositions
are approved for administration to a human, or a non-human animal such as a non-

human primate.

[00102] Furthermore, the above compositions may include physiologically and/or
pharmaceutically acceptable carriers, adjuvant, vehicle and/or excipient. The
characteristics of the carrier may depend on the route of administration. The term
"pharmaceutically acceptable carrier, adjuvant, vehicle and/or excipient” refers to a
carrier, adjuvant, vehicle or excipient that may be administered to a subject,
incorporated into a composition of the present invention, and which does not destroy
the pharmacological activity thereof. Pharmaceutically acceptable carriers, adjuvants,
vehicles and excipients that may be used in the pharmaceutical compositions
described herein include, but are not limited to, the following: ion exchangers,
alumina, aluminum stearate, lecithin, self-emulsifying drug delivery systems
("SEDDS"), surfactants used in pharmaceutical dosage forms such as Tweens or
other similar polymeric delivery matrices, serum proteins such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
electrolytes such as protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene glycol,

sodium carboxymethyicellulose, polyacrylates, waxes, polyethylene-
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polyoxypropylene-block polymers, polyethylene glycol and wool fat. Cyclodextrins
such as a-, B- and y-cyclodextrin, or chemically modified derivatives such as
hydroxyalkylcyclodextrins, including 2- and 3-hydroxypropyl-B-cyclodextrins, or other
solubilized derivatives may also be used to enhance delivery of the compositions of

the present invention.

[00103] The compositions described herein may contain other therapeutic agents
as described below, and may be formulated, for example, by employing conventional
solid or liquid vehicles or diluents, as well as pharmaceutical additives of a type
appropriate to the mode of desired administration (for example, excipients, binders,
preservatives, stabilizers, flavors, etc.) according to techniques such as those well

known in the art of pharmaceutical formulation.

[00104] The compositions described herein may be administered by any suitable
means, for example, orally, such as in the form of tablets, capsules, granules or
powders; sublingually; buccally; parenterally, such as by subcutaneous, intravenous,
intramuscular, or intrastemal injection or infusion techniques (e.g., as sterile
injectable aqueous or non-aqueous solutions or suspensions); nasally such as by
inhalation spray; topically, such as in the form of a cream or ointment; or rectally such
as in the form of suppositories; in dosage unit formulations containing non-toxic,
pharmaceutically acceptable vehicles or diluents. The present compositions may, for
example, be administered in a form suitable for immediate release or extended
release. Immediate release or extended release may be achieved by the use of
suitable pharmaceutical compositions, or, particularly in the case of extended
release, by the use of devices such as subcutaneous implants or osmotic pumps.
Thus, the above compositions may be adapted for administration by any one of the
following routes: intraocular, oral ingestion, enteric, inhalation, cutaneous injection,
subcutaneous injection, intramuscular injection, intraperitoneal injection, intrathecal

injection or infusion, intratracheal, intravenous injection or infusion, or topically

[00105] Exemplary compositions for oral administration include suspensions which
may contain, for example, microcrystalline cellulose for imparting bulk, alginic acid or
sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and
sweeteners or flavoring agents such as those known in the art; and immediate

release tablets which may contain, for example, microcrystalline cellulose, dicalcium
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phosphate, starch, magnesium stearate and/or lactose and/or other excipients,
binders, extenders, disintegrants, diluents and lubricants such as those known in the
art. The present compositions may also be delivered through the oral cavity by
sublingual and/or buccal administration. Molded tablets, compressed tablets or
freeze-dried tablets are exemplary forms which may be used. Exemplary
compositions include those formulating the present compositions with fast dissolving
diluents such as mannitol, lactose, sucrose and/or cyclodextrins. Also included in
such formulations may be high molecular weight excipients such as celluloses
(avicel) or polyethylene glycols (PEG). Such formulations may also include an
excipient to aid mucosal adhesion such as hydroxy propyl cellulose (HPC), hydroxy
propyl methyl cellulose (HPMC), sodium carboxy methyl cellulose (SCMC), maleic
anhydride copolymer (e.g., Gantrez), and agents to control release such as
polyacrylic copolymer (e.g., Carbopol 934). Lubricants, glidants, flavors, coloring

agents and stabilizers may also be added for ease of fabrication and use.

[00106] The effective amount of a compound described herein may be determined
by one of ordinary skill in the art, and includes exemplary dosage amounts for an
adult human of from about 0.1 to 500 mg/kg of body weight of active compound per
day, which may be administered in a single dose or in the form of individual divided
doses, such as from 1 to 5 times per day. It will be understood that the specific dose
level and frequency of dosage for any particular subject may be varied and will
depend upon a variety of factors including the activity of the specific compound
employed, the metabolic stability and length of action of that compound, the species,
age, body weight, general health, sex and diet of the subject, the mode and time of
administration, rate of excretion and clearance, drug combination, and severity of the
particular condition. Preferred subjects for treatment include animals, most preferably
mammalian species such as humans, and domestic animais such as dogs, cats and

the like, subject to angiogenic dependent or angiogenic associated disorders.

[00107] The pharmaceutical composition may also contain other active factors
and/or agents which enhance activity. Pharmaceutical compositions and formulations
for administration may include transdermal patches, ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids, powders and aerosols. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may

be necessary or desirable. Other formulations include those in which the ONs are
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esters, steroids, chelating agents and surfactants. Preferred lipids and liposomes
include neutral (e.g. dioleoylphosphatidyl DOPE ethanolamine,
dimyristoylphosphatidyl choline DMPC, distearolyphosphatidy! choline) negative (e.g.
dimyristoylphosphatidyl glycerol DMPG) and cationic (e.g.
dioleoyltetramethylaminopropyl DOTAP, dioleoylphosphatidyl ethanolamine DOTMA)
and other delivering agents or molecules. ONs may be encapsulated within
liposomes or may form complexes thereto, in particular to cationic liposomes.
Alternatively, ONs may be complexed to lipids, in particular to cationic lipids.
Preferred fatty acids and esters include but are not limited to arachidonic acid, oleic
acid, eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic
acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein,
dilaurin, glyceryl 1 -monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine,
an acylcholine, or a Cq.1¢ alkyl ester (e.g. isopropylmyristate [PM), monoglyceride,

diglyceride or pharmaceutically acceptable salt thereof.

[00108] The present disclosure will be more readily understood by referring to the

following examples.

EXAMPLE |
Characterization of degenerate ON
[00109] Fig. 1A details the separation by HPLC (using a hydrophobic column) of
two oligonucleotide preparations which are co-injected into the column at the same
time. The first of these is called the internal standard and is a 21mer
phosphorothioate oligonucleotide with a specific defined sequence, the second is
REP 2006 (a 40mer degenerate phosphorothioate oligonucleotide). Both of these
species separate into distinct defined peaks based only on their physiochemical
properties (i.e. size and hydrophobicity); the sequence of nucleotides present in each
of these ONs has NO meaningful impact on their physiochemical properties and
therefore has NO impact on their separation. As such, the internal standard elutes off
the column as a tightly defined peak with smaller retention time as compared to REP
2006, only due to the difference in the size of these two ON polymers. Note that the
shoulders on either side of the REP 2006 peak are due to failure sequences typical in
the production of longer oligonucleotides. Despite the heterogeneous sequence

nature of REP 2006, it resolves as a similarly well defined peak by HPLC as the
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21mer specific sequence which illustrates the common physiochemical properties of
all species in the REP 2006 preparation, even though there are a very large number
of different sequences present. Subsequent to the HPLC separation of the REP 2006
and 21-mer peaks, these can be subjected to mass spectroscopy (MS) to identify the

species present within these defined peaks (Figs. 1B and 1C).

[00110] In Fig. 1B, the 21mer is resolved into a single species with MW of 7402.6
Da, consistent with this PS-ON having a defined sequence. However, MS analysis of
REP 2006 (Fig. 1C) reveals an extremely large number of species present whose
mass range has an almost perfect normal distribution, consistent with its completely
degenerate nature. This mass range goes from Cyo (the smallest species) to Ay (the
largest species) and the prevalence of these species are extremely small with the
number of species increasing (peak intensity) as their mass approaches the center of
the mass range. This is because an increasingly larger number of different
sequences will result in a similar mass. The fact that all of the different ON species
present in REP 2006 have the same retention time on a hydrophobic column during
HPLC separation clearly demonstrates that all ONs of the same size and with the
same chemical modifications (i.e. phosphorothioation) will have highly similar (if not
identical) physiochemical properties and as such, can be considered functionally
similar in any application or property which is not dependent on the sequence of
nucleotides present in a particular ON molecule. Thus, any ON chelate complex
formation observed with any particular degenerate ON (e.g. REP 2003, REP 2004),
cannot be dependent on the sequence on oligonucleotides present and must be

dependent on the conserved physiochemical properties of any ON.

EXAMPLE I
ONs form chelate complexes with diverse divalent metal cations

[00111] The interaction of oligonucleotide ammonium salts with various divalent
metal cations was examined by fluorescence polarization (FP) as described above.
During oligonucleotide synthesis, each oligonucleotide was conjugated to fluorescein
isothiocyanate (FITC) at the 3' end by a rigid 3 carbon linker using well established
reagents and synthesis protocols. These oligonucleotides were cleaved from the
synthesis and left as ammonium salts. The oligonucleotides used in this example are

described in Table 1.
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Table 1
ONs used in Example 1

Oligonucleotide | Sequence (5 - 3') Modifications
REP 2032-FL Ns PS
REP 2003-FL N1o PS
REP 2004-FL Na2g PS
REP 2006-FL Nao PS
REP 2107-FL Nao PS +2' O Me
REP 2086-FL Nao 2’0 Me
Cao
REP 2031-FL (SEQ ID NO:4) PS

N = degenerate sequence (random incorporation of A, G, C or T)
PS = phosphorothioation at each linkage
2’ O Me = 2’ O methylation at each ribose

[00112] The 3' FITC labeled oligonucleotides used were REP 2032-FL (a 6 mer
phosphorothioated degenerate oligodeoxynucleotide), REP 2003-FL (a 10mer
phosphorothioated degenerate oligodeoxynucleotide), REP 2004-FL (a 20mer
phosphorothioated degenerate oligodeoxynucleotide), REP 2006-FL (a 40mer
phosphorothioated degenerate oligodeoxynucleotide), REP 2031-FL (a 40mer poly
cytosine phosphorothioated oligodeoxynucleotide; SEQ ID NO:4), REP 2107-FL (a
40mer phosphorothioated degenerate oligonucleotide having each ribose modified by
2 O methylation) and REP 2086-FL (a 40mer degenerate phosphodiester
oligonucleotide having each ribose modified by 2’ O methylation). Each of these ONs
was prepared as a 0.5 mM stock in 1 mM TRIS (pH 7.2). These stock were used to
prepare 3nM fluorescent ON solutions in FP buffer (10mM TRIS, 80mM NaCl, 1mM
EDTA, 10mM pB-mercaptoethanol and 0.1% Tween®-20). EDTA was present to
remove any divalent metals present in the solution prior to FP measurements. Each
of these buffer solutions also contained 80 mM NaCl to assess ON complex
formation in the presence of a molar excess of monovalent cations (in each graph in
Figs. 1-12 this is reported as the 0 mM metal chloride concentration). To each
fluorescent ON in solution was added various amounts of ACS grade chloride salts of
divalent (2+) metals. These salts included calcium chloride, magnesium chloride,
cobalt chloride, iron chloride, manganese chioride, barium chloride, nickel chloride,
copper chloride, zinc chloride, cadmium chloride, mercury chloride and lead chloride.
The formation of dimers or higher order ON chelate complexes was monitored by an
increase in fluorescence polarization (quantified by the dimensionless unit “mP”) so

that increased formation of ON chelate complexes resulted in larger changes in
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mass. The resulting slower tumbling of these ON chelate complexes in solution leads
to increased polarization of emitted fluorescence (see Fig. 16). The results of these
experiments are presented in Figs 2-13. In each case, significant increases in
fluorescence polarization were seen with all ONs in the presence of all divalent
cations but not in the presence of high molar excess of Na+ (supplied as NaCl),
indicating the formation of ON chelate complexes with divalent metal cations only.

These results demonstrate the following:

¢ ONs in the presence of 80 mM NaCl do not exhibit any detectable

formation of dimers or any other higher order ON complexes.

* ONs form dimers and higher order complexes in the presence of the
following divalent metal cations when they exist in the 2+ charge state:
calcium, magnesium, cobalt, iron, manganese, barium, nickel, copper, zinc,
cadmium, mercury and lead. The formation of these ON complexes

involves the interaction of ONs with these divalent metal cations.

o The formation of ON complexes cannot be due to hybridization between
nitrogenous bases vial traditional Watson-Crick interactions due to the
degenerate nature of the ONs tested. Additionally, REP 2031 (SEQ ID
NO:4) cannot self-hybridize under the experimental conditions employed.

e The formation of ON complexes is stable and soluble in aqueous
solution and since these complexes appear to incorporate the divalent
metal in question as part of the complex formed, these ON complexes
have the effect of chelating the divalent metal in question from the solution
in which the ON complex was formed.

o Chelation of these metals and formation of the ON chelate complex is
not dependent on a particular nucleotide sequence, as evidenced by the
chelation observed with degenerate oligonucleotides and also not
dependent on nucleotide modifications involving modification of the

phosphodiester linkage or the 2’ ribose moiety.

e Chelation of these metals occurs with oligonucleotides from 6-40

nucleotides in length.
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e Chelation of these metals occurs in the presence or absence of

phosphorothioation or 2’ ribose modification.

[00113] The expansive formation of ON chelate complexes with numerous divalent

metal cations with all ONs in this example also strongly suggests the following:

e Because divalent cations catalyze ON complex formation and
monovalent cations do not, and because ON complex formation is not
occurring via base hybridization as described above, ON chelate complex
formation must involve some form of “metal ion bridge” between two ONs
at locations which easily share an electron capable of filling an empty
electron orbital in the cation. The locations most amenable to this “electron
sharing” are the non-bridging oxygen (or sulfur in the case of

phosphorothioation) atoms in the phosphodiester linkage (see Fig. 14B).

o Double stranded ONs, whether DNA or RNA are expected to exhibit the
same chelate complex formation and thus have the same propensity to

chelate metal cations from solution.

e These metal bridges must involve intermolecular interactions as
intramolecular interactions would not result in any significantly increased

fluorescence polarization (see Figs. 15 A-C and 16).

o Soluble ON chelate complexes exist at any concentration of ONs and
divalent cations which does not form chelate complex precipitates (see Fig.
14D).

e ONs cannot form salts with divalent metal cations and do not behave as
salts in aqueous solution. This is in contrast to monovalent cations
(exemplified by sodium in this example but also applicable to other
monovalent cations such as potassium, lithium or ammonium) which do
form salts with ONs and behave as salts (electrolytes) in solution.
Moreover, although all ONs used in this example were ammonium salts, in
aqueous solution, the ammonium ion likely dissociates from the ON (as
would be expected of a salt) and provides no inhibition for the formation of

ON chelate complexes by divalent cations. This is further strengthened by
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the observation that additional monovalent salt (in this case 80 mM NacCl)
does not appear to interfere with the formation of ON chelate complexes

with divalent cations.

¢ That the formation of ON chelate complexes can be expected to occur
with any metal, transition metal, lanthanide or actinide element with a 2+
charge state and is also likely to occur with metal ions which can exist in a

3+ or higher charge state (e.g. chromium).

e That ONs greater than 40mer in length or harboring other modifications
or having any particular defined nucleotide sequence can also be expected
to form ON chelate complexes with divalent metal cations so long as they
contain linkages which are capable of sharing electrons in the same
fashion as non-bridging oxygen (or sulfur) atoms in traditional

phosphodiester linkages.

¢ ON saits (e.g. sodium salts) may be useful to chelate divalent metals
within a human or non-human patient such as but not limited to: cadmium,
mercury, lead. Additionally, chelation of any one particular divalent metal
cation (e.g. iron) by a sodium salt oligonucleotide may be suppressed by
preparing the ON sodium salt as an ON chelate complex with another

divalent metal cation (e.g. calcium).

o Metal salts other than chloride salts may also permit the formation of
ON chelate complexes. Taking calcium salts as an example, other calcium
salts compatible with ON chelate complex formation may include without
restriction calcium gluconate, calcium citrate, calcium lactate, calcium
malate, calcium aspartate, calcium fumarate, calcium ascorbate, calcium

benzoate, calcium erythorbate, and/or calcium propionate.

EXAMPLE il
ONs form chelate complexes with different salts of calcium and magnesium
[00114] In order to further demonstrate the universal nature of ON chelate complex
formation and to also demonstrate the utility of different salts of divalent metal cations
in the formation of ON chelate complexes, two different forms of calcium and

magnesium salts were used to prepare diverse ON chelate complexes with ONs of
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different specific sequences. The salts used were calcium chloride, calcium sulfate,
magnesium chloride and magnesium sulfate. The ONs used are listed in Table 2
below. FP reaction conditions were identical to those in Example 1 except that EDTA
was omitted to demonstrate the formation of ON chelate complexes in the absence of
any EDTA-mediated effects.

Table 2
ONs used in Example 2

Oligonucleotide Sequence (5" - 3) SEQ. ID NO. Modifications
REP 2055-FL (AC)20 6 PS
REP 2056-FL (TC)20 7 PS
REP 2033-FL (TG)20 5 PS
REP 2029-FL Agp 2 PS
REP 2028-FL Gao 1 PS
REP 2057-FL (AG)20 8 PS
REP 2120-FL N4o (C = 5’ methylcytidine) NA PS
REP 2030-FL T4 3 PS
REP 2129-FL Cso 12 PS
REP 2126-FL C2o 9 PS
REP 2128-FL Cso 11 PS
REP 2127-FL Cso 10 PS
REP 2006-FL Nao NA PS
REP 2139-FL (A5'MeC)20 13 PS +2' O Me
REP 2045-FL Neo NA PS
REP 2007-FL Ngo NA PS

N = degenerate sequence (random incorporation of A, G, C or T)
PS = phosphorothioation at each linkage

2’ O Me = 2’ O methylation at each ribose

NA = not applicable (sequence is degenerate)

[00115] The results of these experiments are illustrated in Figs. 17-24 and
demonstrate that all ONs tested can form ON complexes with different salts of
calcium and magnesium. Two exceptions to this general observation are REP 2028-
FL (40mer poly G, SEQ ID NO:1; Figs 18A and 22A) and REP 2029-FL (40mer poly
A, SEQ ID NO:2; Figs 17B and 21B). Both of these ONs are polypurines and,
especially in the case of poly G, are known to form thermodynamically stable
intramolecular interactions (termed “G-quartets” in the case of poly G tracts) which
result in these ONs forming tight intramolecular complexes where the phosphodiester
backbone is likely partially folded within this complex or no longer able to participate
in solution interactions (like chelate complex formation. REP 2029-FL (SEQ ID NO:2)

was weakly able to form chelate complexes which is likely due to the weak “A-
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quartet” interactions occurring with this ON. Thus, not encompassed herein are ONs
which only comprise poly A and poly G and aptamers which form thermodynamically
stable intramolecular interactions. The ONs encompassed herein are not fully poly A
or poly G ONs and/or haptamers.

[00116] The results from Example Il show that different salt forms of magnesium
and calcium can be used to prepare ON chelate complexes and further illustrate the

following:

e All ONs in Example Il (except REP 2006-FL) contain specific
sequences which do not contain any palindromic sequences capable of
forming hairpins neither are any of these sequences self-complimentary.
Therefore, none of the ON chelate complex formations observed are

attributable to hybridization events.

¢ The poor ability of REP 2028-FL (SEQ ID NO:1) and REP 2029-FL
(SEQ ID NO:2) to form ON chelate complexes suggests that a relaxed
phosphodiester backbone is required for ON chelate complex formation
again pointing to the phosphodiester backbone as the chemical feature on
ONs required for the linking of two or more ONs to form chelate

complexes.

¢ Any ON which contains a phosphodiester backbone is expected be able
to form chelate complexes, regardless of other existing modifications such
as phosphorothioation, 2' ribose modification or locked nucleic acid

modification.

¢ ON chelate complexes can be formed with ONs as large as 80mer in
length and ONs greater than 80mer length also exhibit the same behavior

in the presence of divalent metal cations.

EXAMPLE IV
Formation of ON chelate complexes with double stranded ONs
[00117] Double stranded oligonucleotides are formed from two single stranded
complementary oligonucleotides which in aqueous solution hybridize to each other
via Watson-Crick interactions. Since double stranded ONs still have a

phosphodiester backbone exposed on the outside of the DNA helix formed, they
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divalent cation and would also be expected to have the effect of sequestering said

divalent cations from solution.

EXAMPLE V
Diverse monovalent cations do not form chelate complexes with ONs
[00118] In order to more specifically demonstrate that the formation of ON chelate
complexes cannot occur in the presence of monovalent cations and specifically
require divalent cations for their formation, ON complex formation with many ONs
(see Example 2) was observed in FP buffer which contained only once source of
cation. 1X FP buffer was prepared containing only one of the following salts: sodium
chloride, potassium chloride, ammonium chloride, calcium chloride or magnesium
chloride, all at 80mM concentration so that the concentration of cations in the FP
buffer was equivalent. Fluorescently labeled ONs as described in Example 2 were

diluted to 10nM in the different FP buffers and ON chelate complex formation was
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35 40 ' 1080202/2l98REP 2006 + 350 ul NS + 150 ul Cad 2 5@0TWA2REROI®BO6 + 300
ul NS + 200 ul Cad 2 500 ul REP 2006
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monitored by fluorescence polarization (see Fig. 26). In the case of each ON tested,
chelate complex formation was observed only with the cations Mg?* and Ca?* and not
with any of the monovalent cations tested (Na*, K™ or NH;"). As observed in Example
Ill, REP 2029-FL (SEQ ID NO:2) and REP 2028-FL (SEQ ID NO:1) displayed only
moderate or no complex formation, respectively in the presence of calcium or
magnesium. This further confirms that ONs can only form chelate complexes with

divalent cations whereas ONs can only exist as salts with monovalent salts.

EXAMPLE VI

Evaluation of metal content in ON chelate complexes prepared in WFI
[00119] To demonstrate the broad applicability of ON chelate complex preparation
to all ONs, several different ON chelate complexes were prepared using the ONs and
2'metal chloride salts as indicated in Table 3. All ONs used in these preparations
were sodium salts which had been desalted to remove sodium derived from NaCl
and leave only sodium integral to ON salt formation in the final lyophilized ON. ON
chelate complexes were prepared in water for injection (WFI) by first dissolving the
proscribed amount of ON sodium salt to 50mg/ml concentration and adding the
proscribed amount of divalent metal chioride salt to the ON solution. ON solutions
prior to divalent metal chloride addition/ON chelate formation were analyzed for
sodium and the relevant metal by inductively coupled plasma-optical emission
spectroscopy (ICP-OES). After ON chelate complex formation, samples were
desalted by ultrafiltration using a 5000 MWCO regenerated cellulose filter. This filter
has previously been validated to allow the permeation of free salts but not ONs or
cations attached to ONs. The retentate solution (containing ON chelate complexes)
was analyzed for sodium and metal content by ICP-OES and for chloride content by
ion chromatography to confirm that the divalent metals present were chelated on
ONs and not derived from divalent metal salts present in the retentate solution (Table
4).

Table 3
Preparation of diverse ON chelate complexes

Metal chloride

Metal
ON Sequence / chemistry | Chelate (m 7,?3;; of conc:mration
Prepared 9 9

REP 2004 Ny /PS Ca 10 50 mg/ml




+ 250 ul
ul

NS + 250 ul Cad 2 500 ul REP 2006 + 200 ul NS + 300 ul
REP 2006 + 150 ul NS + 350 ul CaC 2 500 ul REP 2006 + 100 ul
Cad 2 50 wbQordo2RBP 2006 + 675 ul NS PCT/CA2011/000956
05016051-32PCT
-35-
ON Sequence / chemist Cnt’\lglt:tle Metzld%'ggride ON
9 vy Prepared (mg/ 100mg of concentration
P ON)
REP 2006 Ng/PS Ca 10 50 mg/mi
REP 2006 Nao/PS Ca 20 50 mg/ml
REP 2006 Nao/ PS Ca 30 25 mg/mi
REP 2006 Nio / PS Mg 20 50 mg/m|
REP 2006 N4 / PS Fe* 2 25 mg/mi
REP 2107 Ny / PS, 20OMe Ca 10 37.5 mg/mi
REP 2107 N4 / PS, 2OMe Mg 15 37.5 mg/ml
REP 2107 Ny / PS, 20Me Fe™ 2 37.5 mg/mi
REP 2138 ,
__(SEQID NO:14)_ Cso/2'0OMe Ca 10 50 mg/ml

REP 2126

(SEQ ID NO:9) Cz/PS Ca 10 50 mg/mi
REP 2031

(SEQ ID NO:4) Cy/PS Ca 10 50 mg/mi
REP 2129

(SEQ ID NO:12) Ceo/ PS Ca 10 50 mg/ml
REP 2057

(SEQ ID NO:8) (AG)20/ PS Ca 10 50 mg/ml
REP 2057

(SEQ ID NO:8) (AG)zo / PS Mg 15 50 mg/ml
REP 2057 2+

(SEQ ID NO:8) (AG) / PS Fe 2 50 mg/ml
REP 2055

(SEQ ID NO:6) (AC) / PS Ca 10 50 mg/ml
REP 2139 )

(SEQ ID NO:13) (A,5MeC), / PS,2°OMe Ca 10 50 mg/mi
REP 2139 )

(SEQ ID NO:13) (A,5MeC)z / PS,20OMe Ca 30 25 mg/ml
REP 2139 )

(SEQ ID NO:13) (A,5MeC)y / PS,2'0Me Mg 15 50 mg/ml
REP 2139 )

_ (SEQ ID NO:13) (A,5MeC), / PS,2OMe | Ca, Mg 5/75 50mg/ml

N = degenerate base (being a random distribution of A, G, T or C)
PS = phosphorothioate

2'0OMe = 2' O methylated ribose
5MeC = 5’'methylcytidine

Table 4
Validation of metal content in diverse ON chelate complex solutions
Cnr’ll:::tle Pre':;ﬁlt?;z ON Post-desalting ON chelate complex
ON {mg/

12;)3;9 sodium metal chloride sodium metal
REP 2004 Ca(10) | 0.276% | <2.0 ppm <10 ppm <0.03% 664 ppm
REP 2006 Ca(10) [ 0.381% | <11 ppm < 8 ppm 400ppm 614 ppm
REP 2006 Ca(20) | 0.443% | 1.21ppm < 8 ppm 141 ppm 0.11%
REP 2006 Ca(30) | 0.399% 2.0 ppm < 8 ppm <110 ppm 861 ppm
REP 2006 MgI(ZO) 0.390% <5 ppm <9 ppm 110 ppm 564 ppm
REP 2006 Fe® (2) 0.394% <5ppm <10 ppm 979 ppm 176 ppm
REP 2107 Ca (10 0.232% <6 ppm <9 ppm 215 ppm 539 ppm
REP 2107 Mg (15) | 0.237% | <0.9 ppm <9 ppm 162 ppm 339 ppm
REP 2107 Fe” (2) | 0219% [ 2.5ppm 15 ppm 0.049% 141 ppm
REP 2138 Ca(10) [ 0.210% <0.04% <10 ppm 3.2 ppm 745 ppm

CaCl 2 500
NS + 400 ul




+ 75 ul Cad 2 250 ul REP 2006 + 650 ul NS + 100 ul Cad 2 250 | A REP 2006 +
625 ul NS + 125 ul Cadl 2 250 ul REP 2006 + 600 ul NS + 150 ul Cad 2 250 ul
REP 2006 woR¢/2hoshlS + 175 ul Cad 2 250 ul PCT/CA2011/000956
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Metal Pre-chelate ON .
Chelate solution Post-desaiting ON chelate complex
ON {mg/
12;)3)19 sodium metal chloride sodium metal

(SEQ 1D NO: 14)

(SEEQPlozllgg) Ca(10) | 0266% | <23ppm | <10ppm | <0.04% | ©81ppm

(gE%FTDZSgl) Ca(10) | 0.222% | <2.4ppm <9 ppm < 0.03% 772 ppm

(SngDZJOZ:?Z) Ca(10) | 0.236% | <2.4 ppm <10 ppm <0.03% 681 ppm

REP2057 | ca(to) |o0257% | 55ppm | <10ppm | 398ppm | 743 ppm

(Siiﬁozgg?al Mg (15) | 0.250% | <1ppm <9 ppm 177 ppm 531 ppm

REP20ST | Fet(2 |o0244% | 07ppm | <9ppm | 0.101% | 195ppm

DEP20SS | ca(o) |0238% | <6ppm | <9ppm | 361ppm | 639 ppm

(SEETDZIJg?s) Ca(10) | 0.244% | <6ppm <8ppm | 347ppm | 638 ppm

REP 2139
e R0, | Ca(0) | 0236% | <18ppm | <8ppm 91ppm | 937 ppm

REP 2139
(SEQ ID NO:13) Mg (15) | 0.247% <1 ppm <9 ppm 248 ppm 472 ppm

<9 ppm
0.033% (Ca)
REP 2139 Ca (5), 0 (ca) 0
(SEQIDNO:13) | Mg (7.5) 0.276% <5 ppm <10ppm 0.022% 0.314%
(Mg). (Mg) |

[00120] These results confirm the partial displacement of sodium by calcium,
magnesium or iron (2+) in ONs varying in length from 20-60mer, varying in sequence
from fully degenerate ONs to three specific sequences (poly C, poly AC and poly AG)
and in ONs with or without phosphorothicate modifications, with or without 2’ ribose
modifications and containing phosphorothioate and 2'ribose modifications. The ability
to formulate 2’0 methyl ribose modified ONs as chelate complexes is expected to
also extend to ONs containing any other 2' ribose modification such as but not
restricted to 2’ fluoro and 2° O methyoxyethyl. Further, they demonstrate that
significant sodium displacement is achieved with minimal increased in divalent metal
content, consistent with the ON chelate complex structures described in Fig. 15.
These results also illustrate the various combinations of calcium, magnesium, iron
(2+) and mixed calcium/magnesium salt solutions which can be used to prepare ON
chelate complexes and show that any divalent metal salt solution or mixture of
divalent metal salt solutions could be similarly used to prepare ON chelate

complexes.



REP 2006 + 550 ul NS + 200 ul Cad 2 25 125 ul REP 2006 + 837.5 ul NS + 37.5
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[00121] Therefore, ON chelate complexes can be prepared from ONs which are
fully phosphorothioated or not, containing any number of phosphorothioated linkages,
containing at least one 2’ ribose modification or fully 2’ ribose modified or containing
no 2’ ribose modification. ONs can be RNA or DNA or a hybrid containing RNA and
DNA. The metal salt used in the preparation of an ON chelate complex includes
without restriction a calcium salt, a magnesium salt, an iron salt, any other divalent

metal salt.

EXAMPLE Vii
Preparation of stable ON chelate complexes in normal saline

[00122] Having demonstrated the broadly conserved nature of ON chelate
complex formation and preparation with different divalent metals in Examples Il and
1], the preparation of stable, soluble ON calcium chelate complexes was examined in
normal saline, a more appropriate excipient for ON chelate complex administration to
a subject. For this experiment, a 200 mg/ml solution of the sodium salt of REP 2006
in normal saline was used as the source of ON. The source of calcium was a 10%
solution of CaCl, in WFI (100 mg/ml CaCly). Various REP 2006 calcium chelate
complexes using different calcium and REP 2006 concentrations were prepared in
1ml solutions at room temperature (see Table 5) according to the following protocol:
1) add REP 2006 to the vial, 2) add normal saline and mix and 3) add CaCl; and mix.
These REP 2006 calcium chelate solutions were observed for the appearance of
precipitate over 36 days (see Table 6).
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Table 5
Conditions for the preparation of various REP 2006 calcium chelate complexes.

[REP2006] CaCl; (mg per 100 mg of REP 2006)
(mg/ml) 15 20 25 30 35 40
500 ul 500 ul 500 ul 500 ul 500 ul 500 ut
REP 2006 REP 2006 REP 2006 REP 2006 REP 2006 REP 2006
100 + + + + + +
350 ul NS 300 ul NS 250 ul NS 200 ul NS 150 ul NS 100 ul NS
+ + + + + +

150 ul CaCl; 200 ul CaCl;, 250 ul CaCl, 300 ul CaCl, 350 ul CaCl, 400 ul CaCl,

250 ul 250 ul 250 ut 250 ul 250 ul 250 ul

REP 2006 REP 2006 REP 2006 REP 2006 REP 2006 REP 2006
50 + + + + + +
675 ul NS 650 ul NS 625 ul NS 600 ul NS 575 ul NS 550 ul NS

+ + + + + +
75 ul CaCl, 100 ul CaCl, 125 ul CaCl; 150 ul CaCl, 175 ul CaCl; 200 ul CaCl,

125 ul 125 ul 125 ul 125 ul 125 ul 125 ul
REP 2006 REP 2006 REP 2006 REP 2006 REP 2006 REP 2006
+ + + + + +
25 837.5uINS 825 ul NS 812.5 ulNS 800 ul NS 787.5 ul NS 775 ul NS
+ + + + + +

37.5 ul CaCl; 50 ut CaCl; 62.5 ul CaCl, 75 ul CaCl; 87.5 ul CaCl; 100 ul CaCl;

Table 6
Formation of precipitate in REP 2006 calcium chelate complexes at various ON and
calcium concentrations

TIME [REP 2006] CaCl, (mg per 100mg of NAP
(mg/ml) 15 20 25 30 35 40
100 - + ++ +++ +++ ++++
1h 50 - - - - - +
25 - - - - . -
100 - -+ e e N e S
24h 50 - - - - + P
25 - - - . . -
100 - I+ 4ttt | bbbt | AR | R
7d 50 - - - - Fhbet |t
25 - - - - . -
100 I+ -+ ettt | A | AR | R
36d 50 -1+ -+ -+ -
25 - - - - - -

- clear, transparent solution
+ very small amount of white precipitate at bottom of vial
++ fine colloidal precipitate, translucent

+++ fine colloidal precipitate, opague
+4++ precipitate primarily at bottom of tube but residual colloids present
+++++ precipitate at bottom of tube, remaining solution is clear and transparent

[00123] In all cases, the solutions of REP 2006 calcium chelates demonstrated
reduced surface tension and increased viscosity in comparison to REP 2006
solutions in the absence of calcium (at all concentrations tested), as evidenced by a

more pronounced meniscus in the vial and in the viscous solution behavior when
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vials were gently inverted. This solution behavior is consistent with the formation of
large soluble multimeric complexes (chelate complexes) as depicted in Figs. 15 A-C.
Even in those vials where precipitate had formed, the remaining solution still
displayed this characteristic increase in surface tension and viscosity. It is possibie
that the precipitates formed in these solutions had adopted the saturated (and
insoluble) ON chelate structures as illustrated in Fig. 15D with the residual
unprecipitated ON and calcium still forming soluble chelates in the solution. These
behaviors are expected to be generally representative of the behavior of any ON
chelate complex, regardless of ON length, chemistry, structure (single stranded or
double stranded) or divalent metal present. Moreover, these experiments also
demonstrate that while higher concentrations of ON and calcium may initially form
completely soluble complexes, these are likely to be dynamically unstable and slowly
transition from soluble chelate complexes (as in Figs. 15 A-C) to insoluble chelate
complexes (Fig. 15D). Thus it may be desirable to prepare ON chelate complexes at
ON and metal concentrations such as those shown in Table 5 which have soluble ON
chelate complexes which are stable in solution. For different ONs and metal
combinations, the optimal ON and metal concentrations resulting in soluble ON
chelate complexes which remain soluble in solution over time may vary from those

concentrations shown for REP 2006 and calcium in Table 5.

[00124] Examples VI and VIl describe various combinations of ON and divalent
metal salt concentrations in different excipients which can be useful in the
preparation of ON chelate complexes and describes combinations of ON and divalent
metal salts or mixtures of divalent metal salts which result in ON chelate complex
solutions which in normal saline either precipitate rapidly, precipitate slowly or remain
fully soluble over an extended period of time. It may be advantageous to use ON
chelate solutions with any of these stability characteristics.

[00125] Therefore, ON chelate complexes can be prepared using any ON salt
including but not restricted to an ON sodium salt or an ON ammonium salt or a mixed
sodium / ammonium ON salt. Ideally, the ON salt is dissolved in aqueous excipient
including but not restricted to water for injection or normal saline. The source of
divalent metal to be used for ON chelate formation can be a chloride salt, a sulfate
salt or any other pharmaceutically acceptable salt including but not restricted to a

gluconate salt, a citrate salt, a iactate salt, a malate salt, an aspartate salt, a fumarate
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salt, an ascorbate salt, a benzoate salt, an erythorbate salt, and/or a propionate sait.
The salt can comprise any of the following divalent metal cations: calcium,
magnesium, iron (2+), manganese, copper and/or zinc. Additionally, a mixture of
more than one metal salt can be used. Said metal salt can be used directly in powder
form but is preferably prepared as an aqueous solution in the same excipient as the
ON is dissolved in. The metal salts can be prepared at any concentration to the limit
of solubility for said metal salt in said excipient. ON chelate complexes are preferably
prepared by slowly adding the metal salt solution to the ON solution with constant
mixing to prevent the accumulation of ON chelate precipitates during the addition of
the salt solution. Depending on the concentration of ON and metal salt used, ON
chelate solutions may slowly form ON chelate precipitates over time or remain

completely soluble (see Example VII).

EXAMPLE Vil

Chelation of serum calcium by ONs causes anti-coagulation of blood.

[00126] The anti-coagulation effects of specific ONs have been previously
described but to demonstrate the anti-coagulation effects of the ONs chelate
complexes in the present disclosure, non FITC labeled ONs were prepared as high
purity sodium salts so as to be biologically compatible. These ONs were REP 2004,
REP 2006, REP 2107 and REP 2031 (SEQ ID NO:4), these are the unlabeled
versions of those ONs described in Example 1. These ONs at various concentrations
(in 500u! of normal saline) were added to 5ml of fresh whole human blood collected
in citrated tubes. The prothrombin time (an accepted measure for the coagulation
status of blood) in the presence of these ONs was assessed using accepted clinical
laboratory methodologies and compared to the prothrombin time in the presence of
equal volumes of normal saline. The relative effect on coagulation was expressed as
a ratio (PTToligo:PT Thormal saiine) @nd reported as the normalized ratio (NR). A NR of 1
indicates normal coagulation status and an NR greater than 1 indicated blood that is
anti-coagulated. The results of these experiments are illustrated in Fig. 27. For all

ONs assessed, there was a dose dependent increase in anti-coagulation.

[00127) REP 2055 (SEQ ID NO:6) is a 40mer phosphorothioated ON with
sequence (AC)0. The effect of addition of 2.5 mM of the sodium salt of REP 2055 on
blood coagulation status was assessed as described above. To determine if the anti-

coagulation effect was due to chelation of caicium from the blood, the effect of
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various amounts of calcium supplementation (in the form of calcium chloride) on the
REP 2055 (SEQ ID NO:6) -induced anti-coagulation was observed. The results of
this experiment are illustrated in Fig. 28. As expected from the results in Fig. 27, 2.6
mM REP 2055 (SEQ ID NO:6) induced a pronounced anti-coagulation of blood. This
anti-coagulation was effectively suppressed by supplementation of calcium and could
be completely reversed at calcium chloride concentrations greater than 2.25 mM.
These results strongly suggest that the anti-coagulation effect of oligonucleotides is
mediated by the formation of ON chelate complexes in the blood after ON
administration resulting in calcium chelation as described in the above examples.
Moreover, these results further identify a method for preventing the anti-coagulation
of blood by ONs which is to neutralize the chelating effect of the ON to be
administered by preparing the ON as calcium chelate complex. The neutralization of
calcium chelation may also be achieved with an ON chelate complex prepared using
salts of another divalent metal including but not limited to: magnesium, manganese,
iron (2+), copper, and/or zinc. These methods of suppressing oligonucleotide-
mediated anti-coagulation can be expected to be effective with oligonucleotides
administered to a human or non-human subject by IV or other routes of

administration.

[00128] The results of this experiment also call into question the nature of the
interaction of ONs with serum proteins. Previous assumptions of the nature of ON
anticoagulation was that ONs interact directly with proteins of the coagulation
cascade but we note that the majority of these proteins are calcium binding proteins
or proteins involved in the calcium dependent coagulation cascade (Sheerhan and
Lan, 1998, Blood 92: 1617). The fact that the anti-coagulation of blood of ONs can be
neutralized by adding calcium and the fact that ONs act as calcium chelaters suggest
the following:

) The ON protein binding involved in anticoagulation may be necessary
but not sufficient for anticoagulation — the removal of calcium from calcium
dependent proteins via its chelation by ONs may be the mechanism by which
ONss exert anticoagulation activity.

. ON protein interactions with components of the coagulation cascade
may themselves be calcium dependent.



+++++ +++++ +++++ 50 -1+ -1+ - 14 - 1+ 4+ H+H++ 25 - - - - - - - clear,
transparent solution + very snmall anpbunt of white precipitate at bottom of
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preci pitate, opaque ++++precipitate primarily at bott f éﬁ]:t
residual colloids present +++++precipitate at bottom @581%953%? I ni ng
solution is clear and transparent [06223] In all cases, the solutions of REP

2006 cal ci um chel ates denpnstrated reduced surface tension and increased
viscosity in conparison to REP 2006

[00129] Albumin, a major blood protein, also binds calcium and is a part of the
serum calcium regulatory mechanism. Albumin is also known to interact with ONs
and likely plays a major role in the circulating %2 life of ONs in the blood. From the
results of the anticoagulation experiment above, it appears that the bulk of protein
interactions in the blood may be catalyzed in large part by the calcium chelating
functionality of ONs. Therefore in order to reduce serum protein interaction which is
also likely to have the effect of reducing the circulating 2 life of ONs and improving
their tolerability with parenteral administration, ONs could be administered to a
subject as ON chelate complexes. These compiexes could be prepared from
calcium salts but may also be prepared from other appropriate metal salts so as to
neutralize the propensity for ONs to chelate calcium when administered. Such
complexes would already have their chelation activity neutralized and would thus be
expected to have significantly reduced interaction with serum proteins. The
advantages of this reduced serum protein interaction would be the improved
tolerability of the administered ON (as a chelate complex) and a shorter 2 life of free
ON in the blood.

EXAMPLE IX
Development of and prevention of hypocalcemia in human subjects with
chronic ON treatment
[00130] To further examine if the chelation of divalent metal cations by ONs
described in the above examples has biological relevance in human subjects, the
effect of chronic ON administration on serum calcium was examined in patients with
chronic liver disease. These subjects are particularly well suited to examine the
biological effect (if any) of ON chelation as they have been shown to suffer from
vitamin D deficiency which is typically accompanied by mineral metabolism
disorders and lowered bone mineral density (Arteh et al., 2010, Dig. Dis. Sci., 55:
2624-2628 and George et al., 2009 World J Gasteroenterol., 15: 3516-3522). Thus,
if the chelation effect of chronically administered ONs was altering divalent metal
homeostasis in human subjects (such as calcium) the effect of this alteration would
be most easily observed in these patients as they would be poorly able to counteract
any serum metal imbalance if it occurred. Patients with chronic hepatitis B infection
(with diagnosed chronic liver disease) were treated once weekly with the ON REP
2055 (SEQ ID NO:6) (as a GMP grade sodium salt) by slow IV infusion in normal
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concent fAas¢rthed for reimgm siranded E2Nailin sthei exsmple rabaved dderefoBnlit anay besh whol e
human bl ood collected in citrated tubes. The prothronbin tinme (an accepted
measure for the coagul ation status of blood) in the presence of these ONs
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to the prothrombin time in the presence of equal volunes of normal saline.
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advant ageous to prepare double stranded ONs as chel ate conpl exes prior to
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adm ni stration involves the injection of highly concentrated

onucl eotides in
ified to

ol i gonucl eotides (typically > 100 , the chelation effect (nost likely
of cal ci unBuppreasion of mjestionsite reatitividy ehRERR1IO(SEGR D NO: RAdyets um
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(SEQ ID NO 6); 12 hours after injection) 25 ng REP 2055 (sodiumsalt) 25
ng REP 2055 (Ca chelate) 100 ng REP 2055 (Ca chelate) 1 Induration: +++

kg;;amggﬁ%@ésﬁgﬁgg% Rfetfonstrate MMtNthet Admiidtratiohosf OMNY@s! BAILiaATRL T On:
chelate comblexes substantially reduces or eliminates ISRs with two different
subcutaneously administered ONs. These results further demonstrate that the
chelation of calcium (and potentially other divalent metals) by ONs plays a role in the
manifestation of ISRs typically associated with the subcutaneous administration of
ONs. Furthermore, these results identify a method for the prevention of ISRs with any
subcutaneously administered ON by performing the administration of said ON as
chelate complex. In these examples, calcium was used as the vehicle for the
formation chelate complexes but the mitigation of ISRs would also be expected to
occur with ON chelate complexes that had been prepared with another appropriate
divalent metal other than calcium. Any ON metal chelate complex would be expected
to have its propensity for chelating calcium neutralized which would be the underlying
mechanism for the improved SC tolerability of the ON when administered as a
chelate complex. The ability of ON chelate complexes to suppress oligonucleotide-
induced ISRs is expected to be effective for any ON of any specific sequence and or
modification or single or double stranded ONs in light of the broadly conserved nature
of ON chelate complex formation disclosed in the examples herein. Using calcium as
the exemplary divalent metal in this example, other calcium salts could be used in the
preparation of ON chelate complexes and be expected to yield ON chelate
complexes having the same suppressive effects on oligonucleotide-mediated ISRs

with subcutaneous administration including but not restricted to calcium gluconate,



pai n: none Induration: + inflanmati on: none tenderness: none pain: none 2
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injection site reactivity of REP 2149(SEQIDN013) 1903 ﬁgratlon as
a cal ci um chel at e corrpl ex (2cc bol us g njection, 30ng CaCl 2 / 100ng ON)
Human SUPJ ect til on Site Reaction 100 nB REPREP 2139 (SE%’Q | D NG 13)
ium C|trat ca cium lactate, calcium malate, calcium aspartate, calcium fumarate,
calcium ascorbate, calcium benzoate, calcium erythorbate, and/or calcium
propionate. ON chelate complexes could be prepared with salts of other divalent

metal cations such as but not limited to: magnesium, manganese, iron, copper, zinc.

[00135] In the preparation of ON chelate complexes, it may be desirable to use
other cations which are not divalent atoms but which can similarly prevent the
chelation effect of oligonucleotides. ON chelate complexes prepared with these
cations could also be used in formulations to suppress anti-coagulation by ONs or to
suppress injection site reactions with ON when administered subcutaneously or to
prevent the sequestration of biologically important divalent metals after ON
administration. Such counter ions may include without restriction: atoms of a 3+ or

greater charge state or organic cations.

[00136] In the preparation of ON chelate complexes, it may be preferable to
prepare ON chelates using a mixture of divalent cations (i.e. with calcium and
magnesium salts). Such mixed ON chelates may be easier to manufacture and have
greater solubility than chelates prepared with a single divalent cation and thus would

be better suited for high concentration applications.

[00137] Given the examples above using diverse ON sequences, with diverse
modifications and in the single stranded or double stranded state and using diverse
divalent metals, the formation of ON chelation complexes can be considered to be a
universal feature of any and all ONs which have a phosphodiester backbone
(whether phosphorothioated or not), regardless of other modifications. As such, the
formation of ON chelate complexes in the blood or the subcutaneous space is a
normal feature any ON administration when ONs are administered as salts (typically
sodium salts), resulting in the sequestration of divalent metal cations even though the
secondary effects of this chelation may be asymptomatic in the specific subject
population receiving the ON in question. Importantly, there are several examples of
ONs (PRO-051 / GSK2402968 - Goemans et al., 2011 New England J. Med., 364:
1513-1522 and ISIS 301012 (mipomersen) - Viser et al., 2010, Curr. Opin. Lipidol.
21: 319-323) which have clearly shown the ISR reactions with subcutaneous
administration (as sodium salts) which are similar to the ISRs observed in Example

IX and are thus diagnostic of ON chelate complex formation following administration.
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Even though both of these ONs have different sequences and different 2’ ribose
modifications, they both have a phosphodiester backbone (in both cases
phosphorothioated) and so can form ON chelate complexes and sequester divalent
metals from the local environment (in this case the subcutaneous space). Moreover,
both of these ONs have been shown to be able to exert their biological effects even
though ON chelation must be occurring, therefore ON chelate complexes in biological

systems do not interfere with the biological activity of ONs.

[00138] It is widely accepted and well demonstrated in the art that all
phosphorothioated ONs (irrespective of nucleotide sequence) typically achieve the
highest drug concentrations in the kidney and the liver. Historically, chronic
administration of many different phosphorothioated ONs have been associated with
mild liver or kidney dysfunction. While the cause of these dysfunctions has not been
clearly elucidated, given the conserved chelation effects of ONs in general, it is likely
that the chelation of divalent metals in the liver and kidney is significant with chronic
ON administration because the chelation activity may be most pronounced in these
organs due to the high concentrations of ONs present. Administration of ONs as
chelate complexes will not alter organ biodistribution (or affect bioactivity as shown
above) but may serve to prevent the metal deficiencies in the liver and kidney that

are having an impact on the normal function of these organs.

[00139] Given that ON chelate complexes result in the formation of multimeric ON
complexes in solution, these complexes are likely to have a much greater resistance
to nuclease degradation and potentially to hydrolysis and phosphorothioate ONs may
also be more resistant to oxidation. Therefore, the storage of any ON as a chelate
complex may greatly increase its stability in agqueous solution without significantly

altering its bioactivity when administered to a subject.
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WHAT IS CLAIMED IS:

1. An oligonucleotide chelate complex comprising two or more oligonucleotides

linked by a multivalent cation.

2. The oligonucleotide chelate complex of claim 1, wherein said multivalent cation

is a divalent metal cation.

3. The oligonucleotide chelate complex of claim 2, wherein said multivalent cation

is an alkali earth metal with a 2+ charge state.

4. The oligonucleotide chelate complex of claim 2, wherein said divalent metal

cation is a transition metal with a 2+ charge state.

5. The oligonucleotide chelate complex of claim 2, wherein said divalent metal

cation is a lanthanide metal with a 2+ charge state.

6. The oligonucleotide chelate complex of claim 2, wherein said divalent metal

cation is a a post-transition metal with a 2+ charge state.

7. The oligonucleotide chelate complex of claim 2, wherein said divalent metal

cation is calcium, magnesium, cobalt, iron (2+), manganese, copper or zinc.

8. The oligonucleotide chelate complex of any one of claims 1-7, wherein said

chelate complex comprises two or more different divalent metal cations.

9. The oligonucleotide chelate complex of any one of claims 1-8, wherein said

chelate complex comprises at least one double stranded oligonucleotide.

10. The oligonucleotide chelate complex of any one of claims 1-9, wherein said
chelate complex comprises at least one oligonucleotide with one phosphorothioate

linkage.
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11. The oligonucleotide chelate complex of any one of claims 1-10, wherein said

chelate complex comprises at least one fully phosphorothioated oligonucleotide.

12. The oligonucleotide chelate complex of any one of claims 1-11, wherein said

chelate complex comprises at least one oligonucleotide with one 2’ modified ribose.

13. The oligonucleotide chelate complex of any one of claims 1-12, wherein said
chelate complex comprises at least one oligonucleotide which has each ribose 2’ O-

methylated.

14. The oligonucleotide chelate complex of any one of claims 1-13 adapted for

subcutaneous administration.

15. The oligonucleotide chelate complex of any one of claims 1-13, adapted for at
least of the following routes of administration: intraocular, oral ingestion, enteric,
inhalation, cutaneous injection, intramuscular injection, intraperitoneal injection,
intrathecal injection, intrathecal infusion, intratracheal, intravenous injection,

intravenous infusion and topically.

16. The oligonucleotide chelate complex of claim 15, wherein said inhalation

administration is an aerosol.

17. The oligonucleotide chelate complex of any one of claims 1-16, wherein said
oligonucleotide consists of SEQ ID NOs: 3 to 14.

18. An oligonucleotide formulation for subcutaneous administration, said
oligonucleotide formulation comprising the oligonucleotide chelate complex of any

one of claims 1-17.
19. The formulation of claim 18 further adapted for subcutaneous administration.
20. The formulation of claim 18, wherein said formulation is further adapted at least

of the following routes of administration: intraocular, oral ingestion, enteric, inhalation,

cutaneous injection, subcutaneous injection, intramuscular injection, intracranial

Pain +



- [00134] These results denonstrate that the adm nistration of ONs as

cal cium chel ate conpl exes substantially reduces or elimnates |SRs with two
di f f er entwerbrukagssousl y adni ni stered ONs. These resul t CTaARNEVI000956
denonstrate that the chelation of calcium (and potentj H/ t% ﬁi val ent
netals) by ONs plays a role in the mani festation of | %5&‘ ¢

associ ated with the subcutaneous admifistration of ONs. Furthernore, these
results identify a mat_t]od or the prevention of ISRs with any .

subcut alfé&sHENy éﬁfﬁpfﬂr‘é&l er'BYSER pynt Iinea g"‘d‘i‘-fé'%drﬁ’ﬁ’i%*i%? i fHegdonsai d oN
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the formation chelate conpl exes but the mftigation of ISRs would al so be
expect etbpicallpccur with ON chel ate conpl exes that had been prepared with
anot her appropriate divalent netal other than calcium Any ON netal chelate
conpl ex woul d be expected to have its propensity for chelating cal cium
neut r al pzedThdi eligovudledtide tfoenwatiter | yi ngaimmeceni aheferi thid iinhalatietl SC
tolerability of the ON when adm nistered as a chelate conplex. The ability
of ON cR@Mmitigrationis ar@erasel-suppr ess ol i gonucl eoti dei nduced |1 SRs i s expect ed
to be effective for any ON of any specific sequence and or nodification or
single or double stranded ONs in light of the broadly conserved nature of
ON chel a2e A phplmeacduwicalacoroposiiiat compising thé eligaauniéatisiehehedata . casplex)

calciumgpas the e | ar y-di val ept L., Ln.this. exanpple, ot .cal.gi um

2l ts cBtRe e LG irenife SlborlRlsior il A Bed opR st Bl B
expect ed1taad\d &irfleflON chel at e conpl exes havi ng the sane suppressive effects
on ol igonucl eotide-nediated | SRs with subcutaneous adm ni stration including
but not restricted to cal ciumgluconate, 05016051-32PCT - 46 - cal cium
CitrategacalpGl j X j

f umar at (233 caq??%hggi@%?é?géjaggﬂl’lgf ﬂ%lﬁ @?ﬁ%g? g“%ﬁﬁ%ﬁ%ﬁ}ﬁﬁﬁ‘l‘a’f g’,%nand/ or
cal ci unohretgiinenitld, ti aigehacleotidenforaxdatiano of dartye ope epfackaims t&2tabt s of

ot her diyval ent tal cati.ons sugh. a not . lim 10: esi_u
noanoBlamatenIESRoroNiGRy of Gt 22 ther Rt bbby FRSAanahy, o
conpl exghgoriucledtile kv dies | gatbineah Pphasacd direhllf actestablehagliectseexuisient, val ent
atons but which can simlarly prevent the chel ation effect

of
ol i gonu@nd@radually addinga|divaleriomgtal sal sehuienrtedhqi dissalvesseligoaurisatideoul d
al so be ki } | ation by ONs or to
suppr esSH?ﬁﬁ‘g?:ﬁeoﬂ{ggﬁygur)@gﬁeg%%%H{pﬁé@dﬁ?%gsngﬂgﬁ!lghi st ered subcut aneously
or to prevent the sequestration of biologically inportant divalent netals
after adgi ni stration.. Such counter i.on i ncl yde without restriction:
Stoms ofta e getidatdainpdy wESHH. He EIEE N idMUsléRTHE ORGRAPRE  ne
pr epar apigan- 9hoklnailiriontethediBlabssifadditioney be preferable to prepare ON
chel ates using a m xture of divalent cations (i.e. with cal cium and
magnesi um salts). Such m xed ON chel ates nmay be easier to manufacture and
have orog! efhefletld b Yai128 GRELGH f% RIBRARSIANSAN adash ROk diyaledt
cation and us wou e better suited for high concentration applications.
[ 00137] oligonucleptide ésx@rptOmsg ebdivalenksaligpeati MOmgeof@igeruclestates, wi t h di verse
nodi fications and in the single stranded or double stranded state and using
di verse divalent netals, the formati on of ON chel ati on conpl exes can be
consi depgd Tie hrtitod!6f ¥aInS 2B, (vhatdin ehofin@nvligandeiadbtidePncshtratiomayve.1a
phosphodi est er backbone (whet her phosphorot hi oated or not), regardl ess of
ot her nd8PMBEBki ons. As such, the formation of ON chelate conplexes in the
bl ood or the subcutaneous space is a normal feature any ON adm ni stration

when ONs are administered as salts (typically sodiumsalts), resulting in
t he seqdéstTha methask ofdilainn 2htwharetl the ametahsaleisat leasb g of Aechiariderssdl; y

effects_o 1.5.chel at | b (o eci fi.c. subiect
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Med., 364: 1513-1522 and |ISI'S 301012 (m ponersen) - Viser et al., 2010,
Curr. OPrapionaiesalbl . 21: 319-323) which have clearly shown the ISR
reactions with subcutaneous adm nistration (as sodiumsalts) which are
simlar to the | SRs observed in Exanple | X and are thus diagnostic of ON
chel at e28onPieemethmdreltdlaim 23 whateingthadnétal salt solition cordsing 60 ikasB2REDf - 47 -

i bose. AL Shayr B R B B leSE R B8 S Chcbone (1 n both

cases phosphorot hi oated) and so can form ON chel ate conpl exes and sequester
divalent nmetals fromthe | ocal environnment (in this case the subcutaneous
space). Moreover, both of these ONs have been shown to be able to exert
their biological effects even though ON chel ati on nust be occurring,
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3. The oligonucl eotide chelate conplex of claim2, wherein said nultival ent
cation is an alkali earth netal with a 2+ charge state. 4. The

ol i gonuclwotznb2cdssl at e conpl ex of claim2, wherein sai @ctdicazbanposet al
cation is a transition nmetal with a 2+ charge state.

ol igonucl eotide chelate conplex of claim2, wherein s%?%sg)?’séﬁzgrgr met al
cation is a lanthanide metal with a-2 ‘charge state. 6. The

ol i gonucl eoti de chel ate conplex of claim?2, wherein said dival ent netal
cation is a a post-transition netal with a 2+ charge state. 7. The

ol i gonugd eqt | WetHoledr uppraRsiRY efr r‘éhﬁuﬁbzthé’\’@?ﬂl%d&géﬁihéndbfﬂfé&tem aret al
cation 1s calcium nmagnesium cobalt, iron (2+), manganese, copper or zinc.
8. The olidogonieotidsadmnistrationt to a:aulme@txcmprm}g theestep Qfladnnm@rmg saitbr ei n

said chel 0 e r
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ollgonucleotlde ucl eoti.de .chel ate conpl ex of any one of
clai s Rh@Maggyficyl ﬁompa' %@Fg‘?ra'"@otﬂﬁs rrprl ses at |east one

ol i gonucl eotide with one phosphorothioate |inkage. 05016051-32PCT -49 -
11. The ol igonucl eotide chel ate conpl ex of any one of clainms 1-10, wherein
sai d chd0.atA nthpd éor supppessigs ontedusingt subcytangiouy uma@tmwta)teacbamseaf
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chel ate corTF ex of one of clains 1-12, wherein said chgéaztée cor‘g)l ex

conpri s@@ 8l QQ®§§Pt'6ﬁef%W&é'ﬁDcPE%QrF’H‘8 iPi @Ry nere eofc [Fldimpo

met hyl a |#t e conplex of any one of clains
1- 13 adapt ec?cgojtrlca-s[% g@?gﬁg@%&bﬁmgﬁ?s‘ﬁ@t%n 15. The ol i gonucl eoti de
chel at e conpl ex of any one of clains 1-13, adapted for at |east of the

follo r adm n t C i eric,
| ohal at 850 R isiRed toramBrVRd 1o apiitl i 2 hloBhciSbfe WAERRHPRSIERR] o e
i njectipp lVllrﬁfhéléhhﬁ%aéubjékttQSUmmtsmg thbrﬂéﬂjlwaﬂmlmfstleﬂhg)mmd ﬂtgoahcl&oth@l
i ntravenous injection, intravenous infusion and tOﬁ)I cally P'&PP@‘?}

i

ol i gonutd ther suRiectRs atchelaiensomplex aggosding 18 anyheneln! 73:9”d°'i9r%‘é!

admi ni s ' 090818 ARlndEe el BoRpsafigH €x Of
any oneh{)@uaq%n étcc?@'?ﬁﬁﬂil&nﬁl%aﬁg% ?éggnucl eot | de c%n5| sts 8f SEQ I D
NGs: 3 fccdrkding td8laimr220l i gonucl eotide fornul ati on for subcut aneous

adm ni stration, said oligonucleotide formulation conprising the

ol i gonucl eoti de chel ate conplex of any one of clainms 1-17. 19. The

for mul aBpona ahefhbai 67 Addiucitgt Béfund agterd irtéractior &t eligenuibittide sivhed i on.
20. The fornul ation of claim 18, wherein said fornmulation is further

adapt ed agdminigtgiad by ¥ Hefusian towa rfblest cempEsing herster ofadmminisienng sl ar |
| ,
oral i n%ﬁ&& [éotlﬁgttgrtb&rsulbj{%h,gg?ta’ &%Iat%“&cﬁﬂﬁ@k‘%craﬂagﬁ)ﬁoggg)&ﬁgggﬁcqﬁngﬁus

|nj ecti om ranusc I'ntracrania - 50 -
injecti ohgonumten&deaﬁomﬁulatm‘msiam,rdmgt tapanyt emeal ofi mjla@otsi ot8-21 ntoratdecal
i njecti 08a i ntrat hecal f usi on, ..ing ra traﬂ;eal , I ntravenous injection,

intraveR g“?‘i‘?f“gg? (ﬁ‘?mpé’ﬁ iop #geeiding to cldm 2&he o i gonucl eoti de fornul ation

of claim 20, wherein said inhalation adm nistration is an aerosol. 22. A
pharmaceutical conposition conprising the oligonucleotide chelate conpl ex

of any 8de DfMetherdngf 1educing thesegmgénlilel 8bENIBRIFWLIRORNEAR i B2 SULIRE) one of
clai ms  18mpfidingMHe idp6f ddthinistering said oligonucleotide to the subject as a chelate

complex according to any one 1-17, an oligonucleotide formulation according to any
one of claims 18-21, or a pharmaceutical composition according to claim 22.

34. A method of reducing liver or kidney dysfunction associated with oligonucleotide
administration to a subject comprising the step of administering said oligonucleotide

to the subject as a chelate complex according to any one 1-17, an oligonucleotide



23. A nethod for the preparation of the oligonucleotide chelate conplex of
any one of clains 1-17, the oligonucleotide fornulation of any one of

cl ai ms 18wv@kp12om1gshar maceutical conposition of clai m 22pcriazostdoes

conpri sing dissolving any oligonucl eotide sodiumsalt in an

phar maceutical | y acceptabl e aqueous exci pi ent, and gr 8e@H05)-FRfihg a
divalent netal salt solution to the-d&ssolved ol igonucl eotide such that the
ol i gonucl eoti de chel ate conpl ex renmains soluble. 24. The nethod of claim
23, whefasmylatioa aticorting éalany iogerfctiainsi 2t oat ariheamaeeutical gompositiamony/ i
prior t t addition. 25. The nethod of claim 23, wherein the
ratio O?cécﬂ?mﬁ%%ﬁrﬁaﬂ ded to the dissolved oligonucleotide is 0.1-40nmy of
di val ent salt per 100rrg of oligonucleotide. 26. The net hod of cI aim 23,

wher ei n ;P_he fi i gonucl eoti de conce (ﬁrati onis 0.1- 27. The
ret hod 3 méifod o, gleREing BheSaohreglie T e raayaods SouBROREPIIG | e
sal t, Eﬂp‘éﬁﬁ?%ﬁi Sgbhucl@otidd 425§ aThklate éoﬂ*n?!é&%@o@ﬁ{gt to ahyBHeaf475aht, an

asparta e sal fumarate salt, an ascorbate sal benzoate salt, an

er yt hor biganusigiotide ndoranubatian oaegoedingl to  apg. onke afetdiimnsof1&Rhi o3
wherein | east one of cal cium

magnesi Bhgﬁné%hﬂ{:al%%htoﬁ?g}fta"cg n@f stleg% %éopper and zinc. 05016051-32PCT -
51 - 29. A nethod for suppressing or reducing the anti-coagul ation effect

f i I d t t i si t t f
S OB TN WSSOy TGS HAE A998 BRI sl RO S AR,
accordi H?lcfu?n AMat@rmipldy. an oligonucleotide fornmulation according to any

c

one of al s 18-21, or a pharnaceutical conposition according to claim22.
30. A nmethod for suppressing or reducing subcutaneous injection site

<t ep. of Shuni N drShbHT NG 1 ilfch TR B ol BRRR kBB 740 T

conpl ex neg@esidimehdisteynpdde 1-17, an ol i gonucl eot | de formul ati on accordi ng
to any one of clainms 18-21, or a phar maceuti cal conposition according to

claim?22. 31. A nethod for inmproving the tolerability of an

ol | gonuggeothdedhsy o?damgvnbﬁé edﬂau% 2335 N{Herein safti @neldid B6MpRRRrA Si ng
the step of adm nisteri sal d ol i gonucl eotide to the subject as a chelate
conpl ex mixexbmdgnesium/catgiurorehetata gomalexol i gonucl eoti de fornul ati on accordi ng
to any one of clains 18-21, or a pharnmaceutical conposition according to
claim22. 32. A nethod of reducing serumprotein interaction of an

ol i gonugbeoUsd afvdenultinti cdtivheil g Mdnufatiuse @i dro oigarukjedtitie chefate si ng
the step of admi nistering said oligonucleotide to the subject as a chel ate
conpl ex CAE®KXdi ng to any one 1-17, an oligonucl eotide fornul ati on accordi ng
to any one of clainms 18-21, or a pharmaceutical conposition according to
claim?22. 33. A nethod of reducing the serum1/2 life of an

ol i gonuéDeoUseieoﬂ theaoligonjeletidmeheiate mgmptex of epyosnendti chaigsed i1ig thai d

1 197" ARG tRRpbR Tl i B ePC el BRRBST 481 B PR 1875

or a ph@bﬁmembnQﬂlclaxmmswrlsmlppmwgdomgadu@mgl thenadRcoagifatioh efddtad of
reducing |iver or dney dysfunction associated with oligonucleotide

adni ni sﬁ?tﬁ’t‘?'@ﬁ“t‘@ie%@' "6'6'!5"@8%?9 3isHBiefhe step of administering said

ol i gonucl eotide to the subject as a chel ate conpl ex according to any one
1-17, an oligonucl eotide 05016051-32PCT - 52 - fornulation according to
any one 48f Usalafsth%olmpnueleotad@melmmn’s@( of @myosne iadrelaiotsod difngheo cl ai m

of, I Z]N Li ggnugl. eot i in | ution
corrprl sPH%fb’gﬁ%’gﬁl néor%i"ﬁ%'i I%fO%lT I é)g' g)g gsﬁi"ﬁg Agc 1é| 8Fepcoﬁp%%g§ (gé(::rcordl ng
tf) any @gmzpbsiluan @fnclarm @2ndor eop;rrdsslh@rcm,uieaw:mg amtai'lebgstlnjleaﬂm gge o; A
clainms 1 1, or a cetlca conposi ti.on ac claim :
The. et HEREIGNS Tha SURBCLAT S U BRI BRI S8 DI CEIeRlEE conpl ox i 5 a
cal cium chel ate conplex. 37. The nmethod of any one of clains 23-35,
wherein said chelate conplex is a magnesi um chel ate conpl ex. 38. The
met hod d2. ablye ofethef olcgoaualsotm Ibelaith mosipiex af anyheneitad daims 4x17, gha ni xed
magnesi | ti in the
manuf ac@ﬂ@ c?éo'ﬁﬁ]e ag(}r@(': i?éychz‘%atogs ?@% 1§151 %ﬁéﬁérnfa%{e},{g@al
ol i gonutcbmpbsﬂenodfed:lame ZQQIfIEpTI mroﬁnngrtheqomaﬁmtylwﬂ Suid bligdnudiéstide in a
ol i gonucl eot i de forrm tion of any one of clains 18-21, or pharnmaceuti cal
conposi SHBigCHYhen Qi"ﬁ‘n‘ ergdypy MipBISisi ng or reduci ng the anti -coagul ati on
effect of said oligonucleotide adm nistration to a subject. 41. Use of the
ol i gonucl eoti de chel ate conpl ex of any one of clains 1-17, the
ol i gonucleotide fornulation of any one of clainms 18-21, or pharmaceuti cal
corrp05| ti on of cI a| m 22 for suppr e55| ng or redu0| ng subcut aneous i njection
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WO 2012/ 021985PCT/ CA2011/ 000956 05016051-32PCT - 53 - 43. Use of the
ol i gonucl eoti de chelate conplex f of any one of clains 1-17, the
ol i gonuclwotznb2iwsnul ati on of any one of clainms 18-21, Pcrr/qmarlvmmsati cal

conposition of claim?22, for reducing serum protein Qgéﬁ); ﬁ‘b‘fgf an
ol i gonucl eoti de when adm nistered by IV infusion to ] ec 44. Use the

ol i gonucl eoti de chel ate conpl ex of "any one of clains 1-17, the
ol i gonucl eotide fornul ati on of any one of clainms 18-21, or pharnmaceuti cal
conposition of claim?22, for reducing the serum11/2 life of said

ol i gonygl egid de the oﬁgéh{ml@cﬁfde cHiate Ussin@ibx ther Ay BRaUS| @aiisde-1ghahat e

compl ex of any one of clains 1-17, the oligonucleotide formnulation of any
one of oligeriusieotide Ziqmwatp’lﬁaera@GMt opal of oflgiss t 1 & 1of Ot | RhaHMRSEUGH!
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conpl exheh a%!lminletéeed)byN&iftﬂﬁioritolisubjbet.oI i gonucl eotide formul ation of any

one of claims 18-21, or pharmaceutical conposition of claim22, for the
stabilization of an oligonucleotide in an aqueous solution. 47. The use of

any ong4of ygé %ggoﬂg%ﬁﬁ@reow@@raienatéab&lmakekgeﬂ%yeeﬁéd@r cRird® phirgapeic eot i de

cal ciumsa e use of any one of clains 40-46, conprising an
ol i gonwtigentdebdide afarimuiatiome| oft @nyoepeesof GBImS'héS‘LZée of phgrMaseulital cl ai ns

40- 46,
of any cheention o imaee 287 ETlq I, EBURTTS IR SCFu8 Fiobedie Ba (oo
conpl eXubject.

45. Use of the oligonucleotide chelate complex of any one of claims 1-17, the
oligonucleotide formulation of any one of claims 18-21, or pharmaceutical
composition of claim 22, for reducing liver or kidney dysfunction associated with said

oligonucleotide administration in a subject.

46. Use of the oligonucleotide chelate complex of any one of claims 1-17, the
oligonucleotide formulation of any one of claims 18-21, or pharmaceutical
composition of claim 22, for the stabilization of an oligonucleotide in an aqueous

solution.

47. The use of any one of claims 40-46, wherein said oligonucleotide is an

oligonucleotide calcium salt.

48. The use of any one of claims 40-46, comprising an oligonucleotide calcium

chelate complex.

49. The use of any one of claims 40-46, comprising an oligonucleotide magnesium

chelate complex.

50. The use of any one of claims 40-46, comprising a mixed calcium/magnesium

chelate complex.



