ANTI SENSE OLI GONUCLEOTI DES DI RECTED AGAI NST CONNECTI VE Tl SSUE GROMH FACTOR -
AND USES THEREOF Thr oughout this application, certain patents and
publications are referenced, the latter by authors, journal citation and 5
publication date. The disclosures of these patents and publications in
their entireties are hereby incorporated by reference into this application
in order to nore fully describe the stat®e of the art to which this

e L oRnEESRER, oFsBofuRlebBYBRY Binkinen acazner comvmcTTVR ZISSUR |

crrenrTT T

for treating hyperproli fagowis o tefor aeh fudEPtmeek@eases, and for
reduci ng scarring resul tTAg fTonrwound near tng.  Background of the Invention

15 Antisense technology is energing as an effective neans for reducing the
expr essTbrovghepecithiic gwiel ratiens apdtaty pasesttsr cpt opeblockeivnisquel y
useful [p.a.n er_ of. therapeutic, diagnostic, and research applicatians
for theé%%dlﬂeztge%oeﬁm(ﬁd’coﬁhgct A5 ng eaéﬁ'%g\ﬁ(fﬁ f a&?%?n?%éﬂ)t%‘&p@é@si on.
(Ses U.gubPatepioho. d6.tQ65, G2RB2 4Ds&pesdeest 8F.) chesant isensergonpewnd is
an oligoneric conpound that is capable of undergoing hybridization to a
target PigelEfetiend (@ gthgirarqpiingNRsobeeul kgrent ilserrearmpslinty,
conposi tl weTale ds at.l 5 pr i CT. nd.f

treati n%é%)%%ase ggéggi a{:felgémn?ﬁggg%%gggﬁonqo %%g—é}gr ceg%i SCro edf}lﬁiy

af or enelgsanidse Ui Padte Nof 6hO6hr 0268B2whhehethisntnventabadrby atelser ence.
However, there remains a need for additional such conmpounds capabl e of

provi di q h d ir{:hj bition of CTGF expression and functions 30 as wel |
as ot hgg—giﬁgb%—‘piimerti es. -2- In one enbodiment, this invention
specifically provides preferred nodified anti sense ol i gonucl eoti des for

i g bi trhey CTéFesxPt €SSiiOR-entiRee haveirhees dernstrabedito benrisense
significantly, and unexpectedly nore potent than previously 5 described
ASCs t &lgePriglertidesonndsiqsle tisstiel gr 6akh taeasingCTGPermmkhbim as
ct grof gc Lbg.ob t 4 ible pr.ot-ei fi.sps NOV2 ,

i nsul i %9 Pﬁgbg%om%ﬁaf afc or-%férldidﬁgs%%et%gi n-a?le at 86 prf%%%(fzinn%, P2,

| GFBP- 8estBEENG. Erohcs@dndaheaddegeni n) 10 is a nenber of the CCN

(CTGH/ CYR61/ NOV) family of nodular proteins, naned for the first famly
menbergs_identifi edf nnective,tissue growh factor, cysteine-rich (CYR61),
and n 3 NOV), but the famly also includes the
proteins ELM 1 (expressed in |lownetastatic 15 cells), WSP-3

(04t - | adtrtsisesle s eERHRY RFP! 8sN) em@Pgi £FP-ds (WhSPa2FecCENPrRLSL 8S {ba%:e
been found to be secreted, extracellular matrix-associated proteins that
regul aiedeing| gher exesessiomchosds spaesfon, aegeatRoIduRts ogandsinRy
differ Lati.on, Lva angj o esi s,.. atheroscl er.osis, 20 :
chondrtg‘[g;%}négés(%Igef1 V\%ﬁé‘\ééhelatpi ngri),cgtgl?n%%%ee%si Qfgeghl vagtuldr BHEPRFbr &fi ¢

di seassgserdpentsiol er eiergriogtiay, anthd amedoarcieldpridcat kR0, 248, ds 57) .

The connective tissue gromh factor
modulation of connective tissue growth factor {CTGF)

20 expression. (See U.S. Patent No. 6,965,025B2 to Gaarde et al.)

An antisense compound is an oligomeric compound that is
capable of undergoing hybridization to a target nucleic acid

(e.g. a target mRNA molecule).

Antisense compounds, compositions and methods for modulating
25  expression of CTGF and for treating disease associated with
expression of CTGF are disclosed in aforementioned U.S. Pat.
No. 6,965,025B2, herein incorporated by reference. However,
there remains a need for additional such compounds capable of
providing enhanced inhibition of CTGF expression and functions

30 as well as other advantageous properties.



protein was shown to stinulate DNA synthesis and pronote chenotaxis of
fibroblasts (Bradhamet al., J. Cell Biol., 251991, 114, 1285-1294). In
nost cases, a single 2.4-kilobase CTG- transcript has been reported in
expression studies, although 3.5- and 7-kil obase transcripts have been
reported in glioblastoma cells. Connectjive tissue growh factor is
expressed in fibroblasts 30 during nor®dl differentiation processes that
i nvol ve extracellular matrix (ECM production and renodel i ng, such as
enbr yogéesi®iandempedinentieci dhdlsi zatriventfisid owprcl fptahluat i provides

Co t £ h tar. | | ,-3- f | . d i
Cbroti PYEERrERte AAYE PR o Rt Al P81 adhu bl EOKRAREY REL SHBIERRRG "
scl er ostgcrkel @kisesStan. t | SSuese e0%aRephi beéenf asténdnstraoddl arcd asgd ti s,

and Dupuytren's contracture. Connective tissue growth factor nRNA 5 or

prot ei nSkeRefscanslyl evait@d Unexdastedly | BerenPFemaj dhagy grasvandstliyssues
inc%udi@gsépgbg&vg$05kE%ﬁg&tihgn@TGgqrqiovascu!ar system pancreas, bowel,
eye,” and grngrva. Tn m ry, pancreatic and fibrohistiocytic tunors
characterized by significant connective tissue involvenent, connective 10

ti ssue geamedtiwet ortissuwer gxpwehsedfaardihe grremal cabpart nerwn | nagany
cases, conngg;ive tLssue gromﬂh_factor expression_is |inked spatiallé and
t enpor eFFJFP Rt e ph)tP?%lP dehi cTRYELOKPHE tFEREREFY T 9FBWen f A2EBriBet a
(TGrbetgyd Noussadanil ISt azlwchd! . 6e06t-pbRkaRg, 20P0reld. rl92084292).
Connective tissue growh factor has been mapped to human chronosomal regi on
6023. 1,pqtsdmet  t 6CFBE-cPRyb IRFRE-ndHBEF odo8 ondilcsdénotaral | ¢¢cegenhuol vi ng

thjs regjon have been associa j t S, Ssuch as WIns' funor
URBE- SR R e e e At R
si gni f ipg@ydeifddr otrdatneand SMSCUWE COiIONetaniedhi hidmbenes eap@sh Gl eq,
expression, and CTG- may be involved in the pathogenesis of pediatric

nyof i bCOBFESEIY S ufbPELCO IAQWHR I TRTHQE ¢ uRYES S REMTHEN épp{g§%v\edan<_i
moder atehe oI ERSEaCT G, ZP=XPLESSE ON (WBvh UNDF, gel 'éhaggﬁiw%te%féaa'

cells of "the associl ated vascul ature (Kasaragod et al .,
Pat hol inc200es 4,the7- 4B)aetomecEiNelt | $ewprgesetih fiact drowdRNA d sttt 5O

S ifically up | ated i i gnant. hunman | eykenic | hobl asts_from 30
HRH cr BRCGPY n aREeE By noWbr hSt P P Bt HPSEEAE) XNk a2, CHF10
Cancer (y28602) 83, cémb- aveidd bodfe THMeANdrphAlET ROl eHRl S A Ereated,
upr egul at ed b{ TGF-beta in Hs578T human - 4-
extracellular matrix-associated proteins that regulate
cellular processes such as adhesion, migration, mitogenesis,
differentiation, survival, angiogenesis, atherosclerosis,
20 chondrogenesis, wound healing, tumorigenesis, and vascular and
fibrotic diseases like scleroderma (Lau and Lam, Exp. Cell
Res., 1999, 248, 44-57). The connective tissue growth factor
protein was shown to stimulate DNA synthesis and promote

chemotaxis of fibroblasts (Bradham et al., J. Cell Biol.,
25 1991, 114, 1285-1294).

In most cases, a single 2.4-kilobase CTGF transcript has been
reported in expression studies, although 3.5- and 7-kilobase
transcripts have been reported in glioblastéma cells.
Connective tissue growth factor ié expressed 1in fibroblasts
30 during normal differentiation processes that involve
extracellular matrix (ECM) production and remodeling, such as
embryogenesis and uterine decidualization following

implantation. Connective tissue growth factor is also



breast cancer cells in a dose-dependent manner, indicating that CTGF is an
i nportant neuroendocrine factor and a critical downstream effector of
TG--beta (Yang et al., J. din. Endocrinol. Metab., 1998, 83, 2593-2596). 5
In a nurine lung fibrosis nodel, an increase in connective tissue growth
factor nRNA expression is also induced _by bl eomycin, a known | ung

fi brogenic agent (Lasky et al., Am J. -Physiol., 1998, 275, L365-371), as
wel | as in bronchoal veol ar | avage cells frompatients with idiopathic

pul nonarfyf SUSNEivs Qweﬁﬁﬁpp%ﬁﬁﬂgar%n séiboptdsi skim doapadiessn socheald hy

nonsnoki ro jeects, 4ndicating_that ive tissue growth
fact or Fg’g it%\%g}cve%cifﬁp{)%ggfi blrog%rlgll%ir gﬁ(ﬁ?}e %ccé)i;%%%%%gt 0 }T%][s%?/g'( ASSET et
al ., AmcigsuBespi eo§ehbphbllic Bi PhsciilOB9, 2hodif3F700)fasinidiad |y, ddy an
experinental nodel of 15 proliferative glomerul onephritis, connective

ti ssue GHBWYRTEECEOCHIIE U es T OM9RE1 S r bAFFYel PEddediantor mRNA
ext racapil | i al.projl i | es) . ang i reas.of .
per i59l o?r%r l??c?r&e?'?ﬂrgg?g?gT%er ega%%/\;%%éne\rigll afﬁ%rgér:crslle%t ?\?Iggto |% su%fgfngﬂlt%

fact or ovesespressi ont tosues dedneillulli2g a e | Kibgenpr egill @idwn ofiuhigh- bet a
protein e gromh factor expression

S nd the fi netics of connective iss% ]
st rongl%%@b@‘é@%c"é b1 YL SG oAU EFES epdPIelpo D yRRBWIEREEM of In
TGF- bet@ahdia £i S ot r [ nal-i Lpj (¢ 0C.
Nephr ol BE0, SPERCEeathel A FIbrbRTELIDEY, e Bhpeatpef Togd

5,876, /30 | 8iemsbbsentt i aldnpenfricver tissaeed ipoiolyepemte chacanterized as
hayhng .a 1 No 1 d,sequence cor.responding to the carboxy. termnal am no
ac?“()js 0 rEa&"%{:gonn gg %N\gg tiq’{;as%téoxérovj\?tsn fag?ﬁ?‘gf%?gpr&réi n?él'\ﬁner%f:ﬁo{“ﬁé
pol ypepidnga hateran, amhnanagy d 3@ e86quUessRebEBNIYIG Ale aGBQAC] Hakesi-due
247 or 248 fromthe N-term nus of connective tissue growh factor, an

i sol at EFFFGRFHAY eot Fde SetfiRthce SBAEEAIAY t enQondemRarakigsusogr otk
fact or JpolrY PeRIGRE ac&’éﬁﬁﬂﬂé”f\?ﬁax%@éﬁﬁfﬁ& n g\f.%g}t(?{ %‘QEEBr—b%_taCO?’}'&ggz a

sai d pol ynucl eotide, a host cell contalning said expression vVecto
phar mebetti calMewspodi vindn Bohpstschg dlher@peati caldtalef f eciove aypunt of

cg@wec%ggz%g?sue growm h factor polypeptide in a pharnmaceutically
accept abl'e rier. 5 Antisense oligonucl eotides are generally disclosed

(Brigstock and Harding, 1999). Disclosed and clained in U S. Pat. Nos.
S, 783, ¢8nebt 588, 2¥0ssue growth factor has been mapped to human

chromosomal region 6g23.1, proximal to the c-myb gene, and
chromosomal abnormalities involving this region have been
associated with human tumors, such as Wilms' tumor (Martinerie

20 et al., Oncogene, 1992, 7, 2529-2534).

Tumors with significant fibrotic and vascular components
exhibit increased CTGF expression, and CTGF may be involved in
the pathogenesis of pediatric myofibroblastic tumors. Of 12
pediatric tumors examined, all showed moderate to intense CTGF
25  expression in tumor cells and/or endothelial cells of the
associated vasculature (Kasaragod et al., Pediatr. Dev.

Pathol., 2001, 4, 37-45).

Connective tissue growth factor mRNA is also specifically
upregulated in malignant human leukemic lymphoblasts from
30 children with acute lymphoblastic leukemia (ALL) (Vorwerk et
al., Br. J. Cancer, 2000, 83, 756-760), and both mRNA and

protein levels are upregulated by TGF-beta in Hs578T human



6, 232, 064; 6, 150, 101; 6, 069, 006 and PCT Publicati on WO 00/ 35936 are an

i sol ated pol ynucl eoti de encoding the 10 connective tissue growh factor
pol ypepti de, expression vectors, host cells stably transformed or
transfected with said vectors; an isol ated pol ynucl eoti de conprising 5'
untransl ated regul atory nucl eoti de seq#ences i sol ated from upstream of
connective tissue growh factor, wheréfFn said 15 untransl ated regul atory

nucl eotj de sequences conprises a transcriptional and translational

initiat PERAFEQI CANGRI WiFerds nigai @ mr%@anﬁemwenab@ea,ret@@hsamng

el ement; j ated_nu [ i,d_c truct conprd_si a _non- codi

regul at %Irléesggggngg F‘goﬁgﬁé’gt%%& F&am rn(L)&r;qcé:l gnfeac t_‘lr})\%ce atrffgs%ecﬁbggFa\}vt h
factor dGHE)rgeme, cfilecebn saifd mor-bediang (vagdl atar y Slequence i @1 9gerably
associated with a nucleic acid sequence which expresses a protein of

i nt er estIR LGP Sentetdry, Whebei #3sa? 29 huedBf L aci d sequence is

het er ol ogous to sai d non-codi ng sequence; and a fragnment of connective

tisgue Zp growh fact an y j;de havis bi it I.hduce ECM
synt hesi s, collagé% gyn?hé@%ﬁg%ﬁgéogﬁﬁ%%Yib?%bﬁ§§¥k%%¥$e%énf¥§%ﬁ%%Flve
conpri ilfpun @HovG-haci hcEquenuNZencodetedyiat  |isastales®n hducexonpy of

whi ch” PESERE (T < 4658t o PHUUE LG CORRGEL FIERE! SLEERG 6% FiTactst. oo
expresehg@ioand a 9w hogl7of dhagnasing aPatdol ogicah Sﬂ&ﬂd&%é&ﬂfct
suspected of having a pathol ogy selected fromthe group consisting o
fi brot F@VaPSe £l ndf BehePaséPaESSs s, th hed hendidel ¢ - Bulwonprivsifidomds & ni ng
Geriet ad BRERPRETYD e SR Y, SROFERBEELLORULS, HEREE Ny AeRmastoey T
t he saapherblonsthgesubj ecindbcevimpar eghdt® tdmrdeumelvefl tissue growth
factor is involved in the fibroproliferative response to
injury (Allen et al., Am. J. Respir. Cell Moll. Biol., 1999,
21, 693-700) . Similarly, in an experimental model ©of
15 proliferative glomerulonephritis, connective tissue growth
factor mRNA expression was strongly increased in
extracapillary and mesangial proliferative lesions and in
areas of periglomerular fibrosis. The early glomerular
connective tissue growth factor overexpression coincided with
20 a striking upregulation of TGF-beta proteins, and the kinetics
of connective tissue growth factor expression strongly suggest
a role in glomerular repair, possibly downstream of TGF-beta
in this model of transient renal injury (Ito et al., J. Am.

Soc. Nephrol., 2001, 12, 472-484).

25 Disclosed and claimed in U.S. Pat. No. 5,876,730 is a
substantially pure or isolated polypeptide characterized as
having an amino acid sequence corresponding to the carboxy
terminal amino acids of a conneétive tissue growth factor
(CTGF) protein, wherein the polypeptide has an amino acid

. 30 sequence beginning at amino acid residue 247 or 248 from the
N-terminus of connective tissue growth factor, an isolated
polynucleotide sequence encoding the connective tissue growth.

factor polypeptide, a recombinant expression vector which



5 connective tissue growh factor in the normal standard sanple is

di agnostic of a pathology characterized by a cell proliferative disorder
associated with connective tissue growh factor in the subject. Further
clainmed is a nethod for aneliorating a cell proliferative disorder
associated with 10 connective tissue growmh factor, conprising

adm nistering to a subject having sai dSdi sorder, at the site of the

di sorder, a conposition conprising a therapeutically effective anount of an
ant i bodgoBEainggneaidt heo byfuchaot bilads & o hmsineceille tossaéngnowt kafiact or,
wher ei-n ' nt.j bod r. fra nt .15 thereof does not bind to PDGE. .
Antisenggs%glsgtl)éhcl\gg)éﬁgaésa b & IR P H 20 o CUR 5 bt BRI oF SFPRT 3§59

G ot endar sheaageBeadham, 28¢bcc@vet endRmnyt AMdEradhalte 2000508 g&smﬁr st
and Bradham 1996; G otendorst and Bradham 1998, G otendorst and Bradham
2000). DACEPEcPOde®eRtddd aifed i PhPCRFEBEcatlvn 2R0PT/EDAgE8casr der .

subgt anf i r i .td ssue_gr h t or,.pal.ypept i or

Fundt; oo 1t B IO LS B it S BhBsr TRyt EE R o LR Ses bRebai ng
sai d parypeptding saiad ppl ynucl eoti de sequence wherein T can also be U, a
nucl eic acid sequence 25 conplenentary to said pol ynucl eoti de sequence, and
fragnent.s aof sajd sequences that are at | east 15 bases in length and that
will hybrd Oz'?eeafi AHRACHATERY%e Ao dEsS t nB2&ani N8SaciPd 'Sdqiddifoe f08he270;

connectg,wa1iceie gsowsh, aetor @rqdel dpgindghamodeimat eP_hBl@ic%@i)fmSt reéagent
conditions. Further clainmed is an 30 expression vector including sai
pol ynu®0detio%dd, aalest 8Bl | ssabhyedr amsdbymedlepthdsai devecdimg anthe

anth bo .bj_nds sai d polypeptide, and a Jrethod. for producing, said
polcg/pe%t}sf’%ille%?:ttﬁuret hetrﬁ% %1%msciap"‘fOs"y‘%[ﬂi1 met RS For ?%ﬂ‘?%??ghéet he TR of
- 7- coneetbirse thesste @i h frailer ichadsEelinegonpri st FgnspaEtesdi Ngh the
cell with_a pol%gpucleotide which binds to a target nucleic acid in the

cel |, Whefei "SHLTN ynaBl eotT R i bPCS YEHE Le0priessi oRoBPT é8ARECt i Ve

i ssUeagieoukb1 6 BEHOT rhBuSatBeycebl.cavhenein Lhenaalouuucleahied s Ay

anti sense pol ynucl eot i as we as a kit for etection of conne
ti ssueups bveanf aet orcexpressven tiogure sigupwtitarfdaromeandiehaiing said

c art i to_receive one or re.gontai ners, conprising at |east
o;‘{ugpco‘ﬁ?g?%%%i%g%?ai RS OLY | €3 f%ﬂgléﬁti §€r‘?§’eenéﬂe?sgonﬁ‘8§“85%?8§ t It
bi nds teacenntstiveali Ssurl gr evkhsfiactionaiSchihdtigtiah. . 2090n Disg osed

and clained in PCT Publication WO 00/13706 is a nethod for treating or
pr eve ASHFE 1 bEGdics, SEABSRELhOES cPFFErRgtadnt e5ReRFi Vg tolemenibj een i n
need ane£ff&egii vg unt..of a hat I , Legul ates qr ‘
i nhi bialtrbs t he exprlélégfag%oogcalgi w?@gg?&%%nngggﬁgj\%gsﬁ% sueégr SR PG or
f ragnerdsiidisymofsecanenadbei ebhathd agentirdam dArantd bodyneaniaat ksgrsR

o] i gonucl eoti de, or smal | ol ecule. The nmethod is directed to treating
%gneﬁrﬂ“%&bsg%é%% 2&-‘?8@? atdEd G endres8i R §6iGer O iGPPRY | EGPHLatory

éorrpl isCAIcR% as5$ 06| it i hype L on | s€e
Deni chi | i, 2000). Dbggié%ggd %n%é%?%ﬁ%da’?%hpcf# %E%P?%gt i%¥%§8®g55f7 is
an i sthacéd exOreissasci & nrstigiel conpr i siteresnucdei camti gdesequerNe,

encodj . pol ti_de -conpri_sj. an_am no acid.25 sequence selected froma
groupb@%ﬁ%rl?lsi%gfmc GEdhetFRVE s st &%ﬁwq#%%?‘b?),toanaaﬁs@\/& a
nat ur achecotdngyvaseantnok ;an sl @ adrhGRMUENEE sebeehedcfvam sakd,group,

g% Weilﬂlﬁﬁas a_nucleic acid nolecule conprising a nucleic acid sequence

- éncod

Wﬁhpgﬁfﬁgﬁti@'%hp??%yﬁﬁp5ﬁd§mwi§@ gthe ability to induce

ECM synthesis, collagen synthesis and/or myofibroblast
differentiation, comprising an amino acid sequence encoded by

at least exon 2 or exon 3 of said polypeptide. Further claimed

is a method for identifying a composition which affects TCF-

30 Dbeta-induced connective tissue growth factor expression, and a
method of diagnosing a péthological state in a subject
suspected of having a pathology selected from the group

consisting of fibrotic disease and atherosclerosis, the method



30 sequence selected fromsaid group as well as mature and - 8-

ol i gonucl eoti des are generally disclosed (Prayaga et al., 2001).
Hypertrophic scar formation, in particular, is a major clinical problemin
t he resolution of severe burns and can 5 give rise to exuberant scarring
that result in permanent functional |oss and the stigma of disfigurenent.
Annual |y, over 1 mllion people requi r@-treatnent for burns in the United
States. The incidence of hypertrophic scarring follow ng burns is a conmon
out coneCPRAr1EiL Bt esoktpimiem ¢f 18aspbenvuismepiedide ofThecehtréndmg

i nhi bit such_as_an antisense. oligonucl eoti de (ASOl shquld be
hi ghl y g??g%f%géi n Jr%%é%ti F The? se&@G%SfF “of W%gﬁ%ﬁfop@@)ﬁ?&gﬁgg a
subsequenf fépehoensn Hhes lasidViéy eenhdchbevevalivaued gnowp! ¥4880r in

formul ated ASO topically and nonitoring the severity of the devel oped 15
scar sUBRRqUEAIPYD J&@brrithg ofubhecburas ©NERTRY B® athst t Aayelveoffar get

foreno i 0g. hyp hi rring for. several reasons. a.cofactor and
dovv%st ?éegar%{én@g% %o?ié%egﬁgﬁ%%%r ﬂla(%cﬁ:z,l%éﬁ—engﬁ? r%né%r e%zcearﬂ%aar%?amg Ecific
target ishandigknddtior TE-pR foathenegs r estachAerietul By t her apbes

ai mred at_ sc riagtg{ %art icularly since TGF131 or TGF-p2 has pluripotent
ef f ect ?rl%% ¥ seAPOFerAat BEFOAR LRI tVHRE CTePNeSF VR e TEFSUS1 or
TGE- 133 ricidepesient - f UaCthang il R Nt 1 id I gghhe t

woul d ?e negl ect ed Il‘oy ant | -TGIZJ-&?Bl or E%iérzﬁ%a%té%?(ggl eg. %23%%2%%%8%
advanceégeild oxeddmst andi aglLTGPreli beeativecaudhentday fadsosisted nulthpl e
or.gan .and .i.n. chroni c derpmal di seases _such as .scleroderm, CIGF s
roles ?éﬁgggt% éwsécetfrlrslsﬁlge ahd’ ‘”\’/ﬁgl'lﬂn%raacf1t—ecélllT I ng°PRRAF WP a PGB LSHSE I | [hat .
Cur r enslipj etherm gy neak@odi sblreieapeutd ctagepiseMychtB8 efikesidatel vy
inhibit the s¥nt hesi s of, connective tissue growh factor and to date,

i nvest FEEPPT &t PPRatEYIRIs S d 2at Chererp et Fhep Ebyin eftfiant iMes sgmognewt it
fact or 5k UNgh{ ORoBRY Eor - FrradiViol v S sqi but yrat e B
functi%n bl ocki%?ant?bodﬁaes aﬁr)l% g%%él{%%geeco |%o(r%%c eot :gc?/es%tcﬁn(e%%%/ve
fact orsi@¥eebebireved t dapltey,an whypmirantsaid e antbbodlyt herdevielsgpreit and

vent.i man_cancgers, jnc ing 5 breast carcinoma, The dietar
ﬁligrorr}gu}{‘e(r)llnee%% Elé@si &0 %E]Ibdr eé?ldE’ﬁfd’%dgcbtntdfs%}%eesﬁbﬁoﬁ?CQj?@Féﬁﬁss@ér%h and
fiber garskaBl@ patigri oweaM h (GeBLBhbekstthat 20hbi at esrs@ddasi-df er eptd ation

of many cell types in vitro. NaB exerts its biological effects, in part, as
a hi sﬁ\/ﬁ?@rt?é’é'ce 0P hs e Grakepidoss i prdnBardhan, @Gl | @rotentleorstndunces

apopt g}, | 4 h | st epn: -res %@%'_ve h n.breast cancer
cells, "and can a%?igilatbgo?l%?l@}es‘:ﬁ %Ae)%egrlg%%{“\’/eg I"n ’ce??g%%ﬁiarﬁgré‘?t%
dependinagihem,celd0G)ype. NaB specifically upregul ates the expression of
connective tissue gromh factor in a dose-

20 Disclosed and claimed in PCT Publication WO 00/27868 is a

substantially pure connéctive tissue growth factor polypeptide
or functional fragments thereof, an isolated polynucleotide
sequence encoding said polypeptide, said polynucleotide
sequence wherein T can also be U, a nucleic acid sequence
25 complementary to said polynucleotide sequence, and fragments
of said sequences that are at.least 15 bases in length and
that will hybridize to DNA which encodes the amino acid
sequence of the connective tissue growth factor protein under
moderate to highly stringent conditions. Further claimed is an
30 expression vector including said polynucleotide, a host cell
stably transformed with said vector, an antibody that binds to
said polypeptide, and a method for producing said polypeptide.

Further claimed .is a method for inhibiting the expression of



15 dependent manner, stinulating an increase in both nRNA and protein

| evel s in both cancerous and non-cancerous manmary cells (Tsubaki et al.,
J. Endocrinol., 2001, 169, 97-110). TG--beta has the unique ability to
stinmulate growth of nonnal fibroblasts in soft agar, a property of
transformed cells. 20 Connective tissgz_gromﬁh factor cannot induce these
anchorage- independent growth normal rat kidney (NRK) fibroblasts, but
connective tissue growth factor Sénthesis and action are

essent | SPPBFFEFYBet a-1 SRR eddhEHEFage dHeRpendBnce? AfElHodi smPEising
connectbygr4LESHE WM Refiact,or s pﬁ&@%ﬁ@éﬂgcmcﬁ%gﬁ@ﬁ 'hebguged

anchor age- i ndependent growt h, and asts transforne
const r ucaregpr essilieg ¢ hectdnriect the ttieddye whremein f atorpgeyweutbedbéde

anti sens olai ent EEI on were not responsive to TG--beta in the .
anchor algrg'-”r tepehtEnPraRcH sy (RARAPETFi CeESHP. ITOHH Gk 3D
Di f5er.5hd 992618, 6lgh8)eidheseLTHoophLEEREE18XP 6881 NG NRG el Lsyuer e

al so used to show that TG--beta-stinulated collagen synthesis i's nediate
by conmechyrecigesside gr oae h watior asi ndi catiitng fioat tdennetetiectidssuet

growt h or,. . be. -10-_useful target for antifibrotic ther.apies
(mncarg‘fogﬁeé{;l@%asgbgﬁg? 189 W%Efii %ﬁ%ﬁ?g%f?r%ﬁ?%n-uﬁtoﬁ‘é’@s rgi on
(UTR) efartrhieehuneansonebely Vieorpsstierdf O fed aeborraJNAHEBhE BV ehdte

consensus sequences 5 for regulatory el enments. Wen the 3'-UTR was fused
downst CORRBE SrepbPTRFLERE, 3E WEISFoLPRISt COACR AL a SPREAFNENS- aREi ng

r essi el n e I - HOR id | arp, er
e T L R N Aol
human &ndsteugeoetrimdatdtwe tiSsdmd dk0 egr @dt.h f200@r. 3' - UTRs reveal ed a

conserved smal|l segnent of 91 bases. This region was anplified by RT-PCR

from se_fibrghl.asts and d make a chiner| i\an construct
f or a%#@g?g%g i?éarecgraels%el(f/elgffggfs.ﬁl%%elce% Fed ne@p(@gépgsshﬁ gt owt h
fact orm@chBR i fori t heredthitngense obrikentinant | SENSEs DEj entaki omdiathd
strong repressive effect on transcription of the reporter gene, indicating
an or | eTHRT + DAY n FEPEHeHeRr W19 t (% pediHRi’FYy drenBfed( IBhdeidecdive

Bh gCheshioBh OPBYS -arReSgefPMMA 5048, 1i3ui2ths APhoROREOLNIGRl e

anti sense ol igonucleotide, 16 nucleotides 20 i'n I'ength and targete o the
translepoeesdni ati @rstarty spfe comseatsiort t bisahebigraxpr eSatbarofor

connective tissu rowth factor.and,.suppress proliferation and pigration of

bovi negraaﬂ%l%sgaggleogndoqrh | TBETESH sa?% éﬁ’p et ¥ Shf %marétffbog;/, an
antisense oligonucleotide, or a small molecule. The method is
directed to treating kidney fibrosis and associated renal

20 disorders, in particular, complications associated with

diabetes and hypertension (Riser and Denichili, 2000).

Disclosed and claimed in PCT Publication WO 01/29217 is an
isolated nucleic acid molecule comprising a nucleic acid
sequence encoding a polypeptide comprising an amino acid
25 sequence selected from a group comprising NOV1, NOV2
(connective tissue growth factor), and NOV3, a mature form or
variant of an amino acid sequence selected from said group, as
well as a nucleic acid molecule comprising a nucleic acid
sequence encoding a polypeptide comprising an amino acid
30 sequence selected from said group as well as mature and
variant forms or fragments of said polypeptides, and the

complement ~of said nucleic acid molecule. Antisense



al., J. Biochem (Tokyo), 1998, 124, 130-140). This antisense 25

ol i gonucl eoti de was al so used to show that connective tissue growh factor
i nduces apoptosis in MCF-7 human breast cancer cells' and that

TGF- bet a-i nduced apoptosis is nediated, in part, by connective tissue
grow h factor (Hi shikawa et al., J. Bigl. Chem, 1999, 274, 37461-37466).
The sane antisense 30 oligonucleotide“aas al so found to inhibit the

TGF- bet anedi at ed activation of caspase 3 and thus to inhibit induction of
TGF- bet al iedhucédospdpsosasei nghnasal dyr t itsshosed miBragagal | et( HASCO),
(Hishikggﬁ Ft al., Eur. J. Pharmacol., 1999, 385, -1]- 287-290), This
antisen % i gonucl eoti de was al so used to bl ock connective tissue growth
fact or expression and denonstrate that high bl ood pressure upregul ates
expr essippeptrepnbect svart i HitengidM,h fact opakniersargi aliscelds, mahgh in
5 turn enhances ECM protein production and induces apoptosis, contributing
to the ¢ehobed! ngroblislsahli tsndeaPLRaeB| Wiyl EA¥PER0SYERDsiEnd Heshi kawa

et al., Bi ol o Chem 76 -16 : segye here
renginég%Y?cni}%%ﬂt negﬁggg%ﬁa di Fégéﬁafo ggé%tsr%%%ggleggfn%%¥%%%ﬁg |y

i nhi bi tiwngecionmelt ilvsst | aade ghewdt ifgact oo £f udcs £ bgureméfe . Suhmanyl 0f, t he

I nvention This inyention proyides conmpounds which cqnprise nodified

ol i goniti<ot ildeE‘liEﬁﬁFi s?%‘@piiﬁ- ﬁﬂ%d qﬁﬁﬁ%%eg,orpr PEPSH Y2 cofB®i si ng

20 or amnilteast &ZakieBked twel easidefond NObe PrgfseablypRtcl eastads Linked
nucl eosi des, " of which is capable of inhibitory expression of connectiVve

t i ssue foddosinoPrairng eli® | ealcaR@otEIC sshpdsi t | RSaE8RpAl sinwplde of

antd sens, 0 ; e i i re. .nrqvi ded r provi ded

o eERDI R M ad D LILERLAR BhC B e L e A cease
or condntieenass adliafcedivl ddt {FéF ( YO adBhaiud be rden gh Hgh B0 @iftf e@ft ischin
conpounds effective to inhihit expression of CTG-, wherein the di sease or

condi t PERVFREATHy plerr SISVETE W sBEdé?Y,p%‘iHP%%aﬁE@F SangUPPBABERE to
di seasgsrnkur gk RIAVRARY il qreddod,of useddchpg a%%l%z‘i%@ 'ﬂ&xﬁ\ﬁﬁﬂéa ng

from wound heal i ng by admi ni stering an anmount of su conmpounds eftective
to i nhhBPt opressivnapd QraEitorigy Briief sBesedityt i 0 ofhe heldRigiuomsi

F R h rget egnents .or_.regi ons on the CTGF genom c
sg§ﬁeﬁ%%?§p$¥§%%| §£§xg§ §§F§£?é89s85néﬁﬁé%“563inst whi ch anti sense

ol i gonucl eotides to CTGF were made. 5 FIGURE 2 shows the targeted segnents
or regiTE® mayt e GIi-anfRidacidquenceragai st Wivdll aningehy®ertrophic

ol i gonucl eotides to CTGF re made. FI GURE 3_provides a graphical
repr esEREEIHR PG hECYBEREngF ASART i sdifseol § %E‘Pjéotqrﬂ%s%to Tia9g exon

SequenReas; Hbat Ne, 0 1eEGp MR seghence | eindmhihit | orfeeHE expressi on.

FI GURE 4 shows the target segnents or regions on'the G- genom ¢ sequence,

pri masdacifitg ortargeet edhangn@/Fs flagaimstTGihikh afef segeneobiigenteldeot i de

tfbcjggf@%ﬁiégugﬁerapies aimed at scarring, particularly since TGF-
Bl or TGF-32 has pluripotent effects unrelated to scar
formation. In addition, CTGF may have TGF-B1 or TGF-p2
independent functions in maintaining a fibrotic phenotype that
would be neglected by anti-TGF-pPl or TGF-B2 strategies.

25 Despite advances in understanding CTGF's roles in augmenting
fibrosis in multiple organ systems and in chronic dermal

diseases such as scleroderma, CTGF’s roles in acute scarring

and wound healing remain largely observational.

Currently, there are no known therapeutic agents which
30 effectively inhibit the synthesis of connective tissue growth'
factor and to date, investigative strategies aimed at

modulating connective tissue growth factor function have



FIGURE 5 shows the target segnents or regions on the CTGF nRNA 15 sequence
agai nst which anti sense oligonucleotide to CTGF were made. FlI GURE 6

provi des a graphical representation of the result of testing of antisense
ol i gonucl eotides targeting primarily intron sequences on the CIG-F nRNA
sequence for inhibition 20 against CTGE expression. FIGURE 7 shows the

hi ghly active antisense oligonucl eoti dés agai nst CTG- and conpares their

activity to_that of two previously designed antisense oligonucleotides
(1SI'S 128y88vafdd thg s19949f2)safisE ey rate), $NaPar erfiurNg-1®1 obbooRENg2. 25
Fi gure k FLLYI : n i i.i.sense ol i gonucl eoti des and
Fi gure %ﬁF%?géggéségge%g?%ggﬁégqaggéggﬁgﬁggﬁgggﬁfisense ol i gonucl eot i des.

FI GURE 8 provides a graphical representation of the dose response obtai ned
for theDheteri fatyoast ave beldkevedado pléy aantingensearsegHelsesnoboldnman
CTG- for,_inhjbiting CIG- expression in cultured human unbilical vein

endot hetial da¥91op eARE 1B19Y8FL0R RigatiWecoREREPT Sandl Behuehtds

124838 g doAdddc Aidns WOTRECHE BUSLY e8i-0RCH IRANCREES i LN Yong
provi des a graphical representation of the plasma al ani ne am no ranferease
(ALT) (CHEURE: 9Af afidbestpbon abd abi eiimansterase ®ST) 1PErGURE1Q3)id exel s

in mce followng f ks _of tment with 2 . 50, no/ k
ot | soReS 1T et ot hES  Ep8 £hooa e ralks ol Lok Hestarie (2fo 10
| D NO mé@)y: @11 StHpéd8899 BER| Dnbe kefs Thesr esvhbgishaw dhadctdhe

pl asma ,ALT and AST levels in the m_ce dosed with 25 ng/ kg or 50 ng/ kg of
| SIS 41920P3FEEQ 135 NG 3B)SEPRe S| SeatepydassEQinNDikdTo40) iror mATHRRIEW t h

25 ¢/ kg1 4 S i j g4l h in th
ool e T PERRE o) caartr of groub: FOMBISINS oo ased ath S8 mbia SF 18rs
418899e£ SEQUED-NOn-t&8posisaws shgmahi chnebyti ncarase Atdlhand ASIA| ewal s,

above t he.val ues rved in_the contro rooup.  Fl 10 ovi des a
graphi%%ﬁlyag?esgﬁggng qbf ?%%e?esﬁPyogﬁgéoHﬁﬂM ﬁgyﬁgurcﬁgéﬁs G 4E9at nent
Wi th agéberasegol bgonyel eot kgps . shawsngshbat raeibdht, gaiph e ddes 5w/ kg

412295-treated grq;g was significantly lower than the weight gain in the
cont r of¥RF8EHLOB5 Ff GUREIACEHBRs EHatue ntgaeietal facteRt mem of sldse-wounds

i Bgrat .t Bep3r O L 0. -1 .0g. of CT. i sense gligo ot |
resultéa In % stgF%g%?%al%&ggﬁgﬁ%??%%n%nr@'Jgﬁg%%giE§bo§é£gﬂgﬁﬁ%§d | A2
MRNA expriessi ol dwelsal indobesh Tiwmseeress| tend| eanl-yateransiy a@nidaat,

i nhibitian of_ 3 GF_expression_w.th a 2' MOE ified antisense

ol i gorfifth t{?ﬁﬁgéﬁ% %EcgiaseJthEn38ﬁ5§PP#on 85%30IF§ en . - 15-

FI GURE 12 provides a graphical representation show ng significant |evels of
the CIGF-atsanse ehegonuchrotdwhel Presest suBmud adle |ﬁﬁ§f$5 eilays 1Aophbgr S0

mg/ mL (5 total dose) intradermal dosing in rabbits.
fibroblasts 1in soft agar, a property of transformed cells.

20 Connective tissue growth factor cannot induce these anchorage-
independent growth normal rat kidney (NRK) fibroblasts, but
connective tissue growth factor synthesis and action are
essential for TGF-beta-induced anchorage-independence,
Antibodies to connective tissue growth factor specifically

25 Dblocked TGF-beta-induced anchorage-independent growth, and NRK
fibroblasts transformed with a construct expressing the
connective tissue growth factor gene in the antisense
orientation were not responsive to TGF-beta in the anchorage-
independent growth assay (Kothapalli et al., Cell Growth.

30 Differ., 1997, 8, 61-68). These CTGF-antisense expressing NRK
cells were also used to show that TGF-beta-stimulated collagen
synthesis .is mediated by connective tissue growth factor,

indicating that connective tissue growth factor may be a



Det ail ed Description of the Invention In one enbodi nent, this invention
provi des a conpound whi ch conprises a nodified oligonucl eotide consisting
of 12-30 10 |inked nucl eosides, at |least a 12 nucl eobase sequence portion
of which is present within the region selected from nucl eoti des 718-751,
1388- 1423, 1457-1689, 2040-2069, 2120- 2147, 2728-2797, 2267-2301, 553-611,
1394- 1423, 1469- 1508, 1559- 1605, 165919689, 2100-2129 and 1399- 1423 of SEQ
ID NO 9. 15 In another enbodinent, this invention provides a conpound

whi ch cespfitesaagabdifbirednsliifdbmotlieottihderapdesi dhumganf et2-80. | | hhkedb

nucl eosi des | east 2 eobase sequence portion of which is present
within {he %%S?Onfim %@Z%’dl?gah‘nucleotides 2540- 2559, 2568- 2587, 2623- 2647
and 2623-2642 of 20 SEQ ID NO 10. In one enbodi ment, this invention

provi desh@ cPMP@urEhil £hegonpedses a(umd) fisd odHgomicheot i denseapiisi ng
12-30 |inked nucl eosi des, at |east a 12 nucl eobase sequence portion of

whi ch i BL97es efrOMtthi FRAbeT eciFe Beatenceyeyatl f 6PRASNAUSEG 2GUENMNSs: 28,
30, =39, , 4 5 , 5 8, .1 166, ef erred
b3 it SROTHEL R st et M S Lo B0 e Rl 5

l'i nked cfud eospaleser npeee pr &t ewabl Yoahdl eastict4aki nket ruus) enisd st 1194
which is present 30_.within the nucl eobase se uegges set forth in SEQ ID
NOs: 2&CPHFSSiye 48lemsntag angl t8g isgnsaed ' 78TR 1WA ng ®erilanes. The
sel ect iR oétf&eg@rsgqtf%@%e.s YRshses eer ned byrsgEeenidlg resybhs present ed
in Figures 1 to as well as results froma dose response study in human
unbi | i 648%ei.n Comahbsoml odel the( Mwed) IFlgmoess) . coenactivef timsue

e ri n t re ovided in Exanple 8 in Exanmpl e ,Sectign
peltbw SERE argdet damrsl Y it d & R Sared "the 8t 6 Bbete Borty

i ntronbabdsexahilaArgedicg seguengesififd apgeRTHGROIF @ aNSHEWET Woldy/
defined,regjon of the nucleic acid. For exanple, a target region na
enconpgégrgbéasEﬁR,ané FISRFRECafEd M SRIBETAt FE 1o coanpETRESI &Pr a
transl ahkopsigi tHati ppsr egbphesthaas! akkapcker mrpat i RyLEd| %mgct%}éer
defined nucleic acid region. Targeting i1ncludes determ nation of at |east
one tatfgesusegueavtiho phcthran3antilBenss cempband hirbri dermes, suchthkat a
dgﬁired e{fg&é OCCUr s, Ig.this e%podihe t, the desired. 15 ef%ﬁct is a
r &duct TN T A HRNACT APYERCAGE ef'@hcifd IVEY  NMHITHT &' SeqBEAEES webh

appar efftasdt vt yorgr et @hd hedo@r ext oyshy, dasidred isrfAUSNCEs i sHeR +asnSEQ | D
15 (I1sjis_124238), were identified in both exonic and intronic sequences. A

numberl HICRRAASHES onPE ( SEOSNO raPs)atpmly exBAPRSRSEQ (Yasideg, e 80, .40
45, 52;; d gt i I i a t e shgnkbi,gantly nore active
%%&ﬁqé}ﬁ‘. g@pkﬁ}w%&%i g@%\@ﬁsgpﬁé’éb, 978€ :ﬂg %%'45 y v

t han ot her sequences. and 40 were sho 0 be highly
effective inhibitors of CTGF expression in the original ASO screen for

act i via yphdaphoshbhnmohtee)anTos éus € herl igcamiaieathialder 1i6hi su@beatgdesn t he
nRNA, r epr esent "hot_ spot" tg target with ASOs, .an _additional ASO

gﬁeﬁggﬁ‘%’ﬁ%{:ﬁDaﬁtsflgg)r%s?dgegf)gn%%d,t S qlsorﬂe%?ldﬁéé%tl(?nhy%i:?ﬂ?:ze to

sequerded, Usiadpsiseamd tihosiefar eoed sk cpFQNOscoRfeantv40. + Thi§ASO

(SEQ I D NO. 166) was al so found to be a_highly potent 30 inhibitor o? CTGF
nRNA §%présisi 6ACtaBENDABEr 2P VRGTEREt PhPsiSeraténnof anfle TIGFaRNA | efan

attraghi,YRel 8, AL 102 L80 98 WL ARA { M BLEPES 1n culture (Shimo et
al., J. Biochem. (Tokyo), 1998, 124, 130-140). This antisense

25 oligonucleotide was also used to show that connective tissue
growth factor induces apoptosis in MCF-7 human breast cancer
cells- and that TGF-beta-induced apoptosis is mediated, in
part, by connective tissue growth factor (Hishikawa et al., J.
Biol. Chem., 1999, 274, 37461-37466). The same antisense

30 oligonucleotide was also found to inhibit the TGF-beta-
mediated activation of caspase 3 and thus to inhibit induction
.of TGF-beta-mediated apoptosis in human aortic smooth muscle

cells (HASC) (Hishikawa et al., Eur. J. Pharmacol., 1999, 385,



-17- In a certain enbodi nent the antisense conpound is conplinentary to a
portion of the region of CIGF targeted by active oligonucl eotides which
stretches fromtarget sites 1396 through 1424. This is the sequence space
targeted by Isis 5 418899, 412295 and 412294 (SEQ I D NOs: 166, 40 and 39,
respectively). This invention also provides a conmpound which conprises a
nodi fi ed ol i gonucl eoti de conpri sing atlreast 12, preferably at |east 14,

| i nked nucl eosi des, the nucl eobase sequence of which 10 is a portion of one
of the 3fitt2Ybase Brduereds ssatsof opilhgonuSEQotbhdOswags, adep 39sed0, t43,

44, 45, 50,, 51, 52 §§, 78, 125 and 166. TFe gntisense cquounds
descriggéxﬂ%reFﬁQEﬁ$ or ri§éS§Heoli85RU5Peot 3% %ﬁvirﬁfgﬁﬁﬁ% 29, 1340 20,

and prefeicadoralid 1Ehd®© ROghi Bkeddngekesairdespreguone cemeagirmyydi i bhe

invention,the nodified oligonucleotide is a single-stranded or a

doubl ecormfddy | Fyorvel esomtd fartor in mesangial cells, which in
presenti.nyvent] o] i ri.cc rdi tisense
e B S i J i s e e S

mol ecukeatenbadiimg cooneche verdniila gy owtth fasangiuml tamdt ellyt itk B i ng

t he anDEnt of _connective tissue,%romﬁh fachor produced. This is
acconpFiSRETUEPSHIeFCSiicy ARt FRER_WACSHpoBhds whi cBSPeci FReRt Iy ARk di ze
25 w t hygne @k oRuR@gpugl ei ¢ aci ds encodi ng connective tissue growh factor.
As used herein, the ternms "target nucleic acid" and "nucleic acid encoding
connective tissue growh factor” enconpass DNA encodi ng connective tissue
gr owmt hCeagearenRiK, (i Heearli mempiasniNAlaRg nFRlN) negascidbheaddidrmanach DNA,
and 30 c pved. fr N s jfi ri.di_zatiaon of an

o tgoradPd®s o DR ATt ol B | (RGeS e
nor mal gfemach i Bacobrt Benaudbei.c acid. This nodul ation of function of a
target nucleic acid by specifically hybridize to it is generally
"antisense". The functions of DNA to be conpounds which referred to as



interfered with 5 include replication and transcription. The functions of
RNA to be interfered with include all vital functions such as, for exanple,
transl ocation of the RNAto the site of protein translation, translation of
protein fromthe RNA splicing of the RNAto yield one or nore nRNA
species, and catalytic 10 activity which may be engaged in or facilitated
by the RNA. The overall effect of suchtdmterference with target nucleic
acid function is nodul ati on of the expression of connective tissue growh
Sppmapy efénther Invepkdopr esent i nvention, "nodul ati on" neans either
an increase (stimulation) or a 15 decrease (inhibition) in the expression
of a geng;.ln: ex . p )Y jon, iLahibhition js.the
preferr2§l§orﬁ$g§ngggéla%fgﬁ}égggeégﬁég%?ggsﬁ@%igﬁd %ﬂﬁé?#%éan%éé%%%?gd
t ar get . o20gdangeeotluigbei c Aoy istarget Regbons andkMdcl eothdeeSeggences |t
is preferred to target specific nucleic acids for antisense. "Targeting"” an
antised%%eg%ﬁ%%ﬁﬁdCPH¢§15€%¥1c%@aprhu%¢e#@a§6i&ﬁziﬁlPﬁ§dcdﬁ%%&@°%$d@ﬁis
| VSNt ifbre | 5r3rAULENS! O PLOACES 14 thahibhe RAURRAe! Ser Lhildh eagh SEQ
I D NO contained herein is independent of any sugar nolety, an
i nt er nudBsieecti nkagbitorysuninresaigensg conpeandseddfiissert: bfaat GEQ | D

i ndependent | one ar nore difications,to a internucl eqside |inkage, or a
nucl oRdEE AL | Ui se B oRpGARHE S AELCPPLEA By (FaTS NiHbeT™ 1 S735 Ro)

i ndi catcvnpRaTHH Net [ 1k ofnviiet EODasEs SEBIENEEoRdedDt i f. I n one enbodi nent,
a target region is a structurally defined region of the nucteic acid. For
exanple, a_ target region may 5 enconpass a 3 UTR a 5 UTR an exon, an

i nt ronFUF tGH ngPFEYLERI a @FansIMRERRES ni Cifat | BRERE4REN, RanAHNDh,

Lergn Nahan d8ghal, Linghdier HhiAgdaniehehceathd aglMon NE et Eal 1y
defined regions for the nuclerc acid can be obtai ned by accession number
f r om sedténc €T¢a alas eaduiohi stseDnNCBin andmsuch i nfor seicdhon danpounds

i ncorpar.ated.herein by reference. In othe dinents,. a rgei. regi on may
enconp&$ efgév§e§ﬁ%nﬁéh+§6 BTG %ftgggg’ogiﬁﬁﬁﬁ%tggsg €3%% hi n
the tapgetcorgyitdivd 0if ' Hyyagirsiie ©of dasether, t augel $£98BALW tdHD the

target region. 15 Targeting includes determ nation of at_ |east one target
segmenf 1PBORAF c H fiPaffs seRYE LA pRIFVINGE | dSzed, Teided haf aredestima

ehect JOSeliS, | PaSEILRALY © [ t [ r eff£at, 4 reduction in

n%NA‘t%rget huclerc a%?%gle@gﬁg.qﬁﬁﬁighégﬁgﬁﬁg%iﬁﬁﬁtg; tgg' é%?fgg & ect

i s recarcdunn of | swehs compounds effective to inhibit expression of
CTGF.




20 of protein encoded by the target nucleic acid or a phenotypic change
associated with the target nucleic acid. A target region may contain one or
nore target segnents. Multiple target segnments within a target region nmay
be overl apping. Alternatively, they may be non-overlapping. In 25 one
enbodi nent, target segnments within a_H;gget region are separated by no nore
t han about 300 nucl eotides. In other énbodi nents, target segnents within a
target regign_are secarateg by no,nore than about, 250, 200, 150, 100, 90,
80, 70,BE8SIcBesgripgaon gt ph

ef sBesgripsion gt fhe Kiguresot i des on the target 30 nucleic
acid. In another enbodi nent, target segnents within a target region are
separ at eflcBrENQ NHEWd haReahHge? ed Wagmbiet £0brdeeAbddechargr! RHgkei C
acid. In additional enbodinents, target segments are contiguous. Suitable
tar get SRERIC s segpdred,oundinerhly eeX¥on UTRroateddi agomegten, agdintAR, an
intron, .or_.an_exon. Target 5 segnments contalnl a start codon or a stop
codon AFE Hf ST ELTTRF & Ja?%?gg%%%%?%.t%ﬂéﬁ#ﬁgﬁ?ﬁetlﬁ? Bt segment nay
specifically exclude a certain structurally defined region such as the
staft GEBURDI2Sishpwsodtie Thegdebar Haiaddmis obrSuichdbhne té gehesagr@nt s
may include a O conparison of the sequence of a target nucleic acid to
ot her FEQHeREEIHD RFRIRSE HehhehoRBL 1 FBRSBX QAPPENUCHEOBLAST dQATIhM may
be useq, @ et ify regions of simlarity anongst different nucleic acids.
Thi s conparison can prevent the selection of antisense conpound sequences

that may 15 hybridize in a non-specific manner to sequences other than a
sel ect EdCUREgS nnpstiglas arigrdphical noepreasgetadionf Lt shget esequences) .

There : riati i Lwity (e.q.,.as defined b ercent_redyction
of tar Sat e OLedink B EPk Ush herSat 1B cShel” iR wihi it

adil veCrargeRNAegegientd @ne enbadiifanh, ofeduclF @RgrdszGta, NRNA | evel s are
i ndi cative of inhibition of CTGF expression. Reductions in |levels of a CTG-
pr ot ei . ﬁgagfo Fndicative of inhibition of target nmRNA expression.

Furt he &% ndt yBREYEhayRes Lar@SthdP B PRES 0fOB 5 TRFHOBS: | B8R JTheTEECE

SXDI ©S56:@0mi £OL cBkRARES, ANNNARASEnt RofPRBNRE R (ddtferd &5 | NdbGELLYe Of
inhibition of CTG- expression. In detail, the'targeting process-usually
begi nsvii ¢y ameliseraei ¢l tavhonlebtidautbelCTCacivdrsegqadece whose function is
to 30 be nodul ated. This may be, for exanple, a cellular gene (or nmRNA

trans%@éﬁﬁkf50§ﬁ5£§ gﬁgeka¥ggﬁes%6%%%%§i%&jf%d¥%%§j5ﬁeghe CTGF mRNA

15 sequence against which antisense oligonucleotide to CTGF were

made.

FIGURE 6 provides a graphical representation of 'the result of
testing of antisense oligonucleotides targeting primarily
intron sequences on the CTGF mRNA sequence for inhibition

20 against CTGF expression.

FIGURE 7 shows the highly active antisense oligonucleotides
against CTGF and compares their activity to that of two
previously designed antisense oligonucleotides (ISIS 124238
and ISIS 124212) disclosed in U.S. Patent No. 6,965,025 B2.
25 Figure 7A identifying the 8 exon targeting antisense
oligonuclecotides and Figure 7B provides preferred sequences of

the antisense oligonucleotides.

FIGURE 8 provides a graphical representation of the dose

response obtained for the nine highly active novel 1lead



-21- wth a particular disorder or disease state, or a nucleic acid

nol ecul e froman infectious agent. In the present invention, the target is
a nucl eic acid nol ecul e encodi ng connective tissue growh factor. The
targeting process also includes 5 determination of a site or sites within
this gene for the antisense interactiagn to occur such that the desired
effect, e.g., detection or nodul at i orf ¥~ expression of the protein, wll ,
result. Wthin the context of the present invention, a preferred intragenic
site i saﬂheSﬁegeOn SEWENFRES| ngft heument ra(JrTéJFat i §ari niimhddiiging  CTGF

term na din Sln as i s
known |lr31 eggg&l ?ﬁecﬁlﬁgﬁg‘ i glﬁlainh cf%)n |%ﬁ$§tp}9%ﬂlrﬂ/ %JG (in
t ranscr gbgdentRA 1amloecul £s; 5' ndféxrivet h@n@@l’oﬂ.ﬁ‘sml e A ey emt@ia t he
translation initiation codon is also referred 15 to as the "AUG codon," the

"start ¥doh?4d2 tdee " PR EtT@Y%O‘é%elbndeS%Qﬂi?‘ﬁoﬁ?‘ﬂye’é?e@enes have a

transl ati on i ni tiation codon having the RNA sequence 5'- - UUG or
5 - 71340 2n MG 1hay e, Degs, s Q%Eht%éu ﬁ i vo.
Thus the terns " r%njs“ ation ?{ﬁl |hat| on codp d "start g co né'&g%n

encorrp@lsarrmrﬁy cmdnmotsnee]méfaneaseeveHLThougnlsﬁaEl nidA)at emdn agpactatén
each inst.ance is i call t hi i tes) or .fornyl net hj oni ne
(in prSKaro rea§35ft€?lrtp é%§§‘?knt)€#;% ﬁ%) f 'CLS ik al'¥ 6Ei ? wing
prokar yohir€ Geses omy tﬂ?é’e@trﬁé&@t Oyi BRI & Rl e RGt iove 56 apb/&kgdadisy 1 A one of

25 which may be preferenti al Ii utilized for translation initiation in a
partl cldoeal eofiderIgIsshb2294 (gger I Pt i T ar ISEF éﬂ2@(9r$d| tSRhs. In

conpeo.olad)fie SLVEBLL0R, g58bal fsEP0af w@N 6k T aNTHAL LA 14,0

don" to the codon or codons t are used In vivo'to |n|t|
t r ansl ghiaon 3@ qﬂamanRAIATnamhLAsat’ ttanstsi bhad threomicagedes edcadithg 25

connectlv ti ssue _gr C reg of the_sequence(s) of such
codons™ E?Z 11*,[%0 Iﬁgég rﬂ)fit/mI?ﬁ ‘g{%fi HaE% Parfdt: ﬁgﬁ t 8F mifR S on
codon- 4op295t QBEEOEPNNo Of4@) gepe eteﬁeha\tﬁt@itezwfméM§eo§e%§z@CQt%8e99e

5'- UAA, 5'-UAG and 5' - UGA (the correspondi ng DNA sequences are -
51- TAGlaRe FD TWA: rlés@ectﬂfﬁvél yf)lmslame ttOerhhe" stemralsodon thyi @rctlllamrl

&’Sa“SL@éﬂn‘?E'léP' LAk ' %ﬁ% » Hégz@ kel d 8‘588%1%?1 afy 3%?52]6 5 g NA or

ene that enconpasses 6" about” contlguous n s in
elthermtm eéﬂ_BBBQ(I(SﬁQ, 5 NO: 31)361)rerm10azst reingliafi et Iyt EAtreAseoden:
Simlar sto codon reglon and 10 "trans| ation term nation

the
codon %re% teé" o a2POVEei ohl'Bf “lLtRCEN CHIGEGRd gt the 6REsFPasses
from ‘25 to about 50 contiguous nucleotides in either direction (i.e.,
5 or 3') froma translation term nation codon.

FIGURE 10 provides a graphical representation of the result
20 following four weeks of treatment with antisense
oligonucleotides showing that weight gain for the 50 mg/ kg
- 412295-treated group was significantly lower than the weight

gain in the control group.

25 FIGURE 11 shows that intradermal treatment of skin wounds in
rats with 3.0, 1.0, 0.3 or 0.1 mg of CTGF antisense
oligonucleotide resulted in a statistically significant
reduction in Dboth CTGF and CollA2 mRNA expression for all"
doses. These results clearly demonstrate that inhibition of

30 CTGF expression with a 2 'MOE modified antisense
oligonucleotide will decrease the deposition of cellagen in

skin.



The open reading franme (ORF) or "coding region,” which is 15 known in the
art to refer to the region between the translation initiation codon and
the translation term nation codon, is also a region which may be targeted
effectively. O her target regions include the 5 wuntranslated region (5
UTR), known in the art to refer to the portion of an nRNA in 20 the 5
direction fromthe translation initiation codon, and thus incl udi ng
nucl eoti des between the 5 cap site and the translation initiation codon of
an nRNAFTBURBr r eésdondirpyides| ect i degraphilded geneprasentaeign unshewshat ed
region (3" R no in the_art, tor to.t.he portion of a in 25
the 3' %thjr%?lnéro;(\r%’ﬁgst r Qhsl épﬁon Ct%fgﬁlm r?é’ttilér?n(,s@dor?ﬁ%%?%{ﬁoig hefudi ng
nucl eotyeeseet gerot Be teags! ahi;on4t arrerakicomgoadon santd otedd @bs@p MRNA
or corresponding nucleotides on the gene. The 5° cap of an nRNA conpri ses
an N7- rigttisadewer judewbigeln estllRiet$ oi ned to the 5' -nost residue of the

30 via a 5'-5" triphosphate |inkage. The 5 cap region of an nRNA is
conSidered to include the 5 cap structure itself as well as the first 50 .
nucl eotDetesl lad] anesdriptidie efthd Enventtignregi on may al so be a preferred
target region. -23- Although sone eukaryotic nmRNA transcripts are directly
translated , many contain one or nore regions, known as "introns," which
are exdfseel®r dimaior | phipeflafeEntiiqns pPransfiated . CIHRORBRARI W (and
t her ef oretr t ed) j 5 . 2 eXO0AS .ar.e i |
{oget her F5 Torm & CaniTrims e SaReTeat1 a8 RBnsTREiAG B ' (1 20
i rtd onléxérd motliconsidemy at sbebstprefler nedelcvlgese r egooraceambarieon
particulfarl useful, in situations . where qgérant sglicin [ iﬁgpli ated in
di seas8&; or e aff oRrPrYluct S a parff¢ifar CEpfi cd55duct
i s inphieakedifasdi seases1Abersagt1 fos| onm43mctdans duatd-@ gaar r gngenent s
or deletions are also preferred targets. It has al so been found that

introndlédn akéd8bd78FfectR0é 23Rd t hePEF6hé préf8Aréd23rar §é69-d§i0ns for
anti se [ un a ed r , 1@ oD 5 - JId is

al so kgig% ?ﬁa?hegg?% Eﬁg%’agggr@ngg??gg l??e%?sw?rzijjptog g%rr%fbf?pl})ﬁfdu%ed from
the sanme genom c region of DNA. These alternative transcripts are generally
kihown T3 "arartileert s"emivbiienapeci filcd | invers-arRNArvariidad s'a acenpoansicr i pt s
20 produced fromthe sanme genqm.c t hat. differ fromother transcripts

pr oducEY ¢ o?r?lf‘%’é_liﬁﬁeag@ﬁglrﬁ ¢SONR 'l_rgoéﬁﬂﬁ‘)tﬁ% rc%l?soljr?tfﬁ?gsf’gpggdépti on
and contratey bet81£8EEEBEC A R ©NAC 1ReGhRNBoldRA £X§hshe8 BbreRenor
more exon or intron regions or 25 portions thereof during splicing,

pre- niNA veRight s IF odBEEsSemEl | S¥ithiA \Fde anr@g;oz;on§eag$@ﬂady, RIS,
varia ; e _ I S e nLguqe -_r%\)fzv i ant
must a vval%g&plg% uc§§§6u2553m51 %%?? an?%%é g%ggsju {13012%;% ic1ng. 8{'hese
NERNA BEQ amt $VGar el so known as "alternative 30 splice variants”. If no
splicing of the pre-nRNA variant occurs then the pre-nRNA variant is

identical _to th variant. -24- It is also known in the t that

vari ant’'s T&h ﬁﬁﬁ% tEﬂi’)ﬁgl‘f'nﬁﬁeemifs%noPré?I‘ftl&eﬁat?vgogipé’r‘l%} ¥BisRart or
stop tbapsekiept i HNmaed filkat 1 eg8RNAS 8Rd dERNASISA: DR§SaDS IMPr 1 4pay one
start codon or stop codon. Variants that originate 5 froma pre-nmRNA or
nRNA RHELegsédaster Afit i Veastara dodomsicdreebiagewn sasiueaiceer RArickenst aft

vari ~1,0f: ot = NRNAy, RRNA. L pt h e

al te?ﬂfe{?icee lsst g%tecoégtn are I%llown as a%:t%:rst?élgl veé%%)o%e%aﬁoar#?ls"ﬂgﬁ%%at
gre- nRNANGs :nR2MA. Bhe SPeci4lc type 4af, ad5 er BAti B St DD, VaKI, ams,i sithe

Pol YA 4 166.

In a preferred embodiment of the invention, the compound
comprises 20 or at least 12 1linked nucleosides, more
preferably at least 14 linked nucleosides, of which is present

30 within the nucleobase sequences set forth in SEQ ID NOs: 28,
30, 39, 40, 43, 44, 45, 50, 51, 52, 56, 78, 125 and 166.



10 variant” in which the nmultiple transcripts produced result fromthe
alternative selection of one of the "pol yA stop signals" by the

transcri ption machi nery, thereby producing transcripts that term nate at

uni que pol yA sites. Antisense conpounds are conmonly used as research
reagents and 15 di agnostics. For exanple, antisense oligonucl eotides, which
are able to inhibit gene expression wlfh exquisite specificity, are often
used by those of ordinary skill to elucidate the function of particular
genes. Thei seisetdonpauhdshase alesmensed, Wway éxaaphinetio i sécngemn shyg

bet ween 20 nctions of variqys nenbers of_a biol pgical pathway._ Antisense
Todul 2t TSR hES PEREFBFOe Lo S TEmds Gl 7 075 r 8800 BF HEBULER TANIR Kits
and di a&é@éttéﬁ%gﬁge artisgense Mﬁ@?uﬁ%iﬁcéfevgﬁﬁs%det'ﬁ‘(é?ﬁtiloncefi%her

alone or in conbination wth 25 other antisense conmpounds or therapeutics,
can be UB&EQs t(Edburien 8l ff Oedatiilsl ahd/tde coxbéndmentalarmhalipses aoe

el ugi dat e expressi atterns, of _a rti of the entire conplenent of
gen%s xrgorvelscgee Wﬁ]ﬁ BReF ]e{hdt]?? g@fﬂgp?f%‘?%‘éjs?%#}%%?‘fErns within cells
or tissues treated with one 30 or nore anti sense conpounds are conpared to

cont r olTieel tefr gt t $SGUERCAOt pireeaheddWith FiureNSE €6MpouRds vl Bden
patterns produced are analyzed for differential |evels of gene -25-

expr es$iio O fREy PEPR aiGRr Ik afBHEENGE S oci At (TG FignaFLAgn is a

pat hway ceelduulan 16X RIESS o L $F ZEne SHEUELHE 808 af UNGU, 0N XA Od.
These anal f/:ses ca?be per orrr%é/ or%\ 5 uns?i rr%?a%e% %gF S a%yrfnqat peP’esence
or absendergetpaguiomimah affevpaespresSsi diTRata €5 hsUTRExanplee®mf aret hods

o P oaFFES B b 52 reORREVi 159 PEDS Lot a0 a0 TP A UGB al

FEES Lettns12000n 480miHAtA-okb)xeSAGHE, (88T iotheanady/sise®f ngeneiexXyEgsei on)
(Madden, et al., Drug,Di scov. Taoday, 2000, 5,.415-425), READS (restriction
6

enzyner 89pPTf i cARFERTOHNId| dBstEedesDNASFerpinakarnang i irssndeasiet lvsds
Enzyno 9 8- e LAn: anglysi

ek arad0eilie 200 uAakn WA ALl goammmson R maLest her,
pr ot ei that raydeandegr eféenitcocchald.s, Tt @is &HkSiimént, 2PAB0Je48@od2- 16;
J bl t al., Elect h i 1999, 20, 2100-10),, d

 25° Cerre e offerit meTtebPPE. L8 niya, CRere®l aret el50ak 1 BV EINIG, Tar sson

et al., J. Biotechnol., 2000, 80, 143-57),
Multiple sequences with apparent activity greater than

previously designed sequences such as SEQ ID 15 (Isis 124238),
were identified in both exonic and intronic sequences. A
number of new intronic (SEQ NO. 125) and exonic (SEQ NOs. 28,
20 30, 40, 45, 52, 50 and 78) oligonucleotides appear to be

significantly more active than other sequences.

SEQ ID NOs. 39 and 40 were shown to be highly effective
inhibitors of CTGF expression in the original ASO screen for
activity (data shown here). To further examine whether this
25 area on the CTGF mRNA represents a “hot spot” to target with
ASOs, an additional ASO sequence (SEQ ID NO 166) was
designated, which is designed to hybridize to sequence just
upstream of those targeted by SEQ NOs. 39 and 40. This ASO
(SEQ ID NO. 166) was also found to be a highly potent
30 inhibitor of CTGF mRNA expression, demonstrating that this
section of the CTGF mRNA is an attractive region to target

with ASO inhibitors.



20 subtractive RNA fingerprinting (SuRF) (Fuchs, et al., Anal. Biochem,
2000, 286, 91-98; Larson, et al., Cytonetry, 2000, 41, 203-208),
subtractive cloning, differential display (DD) (Jurecic and Bel nont, Curr.
Qpin. Mcrobiol., 2000, 3, 316- 21), conparative genom c hybridi zation
(Carulli, et al., J. 25 Cell Biochem Suppl., 1998, 31, 286-96), FISH
(fluorescent in situ hybridization) tegetmi ques (Going and Gusterson, Eur.
J. Cancer, 1999, 35, 1895-904) and mass spectronetry nmethods (reviewed in
(To, Comh. Chem céirghifhr oaghpdim&ateenth2000anBis@B3se4]) compdbtndAnt igsense

Conpounds_In,the context of this invention, the term"Qljgonucleotide"
efor s COTRALEFTEOREr o BOPYRELOBT OF BORICFEFEohrl (O prasted By
deoxyri hepyckebeigehdcl R g WHIRH Gt AdenRef -frUM Scd&Fdk Ssipekudsse
ol i gonucl eoti des conposed of naturally-occurring nucl eobases, sugars and

coval enthroeeh nddZbsi Faighbatkbdie bkenkages aspraed| t@rastiedniyl edsides
haviing =hat ur curring j on i f tio imlLarly, .Su

nmodifi eégf%?@g’gubsﬁ%%fid %?#go%ée%t i @ge%g]a% o&@%ﬁ p?‘g érré oégfi ngpi've 10
forms begapse: DfeDes] rabl e properties such as, for exanple, enhanced

cel l ul ar uptake, enhanced affinity for nucleic acid target and increased
stability in the presence of nucleases. Wile antjsense_oligonucl eotides

are a prefer reySFoinTof 2470 SBRSEL E€B8RpUNFCTEIRIIT e¥BACT nGBRPIdReS 2
conpr e hRRfs U1 Ao WOTEI A6 BBHLPEORGCARPIUALS, 1NCIAAG- DUy NOL

: I
limted to oligonucleotide mnetics. Antisense conmpound nmeans an
ol i gomérsias tec drpoubidhicapablel ebs udder gohrgnhybeobesst iseuuance taf gehialcl ei ¢

acjd through hydrogen bondin ti sense _conpounds include, b re not 20
0 eas & CRPEEHTL! B6e Rt 1 Fbn T dnsier i TuBREs cobrad orb otk

ol i gongeheatp deogt neBi,cs30 ,ant9sease a3l gopuicl eeti d@s, i RNH2, RN, 73,

ri bozynes, external guide sequence (EGS) ol igonucleotides (oligozynes){ and

ot her é??géﬁécﬂé@tides whi ch hybridize to the target nucleic acid and
nodul ate its 25 expression. In certain enbodi nents, an anti sense conpound

has a pyel eQH@%@eﬁégueﬁ%ﬁp}oﬁ?ﬁs WRRIL MM AN HAE iR Rard O S &LT1 AN,

conpri ses the reverse conplenent of the target segnent of a target nucleic
aci d tolwapohcieorsdeatgetioty 12 ¢er t3l.n 32cho3@lentaril nereserablantisense
ol,igonucl gQt | has_a _nucl eghase sequence that, when witten in the 5 to
SJSgirg%t?gn#ggkﬁg-nuS@ﬁﬁ?ﬁggg'the reverse conpl enent of the target segnent
of a target nucleic acid to which it is targeted. In certain enbodi nents,
an antimsenseneonpemnbddtiakget ed dO a thel ei tneehdios, 12 the30 sdaiHits i n

|l ength._ I n other words, 5 antisense conpounds are from_ 12 to 30 |inked

subuni &IPS BRY L &FboHF et sSIRALCAREFEBASE cBFpoinddPEPd eretemnded t o

50, ﬂ%ﬂfﬁéﬁhcgégggag4, 19 to 22, or 20 linked subunits. In certain such
enbodi ments, the antisense conpounds are 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24,
The present invention employs oligomeric compounds,

J particularly antisense oligonucleotides, for use in modulating
the function of nucleic acid molecules encoding connective
tissue growth factor, ultimately modulating the amount of
connective tissue growth factor produced. This is accomplished
by providing antisense compounds which specifically hybridize

25 with one or more nucleic acids encoding connective tissue
growth factor. As used herein, the terms "target nucleic acid"
and "nucleic acid encoding connective tissue growth factor"
encompass DNA encoding connective tissue growth factor, RNA
(including pre-mRNA and mRNA) transcribed from such DNA, and

30 also cDNA derived from such RNA. The specific hybridization of

an oligomeric compound with its target nucleic acid interferes



10 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or
80 linked subunits in length, or a range defined by any two of the above
val ues. 15 In sonme enbodi nents the anti sense conmpound is an anti sense

ol i gonucl eotide, and the |inked subuml8s are nucleotides. 1In one preferred
enbodi ment of the invention, the conpound conprises 20 or at |east 14 -

| i nked wutheobedesrmatierincititer nofli thednatigbauekeédt.i dhilasnadsEquesse

whi ch is_10 9620.ideg%§cal to one of tge.sequenges set forth in SEQ I D NGs:
28, 30,989 TURFLYRY ©Ff %6 tRFISEr5THAGSE66. 2FhYandY hefORUFRES edvhiich
enbodi ngpée1 £ heal Bpd W&%Oftd ntigr est hgsnthgl sgaueasersel festhyin SEQ
| D No: 39 (TSIS?41 294). 1In certainlenbodingn?s, a ghortengd or ?éun%%ted
ant i sens\RN s euppbundlhar ghteckions M| A adiad hes drsienfersdibumi th
delgted fromthe 5 .end (5 _truncation or_alternatively fromthe 3 end
(3'gtrLﬁéﬁﬁ¥(ﬁn?eéiﬁﬁﬁﬁ%é%eﬁn%rQf?ﬁﬁgﬁigalgﬂtiigﬁsguggﬁﬁéﬁﬁdC&%Fﬁ@%éﬂ3to a
nucl ei peacidtanyehade i stbenids dehetetkd1 ombBeidnseflic®r as, for
alternatively may have two 30 subunits deleted fromthe 3' end, of the
ant i sefEEMBdRpoukdanAlesatitivePy, the dd¥iet &@ ntiBPeoSiERes dhy Myt ivper sed
t hr oughout, hheg 4 iﬁﬁﬁﬁﬁiﬁﬂﬂp n [ Nrna 28+ I:Sense
conpound hgbinéﬁg%e nuc e05|dgydgfepg§t éggﬁ%ﬁglgﬂu%nﬁN%hds %EE%§§Pé§%ide
del et edhfer oRNRhec @' yverd.d Wiee cosi nygiree ad@NAi ospécsebunidnd s qateslgrtid n a
I t hened._anti sense conpound, the additional _subunit y .be | ocated at 5
LY 5 S5 T CYn AT B R (S RIS ptnd T Wigh: LAG25FE 1oF e CARdiftPonal
subuni tReargrggsents rehe agiedusubuit S fEyertes adii@eentatPeagh Qtdier, for
exanpl e, .in an antisense conpound having two subunits added to the 5 end
(5 addftfordincdiion t éfnaqdpdiatiqs t RE Fhenexpiesadant iovh) coshechdve
anti sepses10 n ernati y, bypj i.sper sed
i oughoct Tha: aner s cRsE b s e Tt o, 0 Bk P dnee st und
havi ng'medubablont aveesdst oefbkeeb' end andreasesubsnitudddédnto bke 3 end.

is possible ta increase or ,decrease the |len thﬁ an 15 anti_sense

%ﬁéhea

.

c%ﬁpo SRR ds T it Cens éTol FEBn RS e / of i$T4Oduce nitEfat ch
bases gttt 6Fi BhBalgRGAa! | Middnt FoR, exanpbecribh Weoldnet nabeLPLAC.
Nat|. Acad. Sci. USA 89:7305-7309, 1992), "a series of antisense

ol i gorfifde otk deeduBapEoRyOife IFiER SSXPr ¢eHteh ABfeMRESt dés farprhéerrati ity
to 20 g > cl eavage of a target RNA in an oocyte injection nodel

Anti sense ol i gonucl eoti des 25 nucl eobases in length with 8 or 11 m smatch
bases near the ends of the antisense oligonucleotides were able to direct
specific cleavage of the target nRNA, albeit to a | esser extent than the
anti sense 25 oligonucl eotides that contained no msnatches. Simlarly,

t-ar ge i fic.cl.eavage was, achieved using 1 ucl eopase anti sense

o%adl' go%ﬁ%gggt NH&% s licnécgésng HEE \/&%%W%ra‘\’fgrﬁ%ﬁiﬁ"éﬁég gESBRESet al

(J. Natl. Cancer Inst. 93:463-471, March 2001) 30 denonstrated the ability

of anzol i genugheetétechaviceyg 109Page€omplbermEiay | tyuéDeibe Bl NRAK- and

having 3, m smatches to the bcl-xL nRNA to reduce the expression of both

bcl-223khysense. "Targeting" an antisense compound to a particular
nucleic acid, in the context of this invention, is a multistep

process.

25 It is understood that the sequence set forth in each SEQ ID NO
in the Examples contained herein is independent of any
modification to a sugar moiety, an internucleoside linkage, or
a nucleobase. As such, antisense compounds defined by a SEQ ID
NO may comprise, independently, one or more modifications to a

30 sugar moiety, an internucleoside 1linkage, or a nucleobase.



-29- bcl-xL in vitro and in vivo. Furthernore, this oligonucleotide
denonstrated potent anti-tunor activity in vivo. Maher and Dol ni ck (Nuc.
Acid. Res. 16:3341-3358,1988) tested a series of tandem 14 nucl eobase
anti sense ol igonucleotides, and 5 a 28 and 42 nucl eobase anti sense

ol i gonucl eoti des conprised of the squince of two or three of the tandem

anti sense oligonucl eotides, respectiveldy, for their ability to arrest

translation of human DHFR in a rabbit reticulocyte assay. Each of the three
14 nucl RBbasenant | senpeusIdsgorlrgaiheits Y afshe wAkmBsie t ks ki bNp)

transl at | Qr bei : [ d | t 2 r .gucl eobase
antisen%%ggfﬁg%ngc%gg%fggg?oghggogﬁé%e§¥$gFP%?QE%%@S??8§8%§%}%provided
short anti sense conpounds, i ncludi ng conmpounds conpri sing

chemi cathyonedidntediimeagit,afd i nhrgeronenEic 84 0al6 tromanerss liyn depghbddThese
15 short antisense_conpounds were shown to be useful for reducing target
nucl ei FeFIMR hdFBE PrGéErss aGitel 180T t F§§H€£?' aftd FAXIIRY G i PRY eased

POt SNCYeARBhb AL O%e G d NGERPeUl £ | BARX. NOLkoaNt IsPnse: FGIPOUNdSH U
effective at | ower doses than previously descrlbe3 ant|sense conmpounds,
al | owi medioma 20ar edorénshatnonoxi ¢éntyiatdovost refyitomeat nemand etadiot i on,

the described short_antisense conpounds. have _greater _potential for gral
dosi ng.CEBI1R 4t I ERE T (GeeS bHE® of ShBFES: BHGAELSI PR thav lkn The
i dent i fatadictaldgOnpclREtiindes aegichesedowhi eReal QUEUELLECI BLHY can be

conpl enentary to the target, i.e., hybridize sufficiently well and with
suf fi ciOBF2ISIREEi BY cRAEFESES O VBINIRY dEsPRefediEace databasest gackomext of

thig i ti : rad g i .0N" n n [y} i be
e o T B o T e S
bet weeAnconpherenteabpdinenéessi de otamgelteotrege dmasesy Fenoexmmgsd=e, tddeni ne

d thym I t I whi ch ir.th h the formati
of hydF BIER" B8 Fn SSone EABGAFTERt 2 hYBFI G189 or° CELaRS BEWEeh an
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mechani sm of hybrjdization involves hydrogen bondi ng between conpl enentary
nucl eobaEBETBf Wi RBiRUENE] EaKERE KEPEOW-es. Hybri di zati on can occur
under varying conditions. Stringent ) conditions are sequence-dependent and

e b ald R hage o e a seatencenle Sl Ty

hybr i dfesdrt t boawhacheennaclitéisensea damewel | hkimoivhi z@st heuch that a
desired effect occurs. In certain embodiments, the desired
effect is a reduction in mRNA target nucleic acid levels. In
other embodiments, the desired effect is reduction of levels

20 of protein encoded by the target nucleic acid or a phenotypic

change associated with the target nucleic acid.

A target region may contain one or more target éegments.
Multiple target segments within a target region may be
overlapping. Alternatively, they may be non-overlapping. In
25 one embodiment, target segments within a target region are
separated by no more than about 300 nucleotides. In other
embodiments, target segments within a target region are
separated by no more than about, 250, 200, 150, 100, 90, 80,
70, 60, 50, 40, 30, 20, or 10 nucleotides on the target
30 nucleic acid. 1In another embodiment, target segments within a‘

target region are separated by no more than about 5



15 art. In one enbodi nent, the antisense conpounds provided herein are
specifically hybridizable with a nucleic acid. Conplenentarity

"Conpl ementary,"” as used herein, refers to the capacity for 20 precise
pairi ng between two nucl eoti des. For exanple, if a nucleotide at a certain
position of an oligonucleotide is capapl e of hydrogen bonding with a

nucl eotide at the sanme position of a or RNA nol ecule, then the

ol i gonucl eotide _and the DNA or. RNA are consjdered to be conplenentary to
each 25nBEhEPLAECEhatChosFRER on FaTHE ol iyEHRH S ot #8Eand Ithe FRGL BF0 are
conpl engpt, ac r S o er of corresponding

posi tions ?ﬁygégﬁgth%g%Pg ar gggﬁp?%% g§ﬁg% ﬁgg?fdes whi ch can hydrogen
bond with each other. Thus, "specifically hybridizable" and "conpl enentary"
are terswl3fbi damye: usedmeatisndrent o folihidci enthitegraee 56f UTR]- -a
conplenentarity orwg{ecise pairing such thgt stabl e and speci fic_bi ndi ng
occur s PEHREN 15 Gli géhud ‘eotlitde afB t HBEBERA: or ORNATE ar gt - | (T3%get
undsr stpadndrt d heoakhihhal tdessaguencgasl ap ant ssepsedRIoLRd Neey, not
be 100% 5 conplenentary to that of its target nucleic acid to be

speci f iscEl 1g3plg/ brtiadigedhl §eImendist-i sende eohpabhd | taxpeti fseument may
hybr i di € i ndj f the nd rge r RNA of the
t ar get sé%%%%qfs%%dgent tasp(e:%?ElBgHbi%El%%@g%%%g%ce%e%é) de 1 ¥,
i.e., ismoh \wE adsaytakt Wddon assaysop wetsn perfoiffied. Antisense and

ot her conpounds of the invention which hybridize to the target and inhibit
and the

express|on of the,taéget are ident%{ied t hr ough experi nentation
sequeng‘ d e?%@@%“? %Bnﬁﬁhnﬂ 163 ﬁeﬁ@qﬂﬁﬁcﬁf?ﬁ ﬂf?f?@ﬁ’aénﬁiéﬁérﬁbd
enpdi pBALS ra9kohne f Vet keguehle (¥ 08t raihes tRidMiich dheserpr ¢fgld.ed
sequences are conplenmentary ‘are hereinbelow referred to as "active sites"
and ar 8eIHERERST e throuehcat sithes foename getFay. Fherelere &het h&LAST
enbodi he_iLnvenptio enco o] whi_¢h bri-dize to
t hese %%g?EgEgﬁteg%9- BE ﬂs%ﬁ e ”Eé%ﬁ%ﬁf% ”E%B@gis OE QXmllarl \'4
amongst different nucleic acids. This comparison can prevent

the selection of antisense compound sequences that may

15 Thybridize in a non-specific manner to sequences other than a

selected target nucleic acid (i.e., non-target or off-target
sequences).
There may be variation in activity (e.g., as defined by

percent reduction of target nucleic acid levels) of the
20 antisense compounds within an active target region. In one
embodiment, reductions in CTGF mRNA levels are indicative of
inhibition of CTGF expression. Reductions in levels of a CTGF
protein are also indicative of inhibition of target mRNA
expression. Further, phenotypic changes are indicative of
25 inhibition of CTGF expression. For example, an increase in

measures of CTGF 1s indicative of inhibition of CTGF

expression.

In detail, the targeting process usually begins with the
identification of a nucleic acid sequence whose function is to
30 be modulated. This may be, for example, a cellular gene (or

mMRNA transcribed from the gene) whose expression is associated



An anti sense conpound and a target nucleic acid are conplenentary to each
ot her when a sufficient nunber of nucl eobases of the antisense conpound can
hydrogen bond with the correspondi ng nucl eobases of the target nucleic
acid, such 30 that a desired effect will occur (e.g., antisense inhibition
of a target nucleic acid, such as a C ?ﬁ nucleic acid). -32--

Non- conpl enent ary nucl eobases between“an anti sense conpound and a CTGF
nucleic acjd may be tol erated provided that the antisense conpound remains
abl e towéﬁléciifpééFWulll?Er FdeEdes gt 4l§eeSRuEItEItE  adfd. 2 WiEss  agkd

ant i sengg) SQIPLQURY ARY. L di 0 ne e ts;

nucl ei c amé(gusuch to ﬁgta$n?%?égﬁ%§gso§@§a%ace% g%%rrg%? ggg?e%nﬁeﬁ%ﬁed in
t he hybtheli zastrigat event a( engcleic | aap &t moteanée newsomed Tihg orcdram et Ive
structure). In sone enbodinents, the antisense conpounds provided herein 10
are at Urle%t%hfe 76R0WHD | S2SEOTE0, THE | BALPeBAYY a?r‘g‘g%%% g5950 atlnedaied oy,
at beasto@bi el 9ASLEO6 dAled eapt Hihs aliikAA! 996 Oerle | £85L 9906
conplenentary to a CTG- nucleic acid. Percent conplenentarity of an

ant i semEiFapERINtnperacaionr got aurleri suabi dhedn tHee déesinmedecifEaly,
routine netho 15. For exanple n_antisense _conpound Jd n_which 18 of 20
nucl eofases oagFﬁggéﬂ?i sognslggg’é%%gf]ﬂa are %%?%%gﬁ?arof t 078 CHFYR R egi on,
and wowlid it hesetote spedifi cahdy chybekd zef wadl dreprasethv8ltpehcend
conplenmentarity. In this exanple, the renmaining nonconplenentary

nucl eoPZSESTHREF bd nbrgsiedyisd é’rlt_m it etifer SEFLRN: h SEGPPEFSHTEr y the

nucy eobases1and Jeed 1ali A8 NI YUOLS M LaCl, Ol B58o4" be CRIR! STRRLArY
nucl eobases. As such, ‘an anti sense conpound ich s 18 nucl eobases in

| engt hreadiing 4f {dmair Y ORBNcanfpl ehentgane nuirobases whs clhnamwer f iankesk by

two regions of conplete conplenentarity wi.th the target. 25 cleic gcid
woul d RESe FPeagt AT G bRAREAPRY §ORPPh e bt TR el s ECacia and
woul d thafiséalibewl thrn t heiseanesof $heapsesent thaveiddbpdiel SNt pra

conplementarity of an antisense conpound with a region of a target nucleic
aci d capleeudel er hsedtramslakignudind§iBIAST prodpans S( Fasie redarrad

akign t _se t S) Po LA g kno iLh_th t (A tschul
e?BaI .n?@\] .agl\/gtfﬁgBi %]% Clcg(gcgn' 2;@5%40§1ﬁ%€ Eﬁgﬁa an%pl\/ggcelen%tgeng(r@rgﬁes. ,
1997, doddd9. 656) miBerdent banphegys Jegrenee cdenkilbyionh conpkeaenbarity,
can be d teiﬂined by, -33- for exanple, the Gap proC?ram(Wsconsin
Sequert¥Bhal§¥ i BIpdciegBNAVERTWHINEE f or ~BHPx, CerB{F c8rconp ¥ @Bdp,

Uni verssitatResear i Pank, 5 Magi§0RaWES beerll S§H¥rl& RUEHInSEL & NG5 v%(f h uses
the algorithmof Smth and Waterman (Adv. 5Appl. Math., 1981, 2, 489) .
In ot Senbddieneregmst hé txansdatdeoncoapotnds ipnovicaddntier end afstéukly

C I%rg%g ary .(i.e.100% conpl ement ar. to a target nucleic.acid. For
e%()gpnpl e, Igllnti gé}ﬁseé%%om Uhd r‘&?ﬁl he®F lc}%é%’y %%%?Ié At ar%/V?Ib %h@,”l’é‘ nbBfei c

aci d, ied td dtargedimi®gi 88id0Aina each instance is typically methionine

(in eukaryotes) or formylmethionine (in prokaryotes). It is
also known in the art that eukaryotic and prokaryotic genes
may have two or more alternative start codons, any one of
25 which may Dbe preferentially utilized  for translation
initiation in a particular cell type or tissue, or under a
particular set of conditions. In the context of the invention,
"start codon" and "translation initiation codon" refer to the
codon or codons that are used in vivo to initiate translation
30 of an mRNA molecule transcribed from a gene encoding
connective tissue growth factor, regardless of the sequence(s)

of such codons.



10 target segnent or target sequence thereof. As used herein, "fully

conpl enentary" neans each nucl eobase of an anti sense conpound is capabl e of
preci se base pairing with the correspondi ng nucl eobases of a target nucleic
acid. The location of a non-conplenentary nucl eobase may be at the 15 5
end or 3' end of the antisense conpound. Alternatively, the

non- conpl enent ary nucl eobase or nucl é6¥ases may be at an internal position
of the antisense conpound. When two or nore non-conpl enentary nucl eobases
are preblents t&kso mkpobe cmt itfgourr i thatl imké@?ngﬁaﬁéﬁncdmmgimrsiomn one

enbodi 20, a nqn-.conpl nt ary_sucl e e is,| ted in th i.n
segrren?%ﬁo% g(gﬁmr Sgﬁcp)i s%ﬁ‘ggno i gooﬂuél egglﬁ%e.ﬂarslﬁ gl%geen‘sgﬁi n%ﬁt %%‘ﬁ?? sense
conpoundisgubnd&s 201 ngcl| egbaspaa,, i 15 1-eng hart@npr LSEANQ ther &dhitdsgondindor €
than 3, no nore than 2 or no nore than 1 non-conplenentary nucl eobase(s)

rel at i V&% osegugnegpgedrquél'eildPaci o, - B h aasl angITﬁAnuéleéR?@ch\cﬁth-

anot her, L.npent, Lse O S u 0, es _I.n.. ength
con%risqr’eheerrlge%gg th%ﬁgé{,: né(;&fr%r?eq%%g% , %%&mf*%%inae@ﬁ&?lo%r#&%ela&%& no
nor e t hadod aregimmoreeféantd aopoeanpheEntaargh micl eRNASefS yened aihae to a
target nucleic 30 acid, such as a CIGF nucleic acid, -34- The antjsense
compouRBSOFPGFSEEd HePBi ALRHS0 4 cFRdEPPHEs @ IRt AP RO npuSHERtEdeS 0 a
por ti onnof edchakgeli pUEkeba ag«_&de./ﬁs ysed,herpin, £Rortion' Lefars 44, a
defined nunber of contiguous (i.e. linked) nucleobases wthin a region or 5
segnentnotiatiengeoduncl dimidanly A thporitemme tahonl sodesf segtiond defd ned
n#gper . of co ti guoustsnuc.l eobases of an_ant.i sense ’icorrpgund. | n_one

ertbodi mERETSERE TRt | SRS Lo PouRASCRr & SN erfeTit &t y “Po htPPEEEPaR

nucl eobase BOr tirMh Obr agkakyethaae MRfdmpd sk &NO0Ehem amRt BNt ot R out

anti sense conpounds are_10 conplenentary to_at |east a 12 nucl eobase

porti op0 oFCRtigPEEE BEgAeRtides jar airddtarerdigmdiornti-€he ant Pedse
conpoupds,, aL e. £9HD4 & gﬁaégrﬁgngq:ibﬁaggdgnﬁ nucl eobase portion of a target
at

segnent.- Al so contenp ed are antisense conpounds that are conplenentary
to at least a 9, 10, 11, 12, 13, 14, 15 15, 16, 17, 18, 19, 20, or nore
nucl ediase opent | pradiing t&rgme sEPENt oror "@odénge wefiored" bwidrgh t we of

t I ..ldeptity Th ti i.ded [ y al
hgo. Bt hef Phed BT GG | dBht | 15506 a Par HBu A cdtr CESSBquEngs, SEQ

| D NOt reingIemionnd i hepraseshededior SPRCI fhe kshasnemion OAsrMsadrhspei n,
an antisense conmpound is identical to the sequence disclosed herein if it

has t §¥©dae hEcldlbhase paeviey aBiigh ymayvorbexsappeted RBE@hELhWetwnt ai ns

uraci | 5. D] hﬂ? di: i.n.a d sckos ce waul d ,

consi 85?%5% %%ifl?lggal(}fetgtol e Bﬁlﬁlgggue%:ée gi nggl%sﬁgg%gl %aerg&qrhyggdi ne

pai r WIRrh ,ademwre. iShehkeradt ansl Fefgthenedhersdonsonf ofheraningenss

compounds g,escr,i bed .herein as well as conmpounds, havj ng, non-identical bases
t

ref at it t RE &7 S%hsEr 38 (difhobiRasSpREVPRed Het et hl &t s§osios,  and
cont eqRliat efhc e AONARNI Sl adBS Be cURLADCcAD] 0CNEaL0 LACH Qher AL

di spersed t hroughout the antisense conpound. Percent Tdentity an - 35-
ant i sensasdéeponnding tdaltdwmt eddaroradi ngrt o MENA niobercafrdmsasdibat have

compaPag-e0ELapR” e "EREOATTAT , “Ple S| dontl AR aFET3ON ehdl 70%
575% uBRYy &a%Hm9G% 9586 a26%t O e &8 % 0 98He0rH kA% dent bealmrNAa in
25 the 3' direction from the translation termination codon, and
thus inclﬁding nucleotides between the translation termination
codon and 3' end of an mRNA or corresponding nucleotides on
the gene. The 5' cap of an mRNA comprises an N7-methylated
guanosine residue joined to the 5'-most residue of the mRNA
30 wvia a 5'-5' triphosphate linkage. The 5' cap region of an mRNA
is considered to include the 5' cap structure itself as well
as the first 50 nucleotides adjacent to the cap. The 5 cap

region may also be a preferred target region.



to one or nore of the antisense conpounds or SEQ ID NOs, or a portion

t hereof, disclosed herein. Mdifications 10 In a certain enbodi nent of the
i nvention, nodifications to antisense conpounds enconpass substitutions or
changes to internucl eosi de |inkages, sugar noieties, or nucl eobases. In one
enbodi nent of the invention the conpoggd conprises at |east one
nodi fi cation selected fromthe group nsisting of a 15 nodified

i nternucl eosi de |inkage, a nodified sugar, and a npdified nucl eobase.

Al t hougéhléh@il@bnséoﬁlq goﬁ@b&i&)@t@@s é'BNf\al rﬁrrﬁg'l%FKﬂé?qut yage nodireedly

i nternu i nk rr ef nmodi fi ed
|nternu€ %%%%%Eeélnk§g§§lggéngg phosp otﬁloa eggln%%§]¥%ﬂgmegéﬁgﬂ% ogénnre
of the nusteessdes mm%%eé negkhsell then nietrackeadipde héfkages tar s

phosphothloate i nt er nucl eosi de Ilnkages In general, it_is also preferred

that tHeramsiaesde Glhiegorerdtotide (88At diterefioteatiaBRsakAfd) t yEREHONS nore
thag ong ?ﬁe sugan o MheR el 0, 25 1Lhe sigar. dss EoBbElﬁ%E‘ CL8UgaL Al { hough

varlous nod sugars nmay be enployed it is present preferred to enpl oy
a 2' - O-geetthioxyeishyhRAgaequence&ur nRBA, spliteast tese an@ .1,y pircat dry- evosre t han
one of the nucl eobases cgntained in %he anti sense ollgonucleotld will be

30 a nodiSEPHurcl d6Y d&1S@chPss BISIREFRYI c§R0EThe T899 A MY eddi e i s

a baseﬁ%ﬁﬁ%ﬁd%&ﬁljﬁ%éQﬁuih%d“éi@ﬁ%%@@hs(@hé?ekmﬁﬂkﬁéh@a§§llegwé(¥50f
the nuCleoside is ™ nornally a heterocyclic base noiety. Nucleotides are

nucl eogimpds qattad f uimt hetiderdede ar phdsphat eagr oagecbvarastiipn i mded @ o ‘t he
5 gar rtign of nucle03|de For .t hgse n I at clude a
éﬁfof&ﬁ%&w sugar, h&® l%%%hgrOdlgau)can @@lﬁ %ggftoq% d%% 5% or 5
hydr oxysbematy fiside sugatloasl gnfwcteomede&amrg@nfemumdofhmwutdm

coval ent Ilnka e of adj acent nucl eosides to one another, to forma linear

10 pol $HEri &18Pi g%ﬁﬁé?%’é?ﬁidetaW?ﬁ‘Fn the dPYorlALot&RR sthardr &1 atthe

phosphape, h@u%na%%%orﬂ@@ﬁ’fé@iﬁé ehl® BSefOFHl80ptEgRLE NYS
| i nkages of the oligonucleotide. Mdifications to an?lsense conpounds

enconpaeglsuBSEananﬂmsensahemg@eum@s|naegnueﬁeo§Qﬂa¢Xamgges,t9u@mA

nﬁletles wgﬁgucleobases. Modi fi ed antisense conpounds are often
éfer?%dp59e tive forns because of desirable properties such as, for

exanple, enhanced cel | ul ar uptake, enhanced affinity for nucleic acid

targetici nereased isiakh | Lhy dhe tdyer prRSENee refrnautdheasRss ekankeieated
inhibitory activity. 20 Chem cally nodified nucl eosi des nay al so be
enpl o@t@ei rié?‘é%‘é‘ée@hérﬁﬂhdﬂﬁ@ é@ﬁq%g?n@ma 1R Bhel@LorDNA ynfhese

t | f d. -
an ISr%ﬁb 04 gopue &%ﬂ%& {951 1ad A Z%%lit @Gl a80Nsequently

conpar a S can tai'n shorter antisense conpdunds
t hat hevee sudpahidniazdllyy, nodpheamRNA variants" are transcripts

20 produced from the same genomic DNA that differ from other
transcripts produced from the same genomic DNA in either their

start or stop position and contain both intronic and extronic

regions.

Upon excision of one or more exon or intron regions or
25 portions thereof during splicing, pre-mRNA variants produce
smaller "mRNA vériants". Consequently, mRNA variants are
processed pre-mRNA variants and each unigque pre-mRNA variant
must always produce a unique mRNA variant as é result of
splicing. These mRNA variants are also known as "alternative
30 splice variants". If no splicing of the pre-mRNA variant

occurs then the pre-mRNA variant is identical to the mRNA

variant.



25 nucl eosi des. Mdified Internucl eotide Linkages The naturally occurring
i nternucl eoside |inkage of RNA and DNA is a 3" to 5 phosphodi ester

| i nkage. Antisense conmpounds 30 having one or nore nodified, i.e.
non-naturally occurring, internucleoside |inkages are often sel ected over
antisense -37- conmpounds having naturally occurring internucl eoside

| i nkages because of desirable properrﬂé§ such as, for exanple, enhanced
cel lul ar uptake, enhanced affinity for target nucleic acids, and increased
st abi | iIly iis t &kspr dégmnee bh ricd eases.timt( 7gohact eotdades bkavdnoduoddf i ed

i nternu e05|de Ilnka es inclu r-nucl egsi de |i kage retain a
phosphot TEC 3¢ 8 m & €a Qf Fgﬁﬁﬁgﬁ &gﬁhesﬁpﬁﬁiae ?ha?éﬁBQno?rha§E°%
phosphot sgnaé tfie@r esRNt Sk ¥ € pRROFRRALUSa £@NhaNAENd it 8HRYER0Shye

| i nkages include, but are not limted to, 10 phosphodiesters,
phospmﬁhﬁ@spéﬁsSﬁﬁﬁ%yt@ﬂégpmﬁmﬁégp ﬁﬁd@pmmﬁﬁﬁkﬁn%s ghat originate
phosph hods pr ration h r (o] ni ng_and
nongphgég%oroué m%%%n?%g é%gg:a éem%?% €n8§998|%H§ﬁ§ g%%%théﬁ¥

ant i sen&mmm@undaltargatedet 0s a £ CGrvals diitd 'ei @ factHaGonpréS@RNAE §F nore
nodi fied internucl eoside |jnkages. In sone enbodi nents, the nodified

i nt er ndENRos i ThO9S NKERRSCHHREHhBEAPRONSE hrBake CRFAREGYE, SetotdRson are
enbod|@§R£§I f£ach, 1 nt.g1 o) of ,an i 3 SﬁRg@ngquq?&
phosphor ot hi oat e 1 nt ernuc é%§?%ggl%%€£§ggs gﬁtﬁgekgo%h Iinthe art, a

nucl eoSmnee spsecalf)acsetypgaroﬁoaﬂntaanaumveThe:d;aseapmani:oanof thee "mudlyeosi de

s, hor mal |, Jheterocyclic commpn ¢ es of such
ekbr oL BEIEE S acks. ARl Tthe R | L CSRAS: HEREHR ERIR Pe ™ QR a0t IRtk e
nucl eogi-d@s that élﬁéﬂﬁtixﬂ@' uiel & s phat e03d gbpuptikovalgityy Iddded to
t he sugar portion of the nucleoside. For those nucl eosides that include a
pent of G2 ER8SFI shigarthe h&yamapHate gt omp My | | Her sy eprissiuimg 2
or t suga L0 o l.igonucl eoti des, the
phosphg¥%ﬂéggggggcg§%§e§??@ F?ﬁﬁ ég gngQEng nac eg§: ds to one another to

forma linear polymeric conpound. In turn the respective ends of this
IinearA@bigenséccsmpuundseamm1dmmemﬂyuustﬂa&xkeseanch1aeagenmbaand

ruct ver n linear, structures are ner eferred
Wih R PR uC 0h | SR UG LRSS o b SR HEE GG R B
referrggeto gsid or oy tikeiiter ngeneosi depbaskbene otukhe 05&&%%%%0“ de.
The nor mal | i nkage or backbone of RNA' 5 and DNAis a 3
phospriRR@ste?itynkage oSpeni fusedxdnpl 5oske ppéf e?l?@d‘l@m‘fl sdisldl cowpounds
uoel uietubddiee | ueRll op.hRELYAe odf 00RUG Aol des coataln! noarpdLELed

backbones or non-natura ernucl eosi ages eflne

speci fdamiduargs ohtrgomlcloeaise®s Havi ngcamslid edoltahlmxaktmm@ql Bétwé@nt hose
that retain a phosghorus atomin the backbone and those that do not have a

phos pHAEE1anem i A th@ﬂﬁ%%%%nemem%?rﬁhecﬁhrp%se§18fqg%%@%pe@ﬁ?h@éylon
and ag 3QuRtidPes f&her£nesd i B Ehe alfﬂerém%' edbelehgorf rE%éo gt do

not have a phosphorus atomin their internucleoside 15 ne can also be
consi desedrich heseol i gonucl eosi des. Preferred nodified ollgonucleotlde

backbones include, for exanple, phosphorothioates chiral

B moaPkyl isoapholr oo P8, RATAELIS of haP dRkstS SHEe pRORROHEIhcPha ng

3' - 26hal kyteneniphdsphonateas, éltakkylenenﬁhaﬁphdmatesmamdathbhaLW1th
phospho at es, EPO hi nat es, phosphoranldates including 3" - amno

Sios pRbRERI iRt A mi HEH RYPEF 0 I o FARTRREIE L G%hi ofsPhoBEhokERfldades,
t hi onggbky! pf19§ph@ﬂ@f@:?enwa@noaéﬂfd}%osE%Qﬁorm%%toeﬂl%l seLpgeplagphatgs and

bor anophosphat es havi ng nor nal
elucidate expression patterns of a portion or the entire

complement of genes expressed within cells and tissues.

Expression patterns within cells or tissues treated with one
30 or more antisense compounds are compared to control cells or
tissues not treated with antisense compounds and the patterns

produced are analyzed for differential levels of gene



25 3'-5' linkages, 2'-5" |inked anal ogs of these, and those having inverted
polarity wherein one or nore internucleotide linkages is a 3 to 3, 5 to
5" or 2' to 2' linkage. Preferred oligonucl eotides having inverted polarity
conprise a single 3" to 3" linkage at the 3'-nost internucleotide |inkage
30 i.e. a single inverted nucl eosi de residue which may be abasic (the

nucl eobase is mssing or has a hydrox?ﬁ“group in place thereof). Various
salts, mxed salts and free acid fornms are also included. -39-

Repr es ettt ével dini t @ds St ahey paentain hat figachexheppeepartei onligfeddwe

above pho hor us- cont ai ni llnkages ncl ude, re no to
Pat . S0oi aiaohog: 5GBSl ERS: 4, RIERUEY ! 5 oE?EEH =3 17;“)1525?@2 q@é’%@
S5, 264, e%§l7c§1 018v51278s§98 5 5286,cELEi5, 821, Akt {FrB99£6 7615, 4 &3
5, 453, 496; 5, 455, 233; 5, 466, 677; 5, 476, 925: 5,519, 126: 5, 536, 821; 5, 541, 306

5, 550, mqamislesm ?Bsss mam$ 58N 3Be: @ergf@rsmi 505659%55ulate@ BR7, 899:

S 2L 2l SRS 007 0.5 008 GRO e oD g 10 oMl s copmy, i

er eln |1 ncorporate

r ef er eregpddreisewra¢hredifddad e@&pr@m@reqiaﬂiﬁxbmkbones that do not include
a phosphorus atomtherein have backbones that are forned by short chain

al kyl or cycloal kyl internucl eoside 15 |Iinkages, m xed Bﬁ%eroaton1and

al kyl &FaEPdesalady| MeRRefRuCTediSHe PRRKEFELOT oPTGHYSIF MBI hdPt Wi n

het er ogL-em iG, Oy It SHRCKErh %'s' rﬁﬁrrﬂy&@&?ﬂéif s| i(BAgRS. aHeSeiipc! yesd hose
havi ng nDrphollno | i nkages (formed in part ron1the sugar portion of a

nucl eoseds) ; §@D@xaﬂé0bade@masCeil%ulétd@l su$E©&|E@tand 2G00end 80,

b bone fo t and, thio oL macet y kbone t.hyl.e etyland
tﬁﬁ%fo n%gét ck%ﬁﬁ%@al B8 3§€§I ac%% qgﬁg%% ﬁg?éﬂ%ﬁ
backboaes; suh@am&tseobachj@@a@s mmylﬁneatmmanpl READSI emebyd-ri@z:ll@@l

backbones; sul fonate and sul fonam de 25 backbones; anlde backbones: and
ot her sSSRAVIRgaMPX 81 KA tHONSOfn F1ges teshsdiWért) phF¥ash a?@%@@s@ﬁﬂ&ﬁﬁ@@ Uni t ed

State S ach t re tio f- he aloys ol l e es
incluzﬂgé%ﬁgéargﬂggmbﬁlnlté' Eg Eﬁ%? Pa?sghbg 5,034, 50 Q99g€668%T%

5, 185, el e 305012 1 41134/, <16, (SM(ﬂ,lZﬂﬁ: 038t5, <;ﬁ23546 56X&; 2642584, Bcdds, 938;

e
(Celis, et al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al.,
Electrophoresis, 1999, 20, 2100-10), expressed sequence tag
(EST) sequencing (Celis, et al., FEBS Lett., 2000, 480, 2-16;
Larsson, et al., J. Biotechnol., 2000, 80, 143-57),

20 subtractive RNA fingerprinting (SuRF) (Fuchs, et al., Anal.
Biochem., 2000, 286, 91-98; Larson, et al., Cytometry, 2000,
41, 203-208), subtractive cloning, differential display (DD)
(Jurecic and Belmont, Curr. Opin. Microbiol., 2000, 3, 31l6-
21), comparative genomic hybridization {(Carulli, et al., J.

25 Cell Biochem. Suppl., 1998, 31, 286-96), FISH (fluorescent in
situ hybridization) techniques (Going and Gusterson, Eur. J.
Cancer, 1999, 35, 1895-904) and mass spectrometry methods
(reviewed in (To, Comb. Chem. High Throughput Screen, 2000, 3,
235-41) .

30



-40- 5,663, 312;5, 633, 360; 5, 677,437;5, 792, 608; 5, 646, 269and 5, 677, 439,
certain of which are commonly owned with this application, and each of
which is herein incorporated by reference. 5 In other preferred

ol i gonucl eotide m netics, both the sugar and the internucl eoside |inkage,
i.e., the backbone, of the nucleotide units are replaced with novel groups.
The base units are nmaintained for hyb‘r2i6d'| zation with an appropriate nucleic
acid target conpound. One such oligoneric conpound, an 10 ol igonucl eotide
m neti cAnhasehas Bewnovnd@n to have excel l ent hybridization properties, is
referred to as a peptide nucleic acid (PNA). In PNA conpounds, the

sugar - back e | | go |_eot | is rep e it h, an, am t al ni hg
backbonf}fﬁ3 il%%%paér%%l} cu grbgnr%g%snolerkﬂ%%]@%’l nléﬁgagke one.ﬁll’h%%%}%ggja@%s 15
are retakfetsand ane dldyathadi rectpyl @tiet NdFr e¢bbyutdedza adild ogavhateas of
the am de portion of the backbone. Representative United States patents
that teRFYFERMEPREE | GFict PRNA onpBuitidns tH@sudérepeCar eTROE | TR ed
to, =U. S SAh s ; 0 71 31 d 719,282 ] : Whi ch
is Eerg%&;%%%gr\lgoroé%gaﬁgglrggigrd%ﬁce%c%%#?%%@ tggchi%ng ofa%%(gérr%%%heg@ can
be foumlidIedadesen etugdrs Sodenceyaléft, Poerid@ledsSlde (backbone)
Most pr ef.er.r edenbodi meng of t hei nventi onare, . .

ol i gonuci BRI Hes @t hBERGLphdF ot ’o%?%‘b%ﬁ?%%ﬁ%%%ndq%”bqi JuctsE ey wi t h
het er odjcyuhackpansss i s WAiPAr theltdlon similarly. Such modified or
CH2- NH- O- CH2-, - 0. 12- N(CH3) - 0- CH2- [ known as a net hyl ene (methylimno) or MM
backbogelPs tigpregt NpLHggniarpeotidep- NugHpften NpaRDerrad - gHgr native

20 o PO R P A S nSr Bl e Braha I Sheh M CROS S ENT B
am de batkboerds adlitimmbopeakef ereeticettad SafPahitiXo.fdx, 60Q¢c2d40c Ali@d

preferred are oligonucl eotides. havi ng ,nmorpholino backbone structures of the
above- F@Fg?énéﬁg %_ng_reggfa_d ﬁ&ab%%(%p 5(5’6.':%6— PreSHBES % BHH29%5 et i es

Modi fied oligonucl eotides nmay al so contain one or nore substituted sugar

noi et i REi1EOr ag¥asphee t Beifbhanoeykiskgar a2 i By eawree @i ficeeh | A
nunber of 'ways including_substitution with a substi tuentnéqr ou(f, bridging to
form a@BFEFENFe MRIRAWIGci FhEBNAr e8AETS USSR | PBn FMRYRNeNdD Withiera

hgker gt omAUEN: aﬁn%i%ren@@)c@g%gg@agi bed i ding Bt ¥ 11/mP9a843 1o

Seth et ereby 1 ncolLpora reference
oligonucleotide mimetics.

Antisense compound means an oligomeric compound capable of
undergoing hybridization to a target nucleic acid through
hydrogen bonding. Antisense compounds include, but are not
20 limited to oligonucleotides, oligonucleosides, oligonucleotide
analogs, oligonucleotide mimetics, antisense oligonucleotides,
SiRNA, RNAL, ribozymes, external guide sequence (EGS)
oligonucleotides (oligozymes), and other oligonucleotides
which hybridize to the target nucleic acid and modulate its

25 expression.

In certain embodiments, an antisense compound has a nucleobase
sequence that, when written in the 5’ to 3’ direction,
comprises the reverse complement of the target segment of a
target nucleic acid to which it .is targeted. In certain such
30 embodiments, an antisense oligonucleotide has a nucleocbase

sequence that, when written in the 5’ to 3’ direction,



O hereininits entirety. O her exanples of BNAs are described in published
I nternational Patent Application No. WO 2007/146511, hereby incorporated by
reference herein inits entirety. Antisense conpounds of the invention can
optionally contain 15 one or nore nucl eotides having nodified sugar
noi eties. Sugar nodifications may i rrp%rt nucl ease stability, binding
affinity or sone other beneficial bidl 8gl cal property to the antisense
conpounds. The furanosyl sugar ring of a nucleoside can be nodified in a
nunber efPmREySes ndhedi reversr gomplenensd ab: thadittirgietof SaoBenst iafueat
roup, t f two non-gemnal rin
gtomps) ttng‘]ft%r§1UIJ<%1'g 4%’1’% |£ébc§u% e‘?kgf%%llgg(b%&%ggggge(gubstl tuti og of an at 021 or
group such as -S-, -N(R) or -C(Rl) (R2) for the ring oxygen at the
4' posthzionerwadhfi@do@dtgﬁézsm'ncbudeambwem@ poinpbunilt eth2peted to a
substi t ut ed sugars espe0| ally 2'-substituted sugars having. a 21-F, 2'-0CH2
(2' - OMBUGkelL 2achi o) 220k 39 sgbundtRoxdyet HAIR - 212 Peéfuwm%em
grogp; AN I ised g BNAS) -, h n - ( 2 i dge,
whe?e n=1 o%grgr?% 'C%/lrsn?%glgfg o?§%hgﬁgarﬂ(ep§ré§t F%n?vdof grlrgéclédl e%%%ﬁé?g BO%re
wel | krdvren oembodemskis| edhien datel serise  cépountin icer8aite eddodilZents, a
2' m)dlfle ucle id as_a,hicyclic sygar noigety ert uch
enbodi r?é)nt tﬁ@ |%Cy§1$ t%uagr |etc?/ ?g'ao ga}lliﬂﬁe‘ﬁ %
confi g@reatuaq&n $iicle €l o 19degit s ek MBS, s drivee bb@M§buﬁd§Ugﬁl‘e mgi, ety is a
D 5 sugar in the beta conflguratlon In certain such enmbodi ments, the

b| cycl 1€ sudar +di'ely i ddan 15sudlr il .t he al pha é8nf idur at?on23In 2Zor t ai n
suah e%odlj@ntﬁ thg bixgyclig sygar iapi iy igjansk sugar in the befq

confl guration cerfai'n ‘enbodi meht S, 't he bicycl i ¢ sugar noi efy 'conpri ses
a 10 béDdge lgr ok, béBwedtzl t He5 2" 46nd 4Fhe 48 c@?boEOatt‘jﬁB 32, céBtaigt,such

o oups oo n SBer (i Bibodimormll, The Brey @i Shyafonoicty Tompersedrom 1

to 4 lypkedibi vadi cal, groupss, | necenyai megnbodi rent $o lﬂﬁkbacy;@bu@m%%gaf
noi ety 15 conprises 2 or 3 |inked biradical groups. In certain enbodi nents,
the blb%c?-?@g hgaPInGi etldnd et sead 2byi aRyd hHior £ cEre grbaps. veduesrt ai n

CEB00 FRD o hBERTRBNEad! L UrOMRd S OLBALBHL ) By affei gD "

S(=0) -0l imi)teanide C(&Si- thehtiskedchuBlndnd BZe aucledepelesdent |y, H,
hydr oxyl, d - C12 aI kyl , substitut ed Cl-Cl12 al kyl, C2-C12 al kenyl,

substl uted C2- al k - C12 al kyn substituted -C12 al kynyl,
oy S Rsteraa wRTay | oo K%%erﬂﬁbwfel%@. e GofmplEt ut ed

het er xouptiseth padigal athqte%.rsQﬁrYJl 1SUrEdd t B 8UeB8t 8E8AN Whe kSt the

ali cycl i c radical, substituted C5-C7 alicyclic radical, halogen,

subst magtidd asky ‘PlDQQHHQ#ﬁﬁéld%b&a& ut ed #AGENGE| dehichr bosel , 1009

SHPSL R B i thne 350 e SESHLBULE], SR ol Ll St g8 ol

subst B0yt 8@ ,s X044 ,; ml,d BRCh78ubsRbt vwewd 1gwaup Jirs ,anatdepe ndeafbyred
hal oge gd Cl12 al l%q substituted_Cl -Cl2 al kyl, -C12 al ken%n
subst PROPEITERER £ C@@p@irzdapﬁymter@%sﬂ%t CEBDERKFRYI

am NogortA3inSEhst futed aw N sBfYlr2sabpstituted acyl, Cl-Cl2 ami noal kyI ,
Cl- C12 am noal koxy, substituted O -Cl2 am noal kyl , substl tuted Cl-C12

am noal koxy or a protecting group. In some enbodi nents, the bicyclic sugar
noi et §2i CHrfdfed embodiments, a shortened or truncated antisense

25 compound targeted to a nucleic acid has a single subunit
deleted from the 5’ end (5’ truncation), or alternatively from
the 3’ end (3’ truncation). A shortened or truncated antisense
compound targeted to a nucleic acid may have two subunits
deleted from the 5’ end, or alternatively may have two

30 subunits deleted from the 3’ end, of the antisense compound.
Alternatively, the deleted nucleosides may be dispersed

throughout the antisense compound, for example, in an



5 between the 2' and 4' carbon atons with a biradical group selected from

-0-(CH2) P-, -0-CH2-,-0-CH2CH2-, -0-CH(al kyl)-, - NH (CH2)p-,-N (al kyl) -
(CH2)P-,-0-CH ( alkyl ) - ,(CH ( alkYl) ) - (CH2) p- , -NHO- (CH2)p-,
-N(al kyl') -0- (CH2)P-, or -0-N(al kyl) - (CH2) p-, wherein pis 1, 2, 3,

4 or 5 and each al kyl group can 10 be further substituted. In certain
enbodi nents, pis 1, 2 or 3. In one zigéé‘ct, each of said bridges is,

i ndependently, [C(R1)(R2)Jn-, -CC(R1l)(R2)]n-0-, -C(R1R2)-N§R1)-O- or

C( RIR2) ant hg®1ye . chmpanochéravispecone eavkhlebsidied deliadgst fsom the 5¢

15i ndependently. 4 1 - (CH)3-2..4 ' - (CHD2-2 ',,4 T.-CH2-0-2 ,4 ' - ~
(CHD2-0?1}(9'a?é4ér}%g%£?\fié$e-@§]aﬂﬁeql éﬁ—rﬁﬂﬁ?ﬁ %m} - wherein each Rl is,
i ndependently, H, a protecting group or A-Cl2 alkyl. In nucleotides

havi ng wrosh f keds isitglay  sBHEti 68alt ReidmGlteobaseresietti eish (Ratlerafcharmnst fi ed
or a conbi nation thereof) are maintained for hybridization with an

appr opraidt S enRe eFempeladt arde . addl birnahhedPhBAE, M@yt iRendecasrpowids

t ar get a nuckei ci ri.Se r cl i d havi_n ified
sugar 35T ot Tae | B B e e A S onat e T 1 o
2' - ME.addi witdrerl esbbdhiest saré her2s<MBE nodef isstiedickebundes aneyarbdeanged
in a gapter notif. Current%% preferred ol.igonucl eotides con'%rise one of the
f ol | owidTy 3T €3RI PFERT ORCTF- X PIE: I REaPRYESEHSE SpTEounst

N-al kemgh/ingr , two @udindildo/nybidear @ aldkd -9+ aldad , (whergddy ¢ henpl KWy

al kenyl _and al kynyl may be substituted or -44- unsubstituted ClL to Cl10

al kyl @dteznesivelyl kehythand ‘al Rydy| (3 'Parddebiarl y orfef €h¢ e@néiseoNe2) n

@ N : . ,
2P o cerbr oA Tt e R B el o st 1o,
O her phebeghedt5 dlligonantésehdes campdwsel,onefof t kexahplleow nhnat athe 2

position; .Cl to Cl10 | ower _al kyl, substituted | r. al kyl_, kenyl , al kynyl,
P kar yRIEAFRPRE) SOBPER, Jioch. SHa) RyPIER aBiBtoae e b Shenanery,

OCF3, SEEHBubSREHBIaENRe NER, 3N3enfH2, heterocycl oal kyl

het er ocycl oal karyl, am noal kyl am no,

It 1is possible to increase or decrease the length of an

15 antisense compound, such as an antisense oligonucleotide,
and/or introduce mismatch bases without eliminating activity.
For example, in Woolf et al. (Proc. Natl. Acad. Sci. USA
89:7305-7309, 1992), a series of antisense oligonucleotides
13-25 nucleocbases in length were tested for their ability to
20 induce cleavage of a target RNA in an oocyte injection model.
Antisense oligonucleotides 25 nucleobases in length with 8 or
11 mismatch bases near the ends of the antisense
oligonucleotides were able to direct specific cleavage of the
target mMRNA, albeit to a lesser extent than the antisense
25 oligonucleotides that contained no mismatches. Similarly,
target specific cleavage was achieved using 13 nucleobase

antisense oligonucleotides, including those with 1 or 3

nmismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March 2001)
30 demonstrated the ability of an oligonucleotide having 100%
complementarity to the bcl-2 mRNA and having 3 mismatches to

the bcl-xL mRNA to reduce the expression of both bcl-2 and



10 pol yal kyl am no, substituted silyl, an RNA cleaving group, a reporter
group, an intercalator, a group for inproving the pharnmacokinetic
properties of an oligonucleotide, or a group for inproving the

phar macodynami c properties of an oligonucleotide, and other substituents
having simlar 15 propertles A preferred nodification includes

2' - met hoxyet hoxy (2'-0-CH2 CH2 OCHS, “4P50 known as 2'-0- (2- met hoxyet hyl) or
2'- MOE) (Martin et aI , Hely. Chin. Acta, 1995, 78, 486-504) i.e., an

al koxy ah&kbx3L giupl tref anehén rmrber F@@ft&mfmm@at itha si wdiigpesicleotide

gzgroglp a#és]o%g%%%qg% %%ét aé}%gl ,t&n %@% am ox\%/etzhczjgy (al so known in

the art as 2'-0- dlnethylanlnoethoxyethyl or 2 DNAECE) i.e.
2' - 0- - GldhreV-arkd Do tMN( X2 Rud. f neilier Rpsef ebred4apdBbBcavisan ltmétua:tBSa
bi cylic nucl ei c acid (also referred to as,l ocked nucl ei c_acids (LNAS)(%)
f the

in whi @fgiRs oL hw%f%wlﬁrauﬁlﬁ@b@ﬁﬁkéatﬂaeflﬁé gligrngcledtysiesat an
sugar ab% thes eby ﬁ@ém—g §¥9£éﬁséu geﬂhewotﬂagsl RkRIE ded o
preferably a methelyne (-- n group gi ng the oxygen atom and t he

4' car ltdme atmm@l ofh i 5wdz opr2 |trhtrlaﬁ1l| mgf a-thekt hghdrmoxpn(td sefid 0- 2' )

BNA, h d.Eth 4' - (CH2).2-0-
2") BNR W(?I i 8*&%&519:(%5 §B§§F§V§F¥o) |ﬁ%lf u%gle(lg S%ég?ﬁgywé ﬁ% i nooxy
(41- CH%ranbl(LB)cu.an) Bbmh@@/@mmd 4inCH2- NNb D ZotiBNA odierei R Ry S,

i ndependently, H, protecting group, or C-Cl2 alkyl. LNAs also form
dupl exB3<Hi t At cd?rﬁﬁ erBAESr y14- /cipghasiin agt HSRRSA t ﬁlﬁgﬁﬁupﬁmdes

aff ni c Icqfﬁi SPeGt§ &, Showy, t dupl |ng
O:y %‘%gﬁ?l e : %&gfe% ?g\%(A) satructur&fl y reés%@rrb e gnﬁéfégo

duplexlevbtlehannhgaeﬁBcoreﬂ@nancée@NHRb em&aseaﬁeonﬂiguhumiddwadawa duplex

confirmed the 3'-endo conformation of an LNA nonomer. Recognition of

doubl e-stra de has rated. s ng.stra d i nvasion
by LNET S 8 oft i o lBr e D o RE A SENAS "B Gy Pl seRES

VAt soredaipslndas e ipailiidigy’ Ut &spdhhds geeialilsl nigmpehsedcatl @chb¥iEY ed
conpared to 10 the correspondi ng unnodi fied reference strands. LNAs in

whi ch ka2 L higk by MAEIRFs s 8 i BRed- & o“‘Pﬁ@“@'rSca%BorfL%ﬁ%‘Fﬁof t RBes@ggar
150 IESS0YLeL I ol oy SRMIRCALATR Ik e gy Lol ogoe
bri dgitegrddte Bucleic acids and/or proteins in cells, tlssues, and
animals with increased potency and improved therapeutic index.
Short antisense compounds were effective at lower doses than
previously described antisense compounds, allowing for a
20 reduction in toxicity and cost of treatment. In addition, the
described short antisense compounds have greater potential for

oral dosing.

Hybridizations

25 Once one or more target sites have been identified,
oligonucleotides are chosen which are sufficiently
complementary to the target, i.e., hybridize sufficiently well

and with sufficient specificity, to give the desired effect.

In the context of this invention, "hybridization" means

30 hydrogen bonding, which may be Watson-Crick, Hoogsteen or



15 oxygen atom and the 4' carbon atomwherein nis 1 or 2 (Singh et al.,
Chem Commun., 1998, 4, 455-456). LNA and LNA anal ogs di splay very high
duplex thermal stabilities with conplenmentary DNA and RNA (Tm +3 to +10 O),
stability towards 3'-exonucl eol ytic degradati on and good solubility
properties. 20 O her preferred bridge groups i nclude the 2

' - deoxy-2' - CH2OCH2- 4' bridge. LNAs adH-preparation thereof are described
in published International Patent Application Nos. WO 98/ 39352and WO

99/ 1422evaitdest proafeertreath nmighidropedn oﬂmddﬁﬂwdebﬁtw%ow@len@rm{k)y 25,

2' -am oxy (2' -QOCH2CH2 NH 2' -ally CHZ , '

- 0- aIWV}T)Le(‘% dyﬁ) t% ?sﬁ%orgo(rz &5 mp%ﬁe 2.a %I &4 on

rray be drfyriie aé@@l &@mbq@nea%lry qm@iecsbé&é dewn :hP@ditd Ofhrdughefeld ed
2' -arabino nodification is 2'- Simlar nodifications may al so be nade at

ot her pgosimeitden of IYdduyasi @m‘ﬂﬁol eotide, particularly the 3' position of
t he sugar on the 3'term nal nucI eoti de or in 2'-5"1inked oligonucl eoti des

ﬁndi t h?[ SOB'LOSI Er!b%rzil(?r{engstst éf'\ r} g@mflg : gg%?éﬁoggdgﬁtq%
ave sugar s or urrog sonetines reféerre
anal og&bm@buhdashcsmjmﬁ y}hem)izetaﬁﬁ an nlcded cofadiie pEm ofids anesyinozugar .

5 RepresentativeUnitedSt at espat ent st hatt eacht he pregar ation of such
modi f i BECEARAPTstHuch¥Peddireriae, Wifokres hydrogen bonding between

not | i nitedt Qmbh Sa P tnh'@ieoﬂa%%é 927 Pl 18,800 339821329, 044,
5,393,878 5, 446, 137; 5, 466, 7/86; 5,514, 785;5, 519, 134;5, 567, 811;5, 576, 427;

5,591, 722; _5,597_909 5.610,300;5,627,053;5,539,873;5,546,265 5, 658, 873:
5. 670, B3R 5A7RRC7AT: ARIB, POGUF2 0 BEET ai Foty 111D mméintap@%onﬁﬁmyg@wned

Wi Hh té‘&&i‘éi&?é apRl i g?@h&%{leea@% gagn ef ch s Bt fﬂiﬁ%&orbgpr%%d by
refference 1n S enti n cer a n emrbodi nent’s, nuc €eosi re nodified
by repi@poenentndl ¢deposbosgh ramgehet h’lL&:BettcE ogatid rmobesybéemtucheas a

nmor phql i.no, a cycl ohexenyl ring, a cyclohexyl 15 ring or a
tetraﬁw}?@ﬁ#r%‘%}ﬁ ring such as one having one of the fornula:
Methods of determining whether a sequence is specifically
hybridizable to a target nucleic acid are well known in the

15 art. In one embodiment, the antisense compounds provided

herein are specifically hybridizable with a nucleic acid.

Complementarity

"Complementary, " as used herein, refers to the capacity for
20 precise pairing between two nucleotides. For example, if a
nucleotide at a certain position of an oligonucleotide isg
capable of hydrogen bonding with a nucleotide at the same
position of a DNA or RNA molecule, then the oligonucleotide
and the DNA or RNA are considered to be complementary to each
25 other at that position. The oligonucleotide and the DNA or RNA
are complementary to each other when a sufficient number of
corresponding positions in each molecule are occupied by
nucleotides which can hydrogen bond with each other. Thus,
"specifically hybridizable" and "complementary" are terms

30 which are used to indicate a sufficient degree of



Many ot her bicyclo and tricyclo sugar surrogate ring systens are al so know
in the art that can be used to nodify 20 nucl eosides for incorporation into
anti sense conpounds (see for exanple review article: Leunmann, Christian J.,
). Such ring systens can undergo various additional substitutions to

enhance activity. I n one enbodi mrent of the invention, the conpound
conprising at 25 | east one tetrahydrogyran nodified nucl eosi de wherein a
tetrahydropyran ring replaces the furanose ring. -47- In another

enbodi nesrip béméteatr hvent oon, prnbeteen padhing t hecht kbast &mble and
tetrahydropyran mdi fi ed nucl eoside has the strycture. 5 wherein Bx is an
opt i onat® %‘?:’o‘f eCLEFIRG ePEEYET i @%&’@@%&?ypl%@w&@ SoB8 e§he

Qi gonugleoly,degnABy A58 | Nelde snuchgebassod of irenthef eared 49 ¢ o iy the
art sinply as "base") nodifications or substitutions. Nucl eobase

nmodi fi cquarscor ofdbstan ut ieots semsest r gerpeahfly diestd nguipshabbe f rldfi% yet
functional l.y i nterchangeahl.e wit nat ur al | ccurring or synthetic

unnddi fqoérgjlneﬁ%qn_et(ﬁfé’se_s. B_gzlhr?%at% all%fnd%_r?&yief' e&uﬁ&&qgob&%‘g 15 ar é’e _
capabl efciparddighpat i igbt Dahysibogen bandi nginSuahsuicl eobagsunmdi fijgat i ons
may inpart nuclease stability, binding affinity or sone other beneficial

bi ol ogisPACiFsRdryy hbriiizaine CoapobARSInEbETS it riRTRYBRG S0 Félude
synt hega% A o WAl G OO0ARES PHCO-ASrod O EXAPRECRo2RIT! IRAHEYS Ne 20
(5-me-C). rtalrn nucleobase substitutions, including 5- nethylcytosine
subst i bt itdwes taametpONA it ANy usefaisé on loss eaSi ngilheybi adidnghafdd nity
of an antisense %onEound for a target nucieic aci d,. Fog exaan%é
SJﬁbthﬁﬁcy?osFHE_éﬁ SRt uflPgh&Shal bEERP RORA B0 F¥cr £9seXéFei 89X d
dupl exsgacstabi | binabug0. Brl. 2Ge( Sangh¥bns¥. Scombbaake, t8 Tnoandakghkeu,

B:, eds., Antisense Research and Applications, CRC Press, Boca Raton, 1993,
pp. 27%eggsyces. 48ndaydi cioasdit igmeodiif edv it ecireestiqicl Bgeding  is

5- hydr yl .cyt osi a LBe; a j . 2-am no ni 6-.pet hyl
and ot er P Gk T At B o e O s ey

al kyl flerivabi ¥esapé atenheeaprt tduanimea tridrithi aurdacid | tibe 2eahéobbydhne and
2-t hiocytosine, 5-halouragcil and cytosine, 5-praopynyl (-C=C-Cl-13) uraci
2hd cytbETRe SHEAHE her MARRY ny FORGHN AR o4 o1 | i bReRRYS 6. azs

uraci lpefydaséde and thymne, 5-uracil (pseudouracil), 4-thiouracil,

8-hal o, 8- am no, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8- 10
substituted adeni nes and guani nes, 5-halo particularly 5- brono,

5-t ri AUorsRIhy3nAnatibeheroBroupdsi odt ddiaurianign:ia W dsi igsridize

7-methyl g in ﬁ%& - yl nine, 2-FE--adenine, -2-am Nog L ne

8- azarg}éan?%{eg aﬁt - atZaa ecpni n%@%%az%ﬁ%%%%ndﬁ % d%gézaaﬁgﬁ%é a‘?lﬁe

3- deazatpumamni hieedanthudazaadeniment4biblet enndy thiec sersemmaeto £sthi@ye al SO

i hclude those, in which the puyrine or pyrimdine base is yeplaced with other
8 or GEPRRE0t 77 S ARPROTPELEH, o AR e 72T o RERGEATGS rEbodiments

2- am pePyEhdi Revend i nnyriKlone o Nue! eobases thhain adie RaRLLCU ALty %f ul

for increasing the binding affinity of antisense conpounds include
5- subseauens@spya i ai digresl emerzapyr igieli Meredmdpaoy Kegeamed)- 8o  as

subst i, purj L1 ncludin am | adeni - propynyl uracil and
5-prop%§§?§§tos%#£§g I n%gﬁg e%ﬁ%digg%%gé§%¥?seﬁ%gﬁ%%ﬁgﬁhndgg¥§¥get W to a
CTGF natbheicdngci d Themefiose onmathedr eembddinedt nuolfeokhadses. i dwerddt on

25 encompasses compounds which hybridize to these active sites.

An antisense compound and a target nucleic acid are
complementary to each other when a sufficient number of
nucleobases of the antisense compound can hydrogen bond with
the corresponding nucleobases of the target nucleic acid, such
30 that a desired effect will occur (e.g., antisense inhibition

of a target nucleic acid, such as a CTGF nucleic acid).



25 additional enbodi nent, gap-w dened anti sense ol i gonucl eoti des targeted
to a CTGF nucleic acid conprise one or nore nodified nucl eobases. In sone
enbodi ments, the nodified nucl eobase is 5-nmethylcytosine. In further
enbodi nents, each cytosine is a 5-nethylcytosine. 30 As used herein,
"unnodi fied" or "natural" nucl eobases include the purine bases adenine (A)
and guanine (G, and the pyrimdine b3%es thymne (T), cytosine (C) and
uracil (U. -49- Modified nucleobases include other synthetic and natural
nucl eobreescetishensn ba et Mleydaisi s ( DatreGh, 5nhyatum<s/em@ylc@ygb@smcme

xant hi ne, _hypoxant hi ne, 2-am noadeni ne, 6-net h% and ot he‘iﬁ‘f %
deri vat?H@s 2ofCERNPHEL8AE REHE nBaY2 Ba opgLeERRSE RUMHT Fhaérivhei ves

of adeni C 2 d i

S hal oUFact o corpgynd- uhauh8 kot ot S E P AT, F?faﬂﬁ*&d%%iﬁ%nzgand

ot her attde;gwtt dereMaita vesciol. pWMomaadiere, bases arﬁ:eszamaﬁacﬂdmpmmdmmand
4-t hi our CI I

th | d ),
bR Oy R R YRR E P Aona e BER B, 't pal Ll drudor e Ao i

guam nescrp-talto ﬁ@iéf\‘ﬁéﬂﬁié%ﬁ a8 88Bnt Ssbihbhter aFet Avk AR AN in
5-substituted uracils and cytosines, 7-nethylguanine and 7-nethyl adeni ne,

2- F- adéﬁi%éiy]@rmmta@l@nﬁﬁén% Qﬁéguan@néoéﬁd SSchie et oo n@lsmaééézaguanl ne
15 and (}gﬁ %q%&% d 3-deazaguani ne and 3-deazaadeni ne. Further

nodi f i e eobases I'n Iude tricyclic pyrimdines such as - phenoxazi ne
cytidi ne(1H pyrimdo[5,4- b][1, 4] benzoxazin-2(3H)-one), phenot hi azi ne

cyti di de( démeyemnbbdanbnash] [t;’herl] aanzsehsaz iwﬂo&ﬁﬂmr@qvfﬁeﬁaﬂmmh as

bst t
Z%F%oé%héﬁ?)’s%—i %IvaI neJSe%g I ?’[%? 4] "b'én%%?(%ti R0%( 37 - SR&TE SaraFdi e
cytl di neag2Hopw | Erdolhdx b§5%1doat21@a@)c oy, i dai nded e cyvdi Be (lalst

pyri do%3 2' . 4, 5] rrolo[2,3 d] pyri m di n-2-one). Modi fi ed nucl eobases may
al so | RBBURY t Bbsel eas whidd® tﬁ@mﬁéﬁmﬁétéFYZS‘:ﬁbyﬁi n@ﬁ@lﬁe Brskeie Pepidaced

with o t exa e esaé% agu | ine,
2-am n%%%?‘g}?ng&a%%g%;??gf rt )6 Fart h%lr&nuc e%bas S 1 ncl ugéﬁ og(%% iS¢l osed
in U Su®beicNecid, 684, B@SdetbﬂménédsubmﬂgdrbntIlne Genhiosis Encycl opedia O
Pol ymer Sci ence And Engi neering, pages 858- 30 859, Kroschwitz, J. I., ed.

ley & Son 1990, those disclosed ngl.i sch_et _al te
B oY Eemi T bnal 2B b “Serogtad S T Rbde Y o8 osgg 2
SanghvruuclYeo&sth@mt eiheISanAﬂgeﬁgase:oﬁgﬁﬁafd:rap@d cAPPIL icarinit@S @@gas 289-
302, Crooke, S. T. and Lebleu, B. ed., CRC Press, 1993. -50- Certain of

t hese FRIIRIDbISEE Adte FaG | WOLAL) ytagéﬁéprﬁor SPREE EASPAGYL havbriding,
ffi
o . éﬁlq{ I;Qgrgggg m@{d Cp ggfz}gg%r%ln% I nes anﬁﬂ}l\ll- gEnN- andégfﬂgggg’

5- subs I tuted pyrimdines,
subst ithe aderqmmm n@cumﬂ:hdmegtargnnncneobgab@demaye b&b-plopyayédr agi |l and

5- _prap t OSi 5-met hyl cyt osi ne substitytions have been shown to
"2eF et S Coa i o LEESRHTY B O SRR (S eSay B bEy ok,
S. T. 2ndikekheu.cB. calls. otrﬁ&tl 5858, RSS! EheRPAr APRhIARIINS s ORGSPr ess,
Boca Raton, 1993, pp. 10 276-278) and are presently preferred base

subst istghi, o aVehs ABFe perppendamhi akhebs cbhbinked e@Palse® -in nkehokiet hyl
sugar hgg.d&lgj Qlat 'f(?ﬂft') noncomplementary nuclecbases which are flanked

by two regions of complete complementarity with the target
25 nucleic acid would have 77.8% overall complementarity with the
target nucleic acid and would thus fall within the scope of
the present invention. Percent compiementarity of an antisense
compound with a region of a target nucleic acid can be
determined routinely using BLAST  programs (basic local
30 alignment search tools) and PowerBLAST programs known in the
art (Altschul et al., J. Mol. Biol., 1980, 215, 403 410; Zhang
and Madden, Genome Res., 1997, 7, 649 656). Percent homology,

sequence identity or complementarity, can be determined by,



Representative United States patents that teach the preparation of certain
of the above noted nodified nucl eobases 15 as well as other nodified

nucl eobases include, but are not limted to, the above noted U. S. Pat. No.
3,687,808, as well as U S. Pat. Nos.: 4,845,205; 5,130,302; 5, 134, 066;
5,175, 273; 5, 367, 066; 5, 432, 272; 5, 457, 187; 5, 459, 255; 5, 484, 908; 5,502, 177;
5,525, 711; 5, 552, 540; 5, 587, 469; 5, 594, t33- 205, 596, 091; 5, 614, 617; 5, 645, 985;
5, 830, 653; 5, 763, 588; 6, 005, 096; and 5,681,941, certain of which are
commonl gopwnethmd Id), t hd nekant papgkeamnat (Whs camsli reacteaiede cAnaslyeiei n

i ncorporated by reference, and U S. Pat. No. 5,750 69% which h an owner
in comPACKRIPr t h¥CERERs oF t heTi ndfdmr 255K iCht i ﬁmﬁHheﬁl sO" BRI n

i ncorp%ﬁ{@%ﬁ&w ef grencecy - SariAnti HgAEROMRAUNG Mot héi?bg dc&rﬁ@&m

enbodi ment e invention, the conpound conprises a nodi

ol i gonudEningte, canpch sesesf tlia) adggaptbegnéntméthspadi Mg tefrmamkiediv.
deoxynucl eosi_des, pr%hgra y sjsts of 5 a thirteen |linked nodified
deo?ynﬁg? 'Si ,'(55 '5'\M4§?g %%@nt consi sting of |inked nodified

nucl eosi des, preferably consists of two |inked nodified nucl eosi des; and
(c) a In wingesSegnBpligenskst ithe Qindidwesk neshpowtdmuplkeosddas hayeifrer abl y
consists of five |linked nucl eosides; wherein the gap segnent 10 is

posi ti 6ed Beilieerorpeenentrry dégRent! M G PTSH R BeghBnd, @ Sther ei n
cach mydichiad nuet 8oSikle, Weldi18aC et N0eneg TRRind IR | #8Y 80115
sugar, preferably conprises a 2"- 0-nethoxyethyl sugar; and wherein €ach

i nt er neolpdsinea tlhinyk age d LEEHhusphatdhiaat@, | dnkagearFassoegavner vy of

modj fied 15 nucleotides in_an antisense co un e | 1 ed i f. .These
o 1 5 COEERForSTENERE St | SARGE C N BOUTRS prOReC de SRcHITE] eMrERidt he

i nhi bi #@LY 19Ctdothd Vemémes £pse mdiah@ Ngaadhf iMidledasa bar get Butlieiegrsaei d,

or increase resistance to degradation by in vivo nucleases. 20 In certain
enmbodi FEAPSUNENt iifens@RIAHBUNAE t RIRIETE t PBSETEPAI A ¢ WEFR héde

chem cablygBghbifg auRYELLSSAL! 8R08d ol Al LElNSi AR TS, Lo confer to

t he antisen conpounds properties such as enhanced the inhibitory
activity, increased binding affinity for a target nucleic acid, or
r esi stBnee lbca2s odegriadat nom-loprpd erient anyt | masksebThe: nBalc et itende

cqpoupfis LyPLEallY SON A Ml JAAeRNS LEOMAPdAl Ledas0i08110 SR o
non-complementary nucleobase or nucleobases may be at an
internal position of the antisense compound. When two or more
non-complementary nuclecbases are present, they may be
contiguous (i.e. linked) or non-contiguous. In one embodiment,

20 a non-complementary nucleobase is located in the wing segment

of a gapmer antisense oligonucleotide.

In one embodiment, antisense compounds up to 20 nucleocbases in
length comprise no more than 4, no more than 3, no more than 2
or no more than 1 non-complementary nucleobase(s) relative to

25 a target nucleic acid, such as a CTGF nucleic acid.

In another embodiment, antisense compounds up to 30
nucleobases in length comprise no more than 6, no more than 5,
no more than 4, no more than 3, no more than 2 or no more than
1 non—cbmplementary nucleobase(s) relative to a target nucleic

30 acid, such as a CTGF nucleic acid.



nucl ease degradation, increased cellular uptake, increased binding affinity
for the target nucleic acid, and/or increased 30 inhibitory activity. A
second region of a chinmeric antisense conpound nay optionally serve as a
substrate for the cellular -52- endonucl ease RNase H, which cl eaves the
RNA strand of an RNA: DNA dupl ex. Antisense conpounds having a gapnmer notif
are considered chineric anti sense corpdunds. In a gapner an internal region
having a plurality of nucleotides that supports RNaseH cl eavage is

posi ti ongd bkeitweamhaxt eogbunagi OpsotadeAg Herdiw akilky ofnsuedeotiKieset hat
are chemcally distinct fromthe nucl eosides of the internal region, In the
case of VRHCRNRTSeASEPSEMEBARAEY ebPi dePRAGLAG &Lgdp X IRt iITUCkHe @pido
segnent, ge I LS & ubstr f o .endo e, ile
t he mﬁﬁ%gsggﬁg%tguéﬁ%%giseiﬁ%gﬁfﬁéd %S?Fggsi 8s.glgﬂgﬁﬁggﬁeﬁ#gﬁxggbéalnent,
t he regtansigiows gapivee. ar eidkédpr entichtedabgst heithipas af sugaromoi®t i es
compri sing each distinct region, The types of sugar npieties_15 that are

used t ©HIFr et i &t FAHE T SYF ORI O 28 Gapher’ 4R s o eRBEAI YT
i ncl ude- - - gpoRLg! ﬁgﬁb@%sofp-c%&q@%dsquié&%ygé, of' aﬁotgﬁgni%%zqs_eo_ o

nucl eosi des (such 2'-nodified nucl eosides may 1 nclude 2'-ME,

anong cdymasind .andrbi ops | emboghdmemnsdi f itdek nacltéssingess CouTlousidsyclame sugar
20 nodi fied nucl eqsides may.include those .having a 4'-(CH2)p-0-2' bridge,
wher e ﬁnggthgfﬁr%;gﬁeﬁ%b%??stagﬂ éiﬁﬁqﬁﬁabﬁé%cﬁP%&ﬁ&ﬁiégsauﬁaﬁﬁﬁﬁsugar
noi et i esgmbhe W 1g- gaRtMdly elbblimentl equient bytdesaskebatbmSolindy- 4re Where
"X" represents the length of the 5° wing region, "Y' represents the |ength
of1Q he COBPGEFPEGTEN, arRf " 222§ kpf edentRLalifONaaRy P TIT TheO B 2witag Idgi on.
Any of sbBfeARL ! SANS G ROMPOYPAS, dRHHJNGEAE! €L HeCath ikt de JRBARGLUER T 1N

sone enbodi ments, X and Z are the sane, 1 n other enbodi nents they are

di ff erane. dompleneitamedtentsodi reast W i $5hetweleaviBsmdpdstionl enf i des. X,
Y or Z can 30 be any of 1,.2, 3, 4, 5.6, ‘7, 8 9,10, 11, 12, 13, 14, 15,
lo, 1755880167500 oS, 3B18P MopRtSRTELPAueE® THEG GRS for SOBPOPRES
presenthafvamtl Gonglcdnisiecabt tar @tnoleddi hed,tooforl, - 53, exanpha
2-13-5, 5-10-5, 4-8-4, 4-12-3, 4-12-4, 3-14-3, 2-16-2, 1-18-1, 3-10-3,
21§0_2154_1@A116, 28g8-%29, 20, or more nuclecbase portion of a target

segment, or a range defined by any two of these values.

Identity

The antisense compounds provided herein may also have a
20 defined percent identity to a particular nucleotide sequence,
SEQ ID NO, or compound represented by a specific Isis number.
As used herein, an antisense compound is identical to the
sequence disclosed herein 1if it has the same nucleobase
pairing ability. For example, a RNA which contains uracil in
25 place of thymidine in a disclosed DNA sequence would be
considered identical to the DNA sequence since both uracil and
thymidine pair with adenine. Shortened and lengthened versions
of the antisense compounds described herein as well as
compounds having non-identical bases relative to the antisense
30 compounds provided herein also are contemplated. The non-
identical bases may be adjacent .to each other or dispersed

throughout the antisense compound. Percent identity of an



I n sone enbodi nents, the antisense conpound as a "w ngner" notif, having a
W ng-gap or gap-wi ng configuration, i.e. an X- 5 Y or Y.--z configuration
as descri bed above for the gapner configuration. Thus, w ngrer
configurations of the present invention include, but are not limted to,
for exanple 5-10, 8-4, 4-12, 12-4, 3-14, 16-2, 18-1, 10-3, 2-10, 1-10 or
8-2. In one enbodinent, antisense coedpounds targeted to a nucleic acid
possess a 5-10-5 gapner notif. In sone enbodi nents, an antisense conpound
tar get eght dsensdiClceimporeidd has calgapatiedenastdiiiig kb oiter nenbegi nent s,
an antisense oligonucleotide targeted to a nucleic acid has a gap-w dened
notif. B&5eH oFeAenbBAVAentdertapiwi BBFEd Qﬁﬂ?é&ﬁéeﬁﬂ%a§dﬁﬁtlgﬁt

t ar get i gr@w%pg gof fourteen 2'-
deoxyrﬁ%%%gc é%ﬁ%%gggﬁgglf?gﬁ%daﬁetﬁe en hg segnments of three chenically

nodi fi ed nucl eosides. I n one enbodi nent, the chenm cal nodification
conpri sks ané'embgddmmmﬁﬂﬁuhﬁiamti$anﬁeanompenndsb@dkneﬂt lehetchdf cal

navPng D apir neeRT P8 c3Rbradren i1 A4 eBndd D bongsdE Ry

" chi meras, oneMib £ hm&8at 3EN thwo A9t 1R <C hRMgeRldds dstsmget Thegbans oreach
made up of at 25 |east one mononer unit, i.e., a nucleotide in the case of

an ol i W@%tﬁh@%ﬁpmlcﬁ%éﬂﬁﬂqlqbnucl eotides typically contain at

| east one region nodified so as to confer increased resistance to nucl ease
degradation, increased cellular uptake, increased binding affinity for the
target nucleic acid, and/or 30 increased inhibitory activity. It is not
necessary for all positions in a given conmpound to be uniformy nodified,
and i nModsficasdongore than one of the aforenentioned nodifications may be
incorporated in a single conpound or even at a single nucleoside within an

oI| onucl eot | An a regio f u er.ve as a
S et fare FoFrand, nafboafithe &0 Ol LeRbl R S L Rt r ok

way ofaﬁzas@hee thﬁpothds aeﬁebmphas epdbaudkaasenwhi olr cbhamgsStheoRNA
strand, of an | ex. Activation of RNase H, therefore, results in
cl eavatfet %ﬁn?ﬁ%egﬁﬁg?aibﬁkag?ﬁer§59a§r@8ﬂ?§1§ﬁhaﬁ€lH& FEOFESCi ency of

ol i gonucl eotide 10 inhibition of gene expression. Consequently, conparable

resul tfn caReOfdidb ittt abpedny tihwiorigl ehbgeruglreld desmyheseghiperic

ol i gonucl eoti des are used, conpared toﬁphosphorothloate
deoxydi@i}ﬁﬁ\u%m%ompﬁéﬁlﬁ?bipnl @ﬁﬂl@ctt@dt ofarkhq AP regpohst Orgavfge of

the RNA 428968 (?qu'g:téé:g'x asra%a( grﬁ@%fecte% by, @Al 5 (fctshg,%@weaha and, if

necessary, assoc nuc €1 ¢ aci ‘di zation te ni qUES Known i n %t he

art. nddinfeired randlssnsse conpounds of the invention may be forned as
conposite structures of two or nore oligonucleotides, nodified
ol i gonucl. eot i.des, ol.i onucleﬁsides gnd or. ol igonucleptide 20 m.,netics_as

descri UG e &L ERIE SR EES T HET EOLF €65 he et Rt R TEd & o VAR e aPf as

hybri g®aarsi@aper st eRERE8E68E bl Vel AMtd Rk St akes Pad entesplikdled, eachnthe
preparation of such hybrid structures include, but are not Nimted to, U S.

Pat . Rggrentlyl3pgsderzetyo rr:cginfladzzotwrmsclz%@v@% Eirlkagg878is 252
gz 00p§§§ph%tﬁ%%a%%3 115% 0% %QtwéeQZ%F%G 99@ ﬁ%S’tl'?e 62 géslgeg

certarn of ar € common ouned the 1nsS
appl i oat i onheaadneacal df mﬂfch tBeheertermmoI@osaded bylmké@eencear@ its

entir e Y phDeh 82080 8.2, 2035 9Ligonusl cothde having & gaper
also preferred that the antisense oligonucleotide contains at
least one and typically more than one modified sugar, wherein
25 the sugar is a bicyclic sugar. Although various modified
sugars may be emploved it is presently preferred to employ a

2’ -0-methoxyethyl sugar.

Further, at least one and typically more than one of the
nucleobases contained in the antisense oligonucleotide will be

30 a modified nucleotide such as a 5-methylcytosine.



30 notif, the gap segnent generally serves as the substrate for

endonucl ease cl eavage, while the wi ng segnents conprise nodified

nucl eosides. In a preferred enbodi nent, the regions -55- of a gapner are
differentiated by the types of sugar noieties conprising each distinct
region. The types of sugar noieties that are used to differentiate the
regi ons of a gapner may include P-D rBbBenucl eosi des,

P- D- deoxyri bonucl eosi des, 2'- 5 nodified nucl eosides (such 2'-nodified
nucl eosi demdTRbdid Ude 2a- Mide-Aghbi eyablitasigar. nodrid echudldgnsd ges.
Anot her nodi fication of the oligonucleotides of the invention involves
cheni cal@338q | kreWg 86 RS |@Qﬂﬁ’£&:¢%09f—déh@nén€r asricishol et pegmedly a .

conj ugal s WL e 20NN the: AGHT Vi L falLhal 10.diste BUL] a0s Oyl | Ul ar

upt ake gonuc eotl e conpounds invention can 1
conjugahﬁngnﬂupsncmudbenilphh@@m&tko fuocp i aralalgnipns ddokeds tpoi rdrey or
secondary hydroxy| groups. Conju roups of the |nveﬁi|on i_ncl ude

i ntercd r POY bRt OF rrdiSe it %ﬁ% am B, PR Jantaesidps| y&dly| ene

gl ycol §nd1Qeet Berson i AlRS, 4 %u@a&we the RRSTRRAY NgFLapProRer s of

oligoners, and groups that enhance the pharmacokinetic properties of
ol i gonéllslktEﬁyptoalthﬁe)anljgatés groups imedamtey tholodstter ob§, thei ésgar.

phosph |ds phenazi ne olate, 20 phen nth n nthra none,
acri di ﬁ PP&&J‘ % ‘%f ?’hﬁdgﬁrﬁ[&esf{, k%ﬁ%?%ns& an Oga QEG OUpPS ?%a%%
enhancadgaeealaar FROBUHIMH«E Preoper bhes, anhdthbe, COlﬁoethcﬁhfmt has Lawneati on,

i ncl ude groups that_inprove ollgoner upt ake, . enhance ol i goner resistance to
dédt adBPL¥REraRd/ 0Pl 4EPBHRGLRRRISBquence YEHdET i c t88 hyBLLEPZEELERtMIEN RNA.
GOUpsswa&tﬁPQan%é hsheeghgegokgmgssc ﬁggp%mw nriRercent exg g this
i nvention, Include groups i mprove oli goner uptake, distribution,

met abof oxmi oy eker éhtennuRéppresdat dtnktagesnplgahe gligprualeotiisis .osed in

I nt ernati onal Patent Application PCT/ US92/ 09196, 30 filed, Oct. 23, 1992

the e r in y nce,

CHPCEREL LT 01 AMASIoES | SRALAL o DL ELB Y LBLRL PR e

chol esdzercojhalmﬁ ytolLeistagetuctéoalde Priotkaddad) . sAtgaad: Soiietli/sh, 1889,

-56- 86, G%ﬁa 6556% gQ|IC acid (Manoharan et al ., :$ rg. Med. Chem
NUYEoRAS 995311964 jeda aHiIGaERS | C%maounﬂ%xﬁraaq Q%ﬁhyﬁﬁfefﬁﬁﬁoharan
Et aI ovédha N e f@ﬁgs ﬁ@bauségg% d@@(}ra%q(é Ypdvancharan-eta@l - £oBi 0org.

Med. Chem Let. 3, 3, 27/65-2770), a thlocholesterol (Ober hauser et
al ., NxEmplgei dserRe@nquQQQelzalaSSS@xa}ce an e@lhapimd c ahbimite. ngr

dodecandj-al si dues_( Sai B h ras et ENVBO _J

To. s PR, ol R AR ERR S S TR é%%?pffﬁe%\ﬁ & chuk
et al nudBieaist &r 11%e57éiad 4ﬂzk5ﬂaltdﬁyaa@hpﬁpbpll pl d, e.g.

di - hexadecyl -rac-gl ycerol or triethylannonium

1, 2-di - O hex cyI-rac gl ycer o- 3- H phosphonat e ( Manoharan et_ al

74 1 afibgrasat ede. n%%%@%@as it SR B it P RS,

1990, ;48redda7- §ﬁ§3)b1ﬁd l\lé_qyaem@ﬁlpé y & ol yet BMB%E%nQBYCQJ: chalic{ dagohar an
et al., 15 Nucl eosides & Nucl eotides, 1995, 14, 969-973), or adanantane
acet i @naeiSén(wanmbxmn\e@lmtldEet e dr bhs Lettxarga.m%nug@,6313651a®&54) a

pal m i op, t 264,

229- 2@%# g%Fgéﬁl %&% %a%ﬁ%% 35 9&@ aﬁgno %%?%on§¥90§%§%§Pgété?%ﬁhnnlety
(Cr ookroeteal antise&@ ePhﬁfrrrmﬁnids BExpat Thave, st@86 ch2hi ca923 Iddified

Qi gonucleotides of the invention may al so be conjugated to active drug
SPbstARCESOS+8FSexanpl e, aspirin, warfarin, phenyl butazone, ibuprofen,
suprofen, fenbuf en, ketoprofen, (S)-(+)- pranoprofen, car prof en,

dansyl sar cosi ne, 2,3,5-triiodobenzoic 25 acid, flufenamc acid, folinic
acid, a benzothi adi azi de, chl orothi azi de, a di azepine, indonethicin, a
barbiturate, a

Modified Internucleotide Linkages

The naturally occurring internucleoside linkage of RNA and DNA

is a 3' to 5' phosphodiester linkage. Antisense compounds
30 having one or more modified, i.e. non-naturally occurring,

internucleoside 1linkages are often selected over antisense



cephal osporin, a sulfa drug, an antidi abetic,

anti biotic.
described in U S. patent application Ser.

an anti bacterial or an

A i gonucl eoti de-drug conjugates and their preparation are
No. 30 09/334,130 (filed Jun.

1999) which is incorporated herein by reference inits entirety.
arenotlimtedto, -57- U. S Pat.Nos, : 4,828,979; 4,948,882; 5,218, 105;
5,525, 465; 5,541, 313; 5,545,730, 5,5527538; 5,578,717, 5,580,731,

5,580, 731; 5,591, 584,
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compounds having naturally occurring internucleoside Ilinkages

because of desirable properties such as, for example, enhanced

cellular uptake, enhanced affinity for target nucleic acids,

and increased stability in the presence of nucleases.

Oligonucleotides having modified internucleoside linkages

include internucleoside linkages that retain a phosphorus atom

as well as internucleoside linkages that do not have a

phosphorus  atom. Representative phosphorus containing

internucleoside linkages include, but are not limited to,
phosphodiesters, phosphotriesters,

phosphoramidate, and phosphorothioates.
non-phosphorous-containing

methylphosphonates,

Methods of preparation

of phosphorous-containing and

linkages are well known.

In one embodiment, antisense compounds targeted to a CTGF

nucleic acid comprise one or more modified internucleoside

linkages. In some embodiments, the modified internucleoside
linkages are phosphorothiocate linkages. In other embodiments,

each internucleoside linkage of an antisense compound is a

'phosphorothioate internucleoside linkage.

As is known in the art, a nucleoside 1is a base-sugar

combination. The base portion of the nucleoside is normally a
base. The two most common classes of such
and the pyrimidines.

heterocyclic
heterocyclic bases are the purines
Nucleotides are nucleosides that further include a phosphaté

group covalently linked to the sugar portion of the

nucleoside. For those nucleosides that include a

pentofuranosyl sugar, the phosphate group can be 1linked to
either the 2', 3' or 5' hydroxyl moiety of the sugar. In

forming oligonucleotides, the phosphate groups covalently link

adjacent nucleosides to one another to form a linear polymeric
compound.'In turn the respectivé ends of this linear polymeric

structure can be further joined to form a circular structure,

15,



5, 118, 802; 5, 138, 045; 5,414,077; 5,486, 603; 5,512,439; 5

5, 109, 124,

5,578, 718; 5,608, 046; 4,587,044, 4,605,735; 4,667,025, 4,762,779;
4,789, 737, 4,824,941, 4,835,263; 4,876,335, 4,904, 582; 4,958, 013;
5, 082, 830; "
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however, open linear structures are generally preferred.

wWithin the oligonucleotide structure, the phosphate groups are

commonly referred to as forming the internucleoside backbone

of the oligonucleotide. The normal linkage or backbone of RNA

and DNA is a 3' to 5' phosphodiester linkage.

Specific examples of preferred antisense compounds useful in

this invention include oligonucleotides containing modified

backbones or non-natural internucleoside linkages. As defined

in this specification, oligonucleotides having modified

backbones include those that retain a phosphorus atom in the

backbone and those that do not have a phosphorus atom in the

backbone. For the purposes of this specification, and as

sometimes referenced in the art, modified oligonucleotides

that do not have a phosphorus atom in their internucleoside

backbone can also be considered to be oligonucleosides.

Preferred modified oligonucleotide - backbones include, for

example, phosphorothioates, chiral
phosphotriesters, aminoalkylphosphotri- .

phosphorothioates,

phosphorodithioates,
methyl and other alkyl phosphonates including 3'-

5t'-alkylene phosphonates and chiral

esters,
alkylene phosphonates,

phosphonates, phosphinates, phosphoramidates including 3'-

amino phosphoramidate and aminoalkylphosphoramidates, thiono-

phosphoramidates, thionoalkylphosphonates, thionoalkylphospho-

triesters, selenophosphates and boranophosphates having normal

3'-5'" linkages, 2'-5' linked analogs of these, and those
having inverted polarity wherein one or more internucleotide

linkages is a 3' to 3', 5' to 5' or 2' to 2' linkage.

Preferred oligonucleotides having inverted polarity comprise a

single 3' to 3' linkage at the 3'-most internucleotide linkage
i.e. a single inverted nucleoside residue which may be abasic
(the nucleobase 1s missing or has a hydroxyl group in place

thereof). Various salts, mixed salts and free acid forms are

also included.



5,112, 963; 5, 214,136; 5,082,830; 5,112,963; 5,214, 136; 5, 245, 022,
5, 254, 469; 5, 258, 506; 5, 262, 536; 5,272, 250; 5,292,873; 5,317,098; 10
5,371, 241, 5,391, 723; 5,416, 203, 5,451, 463; 5,510,475; 5,512,667;

5, 514, 785;
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Representative United States patents that teach the
phosphorus-containing linkages

include, but are not limited to, U.S. Pat. Nos.: 3,687,808;
5,023,243; 5,177,196; 5,188,897;
5,278,302; 5,286,717; 5,321,131;
5,453,496; 5,455,233; 5,466,677;
5,536,821; 5,541,306; 5,550,111;
5,587,361; 5,194,599; 5,565,555;

preparation of  the above

4,469,863; 4,476,301;
5,264,423; 5,276,019;
5,399,676; 5,405,939;
5,476,925; 5,519,126;

5,563,253; 5,571,799;
5,527,899; 5,721,218; 5,672,697 and 5,625,050, certain of

which are commonly owned with this application, and each of

which is herein incorporated by reference.
Preferred modified oligonucleotide Dbackbones that do not
include a phosphorus atom therein have backbones that are

formed by short chain alkyl or cycloalkyl internucleoside

linkages, mixed heterocatom and alkyl or cycloalkyl

internucleoside linkages, or one or more short chain

hetercatomic or heterocyclic internucleoside linkages. These

include those having morpholino linkages (formed in part from

the sugar portion of a nucleoside); siloxane backbones;

sulfide, sulfoxide and sulfone backbones; formacetyl and

thioformacetyl backbones; methylene formacetyl and

thioformacetyl backbones; riboacetyl backbones; alkene

containing backbones; sulfamate backbones; methyleneimino and

methylenehydrazino backbones; sulfonate .and sulfonamide

backbones; amide backbones; and others having mixed N, 0O, S

and CH, component parts.

Representative United States patents that teach the
preparation of the above oligonucleosides include, but are not

limited to, U.S. Pat. Nos.: 5,034,506; 5,166,315; 5,185,444;
5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564;
5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677;
5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,610,289;

5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070;



5, 565, 552; 5,567, 810; 5,574, 142; 5,585, 481; 5,587,371; 5,595, 726;

5,597, 696; 5,599, 923; 5,599,928 and 5, 688,941, certain of which are
commonly owned with the instant application, and each of which is herein 15
i ncorporated by reference. In another enbodi nent of the invention, the

conpound conprises the nodified oligonucl eotide consists of 20 |inked
nucl eosi des. In a preferred enbodird€nt of the invention, the conpound 20

conpri ses the nucl eobase sequence is the sequence set forth in SEQ I D NGs:
39, 40,54843 521and 36633, 360pneseahddupent 6f 76RecDByentSi,é6t, 126 ocomesi tion
conprises_a npdified oligonuc| eotide conprising |jnked nucl eosi des, the
nucl eobas®’ setirenc €SHCRHR cRE sWRi§Bquekee %%‘i“g‘?%?‘l’h C?"}’P%‘ie vty WHG | D
NGS: 280ici%ol0, A AordSorS0umbln 5% Serdfh 12RaMLIRGHM g salt
and a anples of

the%eof, 6%a7naceut|ca y acceptable carrier or diluent.
phar memfidm=aldey. acceptable salts are well known to those skilled in the

art. In one enbodi nent of the invention, the antisense conpound is 30
nce. In

conplementary within a range.of nucleotides on the CT qu
corTa NPontbaP e s e A PLEReBUE LARbURE e MG OB meriar 4Ahi n
the range ofhaucheeirndes ebE8d6511idR8Ge, 1422, ,146He 1682kb2040- 2869, the
2120- 2147, or 2267-2301 of SEQ ID NO _9. In a certain enbodi nent the
antiseﬁggi@g#ﬁé@ndupéts are replaced with novel groups. The base

units are maintained for hybridization with an appropriate
nucleic acid target compound. One such oligomeric compound, an
10 oligonucleotide mimetic that has been shown to have excellent
hybridization properties, is referred to as a peptide nucleic
acid (PNA). In PNA compounds, the sugar-backbone of an
oligonucleotide is replaced with an amide containing backbone,
in particular an aminoethylglycine backbone. The nucleobases
15 are retained and are bound directly or indirectly to aza
nitrogen atoms of the amide portion of the backbone.
Representative United States patents that teach the
preparation of PNA compounds include, but are not limited to,
U.S. Pat. Nos.: 5,539,082; 5,714,331; and 5,719,262, each of

20 which is herein incorporated by reference. Further teaching of

PNA compounds can be found in Nielsen et al., Science, 1991,

254, 1497-1500.

Most preferred embodiments of the invention are
oligonucleotides with phosphorothioate backbones and
25 oligonucleosides with heterocatom backbones, and in particular
-CH,;-NH-0-CH;-, -CH;-N(CHz ) -0-CH;- [ known as a methylene
(methylimino) or MMI backbone], -CH;-O-N(CH;)-CHy-, -CH;-N(CH;)-
-N(CH3) -CH,- and -0-N(CH;3) -CH,~-CH;,- | [wherein the native
phosphodiester backbone is represented as -0-P-0-CH;-] of the
30 above referenced U.S. Pat. No. 5,489,677, and the amide
backbones of the above referenced U.S. Pat. No. 5,602,240,
Also preferred are oligonucleotides having morpholino'backbone

structures of the above-referenced U.S. Pat. No. 5,034,506.



conplinmentary within the range of nucleotides 2728-2797 of SEQ5 ID NO 10.
Conmpounds targeted to these ranges denonstrate at |east 50% i nhibition

(i.e. SEQID NGs: 15, 29, 31, 42, 46-49, 53, 72, 81, 82, 152-154, 164, and
165). Certain target sites listed in Table 1 also denponstrate at | east 50%
inhibition (i.e. SEQID NOGs: 12, 20, 33, 34, 76, 107, 129, 132, 134, 136,

10 and 146). In certain enbodi nents tHe Tant i sense conpound is conpl enentary
wi thin the range of nucl eotides 553-611, 1394- 1423, 1469-1508, 1559- 1605,
1659- 1689 or 2100-2129 of SEQ ID NO 9 and 2623-2647 of SEQ ID NO 10.
Compounds targeted therein denonstrate at | east 60% inhibition (i.e. SEQ ID
NGs: 1 7128, - 40 .43, 44, 45, 50, 51, 52, 54, 55, 56, 77, 78,

79, 133”%%%fi§§)$§€%$3§?%ég %étional target sites listed in Table 1 al so
denonstrate at |least 60% inhibition (i.e. SEQ ID NGs: 24, 30, 61, 63, 67,
69, 73 M@bified, ¢28goandlabtidebn mamt aialwnbockhments t baecantrSensere
conmpound .i s conpl ementary 20 within the range_of nucl eoqtides 1399-1423.
Conpour?dib%%]rtglg'{)@e PHEPE Yo aF%rafengé@F:? ¢ nhHBREPSHL(iSWasEQ | D
NOs5 3%ianfl 463n Cayd aifod a9l Siikes 4ishadpbr Tapie an?'sso GrRmpsL{ate at
| east 70% inhibition (i.e. SEQ ID NGs: 28, 30, 44, 45, 51, 56, /8, , and
138) . Gvstditgdiiog) t withst @d swoobi Tt brdugop dbmodgtingt esoatfdemsta 80%

i nhi bi t; i L. | 44 lLLn _certaijn.e di nents, .1 he percent

i nhi bi ?O:lo cl(lsl Caicrﬂlﬁgl\(/%eldLD V\%@ndt thﬁ‘nt Fggnsseu bc%otr%prg(;uﬁcnlé)rf soﬁeﬁ’??ef“edot &Fiidvec
cel | s at hetecomesmtr aticn of S§0om NR&felad alde@mbbeai 8in puoyi dedthengj n

bel ow, fggf rﬁ details. 30 In an enbodi nent of the conpagsition,the

modi fi &d P[ﬂéé uctRoSSHE i §ta &t ngl £eLEPINILBCEFPABABEE R¥ as@d@rence

ol igonyekeghl de, ¢k a_@ﬁt:*ﬂ@ét?@%ﬂ@rme}?ém}%fés' By, ars SdestIRLS! NY A
modi fi ed ol i gonucl eotide, wherein the nodified oligonucl eotide consists of
20 |inkBd nuetlebssed | n HHoteateomwoli nedatent he Appdritdadriomr ovivdes a
nmet ho 05 nhhht PELL NG Si. C tive tissue growth,factor in ab
ol 1 ofd QDL BEELYS, BEBLED (ol oAt o) Bt Yt Tt heene
conpousrdt bfetwt er est under conditions such that expression of connective

tissue gromh factor is inhibited. Conposi tions and Met hods for
Fornulﬁéinsgen%hé’:lr rcr:%?n%%tuirl(égl %9 ct::?qrg)oiin;[riegggon can optionally contain
15 one or more nucleotides having modified sugar moieties. Sugar
modifications may impart nuclease stability, binding affinity
or some other beneficial bioclogical property to the antisense
compounds. The furanosyl sugar ring of a nucleoside can be
modified in a number of ways including, but not limited to:
20 addition of a substituent group, particularly at the 2
position; bridging of two non-geminal ring atoms to form a
bicyclic nucleic acid (BNA); and substitution of an atom or
group such as -S-, -N(R)- or -C(R1l)(R2) for the ring oxygen at
the 4'-position. Modified sugars include, but are not limited
25 to: substituted sugars, especially 2'-substituted sugars
having a 2'-F, 2'-0CH2 (2'-OMe) or a 2'-0O(CH2)2-0CH3 (2'-0-
methoxyethyl or 27-MOE) substituent group; and bicyclic
modified sugars (BNAs), having a 4’'-(CH2)n-0-2’ bridge, where
n=l or n=2. Methods for the preparations of modified sugars

30 are well known to those skilled in the art.



Ant i senseol i gonucl eoti desmaybeadm xedwi t h phar maceutically acceptabl e
active and/or inert substances for

t hepr epar at i onof phar maceut i cal conposi ti onsor fornul ati ons. Conpositions and
met hods for the formul ati on of 15 pharmaceuti cal conpositions are dependent
upon a nunber of criteria, including, but not limted to, route of
administration, extent of disease, or%ddse to be administered. Antisense
conmpound targeted to a nucleic acid can be utilized in pharmaceuti cal
conposi ¥t ongebyatvnbiembegimentsnt i sens’ 2&ofpedindnvwriaocaideai t dblse a

h i cal table dijl uent .ier. A ph ticall
P cept e o fE5RE] Ratebkosphit ccBEPREPoasear! naniREenidy Y che
di | uentbisayd bt estigar useiéby COEPESDE EABart anbehdelilyere d opdieptresaldry.

Accordi ngly, in one enbodi ment, enployed in the nmethods described herein is
25 a phat neRetd iR afueBnpBoPEiBRNESAp NS Mg CAiF ldift | SSiTise BOhpeYindst ar det ed

to n j i n p .cally C j.Lyent .. |

R e S e R B el
enbodi révet , dileyqihiar meoeads cahdyetaecepd abde diul uengars phar rheeutEilgda gr ade
sal i ne or 30 phar.maceutical grade PBS. |In of her enbodi nents, ~the antisense
conpouf@Hits ST it sen<de ‘be?"?%olrfhc?‘é i gEoo :-”B%r-ltsPhEP?ranEéGYF&éF sugar

CONMPOSibli@Ry GBI 3] RGCARM ISENIR TRAIFROWRGT QRe@AMass any pharmaceutically
acceptable salts, esters, or salts of such esters, or any other

ol i gonucl eoti de which, upon adm nistration to an aninal, including a hunan,
i s capaBl €333 oI HEN R r bRy PEYFAdCr 698 AN of QBPEAEEY acti ve

MRIAPOLLLBR! GeSLEUSLAGLEDT cheCo di Dol i aXalRlBod Nedhac! ogure 1S
al so drawn"to pharhaceutically acceptable salts of antisense conpounds,
pr odr ugsrtphar sacbuembaldiyeatee pttild drdaldes gfoucionwoidsersfrandlotber

bi oequj val ent s.. Syi.tabl.e 10 pharmaceutically acceptable salts include, but
are no% I }Lﬁfl%{gg tg’,lrsatﬁidi ardF PR Bssi Gth sAESAR prIRUGREFES nel GHE t he

I ncor pei @pd Dic Okugde dindly NYehsessdses rabmone 86 kot pnds Bir-aQ;agyi sense
conpound which are cleaved by endogenous nucl eases within the body, to form
15 t hdZR4PYe afft i @ igongsledinantsar t ithel ablCcprddcugsversi oneieftyt he

ol Egonugl eotides gf tol};ei vent| ar e_ 4 a .

[%E acet )}%OJQA%I oét hy pth'pEgbggdde%l\%%e@%agpacégrQg%g t 0t he" TRt AbRs

di scl esdebdimasd H3/ 24 0 Hiey@issel ismgetr amoiecpybl cohpdiBes. 9, 1998e@r in

WO 94/ 26764 and U.S. Pat._ No. 5,770,713 tq 20 inbach_et al. The term

" phar P&E@Lﬂll | GEQLREpt 5 CEEFRLR Pﬁ‘@&dsmte&tﬁl‘lys?oll&&#@g Ilill%ﬁ*@lcal_'

phar maeemly cakl y sageepleabl ersal t spof thg.conpeurds.of iderinygpjLon: i.e.,

salts that retain the desired biological activity of the par ent conpound

and d& (Rdt =25 Rlnpar t -G hdkbiFed t6Xi~8®ldgi.catSeiREL{B2} heretSd=0)2-, -

Phar euti_cal | y. acgept base_addition_salt e fo/med with netals or

air?nggfi SHECh as%a(ﬁflééli ;}% al ﬁgﬁ%g ear Thenet afg'?%iolr fg(rigarﬁnéMa estS:

Exanpliadepbndenally, usied aydeativans @t ecspdialRylpot @abiUit-uaagnesi-lm 2

cal ci un}{ %nd the |ike. )
alkyl, C2-Cl2 alkenyl, substituted €2-Cl2 alkenyl, C2-C12
alkynyl, substituted C2-C1l2 alkynyl, C5-C20 aryl, substituted
C5-C20 aryl, a heterocycle radical, a substituted hetero-cycle

25 radical, heterocaryl, substituted heterocaryl, C5-C7 alicyclic
radical, substituted C5-C7 alicyclic radical, halogen,
substituted oxy (-0-), amino, substituted amino, azido,
carboxyl, substituted carboxyl, acyl, substituted acyl, CN,
thiol, substituted thiol, sulfonyl (S(=0)2-H), substituted

30 sulfonyl, sulfoxyl (S(=0)-H) or substituted sulfoxyl; and each
substituent group is, independently, halogen, C1-C12 alkyl,
substituted C1-Cl12 alkyl, C2-Cl2 alkenyl, substituted C2-C12

alkenyl, C2-Cl2 alkynyl, substituted C2-Cl2 alkynyl, amino,



30 Exanpl es of suitable am nes are N, N -di benzyl et hyl enedi am ne,

chl or oprocai ne, choline, diethanolam ne, dicycl ohexyl am ne,

et hyl enedi am ne, N-nethyl gl ucam ne, and procai ne (see, for -61- exanple,
Berge et al., "Pharmaceutical Salts,” J. of Pharma Sci., 1977, 66, 1-19).
The base addition salts of said acidic _conpounds are prepared by contacting
the free acid formwith a sufficient -4dount of the desired base to produce
the salt in 5 the conventional manner. The free acid form may be

r egenersitledt byyutedt antinng tauylsalsubsrimuwiad aoyhci 8lafd2i sotiataaigkyhe free
i f.fer fromthei

acid in,th onventional manner. .The fr acid forns
respept?%éE%gI?m%%fﬂgﬂg§¥EMﬁH SFﬁtBEFgaﬁﬁ'gﬁ?sP@&Pﬂ&#%ﬁﬁ%i%ﬂ?%ﬁﬁﬁPEﬁé

sol ubi I¢1ycin 20 PaBdNENGS, a tod&eotlerydsgthe salts are equivalent to
their respective free acid for purposes of the present invention. As used

herein, a "pharmaceutical addition salt" includes a pharnaceutically
accept ait e segle  efbaginendss or ref iy dflia heugsipoRehesyofis hdridged

Conposiyti f e 4nventd op, T in gani : ' gani ¢ .acid
salts o e ,eergmtir}gs.é Pr %gtec—fr rgd aéc%l(if?%s#al éggrge e h)%d%lc%%%%?%%s@fcuﬁ at es,
sal i cylsatles;tadl t fades -ard Qphopphat-@s-CH heO-SHECIRP e phacHRaeky’Lcal | -

acceptabl e salts are _well known to those skilleqéi the art and_include
basi c Qﬁi"t(_sc%?l_pé'var“ll\_é(tayu‘iﬁl)i‘nﬁ}&e\ﬂ“e an‘cp“ocf%%ﬁ'l]r YQ)CT ds, 's‘gélﬁ_aejréﬂyl_ﬁd‘for
exanpl qcrigh bb, | NokGapL ccAgiglS, suehas T o-Lxamie hydrochlban @ iagid.-

hydrobrom ¢ acid, sulfuric acid or phosphoric acid; with organic
car boxyFHe) Psul Whareinsyl £6 dr phosphdt awi ds amd Neagbsel kyl edroubf aanc

ggkgsibéo%d?ﬁﬂQP‘%&%é%ﬂéhééép’ PhORLRDL ¢, AG o el © fiei @ g Sugei i
3.

In one aspect, each of said bridges is, independently, -

[C(R1) (R2) In-, -[C(R1) (R2) In-0-, -C(R1R2)-N(R1l)-0O- or -
C(R1R2)-0-N(R1l)~-. 1In another aspect, each of said bridges'is,
15 independently, 4'~(CHy)3-2", 4'{(CHZ)2—2’, 4'-CH,-0-2"', 4'-

(CHy)2~0-2', 4'-CHz-O-N(R1)-2' and 4'-CH;~-N(R1)-0-2'- wherein
each R1 1is, independently, H, a protecting group or Cl1-C12

alkyl.

In nucleotides having modified sugar moieties, the nucleobase
.70 moieties (natural, modified or a combination thereof) are

maintained for hybridization with an appropriate nucleic acid .

target.

In one embodiment, antisense compounds targeted to a nucleic
acid comprise one or more nucleotides having modified sugar
25 moieties. In a preferred embodiment, the modified sugar moiety

is 2'-MOE. In other enbodiments, the 2'-MOE modified

nucleotides are arranged in a gapmer motif.

Currently preferred oligonucleotides comprise one of the
following at the 2' position: OH; F; 0O-, S-, or N-alkyl; O-,
300 5-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-0O-alkyl,
wherein the alkyl, alkenyl and alkynyl may be substituted or



25 mal ei ¢ acid, hydroxymaleic acid, nmethylmaleic acid, fumaric acid, malic
acid, tartaric acid, lactic acid, oxalic acid, gluconic acid, glucaric
acid, glucuronic acid, citric acid, benzoic acid, cinnamc acid, mandelic
acid, salicylic acid, 4- amnosalicylic acid, 2-phenoxybenzoic acid,

2- acet oxybenzoi ¢ 30 acid, enbonic acid, nicotinic acid or isonicotinic
acid; and with amno acids, such as TH&-20 al pha-am no acids involved in

t he synthesrs of proteins in nature, for exanple glutam c acid or aspartic
aci d, arr@lseb%blwtrdfdpﬁenyoaﬁed jad kadi chr C2 to Cyo alkenyl and alkynyl.

ﬁé???%#%ané%ﬁ?%ﬁ SLPEER A2 Gt Biran: Qkei 0 O1CHa) oc,

benzenes(dd0ni aagi,d, 4-(oethyl bﬁ@zer@mﬂz )Qni oxegj, d, anapht hekzgne- engukckoni ¢
aci d, napht hal ene-1, 5-di sul fonic acid,
2- or 3- ;ﬂa‘gé hoghhesrate, ag%c!rssere éﬁ@epﬁatt@ P@b®l%y%@oh@%§i?§ulprr@ﬁ%f%id

h th t I%Eq S) th C nds,
suc% as ascorLg?lcédajlecﬁ:ilCg=I Phar 5 ca%l ngcc%% ab %fi;% S or?é]écorrt%gélm S may
al so beosriepared Wit hta phar nia@reettr caall Hyyl ,accmﬂisah]temmir drowesui tadldya ,
phar mac ically abl e cations are kno to . those 10 skilled in
t he ar?ﬁgﬁ@'ﬁnclﬁgg ?LaHQﬂﬁa%N%aIPﬁélég ﬁmgﬂFﬁ%1éﬁﬂ uéF@#ﬁ¥%/
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%l 6@%\{\1%,t0 th%ﬁ%oSki H %gncimrr]nt he aérg' 2'-DMAOE, and 2'=-
dimethylaminoethoxyethoxy (also known in the art as 2'-0-
dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 2'-0--CHy-~-0--CH,
--N(CHz)2. A further preferred modification includes bicylic
nucleic acid (also referred to as locked nucleic acids (LNAs))

25 in which the 2'-hydroxyl group is linked to the 3' or 4
carbon atom of the sugar ring thereby forming a bicyclic sugar
moiety. The linkage is preferably a methelyne (--CH;--), group
bridging the 2' oxygen atom and the 4' carbon atom wherein n
is 1 or 2 including a-L-Methyleneoxy (4’'-CH2-0-2') BNA, R-D-

30 Methyleneoxy (4'-CH2-0-2') BNA and Ethyleneoxy (4'-(CH2),-O-
2’) BNA. Bicyclic'modified sugars also include (6'S)-6'methyl
BNA, Aminooxy (4'-CH2-0-N(R)-2’) BNA, Oxyamino (4’'-CH2-N(R)-O-
2') BNA wherein, R is, independently, H, a protecting group,
or Cl-Cl2z alkyl. LNAs also form duplexes with complementary



Carriers 5 Certain conpositions of the present invention also incorporate
carrier conpounds in the formulation. As used herein, "carrier conpound"” or
"carrier" can refer to a nucleic acid, or analog thereof, which is inert
(i.e., does not possess biological activity per se) but is recognized as a
nucleic acid by in _0 vivo processes that reduce the bioavailability of a
nucl ei ¢ acid havi ng biol ogi cal activitp-by, for exanple, degrading the

bi ol ogically active nucleic acid or pronoting its renmoval fromcircul ation.
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complem_entary DNA and RNA (Tm=+3 to +10 ©°C), stability towards

3'-exonucleolytic degradation and good solubility properties.

20 Other preferred bridge groups include the 2'-deoxy-2'-CH,0CH,-
4' Dbridge. LNAs and preparation ‘thereof are described in
published International Patent Application Nos. WO 98/39352
and WO 99/14226.

Other preferred modifications include 2'-methoxy (2'-0-CHs),
25 2'-aminopropoxy  (2'-OCH,CH,CH,NH,), 2'-allyl (2'-CH;-CH=CH;) ,
2'-0-allyl (2'-0-CH,-CH=CH;) and 2'-fluoro (2'-F). The 2'-
modification may be in the arabino (up) position or ribo
(down) position. A preferred 2'-arabino modification is 2'-F
Similar modifications may also be made at other positions on
30 the oligonucleotide, particularly the 3' position of the sugar
on the 3! terminal nucleotide or . in 2'-5' linked
oligonucleotides and the 5' position of 5' terminal

nucleotide. Oligonucleotides may also have sugar mimetics or



Phar maceuti cally acceptabl e organic or inorganic excipient suitable for
non- parenteral adm ni strati on which do not deleteriously react with nucleic
acids can also be used to 20 fornul ate the conpositions of the present

i nvention. Suitable pharmaceutically acceptable carriers include, but are
not limted to, water, salt solutions, alcohols, polyethylene glycols,

gel atin, |actose, anylose, magnesi um-4bearate, talc, silicic acid, viscous
paraffin, hydroxymethyl cellul ose, 25 polyvinylpyrrolidone and the |ike.
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insufflation g?aéézigés or adrospls, including by 30 nebulizer;
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Parenteral adntnigtration OCH,

Many other bicyclo and tricyclo sugar surrogate ring systems
are also know in the art that can be used to modify
20 nucleosides for incorporation into antisense compounds (see
for example review article: Leumann, Christian J., ). Such
ring systems can undergo various additional substitutions to

enhance activity.

In one embodiment of the invention, the compound comprising at
25 least one tetrahydropyran modified nucleoside wherein a

tetrahydropyran ring replaces the furanose ring.



-66- includesintravenous,intraarterial, subcutaneous, intraperitoneal or

i ntramuscul ar injection or infusion; or intracranial, e.g., intrathecal or
intraventricular, admnistration. Oigonucleotides with at |east one 2'-0O
5 nmet hoxyet hyl nodification are believed to be particularly useful for oral
adm ni stration. Pharmaceutical conpositions and fornul ations for topical
admi ni stration may include transder mak7pat ches, ointnents, |otions, creans,
gel s, drops, suppositories, sprays, liquids 'O and powders. Conventi onal
phar macewt anathear embodimaefqueods thpowdeenatoni | yheasés, ebluihcloehertss agel t he
| i ke may be necessary or desirable. Coated condons, gloves and the |ike may
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ol i gonugl gotigdes. of the invention are in adm xture with a 15 topica
delivery agent such as |ipids, |iposones, fatty acids, fatty acid esters,
steroids, chelating agents and surfactants. Preferred |lipids and |i posones
i nclude neutral (e.g. dioIeoyIpgggéhatigylDCPEethanoIanine,
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acid, linoleic 30 acid, linolenic acid, dicaprate, tricaprate, nonool ein,
di laurin, glyceryl 1-nonocaprate, 1-dodecyl azacycl oheptan-2- one, an
acylcarnitine, an acylcholine, or a Cl-10 al kyl ester (e.g.

i sopr opyihytedt Rbelebdhsenonogl yceride, diglyceride or -67--
pharmaceutically acceptable salt thereof. Topical fornulations are
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Conbi T SHE 87 BERCERRERBN Entidrtint. Of ot cRarbr enoparpprotnll Foif (20 o1
target nucleic acid. For example, 5-me_thylcytosine
substitutions have been shown to increase nucleic acid duplex

25 stability by 0.6-1.2°C (Sanghvi, Y.S., Croocke, S.T. and
Lebleu, B., eds., Antisense Research and 2Applications, CRC
Press, Boca Raton, 1993, pp. 276-278).



30 acids/salts in conbination with bile acids/salts. A particularly
preferred conbination is the sodiumsalt of lauric acid, capric acid and
UDCA. Further penetration -68-- polyoxyethyl ene-20-cetyl

et her. digonucl eotides of the invention nmay be delivered orally in granul ar
formincluding sprayed dried particles, or conplexed to formmcro or
nanoparticles. A igonucl eotide conplé%ﬁﬁg agents include poly- 5 am no

aci ds; polyimnes; polyacrylates; polyalkylacrylates, polyoxethanes,
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pr.epar at i .ar escribed in detail in.U S application_Ser. .Nos.
osy%gsa,gﬁéggégﬁ%gg J%F?nflefgg??,d sgPankB e, {i)ﬁifa‘,ag?s E’f’i‘irllg—é&u}&riyl, 5r9908),
Ser. Norof9) 256,tdix (dddmebdigl 234 kR9Vr Sebub2dibarc89/082: 624 Ghid ed
May 21, 1998) and Ser. No. 09/315,298 (filed My 20, 1999é each of which is
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f or mul at j f nt qr. i.at.eath ) rigu Lni:stration
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penetration enhancers, carrier conpounds and ot her pharnmaceutically

acgept j e exchpiLents. . -69- Pharmaceuti.cal conmpositjons of the
o B eer T LA Tt e S B R oo Lert s (. COTR | heTaLHl Ersn,
and | ihasiorecent gy nlmgdieenohaki e8s replesed afpgsidinns H@&eb@cg@mééat ed
froma variety of conponents that include, but are not_linmted 5 to,

pr ef orfifdd FFHP R, 7 sE€PRZeNBASPEDRPNg “sElSadS SRR asdITe o it FPERPRYT s8Reol i ds.

The phajrecewt s cabnd OF M2l @RS <fs thg P %:?5 Nhal-RY el b WL &4, TTBY,
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techni.ques incl ude the step.of bringing into association the active
T of SRRE W TheP PRaThALRTE c - SRR S Ere o 20001 B ( s1-8 riféner al
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associ ation the active ingredients with liquid carriers
propynyluracil and 5-propynylcytosine.
In one embodiment, antisense compounds targeted to a CTGF
nucleic acid comprise one or more modified nucleobases. In an
25 additional embodiment, gap-widened antisense oligonucleotides
targeted to a CTGF nucleic acid comprise one or more modified
nucleobases. In some embodiments, the modified nucleobase is
5-methylcytosine. In further embodiments, each cytosine is a

5-methylcytosine.

30 As used herein, "unmodified" or "natural® nucleobases include
the purine bases adenine (A) and guanine (G), and the

pyrimidine bases thymine (T), cytosine (C) and uracil (U).



15 or finely divided solid carriers or both, and then, if necessary,
shapi ng the product. The conpositions of the present invention nay be
formul ated into any of nmany possible dosage forns such as, but not limted
to, tablets, capsules, gel capsules, liquid syrups, 20 soft gels,
suppositories, and enemas. The conposi,tions of the present invention may
al so be fornul ated as suspensi ons in’égﬂeous, non- agueous or m xed nedi a.
Agqueous suspensions may further contain substances which increase the
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and di rs as nnute lets jnto bul k. agueous phase.the resuyl.tin
oo ettt S L Tedelt o Sarip il ersn, PEREFaiRs mibhtontai n
addi t igAalmiCREREH IS 1, Bsish4d @i d B A he (S ppenspd phasesnsd sike agti ve

drug which may 30 be present as a. solution in either the aqueous phase,
oty phasebofituled f paengxggpacat@ pidbee PRafmactutd calingeippent siHsuch as

e Sl 8h aoY BN L 1Aa0 9 iR A A r PXLAEN! S SRR SPe PoPLEZEL 11

emul s armaceut’|
(2H-pyrimido{4,5-blindol-2-one), pyridoindole <cytidine (H-
pyrido[3',2':4,5]pyrrolo(2,3-dlpyrimidin-2-one). Modified

nucleobases may also include those in which the purine or
25 pyrimidine base is replaced with other heterocycles, for
example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine and
2-pyridone. Further nucleobases include those disclosed in
U.S. Pat. No. 3,687,808, those disclosed in The Concise
Encyclopedia Of Polymer Science And Engineering, pages 858-
30 859, Kroschwitz, J. I., ed. John Wiley & Sons, 1990, those
disclosed by Englisch et al., Angewandte Chemie, International
Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y. §S.,
Chapter 15, Antisense Research and Applications, pages 289-
302, Crooke, S. T. and Lebleu, B. ed., CRC Press, 1993.



-71- emul sions may al so be nultiple enmul sions that are conprised of
in-water-in-oil emrmulsions. Such 5 advantages that sinple binary emul sions
enmul sions in which individual oil droplets enclose snall water droplets
constitute of oil- (wo/w) certain do not. Miultiple of an o/w enul sion a
w o/ w enul si on. Li kewi se a system_ of oil droplets enclosed in globules
of water stabilized in an oily conti na8as provides an o/w o 10 enul sion.
Emul sions are characterized by little or no the/nodynamic stability. Oten,
t he di spersath orofli sthoes ¢ nuousl gtlestesf e eaitiondslweldseisperSed i nto
t he external or conlitli n oua.ghasg and,_nai @tg nedli.n this formthrough the
means ofP9ECFAEL Frer RIBAI PRI FIRLEYt L of ENEHHIPREFAG SPTHEY t he

phases e t herRMHITON TREsREe anseqhso! 5 ds@hs i coted, Afrididigesases of
emul si on-style oi ntment bases and creanms. O her neans of stabilizing
emul si ereammiatidines usndf Nerdl silf-+fer anchatO-1fay shi@sitiidertest atted line s,

ei ther .ph sed[.of t he, emul si on. ?]%bcfrml sifiers may br aq:Ia\r/ .tﬁg cl ascii fied into
fou cdf)ecg‘& B synNEH S AAENE natuFA 9’“&’ Uiy eftitSifidrs,
absor ptyrepyRases;t aithd | ned ymsk 1pREwask 5o | dsubd 8508t 1 bAs Phasrecewdsal

Dosage Forns, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., REAWOrke Rigreaggl mwcleliospcidodpplsyntiaicl idif f At dntos 1 -8 %o

known ce ct'veé%etgz , havg f d; W applicahility jint

f or mul S?iagl%%%?’erﬁl ss:'dns an %’av%’ brg'en&lr@v%ébv\ggui nBt‘ hegplgt'ér a t}gese?%eeger,
i n Phareseeuthcandospgd iEatiwnsl,i etRt neress, egdscan®aBanker 1393 ( Eds ) ,
1988, | dson, in

rcel kker, Inc., New York, N Y., volune 1, p., 285;
PHat ma%/gét' ?Zé?eBé‘é%gaer eFoPFr%‘,SeEF%KePﬁ&:‘ﬁr,erﬁe@gg?a%ﬁwds‘éag%ﬁiu%m&s) , SWEcel
Dekker mol8C pa MEWLIIKLy Nulen 183 ind uBth, P--d I ehSHFd@eF AN @ARE.
typically anphiphilic -72- and conprise a hydrophilic and a "hydrophobic
porti onedThecabipnsef the hydrophilic to the hydrophobic nature of the
surfactant has been terned the hydrophile/lipophile balance (HLB) and is a

val uath e boolL e £abeoorizlog And seLect | g-S,sur fachant s bhathe e

preparaiion 0 ornmul atrons.” Surfactants classitied In

cl assesrd@medt oon t b2 oatruaénobft hdehwbophiddtted rmodi £ hedi nucleodAakeni C,

cationic angéaggoteri ¢ (Rieger, .in Pharmaceuti ¢gal _Dosage Forns, Liebernan,
n

RFeégerd&iny® CEFET) ,m99881 Rl aaRES  FRELUdRew Mok k arRONnYt,
vol ume, ihni g 283) - the above noted U.S. Pat. No. 3,687,808, as well
as U.S. Pat. Nos.: 4,845,205; 5,130,302; 5,134,066; 5,175,273;
5,367,066; 5,432,272; 5,457,187; 5,459,255; 5,484,908;
5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121,
20 5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,588;
6,005,096; and 5,681,941, certain of which are commonly owned
with the instant application, and each of which is herein
incorporated by reference, and U.S. Pat. No. 5,750,692, which
has an owner in common with the owners of the instant

25 application and also herein incorporated by reference.



Naturally occurring enmulsifiers used in emulsion formulations include
| anol i n, beeswax, phosphatides, lecithin and acacia. Absorption bases
possess hydrophilic properties such that they can soak up water to formw o
emul sions yet retain their 15 sem solid consistencies, such as anhydrous ‘
| anol in and hydrophilic petrolatum Finely divided solids have al so been
used as good erul sifiers especially irAlconbination with surfactants and in
vi scous preparations. These include polar inorganic solids, such as heavy
met al hydt Dxétles , Composnel Motgf20 cl ays such as bentonite, attapulgite,
hectorite, kaolin, nontnorillonite, colloidal alumnumsilicate and :
col I oi dal magnesi um al ym num si_l i cat e, pignentstggd nonpol ar solids such as

carbon Bt @f E%ﬁ%ﬁeT??gfﬁﬁ?Etgﬁ_EP?aEB@?? HPBty RERPENEs iRy Ses
materi al s R kS0 bDehUAGH1 2Bk Reeibmb A dQr A alhonsaansdhgontddrue to
the properties of enulSions. These include fats, oils, waxes, fatty acids,
fatty alawhdtsing abvf yléskeds ddunywotcdsesidesdr apreferaleby | gbdsists of
preservatives, and anti.oxidant .Bl.oc i n_Pharmaceut i cal, Dosagge, For.ims,
Lie%erﬁhn?ﬁﬁfgﬁﬁp ZHHﬁﬁﬁikgP l§é§¥§,§i@§§?u%geﬂﬁi 8P DeXker & e, "Ry
York, Ne¥mentol s st Pag3388; 1lieken ndufnasdreced £6aidbesage feiah1

Li eberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
N Y., ¢omgists, qf theo)linkad-meqik bphirneleosideds ardhyal odobl odsg

| ncl “d%eﬁ%tew a'éd(r*s%cscé‘ir '”gfg%%k%'&d oAb | Cn@@ié(é@{&%éycgr%%eram *
pol ysaCchiarides or exé%p e, "acacira, agar, alginrc acrd, c rrageenaﬁf guar
gum kabayasgsmomnfiveaddedridn)nuckidsi dse; dehevalhvehd f gap 5 sexxarpite,

car boxynet hyl cel | ul ose and car boxypr opyl cel | ul ose), §€g1s nthetic polyners
(P& eXEmPee L Rt PSEHESN UFBEE Tt hEIES R bofP nyRCpol yrehss
These digpense ghasWellrdim walel ﬂéﬁﬂfﬁé&FKH&I&&E&déOWHEhQHSeEBﬁtw%h%b'"Ze
enul sions by formng strong interfacial films around the di spersed-phase 10
dr opl esggmedtbyoinncieasi ag modd Hliest syigar ofpudfersh ey napphises aSkriee
enul si ons_often ntai.n_a_numb f ingredients such car bohydr at es,

ot ot o fiate S Pt ERRN G PBshatiuedianmd e et 15 aCERERt PNt bR o
m crobps, &hegRoéphpuhabhess 13nekigen | MeRieor P pnaser vati vasdi €paaonl y
used preservatives included in enulsion formulations_include nmethyl
paPabetiC Hropidepaibeit #uhiePREPY COMMIMUMEal £ 115N Kohi uRheREori de,

ester . 0= hy enzoi Ci . or i I el S also
commzﬁlé;éla%dedggtsgfé%u% oﬁh$ora %ﬁtllgié?l g%s %%“@xg?%%%tb ng?' gr%}sor%%%nlzéf t he
f or nuleathiaomme Artte oiaildaint sougedcnayihe, f riee meadiec distiavegef snsughfas
tocopherols, alkyl _gallates, butylated hydroxyanisole, butylate )

hydr ofyt GFEERE, THE e T agBt S AGRARSR BETorbrECEed aiBoSoaREien

et abigul f4 e v Atdgud dant synergi sts such as citric acid, 25 tartaric
acid, and lecithin. The application of enulsion fornulations via
dermat ol ogi cal, oral and parenteral routes and nethods for their

uf 8t GeE tedve it iksitsedaihisaesei romarunds( ltggsirtacth tRhaa ngE@lt i cal

Dosag LS, 'ﬁﬁeﬁggp .eqger B @gg.gﬁps , rcel Dekker
Inc.,%ﬁg%eg%rk#& A J%IE%E foﬁﬂﬂﬁ9§?{ M sigﬁbFégggla%?B%%gégr otal
del i veay thawe,been uedyifsdelyo userthfmcawse oher easvisenteeas@n®dunds
formul ation, .efficacy from an aqiorgtion and bi oavail.ability, standpoint.
(ROSOPF?pFﬁtleS such as enhanced the inhibitory activity, "increased
binding affinity for a target nucleic acid, or resistance to

25 degradation by in vivo nucleases.

Chimeric antisense compounds typically contain at least one
region modified so as to confer increased resistance to
nuclease degradation, increased cellular uptake, increased
binding affinity for the target nucleic acid, and/or increased
30 inhibitory activity. A second region of a chimeric antisense

compound may optionally serve as a substrate for the cellular



-74- Pharmaceutical Dosage Forns, Lieberman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, NY., volune 1, p. 245; ldson, in
Phar maceuti cal Dosage Forms, Liebernman, Rieger and Banker (Eds.), 1988,
Mar cel Dekker, Inc., New York, 5 NY., volune 1, P. 199). Mneral -oil base
| axatives, oil-soluble vitam ns and high fat nutritive preparations are
anong the materials that have commonky2been administered orally as o/w
enul sions. I n one enbodi nent of the present invention, the conpositions '0
of ol i gengcheclédes aNbIwICgi cwAttHs eleatay mihat eHNAs steanemibsi ans. A
m croenul si on may be defined as a systemof water, oil and anphiphile which
is a sifRPEOWDTRRIEY- i sotropic and ther nodynanical |y stable |iquid
solution (Rosoff, in Pharnaceutical Dosage Forns, Liebernman, Rieger and 15
Banker Zirﬁfifs 9 %k] I.nc. ﬂ}@%Y 1N e VIS

245) . Typl ca%?ilém%%%@m% ons a{ral{eg sya[;t gr?s t hat ggOirﬁéLf'p\)lr e\ég’aere by fdi]errsefl;El

di sper sihnigneaani ®i knthsansaqueopeusidsi.actrang geboeiromrandntaenadddiayy an
sufficient, amount of a fourth conponent, .generally an interpediate

cha? n- F&GY 202 al B HEFIHf‘Gyf 0P a r’t‘i’%%lr @%%%m SYRBPEFBr ¢ RNaseH

m cr oerilesd e hawe gio%qtlamdie%@m}&d; asdchenandy ragicald Y nekable, a
isotropically clear dispersions of two imiscible liquids that are

st abi | PA&drapyL tivhtady frang kgottidess @ia@wnrac@ha@iwblmgé@gné@t( Eeorg thed

Shah, i L el aaee of 20 oo fal yrers andAgpistel 6 System

Rosof f, ers, k, 'pagés 18
M cr oesnlsisensec omldgonualecpierar 8dwng aacoghpnali onoatll ft, hr edet o ghipve
conponents that include oil, water, surfactant, cosurfactant and

el'dtt r SPTENCVWITHEF 2L hE MTTERTUPSI oRPPs BIOSHE MRt &5 nendenyFlepfifo) or
an oi | zhBayaker (olwh1kypechs depepdent c@ambhesPr 0pshbLeseOl hBA;¢liksand

surfactant uSed and on the structure and geonetric packing of the polar
heads mndlaygdidesar bohnt ai | péfetwed urdmmdimentol edilees fsetionts, | f  a

Rem ngton's_ -75- Pharmaceutical . Sci ences ck Publ.i shing Co., .Easton,
Pa., 19837¢h. 279) .gﬁ%‘ggﬁ?%%%%%%l E%Yc;q%éap ¢S5 Ot | F%?%ﬁ pﬂgéggaﬁﬁgr ans
has begsmexi enslVelayhstditeth@ndrbgsopl eldrd aysesPbehensiae hokaewkgdge,
to one skilled in the art, of howto forrmulate m croemnul sions (Rosoff, in

Phar meleut | @6F BESHgE OFsHL cngnipia tint R B8 OBAd CBafk SFRARMRE . Jay 1988,
Mar cel ker ;. A\%MY a..NLY., aval UE 45:. .Bl ock, ~i _
Phar rrasc@lﬁ%(i ca I(DJQ@HéLéngee orngth%l}iueeer n,B #ﬂggaé?cgﬁgg gﬁﬁér 1% ?Egg?ﬁ/ 1988,
Mar celriDekker] edsiodes New2 Yemkdi Ki¥d, woldlmesides. 33Bjch Copanedifbed

conventianal emul sions,, m.croemul siaons offer _th vantage of sol ubilizing
wat er 1 U Er BG¥ ilr?calq%? %I at’PEn A4 hér ﬁ§a§ ani éﬁ‘l%ln@ sPERPES Ur opl et s

that angy feiepdl $BORLRRBOUSLY] £ 184 SufadAN R USesuéR theRigraratyep of

m croerrul'syons i ncl ude_, but are not l[imted to, i onic surfactants,
nof- i owidd fsad autakres ides jmap, ipolydey shipkehavingyla e het@H2 potQgR ycer ol

fatt i t t et | | t ML . t.etragl |
g R R oo B e Er VI i e
pent aebegtre seR0500) fofiecaglppeermd i dONOS apTake WIKATRD) ~wiles agloyaer of s

nonool eat e (M)750), decaglycerol sequioleate (S0750), decaglycerol
decaofE8EBEPAG Y501 C8FEABBE nddnbi Rakr&hwi tWhere "X représénts the

length of the 5’ wing region, “Y” represents the length of the
25 gap region, and “Z” represents the length of the 3’ wing
region. Any of the antisense compounds described herein can
have a gapmer motif. In some embodiments, X and Z are the
same, in other embodiments they are different. In a preferred
embodiment, Y is between 8 and 15 nucleotides. X, Y or Z can
30 be any of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30 or more nucleotides. Thus, gapmers

of the present invention include, but are not limited to, for



cosurfactants. The cosurfactant, usually a short-chain al cohol 25 such as
et hanol, 1-propanol, and 1-butanol, serves to increase the interfacial
fluidity by penetrating into the surfactant filmand consequently creating
a disordered filmbecause of the void space generated anong surfactant

nol ecul es. M croemul si ons may, however, be prepared w thout the use of 30
cosurfactants and al cohol -free sel f-efdksi fying m croenul sion systens are
known in the art. The aqueous phase may typically be, but is not limted

to, watexample aguedus, SOFUDLEN @tstbe drug-3gl ycepok, BEGIQQ,,
and derivatives of ethylene glycol.

polyglycerols n;gro ylene -76- f cols
The  oi | L ph&sE: el el Ottt 3slGot 97 Mt%w® to, materials such as Captex
300, Captex 355, Capmul MCM fatty acid esters, medium chain (C8- C12)

Tone oy S Laglymesiten, ael vyl ikl shgloRYLES LS AR

esters tty al ycol1rzed glycer
C8- C10 mpt;pcﬁar |hm&ng/eagewm¢egap | sr agdpswingooendiurdttonemil. si.ors are
paré 3% interest fromthe st%ndp0|nt of drug solublllzatlon and the
enh so?{ptzl TP LIRS OLi fisd FESEdiREEr RV i oY (Bdih erRmET w o)

have beemMIPRAIEGH.0 enhance Wﬁgﬂéé' Rirgavaidaliddd ¥ oef awggre' eeudi ng
pepti des (Cbnstantlnldes et al har maceuti'cal Research, f
1385- 1390enRiiogic Harcluda h, thndreEM@t(jlmlt@@atﬁacdor 33@391635—mmﬂ

M croegul,signsaffarg 1 vant.ages ,Qf I ed dr g il on,
,protec??oh %f é E%f%én?e%%yng%|% h& rorng % pos%ﬁbl Eﬁéﬂb n@%t of drug
absorption due to surfactant-induced alteratlons in nenbrane fluidity and

perneahthmg embmﬂimemmepanaﬁbenseemmmpﬁummﬁltaﬂ@éﬂédtmﬁi&mnaweéi&0|ld
rove i cal otency, and decreased toxicity

SRR L TR e
nstﬁﬁfngPﬁﬁ 8§58t %a a?ﬁﬁ@@ﬁt e5tfResearch, 1994, 11, 1385 Ho et
J. Pharm Sci., 1996, 85, 138-143). Oten nlcroenulsions may form

Spo Nt aneousive Whetbddigidn GNP eRE Ni$ talioughipboaet hek rgkrambi ept 5
tenperature, This_may be partlcularly advant ageous
nucleic acid has a gap-widened motif. In other embodiments, an
antisense oligonucleotide targeted to a nucleic acid has a

gap-widened motif.

15 In one embodiment, a gap-widened antisense oligonucleotide
targeted to a nucleic acid has a gap segment of fourteen 2'-
deoxyribonucleotides positioned between wing segments of three
chemically modified nucleosides. In one embodiment, the

‘ chemical modification comprises a 2'-sugar modification. 1In

-0 another embodiment, the chemical modification comprises a 2'-

MOE sugar modification.

Antisense compounds having a gapmer motif are considered
“chimeric” antisense compounds or ‘"chimeras," which contain
two or more chemically distinct regions, each made up of at
25 least one monomer unit, i.e., a nucleotide in the case of an
oligonucleotide compound. These oligonucleotides typically
contain at least one region modified so as to confer increased
resistance to nuclease degradation, increased cellular uptake,
increased binding affinity for the target nucleic aéid, and/or
30  increased inhibitory activity. It is not necessary for ail

positions in a given compound to be uniformly modified, and in



25 when formul ating thernol abil e drugs, peptides or oligonucleotides.

M cr oenul si ons have al so been effective in the transdermal delivery of
active conmponents in both cosnetic and pharnaceutical applications. It is
expected that the mcroenul sion conpositions and fornul ati ons of the
present 30 invention will facilitate the increased system c absoLption of
ol i gonucl eoti des and nucleic acids fréfthe gastrointestinal tract, as well
as inprove the local cellular uptake of oligonucleotides and nucl eic acids
wi t hi n fhetgasteoitizestameal of - ¥He tfackneagioacumodtiaviaty candatdierias easof
adm ni stration. g%groenulsions of the present invention may al so contain

addi t i ofRRFOEBAPBREMAt st Bnd2addittPvEs SAERCHEYsoPhi t &S5 stearStd e il |

3), Labyasphosfad @f%iﬁa5ﬁ0§1§§8ﬁﬁleféétiéei mprove the properties of the
formul ation and to enhance the absorption of the oligonucleotides and

nucl ei c acids of the present invention. Penetration enhancers used in the
m cr oert seddd tabrgle peesemt dfnvenei ol Luwyiugd eoitdsis fhay aerv® bekormi ng

to pne ' br categories--sufactants, fatty aci bi | al t

che aﬂ%ﬁf%ﬁﬁgﬁ%,g§gd%%ﬁﬁﬁﬁﬁﬂ%ﬁ?%%#%oﬂ%sﬁﬁf?ngﬁi§u?§€g§ toﬁlﬁ?&tﬁpﬁ}ca
Revi ewhyibrider apeutd e OF ugc&aplepr RBMSEENBis199te1p1192) erf@Biuddfeddiese
cl asses _has been di scussed above. 15 Li posones There are many organi zed

sur f act"‘gﬁtc%tqﬂu%‘i“(ﬁ%s@%s R8s sirerseRl stnBNAHBNAhgve 1 BEen Atidiadd end
used fofr the, Jorgul eﬁépefeéedrmuﬁgeggl '&féa;g%eésm@ﬁ;exsrmmt%%e !

bi |l ayers and vesicles. Vesicles, suc 1 po ve 0 attracted great -
i nt er esherebyusegrebftiheiantsperidg citiy aaffibitedoy ataHn odfi gacticdredtiels of f er

fromthe. standpoint of drug delivery..As used in the present invention, the
ter "FPB&%&ﬁé%nneaﬂg aQV%gﬁcI§X€5ﬁ%8%88'ofQQﬂﬁﬁ%Hﬁq' 1§ pFQEPEFRRIGed in

a sphepkgal tbi | Gxer ot | BYelhtadhdd PREGAES Y &t barBbhak1@btides
mul tilanel | ar vesicles which have a nmenbrane forned froma |ipophilic
mat er i WeBnd @RiBGGEGUs Phigrneeleahbdaguedtite pofsash coseabagache to

conposjij . Lver iani i 655 a nt.age of
bei ng %%?%B?%Q?Egégggbtﬁggc P&aagﬁﬁéaﬁ%ﬁggggygﬁﬁggﬁﬁbos5%2%? g%ga%ﬁgﬁhgh
not abte&rgetf ussyiasm .ef Cleavagky of t thicheRNR| lcawaldt, aze tekenoupihgly

rop es, | ivo. . -78- In order to crqss .intact mammlian skin, lipid
V38 CPeRSEEeed bk Ysh FApr i adiRst Shfle ot diCeatar { Aoaoui akerer
| ess thadn &0c rawi g uRgisr i §0gat DbhueBeRnobhuasSithbahl ¢nt kaasdermal gradi ent.
Therefore, it is desirable to use a |liposone which 5 is highly defornable

and abl e to pass through such fine pores. Further advantages of |iposones
i ncl udd1iNeRgs ovesl 9BLae neamPPBRIAaLEr AhepHasismaliiost devarke bfortnagaasbl e

and bi&gﬁgq l e, . L1 C i ncor te .3 W f er.and
lipid so u:$g§%r%%§%é?€%%£§§£s%%gn%%}g?%% <§H§%%%u é%gggﬁﬁgﬁrﬁgél%ﬁe hei r
i nt er rdligmenpdrdareides f r oro Inetahot 1 sog bdes degiradledt on d Rogodficlébtide
E&grn&ceuthal Dosage Fornms, Lieberman, Ri eger and_Banker (Eds.), 1988,
cePIBREES PRc. TeReht Btk 20Q%E -, VHFBneCamPunda 5ynavenglegnt been

consi desrirrans ¢4 Lhe HLPRFal ban il ROSOIe LORBNIAL I RS A& d2e 1he |1 pi d
surface charge, vesicle size and the aqueous volune of the [1posones.
Li posOmisegr eStasrsl Patenhe t khasf eceantt dehevepyepdratipue of such

hybrid structures include, but are not limited to, U.S. Pat.
Nos.: 5,013,830; 5,149,797; 5,220,007; 5,256,775; 5,366,878;
25 5,403,711; 5,491,133; 5,565,350; 5,623,065; 5,652,355;
5,652,356; and 5,700,922, certain of which are commonly owned
with the instant application, and each of which is herein

incorporated by reference in its entirety.

In the case of an antisense oligonucleotide having a gapmer
30 motif, the gap segment generally serves as the substrate for
endonuclease cleavage, while the wing segments comprise

modified nucleosides. In a preferred embodiment, the regions



ingredients to the site of action. Because the |iposomal nenbrane is
structurally simlar to biological nenbranes, when 20 |iposones are applied
to a tissue, the |iposones start to nerge with the cellular nmenbranes. As
the merging of the |liposonme and cell progresses, the |iposomal contents are
enptied into the cell where the active agent may act. Li posonal

formul ati ons have been the focus of e®bPensive. 25 investigation as the node
of delivery for many drugs. There is grow ng evidence that for topical

adm ni s¢f ati gapmerpasenes fieawenti aaedernat oy anyeegesobvengaithetoieties
formul ati ons, Such adyant,ages include reduced side- Zééects rel ated to high
syst em CHHHF PR oR2GH %dﬂ?‘ﬁtni%?%%%- dFrig, GYREPedtledS 8828 AMRAtGSDN of

the admiyst gred drd9 at tﬂef&ﬁlqg r : Jdhe apiljt dmnj ster
a wde variety of dr ugg, bot h yé{%%ﬁﬁai gﬁ%n hydr ophobi a ?laﬁ Igetﬁheqaeg}ki n.
-79- Sewwlule r efobt-sibavecdebaitied, t hed-dbidedyywifbdnymsorneisdes, deli'ver

agept s _i ngl udi hi gh- nol ecul ar _wej ght .into the skin. Conpqunds

P LA durt B SR Ol i) Moo b B o P Ro R b LY Wi DS
have been i, nissienat i itheudd mod i Fieduilidos idfesappl i cations resul ted
in the targeting of the upper epiderms. Liposones fall into two broad

classes. Cationic_]iposones are E%Si tively charged |iposonmes which interact

with t REOREGE MR Rlrige DNALRBI Oddiuesiucd esrfieg stfabFlee cémirakiothe -0
posi ti yglychar %%n&@é’l'l&zpql%,%é&?'@ 4D s, 4 d e negat LyE! éSrPRB%%ed

cel | surf_acc_a and is internalize n an endosone. Due to the acidic
wi t hi nmpheterdosone conhedghitpss onesclar enhaptoer edhe r elcgdsiing t heeil ladatent s

into t ! t opl t al.. Biogh Bi qphys. Res. . 1987,
ot B8aEobub bR FRTLEINNE Greand S5 oThe vl s et e e,
ent r apcBMbonatiBer otharheoniheentildh i toarSi Ngg-httd tdenPNfmead gheupkpi d

are simlarly charged, repulsion rather than conplex formation occurs.
Never t FeY @580t E¥mePPrd | SSRnthuaisiFd®nalt higy oPPst h8ug§ueBls PRLBAFEr OF t hese

i posogééon@ﬁieﬂ?d%‘!&l' i S Engiéglggg‘t’:@ Lb%"cﬂuéﬁuslot g?;'%%( V507841 ng

the thym di ne ki nase géne to cell ersn pression of the
exogenowslydme wastdetetaedrsn t heepargetr celdal datims et abolydmimeal of

troll.ed Rel ease, 1992 .1 269- 274 25 On jor type of |iposomnal
RO A8 RO DYBLREFTE | dGLBCRF - o INBaRS Gty Soat
phosphatrizhtd<hothae. phephsaba 'a@ae@rreﬁ%eg@e%&teison@f f oy iepade, cangbe

formed from di r%ri st oyl phosphati dyl choline (DVPC) or dipal m 'go'yl
phospWEAUWRA chélRfe (PHPEICe AN ¢ Phposesekiéarsdsi t i bhepsotgener abfy are

f or med 4fr iJTyri \ ph(&f}_{; L4yl gl yger ' iaopic fuso iC

i pos%r%ésg%gﬂ%s;%r g@éﬂpéﬁlrmrl q#dra%résgi (ﬂcrgd;)%s p\#c%isép@ac?él]dy 'e?clheastl% ant fre

( DOPE)LipAdiet her tpipesphioliBDds| i postnirlticgnposiphenakéntor med foldge,
phosphati dyl chalj.ne (PC) such as,, for exanple, soybean PC, and egg PC.

%@t h& epﬁ\éé?’iré'dfl&ened ! AOPTAR P OR T phGSFHALA5d andiistoresceins,
phosphabhewliabel, i necardransGholest etQles 5 SRRl shiddi e ipuR assgpsed the

topical delivery of |iposomal drug formulations to the skin. Application of
| i posBResMacAtENANAG IDHOREErists t olguichea gsingesii nof eshiised nivierd: ireduct i on

of ski e S ile.delivery.of interferan vi t her ans (e.g. as
a SO|!lLJ Fgﬁagrggg%én e%ési %n?rafé’rge% 98 ect Ve ?Welgﬁg?ng? 3 .l,goﬁ‘ﬁ?d'r nal of
Drug feasgetange t69Zeg2addéd5-o4l0)andst hetreagthddi teanahcst-ughediastied the
?ffi cac oé. interferon admnistered as part of | i posomal fornulation to
Re MH tFAETON of Wnt'er f eFdR -usi nGFaHPEqueotR2 8y st HPAHE con&bgded

that gierdhd@oenneti & oprebaki-QRVas; SUPRET 0bnkextd Aruepus adiipigtration

(du Plessis et al., Antiviral Research, 1992, 18, 259-265).
include groups that improve oligomer uptake, distribution,
metabolism or excretion. Representative conjugate groups are
disclosed in International Patent Application PCT/US92/09196,

30 filed:  Oct. 23, 1992 the entire disclosure of which ig
incorporated herein by reference. Conjugate moieties include
but are not limited to lipid moieties such as a cholesterol

moiety (Letsinger et al., Proc. Natl. Acad. Sci. USsa, 1989,



Non-ionic |iposomal systens have al so been exanmined to determne their
utility in the delivery of drugs to the skin, in particular systens
conprising non-ionic surfactant and 20 chol esterol. Non-ionic |iposomal
formul ati ons conprising Novasonem (gl yceryl

di | aur at e/ chol est er ol / pol yoxyet hyl ene - 10-stearyl ether) and Novasonmem ||
(gl yceryl distearate/ chol esterol/polpéxyet hyl ene- 10-stearyl ether) were
used to deliver cyclosporin-Ainto the delms of nobuse skin. Results 25

i ndi cat®@, t I6&153s6EIT enNon-dlonl tc | kpdsontiarsystmars wer ealef.f eBf ovegi. n Med.

facilitating the depasition of cl rin-Ajinto different of the
ski n (I@P%‘Pgaf‘e Y, Tplliggﬂhar‘}ra 1@5%'18%584 &, SR ORI L‘Fpgsmng{e s]s

incl ude.ystericedl ¥ (adinlzed” et | RASOMEANNA 30+ er Rcwhi.Chgcas, useshderein,
refers to Il posomes conprising one or more specialized |ipids t hat,” when

i ncor pcﬁ“é‘éﬂ,eoB Vot 209 i pbsnokesranestl &lin §mhangedMeiﬂr c Ghemi. ot f,etl 3Ass,

rel Ilposo hs | L pid Ex Ies of
ste ‘| yzg%a?bl2 $dd |?pg§&%€m§re\e§g§ Cje 9; égf Et%he Rl

vesi cl exdieran resl.i,pi doportizm, of53t3ht53la)posaﬁe eémpmtﬁpdil sEmiane & . gore

gl ycoli pids, such as nonosi al ogangl ioside Gyn, or. 5 (B) is deri vat| zed with
d%ﬁqgmpmm%nwwgﬂ dueh ASehSPRr§eEROFERR §EyEdl

one or
noi ety.; Wi { gg ot shi t bqﬁ% A @ rt| cekag t i1ty g
thought i'n t%efartvytha%@gl Y Ee?gst or sterlgga y ‘stabiTized %/bostogr?eO:'
cont ai B9y A Ei desinapbhwgoryelaln,, & idREGEY,i vh@?&ed75|,pi4@s-54t)he 10

enhanced | ion_half-life_of_ these erical stabilize sqnes
derf ved f @‘ﬁﬁ%ﬁ%d Fptake ?iﬁt}ée%@afagy fr?ﬁeg#}éli:%u?oe%ot ﬁéﬁ% Syst em
(RES) GLAhbaauet al ., FEBSzLait@tﬁexéagaylzzac 42y c¥éoet aLphOQ@ﬁ@eﬂate
Research, 1993, 53, 3765). Various |iposonmes conprising one_or

gl ycol (BraShaFrankmewn a5 i nTeke 28edroPaphfiil} opotd D5 et fal . 3€5§Fm3 6IQ4Y

Acad. S$Glo 88736523#\19&.”5 Eﬁospﬁgg abi h by of gDno§|7qI70§q@gl yi oside

gal act ocer Febf osi ate an atidylinosito I nprove
hal f - | pokgaminégi mzsoaesaolvmﬂ'aflfarmjl g@;ycwér e:kaapnumhieuotlpuanbyetﬁalaﬂzon et

a7 AT S Vs 68 ORBHEOHINRE 1 o LAPPen e abo-a74L1 0¥ IFfBLOREERS

conprist@gi¢ Lhcsphi enyebianand (2) .1 hegangldayderéit. or @95, 36,
gal act ocerebroside sulfate ester. U S. Pat. No. 5,543,152 (\Wbb et al.

di scl o5&zl 13 pobbresacomgrdimitad spﬂ’f@#@@r‘ryel(MhSh2§ Lleﬁoscﬁﬁes: coRpPrBing
1 2- S%ﬁxfé st gyt phosphat i dyb ghol '2@%8% &,di s gd d&ha 037 anips Lh m et

posones conpriisthg [i erlva |ze Hor e
hydr opﬁﬁybmmiqm&omﬂ—m@@bdsegﬁepobpaﬂcme@n t(neoekb, aﬂ:eakLnQ\/\nJl._n t he

t S not t al Bull. Ch 0, 53, 2778) _d bed
%o HHBETRAGH 1 SHHRy: STBBHI ont S0et o dent2 T8 196 LMoLt LS arpEG
rml et yehd | | Y 8he@bn (Erl:a%S Lgtko, 1984, céﬁauga%)ednot@@ t Bt jRedr oghi i ¢

coating of polystyrene particles with polyneric glycols results in -82-
si gni subsenrashanéedbl esdhnle- | | @eBisynt heva e phbs phddhgibbwbaiéned by

the a&%@%@%%%%.of caf 2&%%4:9 grcn%%nbufen, ketoprofen, (S)~({+)-

pranoprofen, carprofen, dansylsarcosine, 2,3,5~-triiocdobenzoic
25 acid, flufenamic acid, folinic acid, a benzothiadiazide,
chlorothiazide, a diazepine, indomethicin, a barbiturate, a
cephalosporin, a sulfa drug, an antidiabetic, an antibacterial
or an antibiotic. Oligonucleotide-drug conjugates and their
preparation are described in U.S. patent application Ser. No.
30 09/334,130 (filed Jun. 15, 1999) which is incorporated herein

by reference in its entirety.

Representative United States patents that teach the

preparation of such oligonucleotide conjugates include, but



of polyal kyl ene glycols (e.g., PEG are described by Sears (U. S. Pat. Nos.
4,426,330 and 4,534,899). Klibanov et al.

5(FEESLet t., 1990, 268, 235) descri bedexperi nents denonstrating that |iposones
conpri si ng phosphati dyl et hanol - anmine (PE) derivatized with PEG or PEG
stearate have significant increases in blood circulation half-lives. Blune
et al. (Biochimca et Biophysica Acta57t990, 1029, 91) 10 extended such
observations to other PEG derivatized phospholipids, e.g., DSPE-PEG forned
from t hergorimatiian cely dist eay oyl phegphatibdyl et Hpgwd pni ne (DOSPR, @el; PEG
Li posones_havi ng coval ently bound PEG npieties on their external surface

are destribedl 0% Eur8p2adh. PEbent ReS4EP383445 $3543173Rd WO 515 T/ DUB84 to

Fi sher.: Li conposhki .contakgihn - 20 @ 1pergent P .
deri vat?’;éeﬁé)w { E’ PE ’2%@1’ ?rg?hods%éwgég#her egg?gér'gggéscr ;gb’elcfﬁb'yl%bdl e
et al. {U1B, A=A, Nos,1530085p56 &ndl1%,B838;633p,48d, MBI n &, =2, {319 S
Pat. No. 5,213 804 and Euro$ean Patent No. EP 0 436 g%gBl). Li posones 20
conpri sﬁ'r§g78a7rillﬁfber f 0 0% h 511 pi @IJB%Vy%?"’conjg‘ué Pe re disQ%sdEin wo
91/ 05545 7and A4S, Pag,74%, 757 225, 21824both, to Magsbnoet al . )y and iyy
94/ 20073 (Zali psky et al.) Liposones conprising PEG nodified ceram de
| i pi ds 4aP®4d&$er:i bedt iFEND OB/ 1039108Zhd80et ab, }12W983 ;i Pat 5,KRd<, 18,6540, 935
(M yazaki, et al.) 6,948 (Tag _et al d ri be .PEG,contai ni ng
|iposo§és°8t%ha8t%%<5an b A a er S ATRIRIELCL 131 pharPRgh Poal Sk 1 ad,
sur f aces 258, 5iosi;t ed 5ydErs3y; | i ppsPMBS280Pr i 5| pg2naTBei ¢ a¢i3dy , @9 kKnown
in the art. WD 96/40062 to Thierry et al. discloses 30_nethods for
eridapsar at'itng2hi-gh roledul 23 e g%t“‘l@c?%?c ac? d$>tn?P3 posores10W435 pat .
No. 5,26432286%0 Tagawq setrg),. discl@sessproteinsponged. | i pasemys 1and
asserts that the contents of 'such |1 posones may I nclude an anti sense RNA
U.S. 58385,P8L; No5,58663,74%0 t & FReftneiRet al>, dREcoPbes cérH5&Pn9R8t;hods
of encap atipg _oligod Y | eqtides_in liposones. WO 97/04787 to Love et
o e daeee R BB e S PSR P b M P oRrel ot aPBEE o
the rafigeneahd Tharsher seppsiaaciyal anod heachyperofwhidlosdmesheaadnar e
hi ghly, def ormabl e_| i pi d aggregates which are attractive candi dates for drug
dégi velBFVerreded By aRefeFeBRes may be described as lipid droplets which
are so highly deformable that they are easily able to penetrate through

por es whi Lho @S- SERbL&L mbARN okhe ndr ARkRIn 1 BraNS-Her sanmsuRs ecagppt abke to
the environnent in which they are used, e.g. they are self-optimzing
(adapttiiee t onedief 5¢dpe oliponusleptile skioPpsisdlsf -rePairid@, fiégkedtly
reach t&elieroéiag ets without fragnmenting, and often self-Iloading. To make
transfersones 1t is possible 15 to add surface edge-activators, usually
surfactants, to a standard |iposonmal conposition. Transfersonmes have been
used tta del i peefeerad akhbodimentt hefskithe Thevénahsher sohenedompedng
delivery of serum al bum n has been shown to be as effective as subcut aneous

i 4} ecCPBRGFSE SHRUTHHN THRSE nFRFUSBCE e Emt AP FRTFESur TSt RIS f1Rd wi de

appl i egbi en nosf.onmul alg onss sugh A3 efgd si ons (i ncl uding m croenul si ons)
and |iposones. The nobst common way of classifying and ranking the
properties of the many different types of surfactants, both natural and 25

synt hégi enej emppdimenis o bf thdeinyanbpan shei sopRiosd ti@namanyHR)s dhe
nat ur E i L . QuUp KE " N id t he
most Loot i e a L FSRuELEoRIANT, SALGRLTAND PERLOR EEteds PN 4T

f or nuhatleosaé® sgenenice Pfamiacduticad OegagecEosss, fharttelimDekdeerqf | nc.

Mew York: 180Nk 498850P £8% a0, 43, 44, 45, s0, 51, 52, s6, 78,
125 and 166 or a salt thereof, and a pharmaceutically
acceptable carrier or diluent. Examples of pharmaceutically

acceptable salts are well known to those skilled in the art.

In one embodiment of the invention, the antisense compound is
30 complementary within a range“ of nucleotides on the CTGF

sequence. In certain embodiments the antisense compound ig



If the surfactant nolecule is not ionized, it is classified as a nonionic
surfactant. Nonionic surfactants find wide -84- application in
pharmaceutical and cosnetic products and are usable over a wi de range of pH
values. In general their HLB values range from2 to about 18 dependi ng on
their structure. Nonionic surfactants include nonionic esters such as

ethylene 5 glycol esters, propylene gbgeol esters, glyceryl esters,
pol ygl yceryl esters, sorbitan esters, sucrose esters, and ethoxyl ated

est er s.cdysl Qi AHKanot Ath dehAnch@idebs S Rt ilrld Y786 cpbol 1335
et hoxyl at es, gropoxylated al cohol s, and ethoxylatedﬁgropoxylated bl ock

pol ymerldtZat.e 456-19089 ud2040n2069t hi2d 2613347, Tiee PGB hydENEEQ ID
IpiC sur factant .cl ass.

surfactant s are.the_ nost papul ar nbers of, the noniq

| f thetf\@cfrfgCt aht ndl eccq.ﬁtgalé%r angg)%émﬁggat If}\}% ¢ r‘:rlgé‘ee when GESEH s9& ved
or di spengad rdhtsatervi diie siid acdrefd o8 Shabssfidss a3728L9MDg. oANigeRy C
surfactants include 15 carboxyl ates such as soaps, acyl |actylates, acyl
anides 16f N nb0 acC@gPossdsr SSafaeind uF? ctherg S@dWess ER9RStLREat e and
sthoxyhabed adylssidalas, pullonakgssuglsas 1al kyls besizeng, suykonat es.
acyl isethionates, acfl taurates and sul fosucci nates, and phoSphates. The
nmost i Aport7ant $kenbéks 46220 5t4he 164 onamdslifbact arirteliasstarget heiakkyl
sul fates and the soaps. Jf the surfactant nol ecule carries a positive
char ge 3AERS: (1 5 TAPLEI bed 18P EBHREHR TR il ok 5ot he SO f SERLRt ign

cl assi {iedassabi eni goGcat iteni eayr fact ant, siTg| udey 25 At esnary3ammaisum
sal ts and et hoxyl ated am nes. The quaternar% ammonj um salts are the nost
udéd neRferli®f- t Bis eeabain| fembesisigrftact hhe molldafs hasommoualsl | isy to
carry gi It qgggt' harge ctzant_d.s cl ,fied as
30" anp %%%?%%én§§%¥obéﬁpg%5ur ac%éﬁ?% ?ﬁg|%%%f§%?§?%§ g%?hegéVivg§§%es,
substil42®d akk9ranlaes,13$AI6ADet abhesiadd phosHii+2ER? of8%EQ The use

evi ohSr (B cger T B PRoGlR S5F DrBag Forls, NEPRRENBEKKEATITRES. New
York, dheteid 988moRst286- at least 60% inhibition (i.e. SEQ ID NOs:
15 27, 28, 38, 39, 40, 43, 44, 45, 50, 51, 52, 54, 55, 56, 77,
78, 79, 138 and 139). Certain additional target sites listed
in Table 1 also demonstrate at least 60% inhibition (i.e. SEQ
ID NOs: 24, 30, 61, 63, 67, 69, 73, 86, 125, 128, and 161).
In certain embodiments the antisense compound is complementary
20 within the range of nucleotides 1399-1423. Compounds targeted
therein demonstrate at least 70% inhibition (i.e. SEQ ID NOs:
39 and 40). Certain target sites listed in Table 1 also
demonstrate at least 70% inhibition (i.e. SEQ ID NOs: 28, 30,
44, 45, 51, 56, 78, 128, and 138). One taréet site listed in
25 Table 1 also demonstrates at least 80% inhibition (i.e. SEQ ID
NO: 44). In certain embodiments, the percent inhibition is
achieved when the antisense compound is delivered to HuVec

cells at a concentration of 50nm. Refer to Example 8, provided

herein below, for more details.

30 In an embodiment of the composition, the modified
oligonucleotide 1is a single-stranded or double stranded

oligonucleotide. In another embodiment of the invention,



Penetrati on Enhancers 5 In one enbodi nent, the present invention enploys

various penetration enhancers to effect the efficient delivery of nucleic
acids, particularly oligonucleotides, to the skin of aninmals. Mst drugs

are present in solution in both ionized and nonionized forns. However,

usually only lipid soluble or Olipophilic drugs readily cross cel
menbranes. It has been di scovered that9even non-1|ipophilic drugs may cross
cell menbranes if the nmenbrane to be crossed is treated with a penetration

enhancegombpi 8oty t i0nmbai @k dingo 1 Ngorlid fatst De of wher=linpophi! iodi #1083
across cell nenbranes, penetration 15 enhancers al so enhance t he

per meab?liggnesleo bodmi ¢ors 88 tgsof Fefet inkednmephepesdss may be cl assified
as belonging to one of five broad categories, i.e., surfactants, fatty

aci ds, PA'§ §ehis, oLBELANENY_agents, ﬁ'ﬂg%?@ﬂ) eé?ééérr{‘%egggt znl%th%%gfpf (Lee

et al., eritTear REVIrews A Ther apeut
92). Eainthidditirey aboyeesehdhonéd conaseed vef tp:earmier agronmtieniancers iaf ea
descri bed below in, greater detail. Surfactants: ,In cgnnec |on with the

pr eSentCS iy &M i Dt LSS ACLAREsCPBPTISER f SEBLAEELDE AGEnCEYl &% KiRsHRal

entitigs dMhi ¢he WaBH ﬁ@uaaol ¥ed iArePeague@ises0l Min®itidsduca;die do
surface tension of the solution or the interfacial tension between the

aqueousxsviagsion afd congtdwrive guissusvatowiie faguan ishaintadesbtedi on of

ol i gonucl eoti des through the nucosa is enhanced. In addition to bile salts

and fatty acids, these penetration enhancers include, for exanple, sodium
| auryl 30 sul fate, polyoxyethylene-9-1auryl ether and pol yoxyet hyl ene-
20-cetyl ether) (Lee et al., Critical Reviews in Therapeutic -86- Drug
Carri eCo@pstsértrépanlancﬁ) ¥chcatsd péofl udtauhers tialg enfheiroaseutictalas
gr Takaha et al., J. Pharm Pharmacol., 1988, 40, 252). Fatty acids:
var OUSOPQ?F§ éSPﬁs and their derivatives which 5 act as penetration
enhancers include, for exanple, oleic acid, lauric acid, capric acid

(n- decanoi.seaskd), mlHiggnuxlawiwhdgeal m txhayaci dpest earadmpeed, | i Akl C
acid, linolenic acid, dicaprate, tricaprate,_ nonoolein

(1- mon%laﬁ%@vevaecair%easpﬁptabﬁguﬁ%l%ﬁrﬁf%r 2N FARREABARE A6,

gl ycerghe 1- ' fl-dpyionapsat e, Ldodegylazacutlalent an- 2oaR8saex e ni ti,ges,
formulations. Compositions and methods for the formulation of
15 pharmaceutical compositions are dependent upon a number of
criteria, including, but not limited to, route of

administration, extent of disease, or dose to be administered.

Antisense compound targeted to a nucleic acid can be utilized
in pharmaceutical compositions by combining the antisense
20 compound with a suitable pharmaceutically acceptable diluent
or carrier. A pharmaceutically acceptable diluent includes
phosphate-buffered saline (PBS). PBS is a diluent suitable for
use in compositions to be delivered parenterally. Accordingly,
in one embodiment, emploved in the methods described herein is
25 a pharmaceutical composition comprising an antisense compound
targeted to a nucleic acid and a pharmaceutically acceptable
diluent. In one embodiment, the pharmaceutically acceptabie
diluent 1is PBS. In another embodiment, the pharmaceutically
acceptable diluent is pharmaceutical grade saline or

30 pharmaceutical grade PBS. In other embodiments, the antisense

compound 1s an antisense oligonucleotide.



acyl cholines,Cl_10 al kyl esters thereof(e.g., nmethyl, isopropyl and
t-butyl), and nono- and di-glycerides thereof

(i.e.,oleate,laurate, caprate,nyristate,palmtate, stearate, |inoleate,
etc.) (Lee et al., Critical Reviews in 15 Therapeutic Drug Carrier Systens,
1991, p. 92; Muranishi, Critical Reviews in Therapeutic Drug Carrier
Systens, 1990, 7, 1-33; El Hariri et-8b-, J. Pharm Pharnmacol., 1992, 44,
651654) Bile salts: The physiological role of bile includes the 20

faci |'i ti{d an @du i SDET SEGRp 88 PHSOT PELRPr 951 héPi 85+ 28Enkal - IR g
vitam ns (Br untuon, Chaptéé)frﬁbSB in: Goodrrlg%r& b?man' S Thlc’al Phar macol ogiscal

Basi s incommagfeusnys, Pl madeut Hoa Hhnn agicepitabigs . saMesy aveHie1s, New York,
1996, pR.;.934-93 Various natural Dbile salts,_an i, synthetic

der i vatsl%vletss, OatgtSS%%h 2%%%%“%{ i ﬂye(ﬁkg%esg}g%ﬁ%g?%gfbgr W*lﬁ%’e‘?éﬂ s"

i ncl udegimdmy sAfraftieomaidirah | ¥ noREU! r ingledipgnentfunein biie aspushlk as any

of their synthetic derivatives. The bile salts of the invention include,
f or> ex®FEVEAiEWo! i(E1a8FE1Vor OF t sSiFRieBO | R yoiedepishild Ysoartdveal t

sodi u t quy hot. ] i d i dr o) de cholic
acid &%gig%%lg)égxg%ho at%?t,?&g%%ﬁ%??é a%?@@?é%ﬁ%gl%o%at e%:,te'gl &c%ol iC
aci d (sodcumsgkpcdshdlxde) drgiy cade phaoheldantdciad 1ysaiagptable salts

| ycodeaxychal ate), taurocholic acid (sodiuym -87- .aci sodi um
L o e A s RaParuFS o AR e ot S ke

gl ycodshydeofaisi daiceangrbROEys(Legn@t Alher Oblibkeah valBaviseWwssiifitable
Therapeutic Drug Carrier Systens, 1991, page 92; Swi nyard, Chapter 39 In:
R&M ngPbRrBaPRAF hERELY | eaFeBERrbPACesalESt Hcd udeGe iy Rrediot Magkited

Publ i s@&pgsg‘@i%ga?ﬁa%e OtggﬁﬁéQ%%tQages 782-783; Muranishi, Critical

Reviews in 10 frc rrrer Systenms, 1990, 7, 1-33; Yanmanoto et
al., J. Pharm Exp. Ther., 1992, 263, 25; Yanmashita et al., J. Pharm Sci.,

1990, &9, p52dr8g3) .cahel anchygdégerittss Chetatrporeafent sofas addidtional
t hat

connection wih the present jnventian, n_be defined as conpounds,
Fomova s ded o ST PEPERLERSR 5 ot g SO GG S EF i t b
the restd tcléave@bsor pidduy o | gOBLELEEEI daThlifr augh bBayMIGRSardsn
enhanced. Wth regards to their use as penetration enhancers in the present

i hv entthéh, 2T He it T He. SRR sCHEReURfle ABdBArAdFHAREge ROHIKD wRFSA oRS as
L . . ot
DNase 20 dphi 5’1(.: % ?ch??%?%o ancgés cpar %ﬁériﬁ% nyel eg?g?aﬁ:%&“'afse Sl val ent

nmetal 1on for are thus in by ch I'ng agents
(Jar r dt(iS-aret@ir-@ratdgrathyl93diofGit t Sl SdeBBit i Ghel attngdagentts afhd he

i nventi include _but are n %J% ] g to di.sodi um ]

ot oyl BeEhedt siESpredlih o0 st 5o Ppced8setth ec al., published
Dec. 9, 1993 or in WO 94/26764 and U.S. Pat. No. 5,770,713 to

20 Imbach et al.

The term "pharmaceutically acceptable salts” refers to
physiologically and pharmaceutically acceptable salts of the
compounds of the invention: i.e., salts that retain the
desired biological activity of the parent compound and do not

25 impart undesired toxicological effects thereto.

Pharmaceutically acceptable base addition salts are formed
with metals or amines, such as alkali and alkaline earth
metals or organic amines. Examples of metals used as cations
are sodium, potassium, magnesium, calcium, and the 1like.
30 Examples of suitable amines are N,N'-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, dicyclohexylamine,

ethylenediamine, N-methylglucamine, and procaine (see, for



25 acid, salicylates (e.g., sodiumsalicylate, 5- nmethoxysalicylate and
honovani | ate), N-acyl derivatives of collagen, laureth-9 and N-am no acyl
derivatives of beta- diketones(enam nes) (Lee et al.,Critical Reviews in
Therapeutic Drug Carrier Systens, 1991, page 92; Miuranishi, 30 Critica
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur et al., J.
Control Rel., 1990, 14, 43-51). Non- ci¥di-at i ng non-surfactants: As used
herei n, non-chel ati ng non-surfactant penetrati on enhanci ng conpounds can be
def i nedexaggle, afaxumpoahdalt.nat " Hemonsteat EcahsiSgaicki ¢an . aotfi vPhyras

chel ati gg. age or .as surfactants .but that.ponethel ess enhance absorption
of oli g%%ﬁ(’:[ eg%?aés 6'fgt‘ir (SjLJ t'h(aaﬂéer i AR a?@éﬁgﬁ?)’%as?hvg?aﬁ%s rﬁa,l‘%"?cﬁ‘ghg

Revi ewscompdimef@penéi prBptged 63 EbBEadYsheNMBhel$%8e Acily Frem i Sh Ch ass
of penetratjop enhancers include, for exanple, unsaturated cyclic ureas, 1-
al kyl - bt 1 KenghavBey Ofo- Bk afentr edr Poaei s quaiicg ghe, salitt i al

Revke i apeud i rri enk., 1 e.92).. and
non§sr§?g?d§P§%ntl-f%§}g%%%?%?y ggénfigéugﬁlgs%ﬁémd?%'oF%h§§ (ﬂﬁﬁﬁﬁed
i ndonetthactonaadtphegnyitbut azone fotamasbtha et atid kndPhhsolaPhagnegad .,

1987, 621-6%2). Agent s t hat enhanie upt ake of oligonucleoxides at the
cel | ul & G%vEF eyl $0t%HeCSRYERTLE R he rb‘%&?%ce@ﬁeca TSRd 2fi¥er forms

conposidiifms ofréhe tmlrquenfegl?aéeﬂ;@n-saw EXAHP! SonetHa®Ni £n 13.dd 45,
such as lipofectin (Junichi et al, U S Pat, No. 5,705,188), cationic

gl ycer ®hy§diGalatinamer Gimp polykatbosiod Wllddyl d91 mebdr asopuvbykgsi e Lol | o
ety al . i i 9 0731). re.al known to enhance the

cellqaul grtﬁ%g@{%% 0 IEi]%)l %g%\r%\gcl‘%% i g%?lvige the‘?gaé—‘e% & ray e wtY i rz}&fec 0
enhancectife fipengturatdsers of f t breagreBeateries entdlori.c 2aciwsed i ReLELLN 5
glycolg_such_as ethylene_glycol and_ propyl ene glycol, rrols such as
2-pyrroPﬁa§?8ﬁ8§$l§%E t@?géﬁégnsuﬁﬁlgs I'ﬂﬁﬁ@ﬂgsanﬁ n@ﬁ%ﬁ%ﬁéguéfﬁéﬂly
ConpongatspabThe seanast t kAns@fa t ASrRr 8$end NYENthen dypauditd opgl |y
contai n other. adj unct conponents conventionally found in pharmceutical
conpostHiEe o FPMPRS ItHemS a9t - ddrbineaetiosagdhesee| dncihhds, dryaredxanpke, the
C 0Si.ti y ta diti |, tipl h ceutically-active
raver a1 TR AatEE, Al R R | P S PRR TG Y 5l e

anest hete cs hydrachilorifdesymat acgtagest s, <l iayl 0088 ai Nnadeisttiegnal 51,389-
formul ati ng vari ous dosage forns of the

materigls useful in physicall

corrpoﬁq}q S t thEP se%‘tllF%la%ﬁt SRR AL RIS, AFLEPEPPRE agehts,

Preseraal | ¥ep1 ARbIAXdANIRos SPREL 1885 int NickeRtpoaR@eR 1R SAQDILT 207 s.

VVev?saflts of a variety of inorganic and organic acids, such as,

20 for example, with inorganic acids, such as for example
hydrochloric acid, hydrobromic acid, sulfuric acid or
phosphoric acid; with organic carboxylic, sulfonic, sulfo or
phospho acids or N-substituted sulfamic acids, for example
acetic acid, propionic acid, glycolic acid, succinic acid,

25 maleic acid, hydroxymaleic acid, methylmaleic acid, fumaric
acid, malic acid, tartaric acid, lactic acid, oxalic acid,
gluconic acid, glucaric acid, glucuronic acid, citric acid,
benzoic acid, cinnamic acid, mandelic acid, salicylic acid, 4-
aminosalicylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic

30 acid, embonic acid, nicotinic acid or isonicotinic acid; and
with amino acids, such as the 20 alpha-amino acids involved in
the synthesis of proteins in nature, for example glutamic acid
or aspartic acid, and also with phenylacetic acid,

methanesulfonic acid, ethanesulfonic acid, 2-



5 materials, when added, should not unduly interfere with the biol ogical
activities of the conponents of the conpositions of the present invention.
The formulations can be sterilized and, if desired, mxed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents,

enul sifiers, salts 10 for influencing osnotic pressure, buffers, colorings,
flavorings and/ or aromatic substancesédnd the |ike which do not

del eteriously interact with the nucleic acid(s) of the fornulation. Aqueous

suspenshefsopyt Eanéal DESuDSt aners dyhi Chetheni€as 2 tdbsdbryhseosi tacid, the

suspensi on i ncluding, for exanple, sodlun1carboxynethylcelIulose sor bi t ol
and/ or RRBGIRES UHFRILspen @) rrray al"]sén W AN ULERNS  Cer tag i,
enbodi X <] o) calc g S C ai ni ng
(3 - ona L o R R SoE ST e Sh el Y,
chenDtHbrapeubrc agémphodphﬁgﬁyﬂunamnlby ag hore st b seinsephataani smN-

| es af suc thera eutic, e s iLncl ude but gare limted to
numor GHi 3 | HGHER! e dEXEPabE SRnOf BV FUBRBRS) + OF

i dar ubkygidh @%ﬁék*b' §t0d t& fé n,cdi@o%f@m dgucR5 4§ OSfABA0: c OO ne
ar abi nosi de, bis-chl oroethyl nitrosurea, busulfan, mtomycin C actinonycin

D, mtWb@mwutp@dmmoﬁécenyébéx@ym@g@%tevrfon@ompégnd§t eravie, atsmoXid en,
dacar bazi ro a| m.ne
s oxaBEEB e A A R R BB T Y e G 2ol
giH] ogphammaareds,l?:almgal@m\ce;:gedabpé?mttamd rae, 5rerrwe:lapt mguwnnet;c; those
io ar.abi ne azacytidi ne Xyur ea, eoxyco or mycin,
gg}géﬁgxy%%cl%%ﬁo%%r%ﬁ%e l@]fthﬁ)réﬁ e 5- pYaline ear%

5 f'“°éﬁﬂ@ﬁiMMr'Qkﬁﬁ (i?é%&%ﬂar -9Qmmonium  cations. Carbonates o
net hot r exat e( MrX), col chi ci ne, t axol , vi ncri stine, vinblastine, etop05|éé

( VP- 16 ydregaat faxheBatesi Aseesaso possible.
topotecan gentltablne t eni posi de, ci spl ati nand di ethyl stil bestrol (DES).

L i e e

conpourcisemiabhe igaiard | mnpiudle chenvotdrer apett | timjeads tmy (ke uselts
i vi dual | 5- FU and ol i gonucl eotjde), sequentjally 5-FU and
oF P gorkitie i Y Tbr CAGRTD SHOPL IS { TGl 1R A TRy Amidhiun,

ol i gongidraadide) CHa]!dEhtﬁﬁmb' r@éig&ﬁé@ ONEuOK ND4E OtHCErAYSE  ang
chenot her apeutic agents (e U, MrX and
spermidine, etc.; ( ) acid addition salts formed with

inorganic acids, for example hydrochloric acid, hydrobromic
acid, sulfuric acid, phosphoric acid, nitric acid and the
20 like; (c) salts formed with organic acids such as, for
example, acetic acid, oxalic acid, tartaric acid, succinic
acid, maleic acid, fumaric acid, gluconic acid, citric acid,
malic acid, ascorbic acid, benzoic acid, tannic acid, palmitic
acid, alginic acid, polyglutamic acid, naphthalenesulfonic
25 acid, methanesul fonic acid, p-toluenesulfonic acid,
naphthalenedisulfonic acid, poiygalacturonic acid, and the
like; and (d) salts formed from elemental anions such as

chlorine, bromine, and iodine.

In certain embodiment of the invention, a pharmaceutically
30 acceptable carrier or diluent 1is an ingredient in a
composition that lacks pharmacological activity, but is
pharmaceutically necessary or desirable as a solvent,

suspending agent or any other pharmaceutically inert vehicle



ol i gonucl eoti de, or 5-FULl radi ot herapy and oligonucl eoti de).
Anti-inflammatory drugs, including but not limted to nonsteroidal
anti-inflammtory drugs and corticosteroids, and 15 antiviral drugs,
including but not limted to ribivirin, vidarabine, acyclovir and
ganciclovir, may al so be conbined in conpositions of the invention. See,
general |y, The Merck Manual of Di agnosix and Therapy, 15th Ed., Berkow et
al ., eds., 1987, Rahway, N.J., pages 2499-2506 and 46-49, 20 respectively).
O her ndweranislsieressl mheoneherapeuts cnagkats arédal sm wit humahheoscapga-of
this inyention. .Twg or_.nore conbi ned conppunds nmay be_used together or
sequent%ﬁpﬁ§.ﬁq% (ﬂrﬁﬁaﬁﬁﬁgﬁQRfQéixﬁﬁéggﬁFsc%ﬁﬁo?ﬁﬁ#o PP tHe FROS&AtI on
may conkaimledeiqr tABr granti sense conmpounds, particularly 25

ol i gonucl eotides, targeted to a first nucleic acid and one or nore

addi tional antisense conmpounds targeted to a second nucleic acid target.
Nurrer ouS2EXafpfes of anti sense conpounds are known in the art. Two or nore
conbi ned conpounds nay be used together or sequentially. 30 The antisense
congou i e\ t his .oyenti conveni ently and
roﬂ?inggérﬁigg % rgﬁ%ﬁE?ﬁggm8P1%Eﬁogkgfggﬁnﬁ%hggﬁ so%% ?ﬁ%ﬁﬁ?%ﬁﬁﬁ%ﬁ%is.
Equi pmesrrf ber scotpeymdbesnsthe fokdubgtiener ak wverdoisedaic] udidgyr f oF
exanpl e -91- _Applied Bios¥§tens Foster_  Gty, |if.). /Any other neans
for suctBMtHEsi & knbRATERTt h&3Rr dli &1 BRAF BYCoPCaFt eFatanat 9o be
enpl oyetheddofi,s walkhknpyn iteuse (sl 81| argd&ehnb@uesos 9o B85 €A ogical

ol i gonucl eotides such as the 5 phosphorothi oates and al kyl ated derivatives.
The ant3<eisd Y oRPbufE oPUE hd S| niveFrIBbized easy it hasrzedci maid r byanth do
notgin j Si.Lj [ j i gL, eneti.c .vector
coh%tr&%%gﬁdggégﬁggé%o |rec%é?ﬁgéiﬁﬁ§$ﬁgl§§%%ﬁ%%?£ig¥9aﬁ${s%nggc *tul es.
The comgddndeving e d1bgimehtacni ey abgp bBeradraxple, edeapadiabedhe

conj ugat aor. otherw se _associated with other nol ecul es, nol ecul e
struct%%ggogﬁcﬁﬁQFUﬁéi%ﬁe(ﬂﬂﬁﬁﬁﬁﬁkﬁc ForPEXERPIRY FPoLEmRYal, &t or
target edroulieetibas, ohal ,cdLihihist i Lah Qf obhepuE eyl ald PAS. o P! 4
assisting in uptake, distribution and/or 15 absorption. Representative

Uni t ed“8F5¢ 8% papBRP3Eehat CYRbenl by twetlyr evar &ansof ofuclthept dkefter

diys 1 i bubs eBnand/ ok ,absarAt | d e L ORPLACHH AR, BUL 81,8 (MOt
limted to, U 8. Pat.Nos. : g 133‘ %g%‘%%fg%{%}Iﬁ%%‘%?’gﬁ%f%%%g{ﬁﬁmunt
5, 521, @01, 115U d 5851, b4 K A3K & &B3, 1020, theb 91Tk, 4k420e33004, 534n899;
5,013,556'5 10§%?21'5,213 804, 5,227,170,5, 264, 22];5, 356, 633; 5, 395, 619;
5, 416, 16, 2 5L 411 9780 5, 469° 8EU0 KT 369, BEAS RV 20818 559, 598MPSTER40R5);
5, 543, HevderdS6h 9482 br D8P, 8émpalda. 288 R nucleic acid for a common
receptor. For example, the recovery of a partially
20 phosphorothioate oligonuclectide in hepatic tissue can be
reduced when it is coadministered with polyinosinic acid,
dextran sulfate, polycytidic acid or 4d~acetamido-
4'isothiocyano-stilbene-2,2'-disulfonic acid (Mivao et al

LA ¢

Antisense Res. Dev., 1995, 5, 115-121; Takakura et al

. r

25 Antisense & Nucl. Acid Drug Dev., 1996, 6, 177-183).
Excipients

In contrast to a carrier compound, a "pharmaceutical carrier"
or ‘"excipient" is a pharmaceutically acceptable solvent,
suspending agent or any other pharmacologically inert vehicle
30 for delivering one or more nucleic acids to an animal. The

excipient may be liquid or solid and is selected, with the



each of which is herein incorporated by reference. 25 Certain Indications
The specificity and sensitivity of antisense is also harnessed by those of
skill in the art for therapeutic uses. Antisense oligonucl eotides have been
enpl oyed as therapeutic noieties in 30 the treatnent of disease states in
animal s and man. Antisense oligonucl eotide drugs, including ribozynmes, have
been safely -92- and effectively adabé+stered to hunmans and nunerous
clinical trials are presently underway. It is thus established that

ol i gonuygl eniddlasarmaer bef usehithi $besapent i€ Aoga) | sbesst Bat peavilde for
configured to he useful in treatnment regines for treatnent 5 of cells,

ti ssuethifhd @FiRaSs, Pedpeci ST SkpRHFS.  19FCer t YRRRenboPRRRE dfithe @
i nvent i Q. eQVi d%%i%l_l_”eraﬂ d ofpet reg&iéglg a %nw%h&r condi tion asspgi ated

Wi th expression of G, erein the disease I's a hyperproliferative

di sor dghasniecteuticlaides orgosdrt,iomher giypitdad caheemacsuliieadt , cprasteaatse, ' 0
renal , .pancreati head and neck,, gastric, and nultiple nyel ona cancer (See
Pi rc]% e&%ﬂq F'Leas¥ AP Cattt t%ﬁqgn%?c %@b"f‘gé’% . 189F1E8- 9d - Bpub 2007
Jul 17 Mylelia® ihiGed TangaXze ChofMhied, . J g iPRURRIrr A0 ARY; or
61(5):0606-10; Liu L.Y., et al. Wrld J Gastroenterol. 2008 Apr 7;

14( 13) hydroxypropythireeiepiel Lnd ¢ee, etetal.),; Chitl abgenesis., 20688tABE;

2204) 58 ofthe SR 2000 2% MPamE Py ladl o0 gLk, 200
21(7): 4046i68; suif¥eag Fethyel alellCdnces, Resly20@yl@ttesl; 67( 19%1888#%- 95.)

20 In one enbodinent of t he invention_the nethod conprises treating a
dggeaégygFogﬁﬂdigﬁ§§éhﬂﬁﬁein‘?ﬁé)dise&§@raFa@F§ordéF'93'a f PBFBEF UM

di seasgrehpapae erbod ment1 iofa t heomaihed 10f sthecbaveat beRget hegfLhrotic

di sease i s hypertrophic scarring, keloids, skin scarring, liver

fi br os#&ld pulahiddryi 25stebrases, rievdtrodenaoed s vagatdie f pblesi s¢oon
reste i I i of i pvent i the.met hod further
Conpr | St ¥ ey RO CHRE! SESvat Y ER b gL RS I O Sher bRt ne
di seassrwor) di sasdetegganaisnt (&idr psksatichg! ushdgurh r ezewrchhogil ges1 syadr one,

t epdon and peri pheral nerve damage), 30 spinal cord damage, coronary
b§5a3§¥xé dormi éﬁﬁF&ﬁQQt(ﬁﬁﬁﬂts (e.g., sodium -lauryl sulphate,

etc.).

Pharmaceutically acceptable organic or inorganic excipient
suitable for non-parenteral administration which do not
deleteriously react with nucleic acids can also be used to
20 formulate the compositions of the present invention. Suitable
pharmaceutically acceptable carriers include, but are not
limited to, water, salt solutions, alcohols, polyethylene

glycols, gelatin, lactose, amylose, magnesium stearate, talc,

silicic acid, viscous paraffin, hydroxymethylcellulose,

25 polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids may
include sterile and non-sterile aqueous solutions, non-aqueous
solutions in common solvents such as alcohols, or solutions of
the nucleic acids in liquid or‘solid oil bases. The solutions
30 may also contain buffers, diluents and other suitable
additives. Pharmaceutically acceptable organic or inorganic
excipients suitable for non-parenteral administration which do

not deleteriously react with nucleic acids can be used.



adhesi ons (including endonetriosis, uterine |eionyomata and fibroids),
radi al keratotony and photorefractive keratectony, -93- retinal
reattachment surgery, device nediated fibrosis (in for exanple diabetes),

t endon adhesi ons, Dupuytren contracture, or scleroderma. |In another

enbodi nent of the invention also provides a nethod 5 for reducing
hypertropic scarring resulting from dé5ral wound healing in a subject in
need t hereof which conprises adm nistering to the subject an anount of
conpountnobnaneabbiispese olfi ghrudheehitdenef f atld \WnippdinthidH tcdxpr 8ssé on of
connective tj,ssue growth factor,%CTGF) in the subject so as to '0 thereby
reduce %céﬂo}d 95 ot WEORUChREF A iGPRE SEfhj BctS IMHE Shraafifdcorney

i ncl uded@uﬂwm@tpan@.e@onagygaﬂue@gggideTheaLar mhg&ggﬂ Oftl‘ltehern?djcglgi;,mé;?hi ]

conpositions and their subsequent mnistration 1s believed to
t he skidligdnuhbzetide téensists DoSi DY 1snikdependeiwomidseverity and 15
responsi veness of the disease state to be treated, with the course of

treat t ing fromseveral days to several nonths, or unti cure is
ef f CP@P o%géé%?%iﬁ CERTS L R d g%a%8V§P§ﬂ8ni§n§' ViSiFe o @ﬁFLﬁgljaH%ing
scheduliesican ibgy cabstdad Boh f beMcpRasure FRNtS Rfudrawh@ae UpHEALEORA 1y t he
body 20 of the patjient. Persons of ordinary skill can easily determ ne

opti nuFtdds@fed HoTUR) Wt Ho dePBRF bseanaorEpeti Ry oRlratedl Opt ithsmudosages
may va e i t r LV i ndi vi.d [ l.eot | des,
and caﬁxsghgfgffgﬂ%gﬂ%g?%%afégéﬁé@%@g%ﬁﬂé%Bgém#gg%%étgﬁ ggefgg@#%&gﬁﬁqi n
vitro &He¢hi nthavo 2P rasgimn nodel sonnecgener alissdes ageowshf rfaetb01igg to
1QQ%g Eﬁﬁiﬁ@tgﬁ body wei ght, and may be given once or nore daily, weekly,
nont hl yor “yearly, or even once every 2 to 20 years. Persons of ordinary
skill in the art can easily estimate repetition rates for dosing based on

measured foesitdamc eehbo@sm@At and Coms enhkahitons ofnddiersl ug imedash | yf | Ui ds
or tissues. . Follow ng, successful treatnent, it nay be desirable to have the

pat i ent” tAET o ai AR EXHE TP (B SFERNPT t KENEdrFeneeseriehed
di seasgi s at&pMes i the 0&&;&9@89&@8“E'fssl%%“-gféweﬁm E?éggféw%@%t

mai nt enance doses, ranging fromO0.01 ug to g per kg o y
once CIOMRYES R | §iminloheringer $020 thear enimalanerheramodi nefit ohet hi s

i hvent | r{her.5 _conpri reducing .hypertropic scarring
SO b qulf, B Efbod haeRearBRTE RRERs T Routd LR, PESRESF g ot o
wound ol emtrest f 1wen thesgeoyroe@hsi fid it 0fo SKENchr edkatdy StFeh€athe

i ncisions and burns. In certain enbodi nents, the invention provi des nethods
of J.@”Pﬂﬁgring an individual conprising adninistering one or nore
pharmaceutical conpositions of the present invention. In

In the practice of the method of this invention, an animal
includes a human as well as a non-human animal, preferably

nn human.

The present invention also includes pharmaceutical
compositions and formulations which include the antisense
compounds of the invention. The pharmaceutical compositions of
the present invention may be administered in a number of ways
25 depending upon whether local or systemic treatment is desired
and upon the area to be treated. Administration may be topical
(including ophthalmic and to mucous membranes including
vaginal and rectal delivery), pulmonary, e.g., by inhalation
or insufflation of ©powders or aerosols, including by
30 nebulizer; intratracheal, intranasal, epidermal and

transdermal), oral or parenteral. Parenteral administration



certain enbodi nents, the individual has one of the above nentioned

di sorders. In certain enbodinents, the individual is at risk for one of

t he above nentioned disorders. In 15 enbodi nents, the individual has been
identified as in therapy. In certain enbodi nents the invention provides for
prophyl actically reduci ng CTGF expression individual. Certain enbodi nents
i nclude treating an individual in need6-0 thereof by adm nistering to an

i ndi vidual a therapeutically effective anobunt of an anti sense conpound

tar get efhéDu@e&£TGE nugkebgeasud, | n ongreabediereat, adm Riddatdunef, a

t herapeutically, effective anount of an antisense conpound targeted to a
CTGF 251%@1@%1%@?-@13 %cém@ﬂ@écwaﬁonilﬂ@ﬁpﬁgoaf QIGRnayieni n athe
serum of, ual det er i Vi

adnlnlstr on fhe aﬁ?géénse g%ﬁ%%ﬁﬁﬁﬁggn in |dug$; Q&%?ﬁ%ﬁﬂgﬁr

adm ni sadm:tnmtmtidae anb1 semsec Tompidknsl imtllsedaby depbysi onan t2o -0-
determ ne t he anount and 30 duration of therapeutlc intervention. -95- In

one> entshifente thytln MGG B &F anlsddyved offfouR® t BAFéica v ly CTGF
nuc|€ﬂ(h§g¥dilfgyﬂdféﬂI&dﬁ%ﬁggﬂfgkfgh“CTGF expression by at |east 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99% or a
range defined by any 5 two of these values. In one enbodi nent,
adm ni fhegmageudii cad arﬁtCPmetmfpouﬁadt arfgamad attd. cnsCT GEonuc Iteipd. cadi d
resul t I su a stan ard . test
for ex%dhﬁnis%%?%%% g%#l%d%TegggFﬁaggﬁgﬁen%ggfgéﬁfs %lﬁp§ﬁﬂatlon
of a CIaﬁlansusmmﬁamsmmgumd|lﬁmap533snbpoéﬂtﬁeaeuredpm&ysjeaihul@s 20
25, 30, %5 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99% or a
arthe 8B RS ANy MY BIEIMRE Phafdecquticate ERBEdRTENt sadusous,
adm ni 1@5{4@&0&06& C‘b’@%e%nt SRS UHH &?&rﬁﬂéé%n%%ebgﬁﬁéléégsg%ya
| east 15, 20 g 40,45, 50, 55, 60, 65, 70 ,
or 99@9roﬁe§1rahé@ d@ﬁ@ﬁﬁﬁtﬁpQﬁ@m&wngb¢V@$e§Edv§h§e§lHG1mﬁyt@lao be
enbodi ph C CONpos Sk anti sense co
Far get SoEE 5 Ererer e ey s R T TR B B R P REREH g
pau(ymhsublbgongcbeosmdeephﬂﬂuhé(nmﬁbnt&mnoéréhenammm1Xﬁﬁﬁé(w&ﬁh a
g%gorders d?gttaln Cowblnatlog Ther. gpi,es I certain enbodlnents one or
e p%%‘?lrﬁa%‘e FLLYSE¥nPISTE SHSPoPSt He HEsentt HIRAIAT onf 2 & acids,

co- adnidu s} esety Wb fePBE OF PBEASOL laﬁrelaf&%@a%@dt@alarﬁgesrﬁéfaéeaﬁééEai n

Preferred 1lipids and 1liposomes include neutral (e.g.

95 15

dioleoylphosphatidyl DOPE ethanolamine,
dimyristoylphosphatidyl choline DMPC, distearolyphosphatidyl
20 choline) negative (e.g. dimyristoylphosphatidyl glycerol DMPG)
and cationic (e.g. dioleoyltetramethylaminopropyl DOTAP and
dioleoylphosphatidyl ethanolamine DOTMA). Oligonucleotides of
the invention may be encapsulated within liposomes or may form
compleges thereto, in particular to cationic liposomes.
25 Alternmatively, oligonucleotides may be complexed to lipids, in
particular to cationic 1lipids. Preferred fatty acids and
esters 1nclude but are not limited arachidonic acid, oleic
acid, eicosanoic acid,  lauric acid, caprylic ac1d, capric
acid, myristic acid, palmitic acid, stearic acid, 1linoleic
30 acid, linolenic acid, dicaprate, tricaprate, monoolein,
dilaurin, glyceryl 1l-monocaprate, l-dodecylazacycloheptan-2-
one, an acylcarnitine, an acylcholine, or a Ci-10 alkyl ester

(e.g. isopropylmyristate IPM), monoglyceride, diglyceride or



25 enbodi nents, such one or nore other pharmaceutical agents are designed
to treat the sane disease or condition as the one or nore pharnaceutica
conpositions of the present invention. In certain enbodi nents, such one or
nore ot her pharnmaceutical agents are designed to treat a different disease
or condition 30 as the one or nore pharnmaceutical conpositions of the
present invention. In certain enbodi mérts, such one or nore other -96-
pharmaceutical agents are designed to treat an undesired effect of one or
nor e phehapeecdd chtatbypasteboaslef shle phesenit.i Moerdiciadn. fdmmck: t Boms

enbodi nents,. one or nore pharmaceuti cal conpositions of the present
i nvent i ¥ aF8SE51 P8 diit n8§F%Hed 15 tH- SnoPRECOShATRICERTIAN  §68nt N treat

an undesq Feds efd@ck; pbat Rat vakhery phagamegui bgak sageRbrpbRa¢@id dldv-ein

enbodi ments, one or nore pharmaceutical conpositions of the present
i nvent ilgn etk @rimortes cimherrgihar naceuti cal agents are adm ni stered at
the sane tine. In certain 10 enbodi nents, one or nore pharnmaceutica

iti af, th t At d t her ph tical
agent s GFEORIh TR PG RPTHIPPEERE (iHesotTh BEPEATACERBOS NeM e e or
nmore phawreeut ical eeEpeSids, onsndérdper L €sEateds NVenbnohaaitd «ile tds or e

ot her pharmaceutical agents are 15 prepared together in a single .
f or nul SUSERSERTSer (4 n MBHH: It s1on¥@ B noPE pRARAREEGONEal media,

COMPOShinT of, t RRIPT Gfillul dWeNtitnaild, ONERLoR! Cof! Nk nRhaTAGaNL | cal
agents are prepared separately. In certaln enbodi nents, pharnaceutica

agent sThhakemaysbe cofl2@omingni stayetcsi t h digh@Entsceut | esliledfpesist,i on of
t he, present _invention include second theragpeutigc.agent. ln certain._such
entbal HeRPS= o pidr bt PEalo TS (ke My (heLE80RaM AT STeE OF At
phar mageuhitati608POsSirkl Othefsd hepr egeidh | WENGoclast Udes bUE ar@enot
limted to second therapeutic agent. In 25 certain sych enbodi nents, the

second PHER&pREL iA AgEAMINd SEEHAR stBr PP P aliihi sPREL iVh BPTE
phar megentt £2L i 6QMPEShEALEOf LHerREESARL | BMENtLRAI 2 EArEET { BLRFRYGR

surfactants include fatty acids and/or esters or salts
15 thereof, bile acids and/or salts thereof. Preferred bile
acids/salts include chenodeoxycholic acid {CDCA) and
ursodeoxychenodeoxycholic acid (UDCA), cholic acid,
dehydrocholic acid, deoxycholic acid, glucholic acid,
glycholic acid, glycodeoxycholic acid, taurocholic acid,
20 taurodeoxycholic acid, sodium tauro-24,25-dihydro-fusidate,
sodium glycodihydrofusidate,. Preferred fatty acids include
arachidonic acid, undecanoic acid, oleic acid, lauric acid,
caprylic acid, capric acid, myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaprate,
25 tricaprate, monoolein, dilaurin, glyceryl 1l-monocaprate, 1-
dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine,
or a monoglyceride, a diglyceride or a pharmaceutically
acceptable salt thereof (e.g. sodium). Also preferred are
combinations of penetration enhancers, for example, fatty
30 acids/salts in combination with bile acids/salts. A
particularly preferred combination is the sodium salt of

lauric acid, «capric acid and UDCA. Further penetration

enhancers include polyoxyethylene-9-lauryl ether,



enbodi nents, the second therapeutic agent is adm nistered foll ow ng

adm ni stration of a pharmaceutical conposition of 30 the present invention.
In certain such enbodi nents the second therapeutic agent is adm nistered at
the sane tinme as a -97- therapeutic agent is the sane as the dose that

woul d be adm nistered if the second therapeutic agent was adm ni stered
alone. In certain such enbodi nents t hé8dose of a co-admi nistered second

t herapeutic agent is |ower than the dose 5 that would be adm nistered if

t he secpoillytkeetheléne-20eottwhs ashhien st er@ldi gdmonel edtni dees t ai oif sucthe
enbodi nents the dose q{ a_cp-adm pni stered second thlerapguti c agent_js
great er "TRERCI AR B5¥e RhafehbliPtedeCRaiit i sterFPTH Fhe T8ETorddI Ht i ut i ¢
agent V@srapfoini §+eE€d BLPREc1esN CEEL aLBNBTRREEMERLS, @ micro  or
co-adm ni stration of a second conpound enhances the therapeutic effect of a
first comperanticleh. thigonuatiednide r acnphesinghageshpodndd udes@dalsy+ n an
thepapeytic effect that lis. reater tgszn Lhe effect of adm nisteri t he
firdt conmpound @l The, X %t i &rPSHY. Sin BPHEP SHEERS 1 he
co- admigy IStdsed fiethd® s Uldd yidl herapridd e lefdect s datdordrRdddidliate maf, t he
effects of the conpounds when adm ni stered al one. |In_other enbodi nents, the
co- admidHBHHAS onSEBEGRES - | RAMEraRAN | BO Y PEBY 4 SNRIEYSEP4 SsupPBEChddind ve of

the effgehss the CO”E%Q%%%%@a%%a%@?ﬂt@s%r ed al Oﬁﬁaﬁ:l—:ar?%‘sl?r%é:i zed

enmbodi ments, the first co 'S an antisense conpoun

enbodi medtysmires ,sepohtiutanpouncelils:larsent asdnse aooriprund PaThiisulaednt i on
izlc(%llustr ted.in the E>iper.i mental Details 25 Section V\?J.&h follows. This
setli oR5eECEEES or t OFBLIEFA™9n an2GRBEFst andPRGEEE t he SHAVESA N but¥tis not

i nt endedimechgndnsihogkd, not be caopstyuedifHiddmt in angongnikkedimeention
as set forth in the clainms which follow thereafter. -98-- Exanples EXAMPLE

1: Cel POSUPEBE-ENARE anPOISFRETEBMRSUNd A et it TRRL¥VEBYLBYSE dansi sense
cormoU59§yeﬁiBa@ekﬁwgmiﬁs&bxh&z-gehgryneﬁésswengﬁ cT %oﬂygﬂnggsfégkgﬁeca“ be
5 y types. Ce typ ofF "such

tested In"vitroin a5 variety of ce es” use
anal ysée.dre avail abl e pi-eorinednmer ci al vendooby (reghy hoeancanr¥ypee@yl t ure

Il ection nassus, VA, - Zen:Bio, Inc., Research Triangle Park, NC
gagnet?%gyE%%%%f%}’?%ﬁécw}ﬁgﬂvi e, MY Yand cel uwgcgﬁ??ﬁ?ﬁﬁlalf%r di ng
to thepyBpdbsosut PBtyacdaens1aceng O COPwBY CiddbleRybdiabbecreagents (e. 9.
I nvitrogen Life Technol ogies, Carlsbad, CA). Illustrative cell types

i ncl udeEAputeEhacriotate m CEdRgepdpcrwats, PBp3Bacevilamiged pPEARry

neost Spa 15 Sle 2 LhpbIAckenkino o Srkdsismel sayeleat ces

ol i gomalyduides;rwia tod, carohe(Dnch Taedi appraipd) at edolf DL+ I@at beatow th

Oﬁger gﬁ@éoﬁ%ncseagfppgfggj, alginate, and polyethylene-glycol (PEG).
Oral formulations for oligonucleotides and their preparation
are described in detail in U.S. application Ser. Nos.
08/886,829 (filed Jul. 1, 1997), Ser. No. 09/108,673 (filed
Jul. 1, 1998), Ser. No. 09/256,515 (filed Feb. 23, 1999), Ser.

25 No. 09/082,624 (filed May 21, 1998) and Ser. No. 09/315,298
(filed May 20, 1999) each of which is incorporated herein by

reference in their entirety.

Compositions and formulations for parenteral, intrathecal or
intraventricular adininistration may include sterile aqueous
30 solutions which may also contain buffers, diluents and other
suitable additives such as, but not limited to, penetration
enhancers, carrier compounds and other pharmaceutically

acceptable carriers or excipients.



In general, cells are treated wth anti sense oligonucl eotides 20 when the
cells reach approxi mately 60-80% confl uency in culture.

Oner eagent comonl yusedt oi nt roduceanti sense ol i gonucl eotides into cultured
cells includes the cationic lipid transfection reagent LIPOFECTI NO
(I'nvitrogen, Carlsbad, 25 CA). Antisense oligonucleotides are mxed with

LI POFECTINO in OPTI-MEMO 1 (Invitroge®3-Carl sbad, CA) to achieve the
desired final concentration of .antisense oligonucl eotide and a LI POFECTI NO

concent praroaceéhisi caypicoabby itdnges of tthd 2ppaseifl inMeaanttiicsenseclude,

ol i gonucl eotide. -99- Another reagent ,used to introduce antisense

ol i gonuRtBofitfesi?ht d 1BGILEGr &P ceFPLULABR de STHFGFEEIAVERED YiRRS eReyen,
Carl sb )0t l:i.g@nu i de i i it I in
1 VR it (R At oan. SRele dRohbolielnt! ik BEFISHNEAELS

(1 nvi t riogen, Lavashady GAf t oanhbeeathedbskr edcladecebtutatiren mft antmseade

ol i gonucl eoti de_.and '‘a LI POFECTAM NEO_concentration that typically ranges 2
Co 95 5t esEatEAM hireiConee BFLGoRTELROETABS CEPRacE! b A hbal et b th
ant i seng: 11 gonuel fotigdesidy, routine "0 nethods. Cells are typically
harvest ed 16-24 hours after antisense oligonucleotide treatnment, at which

time RNA or protein |levels of target nucleic acids are neasured by nethods
known iTHe h@ Rrmegeitdesdr | FF™eERGIPRS n Afend?d , DRSSENY edtiiaRiSlare

perf of gpd ot By { LBhOChEBLEEY! €2 A SgAlt TR ALl 28k Aypr ace
of the replicate treatnents. he TConcentration of antisense

ol i gonbel eotepde ads edtamrdigsy froncaeréntiomal oteehhitias. whkilhadewro in
determ_ne the optinal, anti sense_ol i ggnucl eotide concentration for a

ool e AP WA RGan PG S SR SHHEEIOF | GERUCIEER | des
are 200fyprGalding!sedeat ageneahitiain oftte r 28808 firQAcH VLD BOBnNMLe
EXAMPLE 3: RNA | sol ation RNA anal ysis can be perfornmed on total cellular
RNA or PRBrpeapltigRiA. CREFREHS SO RKA PEX6LREEBS (re WEH ReBRraln the 25

art. hS1REepaLe Si | i Nt r I

si ng The TR PR R e et gan L (OPPRD A e Bhleel ) sEEHATLE

manuf ath e ee'ss ocgdadrmoan dete peotdvel singrdd@lenttXANPEE 4.1dAnad ysasrabrs
inhibition.of target |levels or.expression Inhibition of |evels or |

eg re§§7onfﬁﬁe%VCH%$Vh§%§ei%Ogﬁgd E%ﬁrb@rﬁssa§ed£?ﬁﬁa var et§§8F'wa9§ known
in then@géssgfy,eg@g?iﬁg ehéapgeliublcl eic acid level s can be quantitated
by, e.g., Northern blot analysis, conpetitive polynerase chain reaction

(PCR), or quantitative real-tinme PCR RNA analysis can be perfornmed on
total T | GPRPORNALBRSpR (AP HAESenNkt AHFENGH oA ¥ olbst | Barmréaned

known jif}d hggrt o ¢NOREREr L OLOih1e dosage forms such as, but not
limited to, tablets, capsules, gel capsules, ligquid syrups,
20 soft gels, suppositories, and enemas. The compositions of the
present invention may also be formulated as suspensions in
aqueous, non-agueous or mixed media. Aqueous suspensions may
further contain substances which increase the viscosity of the
suspension including, for example, sodium carboxymethyl-
25 cellulose, sorbitol and/or dextran. The suspension may also

contain stabilizers.

In one embodiment of the present invention the pharmaceutical
compositions may  be formulated and used as foams.
Pharmaceutical foams include formulations such as, but not
30 limited to, emulsions, microemulsions, creams, ijellies and
liposomes. While basically similar in nature these

formulations vary in the components and the consistency of the



'O analysis is also routine in the art. Quantitative .real-tinme PCR can be
conveni ently acconplished using the commercially avail abl e AElI PRI SM@ 7600,
7700, or 7900 Sequence Detection System available from PE-Applied

Bi osystens, Foster City, CA and used according to manufacturer's
instructions. 15 Exanple 5: Quantitative Real -Time PCR Anal ysis of Target
RNA Levels Quantitation of target RNA7loevel s may be acconplished by
guantitative real-time PCR using the ABI PRI SM@ 7600, 7700, or _J 7900

Sequence; et echi-88usSYSt eihbPEARBLIEE i BhoS 3t enBichFOt Rl dditadd® an .
according to nmanufacturer's instructions. Methods of quantitative real-tine
PCR ar efquenilapbomsi nis hegemeral By i omawn r ek - tilms PCRkiheed solmt eth®NA i s

subj ect rev etranscriptase(RT)reacti on, whi chproduces .2

conp! et AR B CEbnaar REETRIAETEH Mesd o WAL 8! RRPITRS Hnehe
real - tifEriCR@igy i §f catid atbmddhe] Rlodd b f edthe tpr@Es SR 11006ht DA, ar e
performed sequentially in the same sanple well. RT and real -tinme PCR
reagents are obtained fromlnvitrogen (Carlsbad, CA). RT, real-tinme-PCR

react i G Sarri ed out 30 by methods wel | known to those skilled in the
art. -101- Gene (or RNA) target quantities obtained by real tine PCR are

nor mal ifRd dsigs Bt idied HPerBAPLeSSoR |ieMRlntGfo A feperuheseaxpEess{Pn is

constant, such as cyclophilin A’ or by quantifying tot al RNA"USsi ng
Rl BOGRERNmMUL atiadyias ogenlsiens . 5 Eoalisdloas, a@A) . tyyitaphy| hetkregeness on is

quanti £ real tjpme-F by.bei ng run.si mil t aneousl 1 th the target,
mul ti p%g%qr?g\% ocr?gsé%{aer a%g%%dToqlaﬁp ﬁ%ﬁe#‘s l&uan?é%f‘%% ulsrly ng Rl B}ﬁﬁ‘iEﬂégRNA
quant i firoalleos reagebly (|ewededpedn, d.1C. phugene,didRet &t hodsisyn RNAn -

qu ntif%}cation bﬁ %BOGREEN%r) are 10 taught in Jones, L.J., et al
a1 yEPRETAEPBERERTL st PYS29898F O8RS, 363SR9ETaNA CHFEEEUOREPA40BeNker

i nstrumeat . { PE1ARR i ath BiOSYBLRRABY, | Sridésed &y MRasK! € »RIYBQG%DQI& =y

fluorescence. Probes and priners are designed to hybridize to a
nucl ei@- aci¥; MBORedS . f oi ndRhapmacerebtat i MOROR pFores .anllipbemees, 15 are

wel | L n e a i nglude .t.he us f ftware sych as PRI MER

EXPRE %#t%%@eB?%SFi ggd%?géysq? glrgr;é lv#—ags eelir %%@%IO'CA%ECEXa#%WeQ%?’E'

Anal ysi sy of Podteenlleyel 2490t B366E e ihniFHairiaerewfi GIGHEGEI EodgEds can
bg assessed b msas,urieggj CTGF protein levels. Protein | evels of CTGF can be
eval udt PO GlrantTHeEBd ik k&y dENRays wePBeknoMArFElt Weekker, such

;’iﬁ iEXm?{to.p,r eqbp tyq;ri]gn,N\_/@_s; et analysi §361 munpRIpt t Eg)aéqs, descri bed

_ mpl e 9 bel ow, enzynme- 25 |inked | nunosor bent assay LI'SA),

quant RSN QR ‘Gt ei PhasBageut pral ei Acdeticesty desdys Kilorisxampl eCocaspase

o1 Vbl AR B, | TIUARN) SLOCSR St Yol SIUEREY QERSTL ALY Finnasicr can

be i degtsitfimed combobd agedff t® aimmiscible liquid phases intimately

20 mixed and dispersed with each other. In general, emulsions may
be either water-in-oil (w/o) or of the oil-in-water (o/w)
variety. When an aqueous phase ig finely divided into and
dispersed as minute droplets into a bulk oily phase the
resulting composition is called a water-in-oil (w/o) emulsion.

25 Alternatively, when an oily phase is finely divided into and
dispersed as minute droplets into a bulk agueous phase the
resulting composition is called an oil-in-water (o/w)
emulsion. Emulsions may contain additional components in
addition to the dispersed phases and the active drug which may

30 be present as a. solution in either the agqueous phase, oily
phase or itself as a separate phase. Pharmaceutical excipients

such as emulsifiers, stabilizers, dyes, and anti-oxidants may

also be present in emulsions as needed. Pharmaceutical



30 variety of sources, such as the MSRS catal og of antibodies (Aerie
Corporation, Birm ngham M), or can be prepared via -102- conventi onal
nonocl onal or polyclonal antibody generation nmethods well known in the art.
Anti bodi es useful for the detection of human and rat CTGF are commercially
avai lable. 5 Exanple 7: In vivo Testing of Antisense Conmpounds Antisense
compounds, for exanple, antisense ol rgdnucl eotides, are tested in animals
to assess their ability to inhibit expression of CITGF and produce

phenot yghel $haigesay T@sb NBeMRM1BepPEr EALIBH0hE BRARBLranicHRpS:i sy Id¥
experinmental disease 10 nodels. For administration,to aninmals, antisense

ol i gonl}@@e%t‘ﬂ%l@é tve Popaasafedhi asa pRAr ﬁﬁeeehecaprlytéecems@bloe dtidrent ,
such as; b er m a n aren

Fout oo BT B ai SF rt] on(O4I2R) ne A T apeft raart TR T AEERB I LA
subcut asmedusioris. Cahell atbaplek afivrrebseiohsgoniicdeotymes idisagerayd osi ng
fre uenc is wthin the abhilities of those skilled in the art, and depends

upo S adish 4doutse L Sd RIREEET e S398Sani9Pal MOGdy mléjﬁ
Fol | OWeE’szl%ll?ﬁfé oth ofhisgat ARG WL antl %%‘T%ge%@ gonugh egliydesn 1RNA S

isolated fromliver tissue and changes in CTG- nucleic acid expression are
measur egdic lOsangemaild CreEepr odecmldaeSelceoraﬁ‘ielm%@ rfeaslicgv ushng stiloe .

Lead HIRARGBAGEL o8 LS 06 o bh 1198 it oPBCLEFER) v | dshee o o¢

d i gonualest i geabCandedat €nl ndsk odbicty o-drt iagraidareewidds t e ppeseat
invention, a series of oligonucleotides were designed to target different
r édl on§MBESERB-human connective tissue growt h factor RNA, using published
30 sequences (GenBank accessi on nunber NM 001901. 2, incorporated -103-

her ei ngag1 SEGhED N Lharsl-GerBank a@ceqal&rléﬂu@ernw_eﬁé%éd amic

incorporated herein as SEQ ID NO 10). This study analyzes available
sequen@*éaléphBEYan@fﬁﬁdlrf |té7da a@‘ﬁ@@?ﬁ;@d ob¥ gohaepesingesst alyss ngf bohk

exoni c fﬁ’@fisi&tir?.h ngl gat edf%%o ﬁgmaé)%é( 2P 1y veléﬁ%gq}g{ences per

target "Were syn eS|ze activity agai nst
cel | - cpthasme aridhe rmdxixgmmda@ot idestlate showmn |t1hﬁ'axb¢;h 1thdl | meanpousds in
Table 1 é}lﬂErIC o] i gonucl eoqt i des &Igapne s") 20 nucl eotides in |ength,

Teht Pl “RGaPiSFRFLEY CondtSt iHRFTBH A ey Fher of the
2 deqaware@ egti dee ML bis &bgnlﬁed Pnshpt Boshdesd 52 apdid, %l%' ecLions)

by five-nucl eotides "w ngs' - deoxynucl eoti des, which is f ed on
bot h diltescgse afd emuasnents@mé)e bgflnmenfan@afseﬁe nd| coerdes (D\i:]megs

Lﬁi}og%{éa‘éxé yofrTE%a‘.é%' 9% 4 é‘r%gl"&ser%’s Lnfad 1|1f5cnrge§t paxy ey, %\iﬁ%‘%@r# oat e

€s h& Thternucireosi DAtk oner ges are p

(P S) tiharoughpube hm@éfmcé@otlmte & theysbhdisre ¢£Sicteal el €ion.
g%wétldlnes The conpounds_ were_ anal yzed for their effect on hunman
C%Qme & ifiShFe HREWF 2t or PRRNAL 289l 5ofy iditsht FREET veabREeEeS ti ne

PCR ag deseriibed isn Giher ,;1%3”}3' ‘%1% herfin, Dyanans fyer ages 100 fno
experifrents. |If present, D. Icates "no data
absorption bases, and flﬂély dispersed sollds {Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1,

25 p. 199).

Synthetic surfactants, also known as surface active agents,
have found wide applicability in the formulation of emulsions
and have been reviewed 1in the literature (Rieger, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
30 (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1,
p. 285; 1Idson, in Pharmaceutical Dosage Forms, Lieberman,
Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y.,
1988, volume 1, p. 199). Surfactants are typically amphiphilic



TABLE 1 Inhibition of human connective tissue growh factor nRNA | evel s by
chi nmeri ¢ phosphor ot hi oate ol i gonucl eoti des having 2' - MOE w ngs and a deoxy
gap TARGET | SI S#REG ONSEQ I D NO 1 1241731 CDS9 1 124189f CDS 1 1242121 3'
-UTR 1 1242351 3' -UTR | 1242383 -VIR 4122715 -UTR 1 412272 5 auTR

412273; CDS 412274CDS | 412275' CDS | @%2276[ CDS 4122771 CDS  TARCET SITE

380CCAGCTGCTTGGCGCAGACG
and comprise a hydrophilic and a hydrophobic portion.
ratio of the hydrophilic to the hydrophobic nature of the
surfactant has been termed the hydrophile/lipophile balance

The

(HLB) and is a valuable tool in categorizing and selecting

5 surfactants 1in the preparation of formulations. Surfactants

may be classified into different classes based on the nature

of the hydrophilic group: nonionic, anionic, cationic and

amphoteric (Rieger, in Pharmaceutical Dosage Forms, Lieberman,

Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,

10 N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations
include 1lanolin, beeswax, phosphatides, lecithin and acacia.
Absorption bases possess hydrophilic properties such that they
can soak up water to form w/o emulsions yet retain their

15 semisolid consistencies, such as anhydrous lanolin and

hydrophilic petrolatum.
emulsifiers especially in combination with
These include polar

Finely divided solids have also been

used as good
surfactants and in viscous preparations.

inorganic solids, such as heavy metal hydroxides, non-swelling

20 clays such as Dbentonite, attapulgite, hectorite, kaolin,

montmorillonite, colloidal aluminum silicate and colloidal

magnesium aluminum silicate, pigments and nonpolar solids such

as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included
25 in emulsion formulations and contribute to the properties of

emulsions. These include fats, oils, waxes, fatty acids, fatty

alcohols, fatty esters, humectants, hydrophilic colloids,

preservatives and antioxidants (Block, in Pharmaceutical

Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,

30 Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335; Idson,

in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker

(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1,

p. 199).



1003 1 GCCAGAAAGCTCAAACTTGA 1783 1 CCACAAGCTGICCAGICTAA 2267 1
GGTCACACTCTCAACAAATA 2282 1 AAACATGTAACTTTTGGICA 41 GCEGAAGAGITGITGIGTGAG

381 AGGGIGGAGICGCACTGECT 228 1 ACGAAGGCGACGCGGACGEG 265 1
GCCGACGECCGECCAEECTELC 475 1 GGTGCACACGCCGATCTTGC 483 1 TCTTTGGECGGTIGCACAC GC

C 489 [ GCACCATCTTTGGCGGIGCA SEQ I D | NNI SNO. -104- 1SIS 412278 | 412279
412280 412281 j 412282 1 412283 1-432284 -- 1 412285 1 412286 1 412267

| 412288 | 412289
Hydrophilic colloids or hydrocolloids include naturally

occurring gums and synthetic polymers such as polysaccharides

(for example, acacia, agar, alginic acid, carrageenan, guar

gum, karaya gum, and tragacanth), cellulose derivatives (for

5 example, carboxymethylcellulose and carboxypropylcellulose),

and synthetic polymers (for example, carbomers, cellulose

ethers, and carboxyvinyl polymers). These disperse or swell in

water to form colloidal solutions that stabilize emulsions by
forming strong interfacial films around the dispersed-phase

10 droplets and by increasing the viscosity of the external

phase.

Since emulsions often contain a number of ingredients such as

carbohydrates, proteins, sterols and phosphatides that may

readily support the growth of microbes,
Commonly used preservatives

these formulations

15 often incorporate preservatives.

included in emulsion formulations include methyl paraben,

propyl paraben, quaternary-
chloride, esters of p-hydroxybenzoic acid, and boric acid.

ammonium salts, benzalkonium

Antioxidants are also commonly added to emulsion formulations

20 to prevent deterioration of the formulation. Antioxidants used

may be free radical scavengers such as tocopherols, alkyl

gallates, butylated hydroxyanisole, butylated hydroxytoluene,

or reducing agents such as ascorbic acid and sodium

metabisulfite, and antioxidant synergists such as citric acid,

25 tartaric acid, and lecithin.

The application of emulsion formulations via dermatological,

oral and parenteral routes and methods for their manufacture
(Idson, 1in Pharmaceutical

(Eds.), 1988,
199).

have been reviewed in the literature
Dosage Forms, Lieberman, Rieger and Banker
30 Marcel Dekker, 1Inc., New York, N.Y., volume 1, p.
Emulsion formulations for oral delivery have been very widely
used because of reasons of ease of formulation, efficacy from

an absorption and bioavailability standpoint. (Rosoff, in
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Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker

(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1,

p. 245; Idson, in Pharmaceutical Dosage Forms, Lieberman,

Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,

5 N.Y., volume 1, p. 199). Mineral-oil base laxatives, oil-

soluble vitamins and high fat nutritive preparations are among

the materials that have commonly been administered orally as
o/w emulsions.
the compositions

In one embodiment of the present invention,

"0 of oligonucleotides and nucleic acids are formulated as

microemulsions. A microemulsion may be defined as a system of

water, o0il and amphiphile which is a single optically

isotropic and  thermodynamically stable 1ligquid solution

(Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and

15 Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,

volume 1, p. 245). Typically microemulsions are systems that

are prepared by first dispersing an o0il in an aqueous

surfactant solution and then adding a sufficient amount of a

fourth component, generally an intermediate chain-length

20 alcohol to form a transparent system. Therefore,

microemulsions have also been described as thermodynamically

stable, isotropically c¢lear dispersions of two immiscible

liguids that are stabilized by interfacial films of surface-
Controlled Release of

M., Ed., 1989,

active molecules (Leung and Shah, in:
25 Drugs: Polymers and Aggregate Systems, Rosoff,
VCH Publishers, New York, pages 185-215). Microemulsions
commonly are prepared via a combination of three to five
components that include o0il, water, surfactant, cosurfactant
and electrolyte. Whether the microemulsion is of the water-in-

30 o0il (w/o) or an oil-in-water (o/w) type is dependent on the
properties of the oil and surfactant used and on the structure
and geometric packing of the polar heads and hydrocarbon tailg

of the surfactant molecules (Schott, in Remington's
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The phenomenological approach utilizing phase diagrams has

been extensively studied and has vyielded a comprehensive

5 knowledge, to one skilled in the art, of how to formulate

microemulsions (Rosoff, in Pharmaceutical Dosage Forms,

Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,

Inc., New York, N.Y., volume 1, D. 245; Block, in

Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker

"0 (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1,

p. 335). Compared to conventional emulsions, microemulsions
offer the advantage of solubilizing water-insoluble drugs in a

formulation of thermodynamically stable droplets that are

formed spontaneously.

15 Surfactants used in the preparation of microemulsions include,

but are not 1limited to, ionic surfactants, non-ionic

surfactants, Brij 96, polyoxyethylene oleyl ethers,
polyglycerol fatty acid esters, tetraglycerol monolaurate
(ML310), tetraglycerol monooleate (M0O310), hexaglycerol
20 monooleate ' (PO310), hexaglycerol pentaoleate (PO500),
decaglycerol monocaprate (MCA750), decaglycerol monooleate
{(MO750), decaglycerol sequioleate (50750}, decaglycerol
decaoleate (DAO750), alone or in combination with

cosurfactants. The cosurfactant, usually a short-chain alcohol

25 such as ethanol, l-propanol, and 1l-butanol, serves to increase

the interfacial fluidity Dby penetrating into the surfactant

film and consequently creating a disordered film because of

the void space generated among surfactant molecules.

Microemulsions may, however, be prepared without the use of

30 cosurfactants and alcohol-free self-emulsifying microemulsion
systems are known in the art. The aqueous phase may typically
be, but is not limited to, water, an aqueous solution of the

drug, glycerol, PEG300, PEG400, polyglycerols, propylene
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glycols, and derivatives of ethylene glycol. The oil phase may

include, but is not limited to, materials such as Captex 300,

Captex 355, Capmul MCM, fatty acid esters, medium chain (C8-

Cl2) mono, di, and tri-glycerides, polyoxyethylated glyceryl

5 fatty acid esters, fatty alcohols, polyglycolized glycerides,

saturated polyglycolized C8-Cl1l0 glycerides, vegetable oils and

silicone oil.

Microemulsions are particularly of interest from the

standpoint of drug solubilization and the enhanced absorption

7 of drugs. Lipid based microemulsions (both o/w and w/o) have

been proposed to enhance the oral biocavailability of drugs,

including peptides (Constantinides et al., Pharmaceutical

Research, 1994, 11, 1385-1390; Ritschel, Meth. Find. Exp.
Clin. Pharmacol., 1993, 13, 205). Microemulsions afford

advantages of improved drug solubilization, protection of drug
possible enhancement of drug

15
from enzymatic hydrolysis,
absorption due to surfactant-induced alterations in membrane
fluidity and permeability, ease of preparation, ease of oral

administration over solid dosage forms, improved c¢linical

20 potency, and decreased toxicity (Constantinides et al.,

Pharmaceutical Research, 1994, 11, 1385; Ho et al., J. Pharm.

Sci., 1996, 85, 138-143). Often microemulsions may form

spontaneously when their components are brought together at

ambient temperature. This may be particularly advantageous

25 when formulating thermolabile drugs,
Microemulsions have also been effective in

peptides or

oligonucleotides.
the transdermal delivery of active components in both cosmetic

and pharmaceutical applications. It is expected. that the

microemulsion compositions and formulations of the present

30 invention will facilitate the increased systemic absorption of

oligonucleotides and nucleic acids from the gastrointestinal

tract, as well as improve the local cellular uptake of

oligonucleotides and nucleic acids within the gastrointestinal
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tract, vagina, buccal cavity and other areas of

administration.

Microemulsions of the present invention may also contain

additional components and additives such as sorbitan

5 monostearate (Grill 3), Labrasol,
improve the properties of the formulation and to enhance the

and penetration enhancers to

absorption of the oligonucleotides and nucleic acids of the

present invention. Penetration enhancers used in the

microemulsions of the present invention may be classified as

"0 Dbelonging to one of five broad categories--surfactants, fatty

acids, bile salts, chelating agents, and non-chelating non-

surfactants (Lee et al., Critical Reviews in Therapeutic Drug

Carrier Systems, 1991, p. 92). Each of these classes has been

discussed above.

15 Liposomes

There are many organized surfactant structures Dbesides

microemulsions that have been studied and used £for the

formulation of drugs. These include monolayers, micelles,

bilayers and vesicles. Vesicles, such as liposomes, have

attracted great interest because of their specificity and the

9
duration of action they offer from the standpoint of drug
delivery. As used in the present invention, the term
"liposome" means a vesicle composed of amphiphilic 1lipids
arranged in a spherical bilayer or bilayers.
25 Liposomes are unilamellar or multilamellar vesicles which have

a membrane formed from a lipophilic material and an aqueous

interior. The aqueous portion contains the composition to be

delivered. Cationic liposomes possess the advantage of being

able to fuse to the <cell wall. Non-cationic liposomes,

30 although not able to fuse as efficiently with the cell wall,

are taken up by macrophages in vivo.
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.. s 17868 QU @ETEeAcyt, fine.poreg, each with a diameter less

than 50 nm,
gradient. Therefore,
5 is highly deformable and able to pass through such fine pores.

under the influence of a sultable transdermal

it is desirable to use a liposome which

Further advantages of liposomes include; liposomes obtained

from natural phospholipids are biocompatible and

biodegradable; liposomes can incorporate a wide range of water

and lipid soluble drugs; liposomes can protect encapsulated

"0 drugs in their internal compartments from metabolism and

(Rosoff, in Pharmaceutical Dosage Forms,

degradation
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, D. 245) . Important

considerations in the preparation of liposome formulations are

15 the lipid surface charge, vesicle size and the agueous volume

of the liposomes.

Liposomes are useful for the transfer and delivery of active

ingredients to the site of action. Because the liposomal

membrane is structurally similar to biological membranes, when

20 liposomes are applied to a tissue, the liposomes start to

merge with the cellular membranes. As the merging of the

liposome and cell progresses, the liposomal contents are

emptied into the cell where the active agent may act.

Liposomal formulations have been the focus of extensive

25 investigation as the mode of delivery for many drugs. There is

growing evidence that for topical -administration, liposomes

present several advantages over other formulations. Such
advantages include reduced side-effects related to high
systemic absorption of the administered drug, increased

30 accumulation of the administered drug at the desired target,

and the ability to administer a wide wvariety of drugs, both

hydrophilic and hydrophobic, into the skin.
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lipid are similarly charged,

Several reports have detailed the ability of liposomes to

deliver agents including high-molecular weight DNA into the

skin. Compounds including analgesics, antibodies, hormones and

high-molecular weight DNAs have been administered to the skin.

The majority of applications resulted in the targeting of the
upper epidermis.
Cationic liposomes are

Liposomes fall into two broad classes.
interact with the

positively charged 1liposomes  which
The

negatively charged DNA molecules to form a stable complex.

positively charged DNA/liposome complex binds to the

negatively charged cell surface and 1is internalized in an

endosome. Due to the acidic pH within the endosome, the

liposomes are ruptured, releasing their contents into the cell

cytoplasm (Wang et al., Biochem. Biophys. Res. Commun., 1987,

147, 980-985).

Liposomes which are pH-sensitive or negatively-charged, entrap

DNA rather than complex with it. Since both the DNA and the

repulsion rather than complex

formation occurs. Nevertheless, some DNA is entrapped within

the agqueous interior of these liposomes. pPH-sensitive

liposomes have been used to deliver DNA encoding the thymidine
kinase gene to cell monolayers in culture. Expression of the

exogenous gene was detected in the target cells (Zhou et al.,

Journal of Controlled Release, 1992, 19, 269-274).

One major type of liposomal composition includes phospholipids

than naturally-derived phosphatidylcholine. Neutral

other

liposome compositions, for example, can be formed from
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl
phosphatidylcholine (DPPC). Anionic 1liposome compositions

generally are formed from dimyristoyl ophosphatidylglycerol,
while anionic fusogenic liposomes are formed primarily from

dioleoyl phosphatidylethanolamine (DOPE). Another type of
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liposomal composition is formed from phosphatidylcholine (PC)
such as, for example, soybean PC, and egg PC. Another type is

formed from mixtures of phospholipid and/or

phosphatidylcholine and/or cholesterol.

Several studies have assessed the topical delivery of

liposomal drug formulations to the skin. Application of

liposomes containing interferon to guinea pig skin resulted in
a reduction of skin herpes sores while delivery of interferon

via other means (e.g. as a solution or as an enulsion) were

ineffective (Weiner et al., Journal of Drug Targeting[ 1892,

2, 405-410). Further, an additional study tested the efficacy

of interferon administered as part of a liposomal formulation
to the administration of interferon using an agqueous system,
and concluded that the liposomal formulation was superior to

aqueous administration (du Plessis et al., Antiviral Research,
1992, 18, 259-265).

Non-ionic liposomal systems have also been examined to

determine their ﬁtility in the delivery of drugs to the skin,

in particular systems comprising non-ionic surfactant and

cholesterol. Non-ionic liposomal formulations comprising

(glyceryl dilaurate/cholesterol/polyoxyethylene -

and Novasome™ II (glyceryl distearate/

ether) were used to

Novasome™ I
10-stearyl ether)
cholestercl/polyoxyethylene-10-stearyl
delivér cyclosporin-A into the dermis of mouse skin. Results
indicated that such non-ionic liposomal systems were effective
in facilitating the deposition of cyclosporin-A into different

layers of the skin (Hu et al. S.T.P.Pharma. Sci., 1994, 4, 6,

466) .

Liposomes also include ‘"sterically stabilized" 1liposomes, a

term which, as used herein, refers to liposomes comprising one

or more specialized lipids that, when incorporated into

liposomes, result in enhanced circulation lifetimes relative

f 200! 01 i 01 184 185 186 871
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to liposomes lacking such specialized 1lipids. Examples of
sterically stabilized liposomes are those in which part of the

vesicle-forming lipid portion of the liposome (A) comprises

one or more glycolipids, such as monosialoganglioside Gy, or

is derivatized with one or more hydrophilic polymers, such
(PEG) moiety. While not wishing to be

(B)

as a polyethylene glycol

bound by any particular theory, it is thought in the art that,

at least for sterically stabilized liposomes containing

gangliosides, sphingomyelin, or PEG-derivatized 1lipids, the

enhanced circulation half-life of these sterically stabilized

liposomes derives from a reduced uptake into cells of the

reticuloendothelial system (RES) (Allen et al., FEBS Letters,

1987, 223, 42; Wu et al., Cancer Research, 1993, 53, 3765).

Various liposomes comprising one or more glycolipids are known
in the art. Papahadjopoulos et al. (Ann. N.Y. Acad. Sci.,
1987, 507, 64) reported the ability of monosialoganglioside
sulfate and phosphatidylinositol to

These findings were

Gui, galactocerebroside

improve blood half-lives of liposomes.

expounded upon by Gabizon et al. (Proc. Natl. Acad. Sci.

U.S.A., 1988, 85, 6949). U.S. Pat. No. 4,837,028 and WO
88/04924, both to Allen et al., disclose liposomes comprising
ganglioside Gy or a

(1) sphingomyelin and {(2) the
Pat. No. 5,543,152

galactocerebroside sulfate ester. U.S.
(Webb et al.) discloses liposomes comprising sphingomyelin.
Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are

disclosed in WO 97/13499 (Lim et al.).

Many liposomes comprising lipids derivatized with one or more

hydrophilic polymers, and methods of preparation thereof, are

known in the art. Sunamoto et al. (Bull. Chem. Soc. Jpn.,
1980, 53, 2778) described liposomes comprising a nonionic

detergent, 2C;; 15G, that contains a PEG moiety. Illum et al.

(FEBS Lett., 1984, 167, 79) noted that hydrophilic coating of

polystyrene particles with polymeric glycols results in
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significantly enhanced blood half-lives. Synthetic
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phospholipids modified by the attachment of carboxylic groups

of polyalkylene glycols (e.g., PEG) are described by Sears

4,426,330 and 4,534,899). Klibanov et al.
235) described experiments

(U.8. Pat. Nos.

(FEBS Lett., 1990, 268,
demonstrating that liposomes comprising phosphatidylethanol-

amine (PE) derivatized with PEG or PEG stearate have

significant increases in blood circulation half-lives. Blume

et al. (Biochimica et Biophysica Acta, 1990, 1029, 91)

extended such observations to other PEG-derivatized

phospholipids, e.g., DSPE-PEG, formed from the combination of

distearoylphosphatidylethanolamine (DSPE)

having covalently bound PEG moieties on their external surface
EP 0 445 131 Bl and WO

and PEG. Liposomes

are described in European Patent No.
90/04384 to Fisher. Liposome compositions containing 1-20 mole

percent of PE derivatized with PEG, and methods of use

thereof, are described by Woodle et al. (U.S. Pat. Nos.

5,013,556 and 5,356,633) and Martin et al. (U.S. Pat. No.
EP 0 496 813 Bl). Liposomes

5,213,804 and European Patent No.
comprising a number of other lipid-polymer conjugates are

disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 (both to

Martin et al.) and in WO 94/20073 (Zalipsky et al.) Liposomes

comprising PEG-modified ceramide lipids are described in WO

96/10391 (Choi et al.). U.S. Pat. Nos. 5,540,935 (Miyazaki et

al.) and 5,556,948 (Tagawa et al.) describe PEG-containing

liposomes that can be further derivatized with functional

moieties on their surfaces.

A limited number of liposomes comprising nucleic acids are
known in the art. WO 96/40062 to Thierry et al. discloses
methods for encapsulating high molecular weight nucleic acids

in liposomes. U.S. Pat. No. 5,264,221 to Tagawa et al.

discloses protein-bonded liposomes and asserts that the

contents of such liposomes may include an antisense RNA. U.SQ.

1



| Intron 3: 47 1 31 1 2i 31 0O0: 531, 301 Oi 11! O Oi 106 107,

15

20

25

30

-83-

Pat. No. 5,665,710 to Rahman et al. describes certain methods

oligodeoxynucleotides in liposomes. WO
liposomes comprising

of encapsulating
97/04787 to Love et al. discloses

antisense oligonucleotides targeted to the raf gene.

are yet another type of liposomes, and are
aggregates which are attractive

Transfersomes
highly deformable 1lipid

candidates for drug delivery -vehicles.
described as lipid droplets which are so highly deformable

Transfersomes may be

that they are easily able to penetrate through pores which are

smaller than the droplet. Transfersomes are adaptable to the

environment in which they are used, e.g.
(adaptive to the shape of pores in the skin), self-

they are self-

optimizing
repairing, freguently reach their targets without fragmenting,
and often self-loading. To make transfersomes it 1is possible

to add surface edge-activators, usually surfactants, to a

standard liposomal composition. Transfersomes have been used

to deliver serum albumin to the skin. The transfersome-

mediated delivery of serum albumin has been shown to be as

effective as subcutaneous injection of a solution containing

serum albumin.

find wide application in formulations such as
and liposomes. The most

Surfactants
emulsions (including microemulsions)

common way of classifying and ranking the properties of the

many different types of surfactants, both natural and

synthetic, is by the use of the hydrophile/lipophile balance

(HLB) . The nature of the hydrophilic group (also known as the
"head") provides the most useful means for categorizing the

different surfactants used in formulations (Rieger, in

Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York,

N.Y., 1988, p. 285).

If the surfactant molecule is not ionized, it is classified as

a nonionic surfactant. Nonionic surfactants find wide
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application in pharmaceutical and cosmetic products and are

usable over a wide range of pH wvalues. In general their HLB

values range from 2 to about 18 depending on their structure.

Nonionic surfactants include nonionic esters such as ethylene

glycol esters, propylene glycol esters, glyceryl esters,

polyglyceryl esters, sorbitan esters, sucrose esters, and

ethoxylated esters. Nonionic alkanolamides and ethers such as

fatty alcohol ethoxylates, propoxylated alcohols, and
ethoxylated/propoxylated block polymers are also included in
this class. The polyoxyethylene surfactants are the most

popular members of the nonionic surfactant class.

If the surfactant molecule carries a negative charge when it

is dissolved or dispersed 1in water, the surfactant 1is

classified as anionic. Anionic surfactants include

carboxylates such as soaps, acyl lactylates, acyl amides of

amino acids, esters of sulfuric acid such as alkyl sulfates

and ethoxylated alkyl sulfates, sulfonates such as alkyl

benzene sulfonates, acyl isethionates, acyl taurates and

sulfosuccinates, and phosphates. The most important members of

the anionic surfactant class are the alkyl sulfates and the

soaps.

If the surfactant molecule carries a positive charge when it

is dissolved or dispersed in water, the surfactant is

classified as cationic. Cationic surfactants include

quaternary ammonium salts and ethoxylated amines. The

quaternary ammonium salts are the most used members of this

class.

If the surfactant molecule has the ability to carry either a
positive or negative charge, the surfactant is classified as
amphoteric. Amphoteric surfactants include acrylic acid

derivatives, substituted alkylamides, N-alkylbetaines and

phosphatides.
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The use of surfactants in drug products, formulations and in

emulsions has been reviewed (Rieger, in Pharmaceutical Dosage

Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

Penetration Enhancers

5 In one embodiment, the present invention employs various

penetration enhancers to effect the efficient delivery of

nucleic acids, particularly oligonucleotides,
Most drugs are present in solution in both ionized
usually only lipid soluble or
It has been

to the skin of

animals.
and nonionized forms. However,

L0 lipophilic drugs readily cross cell membranes.

disco&ered that even non-lipophilic drugs may c¢ross cell

membranes if the membrane to be crossed 1is treated with a

penetration enhancer. In addition to aiding the diffusion of

non-lipophilic drugs across cell membranes, penetration

15 enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers may be classified as belonging to one of

_ five broad categories, 1i.e., surfactants, fatty acids, bile

salts, chelating agents, and non-chelating non-surfactants

(Lee et al., Critical Reviews 1in Therapeutic Drug Carrier

7 Systems, 1991, p. 92). Each of the above mentioned classes of

penetration enhancers are described below in greater detail.
Surfactants: In connection with the present invention,

surfactants (or "surface-active agents") are chemical entities

which, when dissolved in an aqgqueous

25 surface tension of the solution or the interfacial tension
with the

solution, reduce the

between the agueous solution and another liquid,
result that absorption of oligonucleotides through the mucosa
is enhanced. In addition to bile salts and fatty acids, these

penetration enhancers include, for example, sodium lauryl

30 sulfate, polyoxyethylene-9-lauryl ether and polyoxyethylene-

20-cetyl ether) (Lee et al., Critical Reviews in Therapeutic
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Drug Carrier Systems, 1991, p. 92); and perfluorochemical

emulsions, such as FC-43. Takahashi et al., J. Pharm.

Pharmacol., 1988, 40, 252).

Fatty acids: Various fatty acids and their derivatives which

act as penetration enhancers include, for example, oleic acid,

lauric acid, capric acid (n-decanoic acid), myristic acid,

palmitic acid, stearic acid, linoleic acid, linolenic acid,

dicaprate, tricaprate, monocolein (l-monocoleoyl-rac-glycerol),

dilaurin, caprylic acid, arachidonic acid, glycerol 1-
monocaprate, l-dodecylazacycloheptan-2-one, acylcarnitines,
acylcholines, Ci-10 alkyl esters thereof (e.g.. methyl,
isopropyl and t-butyl), and mono- and di-glycerides thereof
(i.e., oleate, laurate, caprate, myristate, palmitate,
stearate, linoleate, etc.) (Lee et al., Critical Reviews in

Therapeutic Drug Carrier Systems, 1991, p. 92; Muranishi,

Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7,

1-33; El Hariri et al., J. Pharm. Pharmacol., 1992, 44, 651-

654) .

Bile salts: The physiological role of bile includes the

facilitation of dispersion and absorption of lipids and fat-
Chapter 38 in: Goodman & Gilman's

9th Ed., Hardman et

soluble vitamins (Brunton,
The Pharmacological Basis of Therapeutics,
al. Eds., McGraw-Hill, New York, 1996, pp. 934-935). Various
natural bile salts, and their synthetic derivatives, act as

penetration enhancers. Thus the term "bile salts" includes any

of the naturally occurring components of bile as well as
The bile salts of the

any

of their synthetic derivatives.

invention include, for example, cholic acid (or its

pharmaceutically acceptable sodium salt, sodium cholate),

dehydrocholic acid (sodium dehydrocholate)}, deoxycholic acid

(sodium deoxycholate), glucholic acid (sodium glucholate),

glycholic acid (sodium glycocholate), glycodeoxycholic acid

(sodium glycodeoxycholate), taurocholic acid (sodium
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taurocholate), taurodeoxycholic acid (sodium taurodeoxy-
cholate), chenodeoxycholic acid (sodium chenodeoxycholate),
ursodeoxycholic acid (UDCa) , sodium tauro-24,25-dihydro-
fusidate (STDHF) , sodium glycodihydrofusidate and

(Lee et al., Critical

5 polyoxyethylene-9-lauryl ether (POE)
1991, page 92;

Reviews in Therapeutic Drug Carrier Systems,

Swinyard, Chapter 39 In: Remington's Pharmaceutical Sciences,

18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa.,

1990, pages 782-783; Muranishi, Critical Reviews in

10 Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto et

al., J. Pharm. Exp. Ther., 1992, 263, 25; Yamashita et al., J.

Pharm. Sci., 1990, 79, 579-583).

Chelating Agents: Chelating agents, as used in connection with

the present invention, can be defined as compounds that remove

15 metallic ions from solution by forming complexes therewith,

with the result that absorption of oligonucleotides through

the mucosa 1s enhanced. With regards to their use as

penetration enhancers in the present invention, chelating

agents have the added advantage of also serving as
characterized DNA nucleases require a

DNase

20 inhibitors, as most
divalent metal ion for catalysis and are thus inhibited by

chelating agents (Jarrett, J. Chromatogr., 1993, 618, 315-

339). Chelating agents of the invention include but are not
limited to disodium ethylenediaminetetraacetate (EDTA), citric

25 acid, salicylates (e.qg., - sodium salicylate, 5-

methoxysalicylate and homovanilate), N-acyl derivatives of

collagen, laureth-9 and N-amino acyl derivatives of beta-

diketones (enamines) (Lee et al., Critical Reviews in

1991, page 92; Muranishi,
1990, 7,

Therapeutic Drug Carrier Systems,

30 Critical Reviews in Therapeutic Drug Carrier Systems,

1-33; Buur et al., J. Control Rel., 1990, 14, 43-51).

Non-chelating non-surfactants: As used herein, non-chelating

non-surfactant penetration enhancing compounds can be defined
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as compounds that demonstrate insignificant activity as

chelating agents or as surfactants but that nonetheless

enhance absorption of oligonucleotides through the alimentary

mucosa (Muranishi, Critical Reviews in Therapeutic Drug

5 Carrier Systems, 1990, 7, 1-33). This class of penetration

for example, unsaturated cyclic ureas, 1-
(Lee et al.,

1991,

enhancers include,
alkyl- and l-alkenylazacyclo-alkanone derivatives
Critical Reviews in Therapeutic Drug Carrier Systems,
and non-steroidal anti-inflammatory agents such as
(Yamashita

page 92);
10 diclofenac sodium, indomethacin and phenylbutazone

et al., J. Pharm. Pharmacol., 1987, 39, 621-626).

Agents that enhance uptake of oligonucleotides at the cellular

level may also be added to the pharmaceutical and other

compositions of the present invention. For example, cationic

15 1lipids, such as lipofectin (Junichi et al, U.S. Pat. No.

5,705,188), cationic glycerol derivatives, and polycationic

molecules, such as polylysine (Lollo et al., PCT Application

WO 97/30731), are also known to enhance the cellular uptake of

oligonucleotides.

20 Other agents may be utilized to enhance the penetration of the

administered nucleic acids, including glycols such as ethylene

glycol and propylene glycol, pyrrols such as 2-pyrrol,

and terpenes such as limonene and menthone.

azones,

Other Components

25 The compositions of the present invention may additionally

contain other adjunct components conventionally found in

‘pharmaceutical compositions, at their art-established usage

levels. Thus, for example, the compositions may contain

additional, compatible, pharmaceutically-active materials such

30 as, for example, antipruritics, astringents, local anesthetics

‘or anti-inflammatory agents, or may contain additional
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materials useful in physically formulating various dosage

forms of the compositions of the present invention, such as
dyes, flavoring agents, preservatives, antioxidants,
opacifiers, thickening agents and stabilizers. However, such

5 materials, when added, should not unduly interfere with the

biological activities of the components of the compositions of

the present invention. The formulations can be sterilized and,

if desired, mixed with auxiliary agents, e.g., lubricants,

preservatives, stabilizers, wetting agents, emulsifiers, salts

10 for influencing osmotic pressure, buffers, colorings,

flavorings and/or aromatic substances and the like which do

not deleteriously interact with the nucleic acid(s) o0f the

formulation.

Agqueous suspensions may contain substances which increase the

15 wviscosity of the suspension including, for example, sodium

carboxymethylcellulose, sorbitol and/or dextran. The

suspension may also contain stabilizers.

Certain embodiments of the invention provide pharmaceutical

compositions containing (a) one or more antisense compounds

one or more other chemotherapeutic agents which

mechanism. Examples of such

20 and (b)
function by a non-antisense

chemotherapeutic agents include but are not 1limited to

daunorubicin, daunomycin, dactinomycin, doxorubicin,

epirubicin, idarubicin, esorubicin, bleomycin, mafosfamide,

25 ifosfamide, cytosine arabinoside, bis-chloroethylnitrosurea,

busulfan, mitomycin C, actinomycin D, mithramycin, prednisone,

hydroxyprogesterone, testosterone, tamoxifen, dacarbazine,

procarbazine, hexamethylmelamine, pentamethylmelamine, mito-

xantrone, amsacrine, chlorambucil, methylcyclohexylnitrosurea,

30 nitrogen = mustards, melphalan, cyclophosphamide, 6-

mercaptopurine, 6-thioguanine, cytarabine, 5-azacytidine,

hydroxyurea, deoxycoformycin, 4-hydroxyperoxycyclophosphor-

amide, 5-fluorouracil (5-FU), 5-fluorodeoxyuridine (5-FUdR),
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methotrexate (MTX), colchicine, taxol, vincristine,
vinblastine, etoposide (VP-16), trimetrexate, irinotecan,
topotecan, gemcitabine, teniposide, cisplatin and

diethylstilbestrol (DES). See, generally, The Merck Manual of

5 Diagnosis and Therapy, 15th Ed. 1987, pp. 1206-1228, Berkow et

al., eds., Rahway, N.J. When used with the compounds of the

invention, éuch chemotherapeutic agents may be used
individﬁally (e.g., 5-FU and oligonucleotide), sequentially
5-FU and oligonucleotide for a period of time followed
or in combination with one or

5-FU, MTX and

(e.qg.,
10 by MTX and oligonucleotide),

more other such chemotherapeutic agents (e.g.,

oligonucleotide, or 5-FU, radiotherapy and oligonucleotide).

Anti-inflammatory  drugs, including but not . limited to

nonsteroidal anti-inflammatory drugs and corticosteroids, and

15 antiviral drugs, including but not Ilimited to ribivirin,

vidarabine, acyclovir and ganciclovir, may also be combined in

compositions of the invention. See, generally, The Merck

15th Ed., Berkow et al.,
2499-2506 and 46-49,

Manual of Diagnosis and Therapy,
eds., 1987, Rahway, N.J., pages
20 respectively). Other non-antisense chemotherapeutic agents are
also within the scope of this invention. Two or more combined
compounds may be used together or sequentially. In another
related embodiment, compositions of the invention may contain
one or more antisense compounds, particularly

25 oligonucleotides, targeted to a first nucleic acid and one or

more additional antisense compounds targeted to a second

nucleic acid target. Numerous examples of antisense compounds

are known in the art. Two or more combined compounds may be

used together or sequentially.

30 The antisense compounds used in accordance with this invention
may be conveniently and routinely made through the well-known
technique of s0lid phase synthesis. Equipment for such

synthesis is sold by several vendors including, for example,
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Applied Biosystems (Foster City, Calif.). Any other means for

15

20

25

30

such synthesis known in the art may additionally or

alternatively be employed. It is well known to use similar

techniques to prepare oligonucleotides such as the

phosphorothiocates and alkylated derivatives.

The antisense compounds of the invention are synthesized in
vitro and do not include antisense compositions of biological

origin, or genetic vector constructs designed to direct the in

vivo synthesis of antisense molecules. The compounds of the

invention may also be admixed, encapsulated, conjugated or

otherwise associated with other molecules, molecule structures

or mixtures of compounds, as for example, liposomes, receptor

targeted molecules, oral, rectal, topical or other

formulations, for assisting in uptake, distribution and/or

absorption. Representative United States patents that teach

the preparation of such uptake, distribution and/or absorption

assisting formulations include, but are not limited to, U.S.

Pat. Nos.: 5,108,921; 5,354,844; 5,416,016; 5,459,127;
5,521,291; 5,543,158; 5,547,932; 5,583,020; 5,591,721;
4,426,330; 4,534,899; 5,013,556; 5,108,921; 5,213,804;
5,227,170; 5,264,221; 5,356,633; 5,395,619; 5,416,016;
5,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528;

5,534,259; 5,543,152; 5,556,948; 5,580,575; and 5,595,756,

each of which is herein incorporated by reference.

Certain Indications

The specificity and sensitivity of antisense is also harnessed
by those of skill in the art for therapeutic uses. Antisense
oligonucleotides have been employed as therapeutic moieties in
the treatment of disease states in animals and man. Antisense

oligonucleotide drugs, including ribozymes, have been safely
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and effectively administered to humans and numerous clinical

trials are presently underway. It 1is thus established that

oligonucleotides can be useful therapeutic modalities that can

be configured to be useful in treatment regimes for treatment

5 of cells, tissues and animals, especially humans.

In certain embodiment of the invention provides a method of

treating a disease or condition associated with expressiocn of

CTGF, wherein the disease 1is a hyperproliferative disorder

which includes cancer, wherein the cancer is breast, prostate,

pancreatic, head and neck, gastric, and multiple

(See Pickles M and Leask A, J Cell Commun

"0 renal,
myeloma cancer
Signal. 2007 Sep;1(2):85-90. Epub 2007 Jul 17; Mullis T.C.,

J Clin Pathol. 2008 May;61(5):606-10; Liu

2008 Apr 7;14(13):2110-4;

Tang X., Chong K.T.,

L.Y., et al. wWorld J Gastroenterol.
Carcinogenesis. 2008 Apr;29(4):696-

et al. Br J Haematol. 2007

15 Chintalapudi M.R., et al.,
703. Epub 2008 Jan 22; Munemasa S.,
Oct;139(1):41-50; Shimo T., et al. J Bone Miner Res. 2006

Jul;21(7):1045-59; and Yang F., et al.

1;65(19):8887-95.)

Cancer Res. 2005 Oct

20 In one embodiment of the invention the method comprises

treating a disease or condition,
a fibrotic disease. In one embodiment of the

wherein the disease or

disorder 1is

method of the invention, the fibrotic disease is hypertrophic

scarring, keloids, skin scarring, liver £fibrosis, pulmonary

25 fibrosis, renal fibrosis, cardiac fibrosis, or restenosis.

In another embodiment of the invention, the method further
comprises treating the above-mentioned disease or condition,
wherein the disease or disorder is jéint fibrosis (including
frozen shoulder syndrome, tendon and peripheral nerve damage),

30 spinal cord damage, coronary bypass, abdominal and peritomneal

adhesions (including endometriosis, uterine leiomyomata and

fibroids), radial keratotomy and photorefractive keratectomy,
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30

retinal reattachment surgery, device mediated fibrosis (in for

example diabetes), tendon adhesions, Dupuytren contracture, or

scleroderma.

In another embodiment of the invention also provides a method

for reducing hypertropic scarring resulting from dermal wound

healing in a subject in need thereof which comprises

administering to the subject an amount of compound of an
antisense oligonucleotide effective to inhibit expression of
in the subject so as to
The

connective tissue growth factor (CTGF)
thereby reduce scarring from wound healing in the subject.

say subject may include a human or a non-human animal.
The formulation of therapeutic compositions and their
subsequent administration is believed to be within the skill
Dosing is dependent on severity and
with the

of those in the art.

responsiveness of the disease state to be treated,

course of treatment lasting from several days to several

months, or until a cure 1is effected or a diminution of the

disease state is achieved. Optimal dosing schedules can be

calculated from measurements of drug accumulation in the body
of the patient. Persons of ordinary skill can easily determine

optimum dosages, dosing methodologies and repetition rates.

Optimum dosages may vary depending on the relative potency of

individual oligonucleotides, and can generally be estimated

based on ECsgs found to be effective in in vitro and in vivo

animal models. In general, dosage is from 0.0l pg to 100 g per

kg of body weight, and may be given once or more daily,

weekly, monthly or yearly, or even once every 2 to 20 vyears.

Persons of ordinary skill in the art can easily estimate

repetition rates for dosing based on measured residence times

and concentrations of the drug in bodily fluids or tissues.

Following successful treatment, it may be desirable to have

the patient undergo maintenance therapy to prevent the

recurrence of the disease state, wherein the oligonucleotide
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is administered in maintenance doses, ranging from 0.01 ug to

100 g per kg of body weight, once or more daily, to once every

20 vears.

In another embodiment of this invention, the method further

5 comprises reducing hypertropic scarring resulting from dermal

wound healing, wherein wound healing is healing at a wound

selected from the group consisting of skin breakage, surgical

incisions and burns.
In certain embodiments, the invention provides methods of

.0 treating an individual comprising administering one or more

pharmaceutical compositions of the present invention. In

certain embodiments, the 1individual has one of the above

mentioned disorders. In certain embodiments, the individual is

at risk for one of the above mentioned disorders. In certain

15 embodiments, the individual has been identified as in need of

therapy. In certain embodiments the invention provides methods

for prophylactically reducing CTGF expression in an

individual.

Certain embodiments include treating an individual in need

thereof by administering to an individual a therapeutically

effective amount of an antisense compound targeted to a CTGF

nucleic acid.

In one embodiment, administration of a therapeutically

effective amount of an antisense compound targeted to a CTGF

25 nucleic acid is accompanied by monitoring of CTGF levels in

the serum of an individual, to determine an individual’s

response to administration of the antisense compound. An
individual’s response to administration of the antisense

compound is used by a physician to determine the amount and

30 duration of therapeutic intervention.
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In one embodiment, administration of an antisense compound

targeted to a CTGF nucleic acid results in reduction of CTGF

expression by at least 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,

65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by any

5 two of these values. In one embodiment, administration of an

antisense compound targeted to a CTGF nucleic acid results in
a change in a measure of CTGF as measured by a standard test,

but not limited to, CTGF. In some embodiments,
the

for example,
administration of a CTGF antisense compound increases

10 measure by at least 15, ZQ, 25, 30, 35, 40, 45, 50, 55, 60,

65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by any

two of these values.
CTGF antisense compound decreases the measure by at least 15,
55, 60, 65, 70, 75, 80, 85, 90, 95

In some embodiments, administration of a

20, 25, 30, 35, 40, 45, 50,
15 or 99%, or a range defined by any two of these values.

In certain embodiments pharmaceutical composition comprising

an antisense - éompound targeted to CTGF is used for the

preparation of a medicament for treating a patient suffering

or susceptible to any one of the above-mentioned disorders.

20

Certain Combination Therapies

In certain embodiments, one or more pharmaceutical

compositions of the present invention are co-administered with

one or more other pharmaceutical agents. In certain

25 embodiments, such one or more other pharmaceutical agents are

designed to treat the same disease or condition as the one or

more pharmaceutical compositions of the present invention. In

certain embodiments, such one or more other pharmaceutical

agents are designed to treat a different disease or condition
30 as the one or more pharmaceutical compositions of the present

invention. In certain embodiments, such one or more other
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effect of one or more pharmaceutical compositions of the

present invention. In certain embodiments, one or more

pharmaceutical compositions of the present invention are co-
5 administered with another pharmaceutical agent to treat an

undesired effect -of that other pharmaceutical agent. 1In

certain embodiments, one or more pharmaceutical compositions

of the present invention and one or more other pharmaceutical

agents are administered at the same time. In - certain

10 embodiments, one or more pharmaceutical compositions of the
present invention and one or more other pharmaceutical agents

are administered at different times. In certain embodiments,

one or more pharmaceutical compositions of the present

invention and one or more other pharmaceutical agents are

15 prepared together in a single formulation. In certain

embodiments, one or more pharmaceutical compositions of the

present invention and one or more other pharmaceutical agents

are prepared separately.

In certain embodiments, pharmaceutical agents that may be co-

20 administered with a pharmaceutical composition of the present
invention include a second therapeutic agent. In certain such

embodiments, pharmaceutical agents that may be co-administered

with a pharmaceutical composition of the present invention

include, but are not limited to second therapeutic agent. In

25 certain such embodiments, the second therapeutic agent is

administered prior to administration of a pharmaceutical

composition of the present invention. In certain such
embodiments, the second therapeutic agent is administered
following administration of a pharmaceutical composition of

30 the present invention. In certain such embodiments the second

therapeutic agent 1is administered at the same time as a
pharmaceutical composition of the present invention. In

certain such embodiments the dose of a co-administered second
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referrediiiniasce®d i V& the second therapeutic agent was administered
alone. 1In certain such embodiments the dose of a co-
administered second therapeutic agent is lower than the dose

5 that would be administered if the second therapeutic agent was
administered alone. 1In certain such embodiments the dose of a
co-administered second therapeutic agent is greater than the

dose that would be administered if the second therapeutic

agent was administered alone.

0 In certain embodiments, the co-administration of a second

compound enhances the therapeutic effect of a first compound,
such that co-administration of the compounds results in an
therapeutic effect that is greater than the effect of
administering the first compound alone, a synergistic effect.
15 In other enmbodiments, the co-administration results in
therapeutic effects that are additive of the effects of the
compounds when administered alone. In other embodiments, the
co-administration results in therapeutic effects that are
supra-additive of the effects of the compounds when
20 administered alomne. In some embodiments, the first compound

is an antisense compound. In some embodiments, the second

compound is an antisense compound.

This invention is i1llustrated in the Experimental Details
25 Section which follows. This section is set forth to aid in an
understanding of the invention but 1is not intended to, and
should not be construed to limit in any way the invention as

set forth in the claims which follow thereafter.
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ASO | e S I i(%ﬁﬁ- [ [ ot h
exonicegﬁﬁggﬁgggﬁfé Eé%ﬁ%%%g%.xg%éés#g%%%ﬁ§§§%¥33?%§jbn %% Eggﬁpggéctive
sequenpes 6BEQnioD Nasnit28] 80, B8pGA0cedls,5HeBR &8, 1d253ndepeimanyl et ed
(see 25 Fi gure 8%. SEQ NO 13 and 15 (I1SI'S 124212 and 124238) are the

at

previ otEPFTAe¥FGRat ed ol i gonucl eoti des and SEQ I D No: 167 (1SS 141923,
sequence CCTTCCCTGA AGGITCCTCC) is the negative control. -108- Materials
and Met hods

15 Example 2: In vitro testing of antisense oligonucleotides

Described herein are methods for treatment of cells with
antisense oligonucleotides, which can be modified

appropriately for treatment with other antisense compounds.

In general, cells are treated with antisense oligonucleotides
20 when the cells reach approximately 60-80% confluency in

culture.

One reagent commonly used to introduce antisense
oligonucleotides into cultured cells includes the cationic
lipid transfection reagent LIPOFECTIN® (Invitrogen, Carlsbad,
25 CA). Antisense oligonucleotides are mixed with LIPOFECTIN® in
OPTI-MEM® 1 (Invitrogen, Carlsbad, CA) to achieve the desired
final concentration of antisense oligonucleotide and a
LIPOFECTIN® concentration that typically ranges 2 to 12 ug/mL

per 100 nM antisense oligonucleotide.



A i gonucl eoti des werescreened and confirnmed ata concentration 50 nMin
human unbilical vein endothelial cells (HUVEC) using Lipofectin nediated
transfection. HUVEC cells 5 from Cascade Bi ol ogics (Portland, OR) naintained
in Medium 200 supplenmented with Low Serum G owm h Suppl enent (from Cascade
Bi ol ogics) were plated into 96-well plates at 5,000 cells per well and

i ncubat ed overnight at 372C in the prggence of 5% CO2. The foll ow ng day

t he nedi um was aspirated and replaced with 0 prevvarrred Opti - VEM |

(Invitr o] i.ni.ng pof I n 3 ng
of Li po {%rr%?ngtegggbg er \1@#5 %%@%\A %‘Q?rg%iéﬁg tOl ter 4 éé{ll’ s(fe he
transf eiditon UuXturedwaseémshangeﬂddﬁsfrBShOR/Bﬂ’IDAMwE@ suppivererdgezgh Wi t h

Low Serum Grovvth Sugbal ement and i ncubated at 3% i.n the, B sence .of 5%
coe. AfGRFISIBR®4 hbf's, fNERSE rra?\]e’r?"%‘é%%‘&m Genc® (RE<EEI | Yikdte

vashed i ddvRiosphaie buff er éﬁt%x&@BS)landréaﬁeedf or SRMARPUI irfdcgial on

wth the Q agen RNeasy Kit. G- nmessage was neasured by quantitative real
ting polImertaseyerhai n @«e:amb@@ (RTCRCR) 20 ( PraghrdR@ obetbets siesirrdskl ow)
andthe results were normmlized t.o total RNA. Stati.stic Anal S Each
sanpl e WA EHARAER i n Qfpl i c &% SahESvert © (}élgoggcsleroé:p?iesent a%hde spread

bet ween, itHtF HOMAMBRERII €6RBkALrdRiBas kst angddicedussi eangest he to 12
appr oxi rrately 150 novel sequences per target synt hesi zed and eval uated for

acti vi ¥¢/BgaiPedt 18P ardesenss ldgo §9&WOEFGF ol i gonucl eoti des ( SEQ
I D NGs: 28, 30, 39, 40, 45, 52, 56, 78, 125, and 166) show excellent 30

I nhi bi £L9RA 075 MR CE @ﬁﬁ@ieéﬂff§éﬁgg oI@%loQﬁEbﬁ@@ésVQm[ routine

ol i gonucleotides identified are provid ure 7 -109-" A nunber of
néw i nneshods(Fi gelés 4ar8 ahupéyradng ehenvesesdguités% zoanra 3pfter

| id Ly, fi | h
i stor FERTSRPES: oLt PRl LRk Ao Re TR et o dal T s T "B
ef ficipgpeyedh aBte3gns€ taigeid RS a@mwalmgamgé&rbphmathb@%e

targeting introns. (Figure 7A). A listing of these exonic nucleotide
sequenEBSWRr el r oHYedith Bihr depgribedrhgersanio Abst ISREFFL antP€Bnse

ol i gonucl eohbdes WeEe HeonHd if ﬂejseusf?pe%g@l%@;@sl MRS hacEUYEG cells

using -0 the nethod déscri bed above. Exanple 9: Wstern Bl ot Ana ysi's of
Cdhne @t eeeTi ed uas Gloat avEnager oPr bhei nebévebseWsseatmepltst. anal ysi s
(1 mmunobl ot anal ysi s) i's carri ed out 15 using standard rret hods Cells are

harvest.ed 16-20 ho oI | onucl eot| once.wi th
PBS, ﬁj%eperj? Iﬂ: nfrﬁ f]a er 15?615 < 1? F’%‘ug%m I%telg1 gm n%f:égsand
| oadedk wgin acé;ﬁ%BﬁSeP@@EcgelL 16aks am@atrrwasf ajo Jde’étémnﬁ:se athéSpr’mamd

transferred to nepnbrane for western blotting. A]g(groprl ate 20 pr| marg
ant i bGHYFIAFERR B 1 SORBAHBEELFE (GOIGIRE tFaRMAT f 50Y of IRETISE a4 t Aol

radi oljahel 166k opef] Uk SSEeDh! xhteags ed $RGQNGAY @lrﬁgmlgééf&égdaéaa' nst

the primary anti body species. Ban are visualized using a MAGERTmM
(M| eduipdrcalyinamisss] SurmpneertGatifng . rasging from 1 nM to 300 nM

EXAMPLE 3: RNA Isolation

RNA analysis can be performed on total cellular RNA or
poly (A)+ mRNA. Methods of RNA isolation are well known in Ehe
25 art. RNA is prepared using methods well known in the art, for
example, using the TRIZOL® Reagent (Invitrogen, Carlsbad, CA)

according to the manufacturer’s recommended protocols.



-110- Exanple 10: CTGF Antisense A igonucl eotide Pilot Muse Toxicol ogy
Study Study Objective 5 The purpose of this pilot toxicology study was to
eval uate three oligonucl eotides targeting human CTGF for potential toxicity
in normal male BALB/c m ce. The oligonucl eotides tested were |1SIS sequences
412294 (SEQ ID NO 39), 412295 (SEQ ID NGO 40), and 418899 (SEQ I D NG

166). 10 Met hods Mal e BALB/c mce (app0oxi mtely 8 weeks ol d) wei ghing
approximately 25 granms were fed a normal |ab chow diet throughout the

study. EkEMPLEE WR' e REe&isubae anpensbyc{Si) 48 t vac@eRer MARIQ M t 525 OF

50 ng/ kg antisense oligonucl eotides for 4 weeks (n=6). The follow ng
endpoi nt¥PTRFBLPRasured: \Weekly Body Wights; Bl ood Plasma Chenistries at
Body wei ght at necropsy and 20 H&E stain

4 weeks; Organ wei ght,

?r;/ IIzigvor 50 é%%pe%nt ﬁggﬁgésoﬁ ggJﬁEﬁei eoI : ge %gzgﬂg dOSI } . t%@)%

ISI S 250@%«5@@ Wxiddy of w&/S &ﬁs&ﬁglﬁSEQel RO Lﬁﬁa é;m:iﬁ;ppée a
conpror il Bdkas" R At S B | R S L

?2} Pﬁbﬁﬁ’ﬁt?ﬁiﬁ%iﬂ‘?éz ST RR AT PO LSS P ohAER BT,

( SEQ | DENB ,39§>rorqm®msxmgme (1SEQ HOmO PAR)., BNAW &halPsig/ kgaof Yl S

contr oP S OTEe U cBoHBbed ShL 250 T KbF oPOLEI(®) 1 S | SERFPBSROO A 66)

show SRYAI fnsamhltyohncaeasedreAU.T/ RABOowhevehs abeveathe V@b&%&e&@lse%\i% in
5This was a suprising result

contr roup (see Figures 9A and 93).

\Aﬁ@aggi‘z‘gﬁre’cﬁ cPLE0 FPHEID U tiRtR e8T6r IRHATHEL BT i v azed lassas.
PCR can be conveniently accomplished using the commercially
available ABI PRISM® 7600, 7700, or 7900 Sequence Detection
System, available from PE-Applied Biosystems, Foster City, caA

and used according to manufacturer’s instructions.

15

Example 5: Quantitative Real-Time PCR Analysis of Target RNA

Levels

Quantitation of target RNA levels may be accomplished by
quantitative real-time PCR using the ABI PRISM® 7600, 7700, or
-J 7900 Sequence Detection System (PE-Applied Biosystems, Foster
City, CA) according to manufacturer’s instructions. Methods

of qguantitative real-time PCR are well known in the art.

Prior to real-time PCR, the isolated RNA is subjected to a
reverse transcriptase (RT) reaction, which produces
25 complementary DNA (éDNA) that is then used as the substrate
for the real-time PCR amplification. The RT and real-time PCR
reactions are performed sequentially in the same sample well.
RT and real-time PCR reagents are obtained from Invitrogen

(Carlsbad, cCa). RT, real-time-PCR reactions are carried out

30 by methods well known to those skilled in the art.



2) Weight gain for the 50 ng/ kg 412295-treated group was significantly

| ower than the weight gain in the control 10group (see Figure 10).
Conclusion SEQ ID NO 39 (ISI'S 412294) did not exhibit as many undesirabl e
t oxi col ogi cal characteristics as SEQID NO 40 (ISI'S 412295) 15 and SEQ ID
NO 166 (1SIS 418899). This result was entirely unexpected, and was not
predi cted by the cell culture behaviergopf these oligonucl eoti de sequences.
20 Exanple 11: Effect of a Rat CTGF Antisense A igonucleotide (SEQ ID

NO. 163)c@ne Cpbl ag8HR) 2pd /GLEF TRMA FXRILSS1 N dds Wyinded: Ratis (Ohiestive 25
CTGF antisense ol i g())nuclr%ti de SEé I Dﬁ%ﬁ%@%éﬁﬁ?&%&?ﬁé%’%
exam néeteakbined t ysbhga eCT@erantiscaspres s gonudkerefli def t® pedecevhose

essj h _of CIGF and CO11A2 bi ker of I i t
or it TSP Cat §1 0 OAR R an e Siribe BF1 qONGIPBIELAR hob anOFderty cal
chem cafusdt istyriugf urr@sl SEXAD NOi39 (RShEcARRZRS4) 41?19&/%%%&*}& gﬂﬂence

has_been nodified slight li/ to be 100% conplinmentary to the rat
seqen&@risheth. Gundrviglopbit inupl mrEesdon oL cernthfied byvopwmal
punches ;wer e dagro ed. | t ba o] airless rats (day 1
of stugi), t\/\od?%n gﬁghq%%lg%&ofp‘&e %%ﬁ%g%a%ng%l&gﬁze.%gﬁg \Afibﬁds tEIFEe | eft
open, hutl tdpdesedgwi tbra sépardteebec| IDited baNAages AfarseiSied using

digon ide Dosing The twa hiopsy sites on the right side of the aninal
wer e tgggﬁggbgﬁ@r a-@\gg nalW%%@%oéT GFr8AgFREns el I YforreRot | d8CL0 on
Days 1lru§en8, @RJ .13 p0stodd 0B8Y Rt %a@ﬁrié-c%’ti&p’byalglg?Gg‘ﬁéN ar

antisense oligonucleotide. Biopsy sites on the left si e animal were
t Aéat efabghEaldedamdsy W th. phesphrate Gufflertisal rei¢@BS)isThe, anbeal,s were

sacrifieed o a pot-lexé'%. ot vol .u of 200 41 _of antisense 15
ol i gonuc?éot ?8?%?&?355 \%as el é‘&dé? t ofdeoapch lpzhsnc%m%?r&)’bsy%ggt e‘.gp?hi“?gzoo 41
vol uneBivasysit emslpdis ntoefiots h8adtral ROBOGRERN®CH1WEEFesicBheet ed around t he
wound' s periphery, at approximtely 0.25 cmto 0.5 cmto the left, right,

t op, d .bottom si des of the und. 20 Sanpl e Harvest/Sacrifice On the
P e 0 P e P SR8 LG, Oy B AP sl % TR RPHCT Pt t he

sacrifice

cent eracifd ! hRevBoAd Wos b Hetng tRad -@iReCMBdR OPSYLRENGH, i vas
extracted fromthese 25 sarrpl%g U%Mi ng star%daerd prglcgzedures. Fcilea%('j

ahal ySi%e ofellatknorar bmdtite1aA2 . wasdpaatorimsd uds Adiet s stahdeo ftwaree
et Nodo80Yad ObrGRkR ANAbYSESe 28Y R CElLSP: deRBUSER SR Yo or

normal i zati on gene.
City, CA).

Example 6: Analysis of Protein Levels

~J Antisense inhibition of CTGF nucleic acids can be assessed by
measuring CTGF protein levels. Protein levels of CTGF can be
evaluated or quantitated in a variety of ways well known in
the art, such as immunoprecipitation, Western blot analysis
(immunoblotting) as described in Example 9 below, enzyme-
25 linked immunosorbent assay (ELISA), quantitative protein
assays, protein activity assays (for example, caspase activity
assays) , immunohistochemistry, immunocytochemistry or
fluorescence-activated cell sorting (FACS) . Antibodies
directed to a target can be identified and obtained from a
30 variety of sources, such as the MSRS catalog of antibodies

(Aerie Corporation, Birmingham, MI), or can be prepared via



30 Results Treatnment of the rats at all doses resulted in a statistically
significant reduction in both CTGF and C011A2 nRNA expression (see Figure
11). These results clearly denonstrate that inhibition of CTG- expression
with a 2" ME nodified anti sense -113- oligonucleotide will decrease the
deposition of collagen in skin, which will result in a reduction in the
severity of skin scar formation. 5 Egaaple 12: A Singl e-Dose Intra-Dernal
Phar macoki netic Study of CTGF Antisense O igonucl eotide in Rabbits Study

Qbj ect i ¥en¥dnThenRYr PARRRA JHAIS RIAT MRCOK AL SAtdioddl, F agbhbrhE: b
eval uate the concentration of a CIG- anti'sense oligonucl eotide (SEQ I'D
NO 39, RmskBods$2294}li rknewbi tinskicheatadtf f dargritbadimss sslefeduefiprt othe

single | -dermal. injection. 1 y _Design On day,0 of the,study al

i et STREPEEE8ReAE: RPaRGeRRar Py CPHE) 2ne: ROA=SPRORL Y08 BEIrRIECt | on of
CTGF antisense oligonucleotide SEQ ID NGO 39 at a concentration of 50 ng/nL
(5 nmg total dose). The animals were dosed with the antisense 20
oligonucleotide in a site to the left of the spinal md-line, roughly

par to fhe rabbit' s shoul ders. The peedle was inserted so that the

1 el (
tesglnﬁﬁﬁm ewhs R BEtredrashhng ofhr ARt ReNBESECOBPOERdS ani mal ' s body. On

days 1, 3, 7 or 14, the rabbits were euthanized and two full-thickness 1.0
cm IOUn%@i%é}léwsbéﬁﬁ%ﬁ@s(?bt@rne& £e CERLEHGEANAeTO iR A AR e,

injection site and the other vertically below spaced 0.5 cmapart. The

sanpl effifer &estgpgl f Lozeandmadlst or@d atsesgD2Chgriror abdlanml yed s ofhitet
antise ] ucleot rug._levels. Results.represent t an antisense
o'l gonCePERT T aerctas FhYnPEENRCE: BREREL VBt R AR ca e e P vt <
and cobel usépfisrBedni in cawvtrmadvebfinblihe ant inensepeotiponusl eatidenss e

present gp to at | east day 14 after intradernal dosinqé%see -114- Figure
180 TREeAgASUti ¢ ESFcent AIMSHS R ATy ar € Det weBHM P Llgnd 10@Afg/SpnE®

tissuess;fhase16eeyldey denmast raled hilaled or jthe G erhtaEﬂr‘ag%hhec&%}gﬁﬁ?
prol onged residence tinme of a 21MOE antisense oligonucleotide wth'this
cheni catcephtbder at ddhuent, such as phosphate-buffered saline.
Administration includes parenteral routes of administration,
such as intraperitoneal, intravenous, and subcutaneous.
15 Calculation of antisense oligonucleotide dosage and dosing
frequency is within the abilities of those skilled in the art,
and depends upon factors such as route of administration and
animal body weight. Following a period of treatment with
antisense oligonucleotides, RNA is isolated from liver tissue
.2 and changes in CTGF nucleic acid expression are measured.

Changes in CTGF protein levels are also measured using the

methods described hereinabove in Example 6.

Example 8: Selection of Lead Human Connective Tissue Growth

25 Factors (CTGF) Antisense Oligonucleotides Candidate
Introduction

In accordance with the present invention, a series of
oligonucleotides were designed to target different regions of
the human connective tissue growth factor RNA, using published

30 sequences (GenBank accession number NM_001901.2, incorporated



5 skin, and these results clearly show the therapeutic potential of this
class of conpound in skin. EXAMPLE 13: CGenone search 10 The potential for
SEQ ID NGO 39 to induce unwanted anti sense effects that could translate into
"off-target” toxicity was assessed by conducting a search of the human
genone dat abase for sequences that have conplete or partial honology or 15
conplinentarity with the SEQ | D NO 391m3c| eoti de sequence. A conprehensive
search of published human DNA sequence dat abases was conducted to eval uate
whet herpsgguences tRap copprigg. SEQ | DA 38:h84RK SULLLE@NLrNOMRlALY, W th
t he known 20 array of human genes, sucﬁ t hat unwanted anti sense or ot her

i nhi bi tFy028T74Vi14, contdrberexedt berajai astSEXpIRS$d onl ®f . hunman gene

products other than the target CIG- (connective tissue growh factor) and
eeni

t hereby _.i nduce "pff-target” effects, The search entailed sc g. fo
homo) ogBiE: s CREe S PGSy F5oRAaRI20 AGENEBET destre e A7 nadi sbngt h
of SEQd} N3k deWigbRudZepHEHES! itdege tNBgOotiAr &dn BE t 88 aWaA p{RCt ed
in the human genome with 20, 19 or 18 bases of honology with SEQ I D NO 39.
TheScorgfaste 30 &BSEnce Appodtimarghy $POesiomelh SBIULICR® ROrbaseget

i ndi ca t hat Lkel i hopd of - an o] quential, of f-target LVity is
ninina&%§$%r%%n&ggﬁgggghéﬁ%foayaéua¥?ﬁ gﬁ%l%??kY§59w€'glf%ﬁén¢?¢#ed?¥Cne
of theselils culithire .t hehé nblegoaliclbe thBEM? geneshdwat r eas Tisld ypi calllly
spliced out of the transcript -115- before the nRNA arrives in the

cyt opl &SAPOURESsiite TPt oRr ®f CBERLT BCNOL 3901161 P Ri deFedSERPMSES ")D

NO: 39 b9 npfciRdiedad 1R abheth LRENG R €58l QN cete-dmo- o her r%-i%gﬁe
honol ogi es are | ocated within 1 nter-gene spacer regions. |nhter-gene
spdter soasésgaengr alfl windtent rzarsc? | bédeotynuekeéstidss dovubiehstsafidedkNA i n

t he nucl e npar tnent, . separate fr the.site of action of SEQ LD NO 39.
ance,thgﬁggaer%l% Sl7g%aséﬂﬁingﬁog%g§e l@@ﬁgerﬁy 1 lXﬁDH&CEﬁgkiggﬁase,
15- basewangds 14-drases hamlademdosski B Y ARecHas d oeakadew tdh Nparknown
or suspected transcript (i.e., FRVD5, which encodes a _|ipid biosynthesis

transfetds8e acivend 8he fiverFiorphedy, Hive 1anfasbivEguplrotddes
honol ogy: y L h, an ranggri pt d be kve 10 aptisense
15 act?%}t é(i.e., yciﬁgﬁg' ion%%guldN%ﬁ¥% bggéoss?%§§g$§aa 6€$tign of the

SEQ | Dndh @8y stelywkence (@asMoanpl erentlaotridest. hormieogousntémntbteoRNe
r 39 wi |l | fect this

T anscHEET of (ERaE85p 466 THRGTROTAL BLOE RorkBragi SLTHq e onBes (o

I ntrons QfoddMstide. All cystidine residuals are 5-methycytidines.
The compounds were analyzed for their effect on human
connective tissue growth factor mRNA levels by quantitative

20 real-time PCR as described in other examples herein. Data are
averages from two experiments. If present, “N.D." indicates
"no data".

TABLE 1

Inhibition of human. connective tissue growth factor mRNA levels by chimeric
- phosphorothioate oligonucleotides having 2‘-MOE wings and a deoxy gap

; TARGET  1ppgET % SEQ ID

ISIS # REGION SESOID p SEQUENCE INHIB o
1124173 1 CDS 9 380 ! CCAGCTGCTTGGCGCAGACG i 35 11
, 124189 [cps 9 11003 GCCAGAAAGCTCAAACTTGA 57 712
174712 37-UTR 9" 1783 | CCACAAGCTGTCCAGTCTAA 4713
124235 9 72267  GCTCACACTCTCAACARATA a7 14
124238 9 | 2282  AAACATGTAACTTTTGGTCA 53, 15
412271 (5 9 4 | GGGAAGAGTTGTTGTGTGAG 0 18
|412272 9 .. 38 BGGGTGCAGTCGCACTGGCT . 46 | 17
412273 T 9 228 | ACGBAGGCGACGCGGACGGG . 357 I8
412274 9 7265 | GCCGACGGCCGGCCGGCTGC AT 19

9 475 | GGTGCACACGCCGATCTTGC 52 20

......... 9 483 TCTTTGGCGGTGCACACGCC a 21
| 412277 9. . 489 | GCACCATCTTTGGCGGTGCA R B P




20 gene spacers with no overlapping transcripts,

expressed sequence tags.

t her nodynami cal | y unfavorabl e target,
25 oligonucleotide like SEQID NGO 39 with its intended target. _
honol ogi es do notipsesent a significant potenti al

12- base and shorter
t he human genone dat abase

There were no 13-base honol ogi es.
based on only 12-nucl eotide honol ogy or shorter would present a

of f-target antisense activity.

Ther efore,

predi cted transcripts or
Any transcripts

conpared to the binding of a 20-base

Ther ef or e,
for

has a hi gh degree of Spe%IfICIty for the

search showed that SEQ kixcad Np
i nt endedl%lér*get RHCESN mi ARdrab poﬁxggﬁ ial for @ﬁq‘UElﬂcér get effeghss ~Hol0-
Exanpl _ . nical-Study to Assess t he
Saf et y -2 a A \ﬁﬁ%G,ﬁiQQGSAWW?R a'¢cg eotid g‘%r FE) NO 39)
5 St udy; hugran 'wg&§§a§@Ng,&g@gkpieotpuc SEQ+B-NO; 39
(I'sis Nazzﬂizzaﬁ$ Was adnni §1 AcahicipadaheaTESchY T Nt ra-d¢ nubsuuslng
(80 ny 4iet®l dose) as pard of asPhaseritrsicachrcprotacol to assess thie safety
and taol@esi3ilit9psof a sinyle dox@ of CAWATHCAGLCCRESWCt s No advet se ewvents
were r.é éj’ #ed..dgiPler-t-han ocal 14dj-e “f\‘?cﬁﬁcp@F%pé’G?Té'é‘}Gfrl ons..such3as.. eyt hema,
i nfl any 5§§hWﬁgww 15-i-Hdur-af] gzwgﬁEyEQWQﬂse cvcnts7?'st§ wer e
E&24@6”’ COT Y TR P antcaceAtueCAgdcee . 55 1~ 3T
repor tegs4gaappRpeX1 matel Vo oUY0 G5 9T NEe &R d@@éﬁaﬁhcﬁécbevcl ity EEVET301
"m ni nakZ288No  GhHANGES WeTre N hemat ol egy; 353
urinal #8239 ECGs;u™vI tal igns, 1piys cabﬂaxan&qmam@Tconplenenssactsuat on
20 CondéktiPons 3THERadmi.ni%st r at e of. Li.gbhucl eot i de at
doses : %@2‘ S par;nrprRO 27 \vl?‘; t-hi-n 364‘_’ excher I\BIIB% 2| ettt e in
Y-UTR L9 1388, . 37
human_s T @gﬂ)ﬂ"ft“l’ q;rhllg tng-sa Cij’94Ul AGATQZCE&AHWMAE" Ot-t-r W*ﬁgép.\. _
scarri iia'gzng;m-\wlg'L,thg,b Antsi-sensesdt T oaetcRrRicEaRARER T D NO 8395 Drugsgevel s in
Human $lazas Fol Bowrrg | nt pa- der nele  DosirmopratiaSiicacads ug | evel S7aiereseval uat ed
in a celdP of 3pdFRents ©Pn_an P4t dlcagacaetagaicTsicady, where ® patiients each
recei vad220. .mu3 o R he..anfi-sensE33.i IRt EHE] ECASO)..(admi-niSst er®d _as 10
412298 P3CUTR 1 L9 o o 1469 “P.GTACTAA T GTmtAc:'r nod da8s . 43
equal $O3 Oty AgHY -€achy: } -.'482' e '{g TR pred-21 aays ia
412300 3V -UTR 9 1489 TAATATACATTCTGGTGCTG 76 5
7412301 37 -UTR 9 1495  ACACCTTAATATACATTCTG 54 i%
412302 3’ -UTR 9 1502 - TAAAGCCACACCTTAATATA 54 47
412303 37 -UTR 9 1520 = GTACCCTCCCACTGCTCCTA 53 a8
412304 3'-UTR 9 1554 AAGATGCTATCTGATGATAC 52 1 49
7412305 " 37-UTR 9 1559 | CGTATAAGATGCTATCTGAT 69 50
412306 3'-UTR 9 1577 | AATAGCAGGCATATTACTCG 74 51
412307 37" -UTR 9 1586 . TACACTTCAAATAGCAGGCA 69 52 7
412308 3'-UTR 9 1591  TCAATTACACTTCAAATAGC 50 53
412309 3"-UTR 9 1659  GGAGAATGCACATCCTAGCT 66 . 54
| 412310 3" -UTR 9 1665 = ATGGCTGGAGAATGCACATC 60 55
1412311 3"-yTR 9 1670 | TCTTGATGGCTGGAGAATGC 71 56
412312 37T-UTR 9 1729 | GAATCAGAATGTCAGAGCTG 37 57
i 412313 3 -UTR 9 1946 CATTGAAATATCAAAGCATT 0 58"
1412314 " 37-UTR 9 1952 | GGCTAACATTGAAATATCAA 25 7RG
[ 412315 " 3'-UTR 9 1958 | AATTGAGGCTAACATTGAAA 1 7607
412316  '3'-UTR 9 1965 | GTTCAGAAATTGAGGCTAAC | 65
412317 3'-UTR 9 11971 | TATGGTCTTCAGAAATTGAG 13
1412318 , 9 1976 | CTACCTATGGTGTTCAGAAA 61
412319 i 9 1982 | TACATTCTACCTATGGTGTT 381 6
1412320 9 1991 | GACAAGCTTTACATTCTACC 24
4123217 3TCOTR 9 1996 | GATCAGACAAGCTTTACATT 37
1412322 37-UTR 9 2007 = ATGCTTTGAACGATCAGACA 64
1412323 3'-UTR 9 2012 | ATTTCATGCTTTGAACGATC 44
412324  3'-UTR 9 2018  GTATCCATTTCATGCTTTGA 60
1412325 1 3'-UTR 9 2026 | CCATATAAGTATCCATTTCA 48
3'-UTR 9 2032 | CAATTTCCATATAAGTATCC 28
2327 | 3'-UTR 9 2040 | TCTGAGCAGAATTTCCATAT 58
1412328 37"LUTR 9 2050 | TGTCATTCTATCTGAGCAGA 61
1412329 3'-UTR 9 2060 | TTTGACGGACTGTCATTCTA 47 .
412330 9 2070 | AACAATCTGTTTTGACGGAC 48 |
412331 ) 2088 TGATGCCTCCCCTTTGCAAA o B3
412332 9 2100 | TGCCAAGGACACTGATGCCT é
9 2105 CAGCCTGCCAAGGACACTGA /
1412334  : 3'-UTR 9 2110 | GAAATCAGCCTGCCAAGGAC
' 3'-UTR g 2115  ACCTAGAAATCAGCCTGCCA
_ T3T-UTR 9 2120 | TTCCTACCTAGAAATCAGCC
1412337 T37_UTR 9 2128 | TACCACATTTCCTACCTAGA
1412338 3" UTR 9 2134 ' TGAGGCTACCACATTTCCTA
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site of the sinulated surgical
dosi ng | ocati ons).

ti ssue

foll.owi ng the single-dose adm ni stration of the ASO on Day 1, at the

sanpl e.

The punch biopsy consisted of a 4-mm cylindrical
Levels 5 of the ASO were determ ned using capillary

wound (drawn line on skin as a reference for

core of

el ectrophoresis and fluorescently-| abel ed sequence-specific probes and were

84.2 pg/gram of tissue. .
drug are anticipated to be between 1 and 100 lig/gramtissues.

Proj ected thergpeutic concentrations of the ASO
10 These

results denonstrated thatrckpr the first tine there is a prolonged residence
5 conts ation

time of zs12'#MOE mEctirsensm obi g

’g‘i eoti de whtdosidsi s chemicgl; ¢

(0]

in human_skin after intrd@roal adninistration, and these results Clearly
show th}1 g? t- he1~-fei§%.twiwc pdtent. |2<'3rl40 of TRHPETCRPGCIACCATAT onpound.- A skih
1egd0 i SUTR o o 22413 ) GRAATGGTITCCA i i Cobtrol | ed
Exarrpl 1_2 aﬁ z I\GI UIII La\jl L}\J;ﬂ‘{b é rO e
A ini CaleE}Zfl capymehnd Saf ety Stysly Ofcaabfd b ldr ". gl nggpcat
Sever i tai2543 SUD] "e6is Undey goi ngzan _m@g@ﬁmﬁ‘am mdaopl“*as“t'y“”T SUsggdyiis a
random #eeks doutskeenbl i nd 10w t hilnes ubpectcaornicraicted st udy evab uat 8ag
ef fi car‘k%i%aj?d anetyp bf CIGE 25 léhg\l 5 BT EACSEGSgBIHACISEot i.de. SEQ gD ....... NeR. 39! (i . e
0 romn ; Al . sont .0
the drgeh Igd*ﬂ‘jﬁrs;ﬁ@d@g‘% Hor Peoadiistdted adi-acent—{o-bBLhsi des
of the gbdgmnaptgsty +neysionjyia T E IR L bR e Ct oNS—+ Ay JUDBHELE-S
under doiipgyzan- ekechi ¥ e abgton naplast aceBofeaseeties of ~the-apgom fippl- asty
i nci sij@m20A €i tthefonsi de of 't hie 1msd] | feeaciuahat@mbercal t 0 theé pabi cshair, is
treat ediyi’fh. dipgroprioducto or . pladeboscratTceacapivdarmITE gl cal 1 nclsjon9d s
cl osed21237p.18. IFHen <t udviYurat it 0F. i sTCSPATCASETRHCAIAGA 24 weeks. 455 1bj. ¥t s
313377 _pantzon 2f  1Q,  op MH87 o AGERAGCACCATCTIIOGET o oo or ¢ 200 498+ b oduct
recei verihe-abdori napt-asty—en—bhy SrrchctcarRniaordeeag o GO S -GF TGP
and pl acEbe oVehi 3, 10 rentgare
per f of AEG8EVET YntdoMEE] Efiticacy is
det er pitirgdl bv Etirpmgs ACTTOFAGEARCAS | ONS.
eval uatedséat = ....gc%ﬁ@'fm%ﬁf*ﬁ%pl ast wlg
f ol | owgHde} we! PEAN CHCACOHES: C 2 panel
413 P65 | TGGCAGAGAATCAC
assesspgaks of Faphs U8B reddacH
151 nvESTE At 0 nt3i9¢al ScabERGET rents3Scalig;
1 412387 Intron 3 10 2196  CGTTCGGTCGGCACAGTTAG 30 108
412388 Intron 3 10 2216  CCTGGATAAGGTATTTCCCC 0 109
412389 | Intron 3 | 10 2235  ACAAACACCATGTAAAACGC 11 110
412390  Intron 3 . 10 2241 | GAGCACACAAACACCATGTA 0 71T
412391 _Intron 3 10 2251 TGCGAGAGCAGACGCACACAA 0 112
412392 Intron 3 | 10 2256 | TAAGCTGCGAGAGCAGAGCA 2. 11377
412393 Intron 3 10 2261 | GTCGGTAAGCTGCGAGAGCA 23 114
412394 Intron 3 10 2266 TTCCAGTCGGTAAGCTGCGA )
412395 Intron 4 10 2472 ACATGTACCTTAATGTTCTC
412396 Intron 4 10 2477 | GCAGAACATGTACCTTAATG
412397 Intron 4 | 10 2482 : TAGGAGCAGAACATGTACCT
412398 Intron 4 | 10 2487 | GTTAATAGGAGCAGBACATG
412399 Intron 4 10 2496 | TGAAAAATAGTTAATAGGAG
412400 ‘Intron 4 . 10 2511 CCACTGTTTTTCCTGTGAAA
1412401 : Intron 4 10 2525 | AAGTTGGGTCCTATCCACTG
1 412402 | Intron 4 10 2530  GCCCTAAGTTGGGTCCTATC
412403 {Intron 4 10 2535 CAAGAGCCCTAAGTTGGGTC
412404 . Intron 4 | 10 2540 CGTGGCAAGAGCCCTARGTT
412405  : Intron 4 | 10 2558 | CGGGCTTATACTAACAAGCG
| 412406 " Introm 4 10 2563  GATAMCGGGCTTATACTAAC
412407  'Intron 4 10 2568  TTGGAGATAACGGGCTTATA
412408 Intron 4 10 2573 TAGTTTTGGAGATAACGGGC
1412409 i Intron 4 10 2578  TTAGATAGTTTTGGAGATAA
412410 ' Intron 4 | 10 2584  CAATGGTTAGATAGTTTTGG
412411 Intron 4 | 10 2589 CAGCTCAATGGTTAGATAGT
412412 Intron 4 : 10 2594 | CAAAACAGCTCAATGGTTAG
1412413 'Intron 4 . 10 2599 TCCAGCAAAACAGCTCAATG
412 Intron 4 | 10 2604 | CTCATTCCAGCAAAACAGCT
412415 Intron 4 . 10 2609 | AAGCTCTCATTCCAGCAAAA
412416 Intron 4 '~ 10 2614 | TACACAAGCTCTCATTCCAG
412417 Intron 4 10 2623 GGTTGCTATTACACAAGCTC
412418 | Introm 4 10 2628 CTGGTGGTTGCTATTACACA
1412419 | Introm 4 10 2633 GAAAACTGGTGGTTGCTATT
1412420 { Intron 4 10 2638 TAGTGGAAAACTGGTGGTTG
412421 " Intron 4 10 2663 | TTAACTAACCCTGTGGAAGA
1412422 . Intron 4 10 2672 TGTCTTGAATTAACTAACCC
1 412423  © Intron 4 10 2677 | TGGAATGTCTTGAATTAACT




SEQ ID NO 39 is efficacious by these criteria. 20 Exanple 17: A Phase 2
Random zed, Doubl e-blind, Wthin-subject Controlled dinical Efficacy and
Safety Study of SEQ ID NO 39 in Reducing Skin Scarring in Subjects

Under goi ng an El ective Revision of Medial Scars Resulting from Prior Breast
Reduction 25 or Mastopexy Surgery. This study is a random zed,

doubl e-blind, w thin-subject controllegkstudy evaluating efficacy and
safety of CIG- antisense oligonucleotide SEQ ID NO:39 (i.e. the drug 30
product). The drug produgkers gdnm nistered to the nedial portion of the

revised brigast rREdU@ti OPESTArS Mha i ntrader Aeduziosj ections. A sectRotP of

lalMnartion of the revised hreast wound/scar 'is

ei t her, 5 of the ne.

treat ed; ¥ erg'é’“?pr Ammfig n'zég]nhnfc%ﬁw fgﬁ%‘g : --chﬁfgl cal-incSiont4s

cl osed: 412421219-- ﬂp 0 Wb, echs,Are ke LUhiHE: E‘i@@ thi-s- stuég ﬁé st udy
dur at i 0112¢% aapﬁh@i@nnm el"Y6 24 Weeks . Tdea iRk ""ﬁAd’c@CEI vetheyscar;jgevi si ons

on Day. 41242fsol awecbnby dr ug product anchrprcacaiaeccaalasi NG OVET 2@ 10rweek
obiseropat i onland ag3kssnerarcroaergerafrercaed every 40 Weelks Up to

peri od.41883
week 124124;%&]@ 5 E-’ﬁma \Apﬁ& 24. 2723 EFEFRGRICE e er. . ned by 1 atisagsi each
n Wn ’\r- < H

mat chedthgir- ofSigRihoi siprs Eitie -6@%%&@?@%%? ~at-weeks:J dfsia“; 24
fol | owigngisEevi shom,of  thegmedi-gy7gpo édT@T@GﬂTTAdff@r peastreaugsonycal
usi ng tamiaet hadeoafs Tating sevessl tyratrichscsta@pftirrscar st Expert—jgane
assessnbHBs of  Bhizeded phot ogr apies useaagraecsmratiTcastat 0g scal € {VAS)ise
151 n\méi%‘l at.or ISesr 4AssesSnent 2850al e2CSHHAECCRamCARASsessnent 26cal187 SEQ | D
NO: 39 -5 23H-i-¢3RFE8us by -these- £33 t-er TSt CACAAGGGAR 0 158

hPa58 ntron 4 -0 10 2859 " TGCCCTTCTAAGGAAGACAA 31 159

1412439 Intron 2 : 10 "1791 | GGATGCGAGTTGGGATCTGG 0 160

1412440 cps 9 7380 CCAGCTGCTTGGCGCAGACG 64 161

412441 CDs ' 9 1003 | GCCAGAAAGCTCAAACTTGA A

412442 37-UTR 9 1783 CCACAAGCTGTCCAGTCTAA | 7337 "1§3

412443 3'-UTR 9 2267 | GGTCACACTCTCAACAAATA 59 164

1412444  37-UTR 9 2282  AAACATGTAACTTTTGGTCA 55 165

[418899 " 3'-UTR = 9 1391 | TGACATGGCACAATGTTTTG ND* 166

*ND ~ i.e. not determined in the experiment but was highly active in another assay.

As shown in Table 1, SEQ ID NOs 11-15, 17-20, 24, 26-34, 36-

57, 59, 61, 63-82, 84-86, 88, 95, 97, 99, 102, 103, 105, 107,

5 108, 122, 125, 127-140, 145, 146, 149, 151-154, 156, 159, 161-
165 demonstrated at least 24% inhibition of human connective
tissue growth factor expression in this assay and are
therefore preferred. The target sites to which these preferred
sequences are complementary are herein referred to as “"active

10 sites" and are therefore preferred sites for targeting by

. compounds of the present invention.

The antisense compound 1s complementary within_ a range of
nucleotides on the CTGF sequence, i.e. within the range of
nucleotides 718-751, 1388-1423, 1457-1689, 2040-2069, 2120-
15 2147, or 2267-2301 of SEQ ID NO: 9. In a certain embodiment
the antisense compound is complimentary within the range of
nucleotides 2728-2797 of SEQ ID NO: 10. Compounds ﬁargeted to
these ranges demonstrate at least 50% inhibition (i.e. SEQ ID
NOs: 15, 29, 31, 42, 46-49, 53, 72, 81, 82, 152-154, 164, and

20 165). Certain target sites listed in Table 1 also 'demonstrate



-120- What is clainmed is: 1. A conpound which conprises a nodified

ol i gonucl eoti de consisting of 12-30 |inked nucl eosides, at |east a 12

nucl eobase sequence portion of which is conplenentary to nucl eotides
present within the region selected fromnucl eoti des 1399- 1423, 1388-1423,
and 1394-14230f SEQ ID NO 9, wherein the nodified oligonucleotide
conprises: (a) a gap segment consistingyof |inked deoxynucl eosides; (b) a
5" wing segnment consisting of |inked nodified nucl eosides; and (c) a 3'

W ng se ngheti:ng . of I nke didd 0Sj ges; awherei R 4t h ap
segnentgggf%%ggt?g%eég%é?ﬁééﬁgtﬁg'gﬁ ﬁ%%gqgggﬁgﬁt %%U %Ré gé’mﬁﬁﬁ g@%hent
and wher@i n Eaeh 1m2lj fie4, nled commdlel 46t hi n each wi ng segnent conprises a
nodi fied sugar. 2. The conpound of claiml, wherein the at |east 12

nucl eobase sequence portion is | epentary to nucl eoqtides qresent within

CcO
the regibrf S8R 423000 FeHHE Ela_ﬁp"gaﬁaSSFse?/aPW@uafi CFaiTE L SRS t he
conpoung prises - andodbEi gd-oLL99aME! 698 de1consbathng30f 112939 jgked

nucl eosi des, at least” a 12 nucl eobase sequence portion of which is present
wi t Bi n 1538 el Seobbsed skgBi2noes 248024215 iGP@EQNdE® NOoBrg89ed4@hearail66.

-121- h d pf_claim 3. wherei | | egb
oquenE RORANY Spr SEBFE BPEhERCRE THOR! dangee ToMERIOSEt For P i n SEQ

| D NO. 439. 50, The ,cospourssd of 7¢l ai7n ,angnanaaf. ctargaih- kanhet eish tidre
nmodi fi ed ol i gonucl eotide consists of 20 |inked nucl eosides. . 6. The
conpourdSéedanit ofede claidhsol gemansiratenwdds el f2fhe G5t £nBdbition

ol i gonugl got i S seguen i=ch £isS 0%-irdenbizcaly ;ev i t1sqlyength to a
porti oxgé%'oﬁggoﬁﬂt ﬁgséegﬁénggéwsagt' f6gr't k%ls@i'n07él‘£(;)a|2[%0'NClls:)fé %Ergl,d J;Lo%l and 166.

7. The conpound of claim®6, wherein the nodified oligonucleotide has a
sedquenthewhindhi sicmse00%niantd ché sver icogplemgnitary avigdrin obhef rahge

sequen set forth.i.n SEQ.,I NG, 39. e C ound_o y o of .cl ai ns
lto 7§§mheP8F%ePﬁédﬁ8diH%ggijﬁﬁginwl36%ghg%%%gri%%gg%¥g$easgﬁgﬁ§ln
nodi f i @emonseravel aesildadt nkageinhibithenconpeundsed cbaivosd, herain at

| east one nodified internucl eoside |inkage is a phosphorothioate

i nt er nt) eoSPIERERNKEFECt 191 t9he LdSREGUNT: oFaRl @i h ®R1sthereRpnagERCe

modi figd {giernyeheqsidsiliinkade is. amhosphenet hbeat 8¢,i niages; - 432-
15 78, 128, and 138). One target site listed in Table 1 also
demonstrates at least 80% inhibition (i.e. SEQ ID NO: 44). In
certain embodiments, the percent inhibition 1is achieved when
the antisense compound is delivered to HuVec cells at a

concentration of 50nm.

7 Multiple leads with apparent activity greater than the
historical ASO lead sequence, SEQ ID No. 15 (ISIS 124238),

were identified in both exonic and intronic sequences.

Dose response studies on nine highly active sequences (SEQ ID
Nos: 28, 30, 39, 40, 45, 52, 56, 78, 125) were completed (gee
25 Figure 8). SEQ NO. 13 and 15 (ISIS 124212 and 124238) are the
previously designated oligonucleotides and SEQ ID No: 167
(ISIS 141923, sequence CCTTCCCTGA AGGTTCCTCC) is the negative

control.



11. The conmpound of claim@8 or 10, wherein each internucl eoside |Iinkage
which is not nodified is a phosphodi ester |inkage. 12. The conpound of
claim 8, wherein each internucleoside linkage is nodified and is a
phosphor ot hi oate |inkage. 13. -The conpound of any one of clains 1-12,
wherein at | east one nucl eoside conprises a nodified sugar. 14. The
conpound of claim 13, wherein the nodidded sugar is a bicyclic sugar. 15.
The conpound of claim 13, wherein at | east one of the nodified sugar

COWDV!%&éué:%é;%;%@&ﬁ@éﬂ@%@y'- 16. The conmpound of any one of clains 1-12,

conprising at one rahydr opyran nodi fi ed nucl eosi de wherein a
tetrahydropyran ring replaces the furanose ring. 17. The conpound of any
one of @liagomsudidd;idderei weat | eastreenednuclansi deconpiimeda nedifi ed
nucl eobasesuch asa5' - _pet hyl cytosine. -123- 18. The cgnpound of claim17,

wher ei F FHH R Ihe> Wi PH ATt AETHAL | WBbEsEFeqiRiR eSPgoghel1al cells
S' - met hhaitc0Si B8 nd 91,1 A LAUTROUNG L £ &0V + PBRS 8L BhTE lubomd8.chey ein

the nodified ol igonucleotide conprises: (a) a gap segment
consi stiinap dfagdide édirlogiker] eexryhardeo8Rbdesaintained (h) Madsumni2p

segnent sisting of .two _|inked nodified.nugl eosides; a a3
wi ng s&g gt('}mcecg1 Si tT’héhofLQf“fv ermkeéf% f%&ﬁp;ﬁg‘?@ssi Qggc,)m Cascaséc‘??erei n
the gapisagrEnis)i varasipianed batveeps-wbe15plwitke sagmentoandethe Fei ng
segnment, ~wherein each nodified nucl eoside wthin each wi ng segnent

conpr | ¥8d 13 a3d dngulRéefe ONArnd@idy atand ‘whéifeithee 2P SaNEE rm%l%%s@%

| i nkagenks hot bl oa | : u f ..cl ai ns
L Lo e e P20 T He” ongi r s of SOt PrE, &g o

nudl eopkrdwsrmadd wemtdi-¥MEMe nlcl eddase tsegeence icorntmwisbguencolieo-forth

in SEQ | 9. 40 I 6. .21. The canpound cl ai 0 erein the
ol oobRatShsining re%h, d Ruattoa o raE ¢ oy oP) Rposietshing
conpos00on péx ch campréseogicompound pédany) of f@érs d- 2bur25, apd 31 or

an antisense oljgonucleotide of claim26, or a -124- pharnmaceutically
accept @RS §afEion sHEKtEBRpPOWAE orxehasigel olfidgonudedti déedhgma 200

OSSR EF R g a8 9

clainms 1-21, 25 and e conmposition o or
t B8 a7 ¥ensier olthgonpceilesenicee off cbai nCA6, foAfuse i hét-Rdat hogran aakna

havi ng _a di sease or c ition_associated with ressi on of connective
tissu pé?roﬁlﬁ@%ecf%r ,éjcggef%?%f FRiher ei ?hec?ifﬁ%as‘@eﬁ? cEagefonwi §ha
hyper prdgieial | verde5088line COBSEN and Tt | fofi SRBSGQHEHLHi @Stion

hypertrophic_scarring, keloids, skin scarring, liver fibrosis, pulnonary
fibrodidh r Shel RipEE8| sR¥erdY adkit br 8IGF omessagéenoyRs; orepsiinedf i byosi s

quantitative real time polymerase chain reaction (RT-PCR)
20 (Primer/Probe sets shown  below) and the results were

normalized to total RNA.
Statistical Analysis

Each sample was analyzed in duplicate, and vertical bars

represent the spread between the two measurements.

25 Results and Discussion

0f the approximately 150 novel seqguences per target

- synthesized and evaluated for activity against CTGF in cell-
culture, the new CTGF oligonucleotides (SEQ ID NOs: 28, 30,

39, 40, 45, 52, 56, 178, 125, and 166) show excellent

30 inhibition of human CTGF mMRNA expression. The highly active

oligonucleotides identified are provided in Figure 7.



(i ncluding frozen shoul der syndrome, tendon and peripheral nerve danage),
spi nal cord danmage, coronary bypass, abdom nal and peritoneal adhesions

(i ncluding endonetriosis, uterine |eionyomata and fi broids),

radi al ker at ot onyandphot or efracti vekerat ectony, retinal reattachnent surgery,
device nmediated fibrosis (in for exanple diabetes), tendon adhesi ons,
Dupuytren contracture, or sclerodernmgg24. The conpound of any of clains
1-21, 25 and 31, the. conposition of any of clainms 22 and 27-30, or the

anti sense | ucl-eat i de .qf im u igr Cighg rrji .
resul ti%g r)f%(}n\/\og%dq%"gl ilglé:ri%k&g sgﬁz}' c%é?n rfeeg t%gdr‘]egfr’, éﬁgr e%}Qn&tlh%
wound hepddguwes s heal i2ng aatd a Wwundlsgbrutidotidast heugpoisicwrisi stang of
skin breakage, surgical incisions, and burns. %§§~A conpound whj ch

conpri sEIR Mottt Bd dPPEBNURFESYRde tEBRsI §8fNng PdF tOE 1Btk e PHRIEI B3 Yes
havi ng & UC] £9RASE, SEIUENCE @Bud B84 tRerd MAER D NO 39, wherein the
nodi fi ed ol 1 gonucl eotide conprises:” -125- (a) a gap segnent
consisting of thirteen |inked deoxynucl eosi des; (b) a 5" wng
seghentTheongd ftiiqignsty t v | ianked eansd f ited gatclnabsiakests aridé  genergldya 3
W ng s t_consisting of five.link dj f cl idesyn . .. wher ei n
the gag Ciitrer it *bhEPe  breg Bt ean s (rnel FAE, TR Lisinay 08
segnentthese exonies eiutleradi d@dddqeshduic|fasipdeowiddd nireaigwrag7segnent
conprises a 2'-0-nethoxyet hyl sugar, wherei n each internucl eosi de

| i nkage_i s a phosphorot hi oate |,inkage, and wherejn each_cytsi ne nucl eobase
is a 5Thfet rﬁfﬁ%yt Qi nBOS56. Akt it i s‘%"h%Jes?}Tffegon‘ai}SBF}lﬂée§5ﬁ§F§ti TFoF the

nucl eotbge i spauence aBséEQé®&%e3%xp%aiiﬁeﬁ5&%i Sﬁﬁ's?[u@lﬂ(‘go@éﬁﬁogjs‘g&lg_

further characterized as having, from5'" to 3" direction, W ng
seghentheonstipidndestribednabloyst.i des, a gap segnent consisting of 13

nucl eotides, and a 3" w ng segnent consisting of five nucl eotides,

wherein each nucleotide of said 5° and 3' w ng segnents conprises a

2' - 0- met hoxyet hyl sugar, wherei n each nucl eoti de of said gap segment
conprises a deoxyribose sugar, -126- wherein the internucl eotide

| i nkagésahplecdn diestenr| Bdotdandlyssisl afit Connestdiviegdhlsseet Grewiie

phosphgr ot hi ogate, | i nkages., 27. A conposition conprising the conmpound of any
of cl Z??&%E‘l:-'z%'oﬁﬁfna %vﬁisor an antisense oligonucleotide of claim?26
fornmul ated for topical admnistration. 28. A conposition conprising the

conpoumsk ©érmnpieft chaalysis?l(iddunablodl Sabyshafi senseadiganueheot i de
of claim26 formul ated for subcutaneous adm nistration. 29. A conposition

coRpr ik IRE t HeARRPOURGLEPIENy CHLLT afh8 Raryessad difr ) Beunn adtiegense
ol i gonyic] bl e 1 b Ak PLgBmbALMULALER ] WBndoCRE tARABHY StL@LhOded in
Laemmli buffer (100 nl/well), boiled for 5 minutes and loaded
on a 16% SDS-PAGE gel. Gels are run for 1.5 hours at 150 v,
and transferred to membrane for western blotting. Appropriate
20 primary antibody directed to comnective tissue growth factor
is used, with a radiolabelled or fluorescently labeled
secondary antibody directed against the primary antibody
species. Bands are visualized using a PHOSPHORIMAGERT™

(Molecular Dynamics, Sunnyvale Calif.).

25



30. A conposition conprising the conpound of any of clains 1-21, 24, and 31
or an antisense oligonucleotide of claim26 fornmulated for intradernal

adm nistration. 31. A conpound which conprises a nodified oligonucleotide
conprising at |east 12 |inked nucl eosi des, the nucl eobase sequence of which
is present within the nucl eobase sequences set forth in any one of SEQ ID
NGs: 39, 40, and 166, wherein the nodjf4ed oligonucleotide conprises: (a) a
gap segnent consisting of |inked deoxynucleosides; -127- (b) a 5 wng

segnent ti of ed dlfled nygl £ (c
segrrent }9 %tl gg of ‘Jféé]{ A{{Q P L&I £03r ?160&% ££er ein ?‘g%egap
segrrent'rcb:s:.mgycsmiﬁlbet ween the 5' V\A ng segnment and the 3' w ng segnent

and wherein each nodified nucl eoside within each wing segnent conprises a
nmodi fi ed sugar 32 The conpound of claim 31, wherein the nucl eobase

sequen in SEQI1D NO 39. 33. The conpound of any one of
cl ai m;%%‘izd? %JL the conposition of any one of clains 22 and 27- 30,

or $he Téat i pensesel igfonubl eotpidieotof tekdicmldgy fotudigewas atoedivedrmte
79241- A- PCT se ence S ENCE LI STI NG_<110> Excal i ard Phar maceut cal s,
Inc. | 8§PES8hal “Tciﬁoéjl‘fe% LSS IR | LS o GTGEhudi%ot PEEEitct ed

agai NSk oxQRARE! | \m thesMe10rRM 8 fBelefc expressi ahand 14$Rhuldeirafgesl 60>
165 <170> Patentln version 3.5 <210> 1 <211> 20 <212> <213> Artificial

Sequen&@s&pgowerz IS Ppsiqduanaamt4 b2 ¥ i §ORRcTRoNPde38i) r edil@d 9o (HR@N
Hras 15 No: 40), and 418899 (SEQ ID NO: 166).

10

Methods
Male BALB/c mice (approximately 8 weeks o0ld) weighing
approximately 25 grams were fed a normal lab chow diet
throughout the study. The mice were dosed subcutaneously (SQ)
15 twice per week with 25 or 50 mg/kg antisense oligonucleotides

for 4 weeks (n=6). The following endpoints were measured:

s Weekly Body Weights;

¢ Blood Plasma Chemistries at 4 weeks;

s Organ weight, Body weight at necropsy; and

20 e H&E stain of Liver and Kidney.

Results

Results following 4 weeks of dosing with 25 mg/kg or 50 mg/kg

antisense oligonucleotide ISIS 412294 (SEQ ID NO: 39), ISIS
25 412295 (SEQ ID NO: 40) or ISIS 418899 (SEQ ID NO:166) indicate

a number of end-points differing significantly from the

saline-treated control group of mice. These included:

1) Plasma alanine aminotranferease (ALT) and aspartate

30 aminotransferase (AST) levels following 4 weeks of
treatment with 25 mg/kg or 50 mg/kg of ISIS 412294 (SEQ

ID NO: 39) or ISIS 412295 (SEQ ID NO: 40), or with 25

mg/kg of ISIS 418899 (SEQ ID NO: 166) were similar to the



<400> 1 tccgtcatcg ctcctcaggg20 <210> 2 <211> 2075 <212> DNA <213> Hono
sapi ens <220> <221> exon <222> (130)-(1180) <400> 2 cccggccgac agccccgaga
cgacagcccg gcgecgtcccg gtccccacct ccgaccaccg60 ccagcgctcc aggccccgceg
ctcccecgetc geccgecaccg cgecctcececge tccgeccgcal20 gtgccaacc atg acc gcc gcc
agt atg ggc ccc gtc cgc gtc gcc ttc gtgl7l Met Thr Ala Ala Ser Met Ay Pro
Val Arg Val Ala Phe Val 1510 gtc ctc_.gif-gcc ctc tgc agc cgg ccg gcc gtc
ggc cag aac tgc agc219 Leu Leu Ala Leu Cys ser Arg Pro Ala Val Ay G n Asn
cys Ser 2025 C C t: C g C cagc tgc ccg gcg
Guc267 Gy PLo'OIE AY G pralils Gliehis Na PraciPy olobieh amEFy
354045 gtg a@csedcwgtg EOgmgakgggé Egcsg@dSB@@ HOPECJD qa: tg&sg CsRa@g315

Val Ser Leu V I As d s Arg val s Ala L
a L {Eanéﬁy' 1ncreaséé T/ ST. l%vels ggbove the values,

observed in the .control group (see Figures 9A and 9B).

This was a suprising result that was not predicted in

5
previous studies or by the cell based assays.
2) Weight gain for the 50 mg/kg 412295-treated group was
significantly lower than the weight gain in the control
10 group (see Figure 10).

Conclusion
SEQ ID NO:39 (ISIS 412294) did not exhibit as many undesirable

toxicological characteristics as SEQ ID NO:40 (ISIS 4122395)

15 and SEQ ID NO:166 (ISIS 418899). This result was entirely

unexpected, and was not predicted by the cell culture behavior

of these oligonucleotide sequences.

20 Example 11: Effect of a Rat CTGF Antisense Oligonudleotide

(SEQ ID NO:163) on Collagen and CTGF mRNA Expression in

Wounded Rats

Objective

25 CTIGF antisense oligonucleotide SEQ ID NO:163 (ISIS 412442) was

used to examine the ability of a CTGF antisense

oligonucleotide to reduce expression both of CTGF and CollA2

(a biomarker of scarring) in a rat animal model of scarring.
This antisense oligonucleotide has an identical chemical

30 structure as SEQ ID NO:39 (ISIS 412294), however the sequence
has been modified slightly to be 100% complimentary to the rat

CTGF mRNA sequence.



505560 cag ctg ggc gag ctg tgc acc gag cgc gac ccc tgc gac ccg cac aag363
G n Leu Glgy G u Leu cys Thr Qu Arg Asp Pro Cys Asp Pro His Lys 657075 ggc
ctc ttc tgt gac ttc ggc tcc ccg gcc aac cgc aag atc ggc gtg4ll Ay Leu Phe

Cys Asp Phe Ay Ser Pro Ala Asn Arg Lys Ile Gy Val 808590 Page 1

79241- A- PCT Seguence_ST25 tgc acC gcc aaa gat ggt gct ccc tgc atc ttc ggt

ggt acg gtg tac Cys Thr Ala Lys Asp Gly2Ala Pro Cys Ile Phe Ay @y Thr \P/ﬁl
e

Tyr 95100105110 cgc agc gga gag tcc ttc cag agc agc Arg Ser Ay du SerGly

G n SerWsemdit§ ctg gac ggg gcg gtg ggc tgc atg ccc LeuLAS (PEIy g\l? \P/?IO P
s Met __Pro 13 1_1:;]5 tg ccc agc _cct gac tgc ccc ttc ccg Leu Pro Se
gs Pro" BHE Pr’g“‘ iBJ(F]%F?a%SFt gcot-éc gf%ﬁjltg‘d@eqegg g?EEQOPQY gaﬁll’w GOSicc‘ivsggg??c
caa Lysig¥s u r. PAE né%ﬁ
ggg c>c/t lggcogﬁgegcgngggt tt]:geg B(%éak%?fgg gre%kAlogdLeu lﬁls‘La S% a gﬁgﬁyl% 180
og study), two on each side of the spinal mid-line. The wounds

5 were left open, but dressed with a sterile occlusive bandage.

Antisense Oligonucleotide Dosing

The two biopsy sites on the right side of the animal were

treated intra-dermally with the COTGF antisense oligonucleotide
10 on Days 1, 5, 9, and 13 post-biopsy at either 3.0, 1.0, 0.3 or

0.1 mg antisense oligonucleotide. Biopsy sites on the left

side of the animal were treated intra-dermally with phosphate
buffer saline (PBS). The animals were sacrificed on Day 15
post-biopsy. A total wvolume of 200 wul of antisense
15 oligonucleotide or PBS was delivered to each punch biopsy
site. This 200 pl volume was divided into four 50 ul aliquots
which were injected around the wound’s periphery, at

approximately 0.25 cm to 0.5 cm to the left, right, top, and
bottom sides of the wound.

20

Sample Harvest/Sacrifice
the animals were euthanized and a

On the sacrifice date,
sample of skin from the center of the wound was obtained with
a 0.5 cm biopsy punch, and mRNA was extracted from these
25 samples using standard procedures. RT-PCR mRNA analysis of rat
CTGF and CollA2 was performed using the standard curve
methodology for data analysis and RiboGreen as the

housekeeping/ normalization gene.

30 Results
Treatment of the rats at all doses resulted in a statistically

significant reduction in both CTGF and CollA2 mRNA expression
(see Figure 11). These results clearly demonstrate that

inhibition of CTGF expression with a 2’/MOE modified antisense



gac cca act atg att aga gcc aac tgc ctg gtc cag acc aca Asp Pro Thr Met Ile
Arg Ala Asn Cys Leu Val G n Thr Thr 195200 agc gcc tgt tcc aag acc tgt ggg
atg ggc atc tcc acc cgg gtt acc Ser Ala Cys ser Lys Thr Cys Ay Met Ay lle
Ser Thr Arg Val Thr 210215220 aat gac aac gcc tcc tgc agg cta gag aag cag
agc cgc ctg tgc atg Asn Asp Asn Ala Ser Cys Arg Leu u Lys G n Ser Arg Leu

Cys nmet 225230235 gtc agg cct tgc gaall@t gac ctg gaa gag aac att aag aag
ggc aaa Val Arg Pro cys Qu Ala Asp Leu Gu GQu Asn Ile Lys Lys Ay Lys

240245250igagutjeont decgtildct deceeass aiie taepasgtich A aadlbbbngagnctt

Lys cys Ile Arg Tﬁ ig Lys IIe Ser Lys Pro Ile Lys Phe GQu Leu
255260285570 WAHCAcWiticTRgH §ctlnaéartef5é1qt@9ngg‘~él gthé! ISPV et yTyaf felgiml a

Lys Phes&ys £&¥my@lox80285 tgt acc gac ggc cga tgc tgc acc ccc cac aga acc
acc acc ctg ccg Cys Thr Asp Ay Arg Cys Cys Thr Pro His Arg Thr Thr Thr Leu
Pro 290295300 gac ggc gag gtc atg aag aag aac atg atg Asp Ay G u Val Mt
LysSLys Asn Met nmet 310315 ttc atc aag acc tgt gcc tgc cat tac aac tgt ccc
gga gac aat gac Pile Ile Lys Thr Cys Ala Cys His Tyr Asn Cys Pro Ay Asp

Asn AsEx32GAH380: ata $1hglaapbse qtrﬂ::*aaezéz%lagﬂx&ﬁﬂa@éﬂlﬁéeleg%%%? atg
gca tga a |lle Phe Gu Ser Leu Tyr Tyr Arg Lys Met Tyr Asp net Page
of CTGF Antisense Oligonucleotide in Rabbits

Study Objective

10 The purpose of this pharmacokinetic study in rabbit is to
evaluate the concentration of a CTGF antisense oligonucleotide
(SEQ ID NO:39, ISIS 412294) in rabbit skin at different times

subsequent to a single intra-dermal injection.

15 study Design
On day 0 of the study all animals were dosed intra-dermally
(ID) with a single 100 uL injection of CTGF antisense
oligonucleotide SEQ ID NO:39 at a concentration of 50 mg/mL (5
mg total dose). The animals were dosed with the antisense
20 oligonucleotide in a site to the left of the spinal mid-line,
roughly parallel to the rabbit’s shoulders. The needle was
inserted so that the test material was injected down towards
the base of the animal’s body. On days 1, 3, 7 or 14, the
rabbits were euthanized and two full-thickness 1.0 cm punch
25  Dbiopsies were obtained, one centered over the original
injection site and the other vertically below spaced 0.5 cm
apart. The samples were snap frozen and stored at -80¢°C prior
to analysis of the antisense oligonucleotide drug levels.
Results represent the mean antisense oligonucleotide levels

30 from both biopsies at the indicated time.

Results and conclusions
Significant levels of the antisense oligonucleotide are

present up to at least day 14 after intradermal dosing (see



79241- A- PCT Sequence_ST25 335340345 gccagagagt gagagacatt aactcattag
actggaactt gaactgattc acatctcatt1240 tttccgtaaa aatgatttca gtagcacaag
ttatttaaat ctgtttttct aactgggggal300 aaagattccc acccaattca aaacattgtg
ccatgtcaaa caaatagtct atcttccccal360 gacactggtt tgaagaatgt taagacttga
cagt ggaact acattagtac acagcaccagl420 aatgtatatt aaggtgtggc tttaggagca
gt gggagggt accggcccgg ttagtat cat 1480-Xkdrat cgact cttatacgag taat at gcct
gctatttgaa gtgtaattga gaaggaaaat 1540 tttagcgtgc tcactgacct gcctgtagcc

ccagt gaEbgures ageat. gtthaaidaitcicagd600e€rd EAagAJo8Cigagt Cale Jbbatdeest t1
agact ca gctctgacat 1660 tctgattcga atgacactgt tcaggaatcg

aagt cagaac agc

gagt cc?agﬁ éﬁpt ST e bR eyt 17hesggeasyldsa demepeiptedcs dipr
tttttet a tt.gtql? - t a _t.at at

tat gt acay Thrrasgte SRR B AN RSN P ol Tl
gct tt gatretiddmramt gl f gogecl easi dé 190@hcttgdac actemi &gyt agadli ggtaaaget tigh

tct atcg{g&l caaa cat% a aatggatact 1960 t at at ggaaa ttctgctcag atagaatgac
agttcgt® 'afc‘&%a‘f %?eﬁ 2hERg5082P L Yalelt EA§ EHEEEPEYEA ROt TIAL
t aggt aggaa Ol AHA0G £ CAGRAAAR S Qx i3 <211> 22 <212> DNA <213> Artificial

sequence <220> <223> Forward PCR priner directed to human connective tissue
grom h factor (cTGF)

EXAMPLE 13: Genome search

10
The potential for SEQ ID NO:39 to induce unwanted antisense

effects that could translate into “off-target” toxicity was
assessed by conducting a search of the human genome database
for sequences that have complete or partial homology or

15 complimentarity with the SEQ ID NO:39 nucleotide sequence.

A comprehensive search of published human DNA sequence
databases was conducted to evaluate whether sequences that
comprise SEQ ID NO:39 have sufficient homology with the known
20 array of human genes, such that unwanted antisense or other
inhibitory activity could be exerted against expression of
human gene products other than the targét CTGF (connective
tissue growth factor) and thereby induce “off-target” effects.
The search entailled screening for homologous sequences ranging'
25 from 20 nucleotides (i.e., the full length of SEQ ID NO:39

down to 12 nucleotides.

No off-target sites were detected in the human genome with 20,
19 or 18 bases of homology with SEQ ID NO:39. The complete
30 absence of off-target sites with 18, 19 or 20 bases indicates
that the likelihood of any consequential off-target activity
is minimal. Three 17-base homologies with SEQ ID NO:39 were
indentified. One of these is within the intron of the LRFN2

gene. Introns are typically spliced out of the transcript



<400> 3 acaagggcct cttctgtgac tt22 <210> 4 <211> 22 <212> DNA <213>
Artificial sequence <220> <223> Reverse PCR priner directed to human
connective tissue growmh factor (cTGF) <400> 4 ggtacaccgt accaccgaag at 22
<210> 5 <211> 23 <212> DNA <213> Artificial Sequence Page 3 79241-A-PCT

Sequence_ST25 <220> <223> PCR probe directed to human connective tissue
growth factor (CTGF) <400> 5 tgtgcact§édtaaagat ggt gct23 <210> 6 <211> 19

before the mRNA arrives in the cytoplasm, the site of action

of SEQ ID NO:39. For this reason, SEQ ID NO:39 is not expected

to affect LRFN2 expression. The two other 17-base homologies

are located within inter-gene spacer regions. Inter-gene
5 spacers are generally not transcribed but exist as double-
stranded DNA in the nuclear compartment, separate from the

site of action of SEQ ID NO:39. Hence, there were no 17-base

homologies of concern.

10 Among the l6-base, 15-base and l4-base homologies found, only

one was located within a known or suspected transcript (i.e.,
FRMD5, which encodes a lipid biosynthesis transferase active

in the liver). However, the l4-base SEQ ID NO:39 homology with

an mRNA sense transcript would not be conducive to antisense

15 activity (i.e., hybridization would only be possible if a

portion of the SEQ ID NO:39 sequence was complementary, not

homologous, to the mRNA transcript sequence). Therefore, SEQ

ID NO:39 will not affect this transcript. All other 16-base

through l4-base homologies corresponded to introns or inter-
20 gene spacers with no ovérlapping transcripts, predicted
transcripts or expressed sequence tags. There were no 13-base

homologies. Any transcripts based on only 12-nucleotide

homology or shorter would present a thermodynamically

unfavorable target, compared to the binding of a 20-base
25 oligonucleotide like SEQ ID NO:39 with its intended target.
Therefore, 1l2-base and shorter homologies do not present a

significant potential for off-target antisense activity.

+ Therefore, the human genome database search showed that SEQ ID
30 NO:39 has a high degree of specificity for the intended target

with minimal potential for off-target effects.



<212> DNA <213> Artificial Sequence <220> <223> Forward PCR priner directed

to human GAPDH <400> 6 gaaggtgaag gtcggagtcl9 <210> 7 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Reverse PCR prinmer directed to hunman

GAPDH <400> 7 gaagatggtg atgggatttc20 <210> 8 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> PCR probe directed to human GAPDH <400> 8

caagcttccc gttctcagcc20 1:210> 9 -116-

Example 14: A Phase 1 Single-Dose Intra-Dermal Clinical Study
to Assess the Safety and Tolerability of a CTGF Antisense

Oligonucleotide (SEQ ID NO:39)

5 Study objectives

The human CTGF antisense oligonucleotide SEQ ID NO:39 (Isis
No. 412294) was administered to six patients by intra-dermal
dosing (80 mg total dose) as part of a Phase 1 study protocol

to assess the safety and tolerability of a single dose of

10 drug.

Results

No adverse events were reported other than local
itching, and

injection

site reactions such as erythema, inflammation,
15 induration. The adverse events listed were reported in
approximately 50% of the subjects at a severity level of
"‘minimal”. No changes were noted in serum chemistry,

hematology, urinalysis, ECGs, vital signé, physical exams, and

complement activation.

20
Conclusions
The administration of the CTGF antisense oligonucleotide at

doses anticipated to be within the therapeutic range is well

tolerated in humans, demonstrating the safety of this compound

25 for treating skin scarring.

EXAMPLE 15: Antisense Oligonculeotide SEQ ID NO:39 Drug Levelsg
in Human Skin Following Intra-dermal Dosing

30
Skin drug levels were evaluated in a cohort of patients in an
initial clinical study, where 5 patients each received 40 mg
of the antisense oligonucleotide (ASO) (administered as 10

equal doses of 4 mg each). Skin biopsies were obtained 21 days



<211> 2358 <212> DNA <213> Hono sapi ens <220> <221> exon <222>
(207)..(1256) <400> 9 aaactcacac aacaactctt ccccgctgag aggagacagc

cagt gcgact ccaccctccab0 gctcgacggc agccgccccg gccgacagcc ccgagacgac
agcccggcge gtccecggtccl20 ccacctccga ccaccgccag cgctccaggc cccgccgcetce
cccgcetcgec gccaccgecgel80 cctceccgetcc gecccgcagtg ccaacc atg acc gcc gcc agt
atg ggc ccc gtc233 Page 4 79241- A--PdT7-Sequence_ST25 Met Thr Ala Ala Ser

Met Gy Pro Val 15 cgc gtc gcc ttc gtg gtc ctc ctc gcc-Arg Val Al a Phe Val
ro Al a
T,

Val  Leugbetof Ay 10nd 5s¢he1kdeioaec a‘&&&n&%ﬂr&%&o&t %é%&/ﬁs@én%%
Val 2025 tgc ccg gac gag ccg gcg c Cys Pro Asp Gu Pro Ala Pro 35 40 ctg
gac ggcatgéhggcsiye e tiea Asmu@aye@ys%fﬂghda)ls @ysnds (trgwygcliyag oy t ge

acc gagS]g ¢ gc aCCC gllrjer?cg %OI’ L&OS%Q’ I caglons g A.L%Pe pun§h7%iopsy

consisted of a 4-mm cylindrical core of tissue sample. Levels

5 of the ASO were determined using capillary electrophoresis and

fluorescently-labeled sequence-specific probes and were 84.2

pg/gram of tissue. Projected therapeutic concentrations of the

ASO drug are anticipated to be between 1 and 100 ug/gram

tissues.

10
These results demonstrated that for the first time there is a
prolonged residence time of a 2'MOE antisense oligonucleotide
with this chemical configuration in Thuman skin after

intradermal administration, and these results clearly show the

15 therapeutic potential of this class of compound in skin.

Example 16: A Phase 2 Randomized, Double-blind, Within-Subject

Controlled Clinical Efficacy and Safety Study of SEQ ID NO:39

20 on Reducing Scar Severity in Subjects Undergoing an Elective

Abdominoplasty

This study 1is a randomized, double-blind, within-subject

controlled study evaluating efficacy and safety of CTGF

25 antisense oligonucleotide SEQ ID NO:39 (i.e. the drug

product). The drug product is administered adjacent to both
sides of the abdominoplasty incision via intradermal

injections in subjects undergoing an elective abdominoplasty.

30 A section of the abdominoplasty incision on either side of the
midline, just lateral to the pubic hair, is treated with drug

product or placebo, after the surgical incision is closed.



gac
tgc
Arg
Pro
acg
Pro
tgg
Cys
aac
Cys
gct
du
tgc
Thr

ttc ggc tcc ccg gcc aac Asp Phe Ay Ser Pro Ala Asn 85 gat ggt gct ccc
atc ttc Asp Ay Ala Pro Cys Ile Phe 100105 ttc ccg agg agg Phe Pro Arg
150 tgc gag gag tgg gtg tgt gac gag ccc Cys AQu Gu Trp Val Cys Asp Gu
165 ctc gcg gct tac cga ctg gaa Leu Ala Ala Tyr Arg Leu G u 180185 gac
ttt ggc cca gac cca act atg att aga gcc aac tgc ctg gtc Asp Thr Phe Gy
Asp Pro Thr Met Ile Arg Ala Asn GQys-leu Val 190195200 cag acc aca gag
agc gcc tgt tcc aag acc tgt ggg atg ggc atc Gn Thr Thr AQu Trp Ser Al a
Serqily/Ss iy Q& Yool s Chyob be: 206210235 wbGksaceuEqd gac
gcc tcc tgéyagdrctaogagsaa%pcagl %gr Arg va %u gscgksr%%%h a Ser
Ar gheaigloninep Grat220225%80 Agce f@gdomegl tlye dogiguc ca‘i;;gthet dmyey gaa
gac_.ct aa g_aac_Ser Leu Val ,Arg Pro Cys.Gu Alg Asp Leu
& PR R0 rlAeaS) ech A uRes BPEOR St ARlSERY Ademhag
at Grelta ds ifch Aafr &t et £6rA80 66bry! @ kiseiky S to LysSekY$20Vsld e Arg
Pro Lys Ile Ser Lys Pro 250255260265 atc aag ttt gag ctt tct ggc tgc

||  Lyaopha @tuwesk Sér dy Cys

10

15

20

25

30

Efficacy is determined by ratings of each matched pair of

incisions.

Efficacy is evaluated at weeks 12 and 24 following the
abdominoplasty surgery using the following two methods of
rating severity of incisional scars:
] Expert panel assessment of blinded photographs using
- visual analog scale (VAS);
. Investigator Scar Assessment Scale Subject Scar

Assessment Scale;

SEQ ID NO:39 is efficacious by these criteria.

Example 17: A Phase 2 Randomized, Double-blind, Within-subject
Controlled Clinical Efficacy and Safety Study of SEQ ID NO:39
in Reducing Skin Scarring in Subjects Undergoing an Elective
Revision of Medial Scars Resulting from Prior Breast Reduction

or Mastopexy Surgery.

This study 1is a randomized, double-blind, within-subject
controlled study evaluating efficacy and safety of CTGF
antisense oligohucleotide SEQ ID NO:39 (L.e. the - drug
product). The drug product is administered to the medial
portion of the revised breast reduction scars via intradermal
injections. A section of either side of the medial portion of
the revised'b;east wound/scar is treated with drug product or

placebo, after the surgical incision is closed.



270 aaa ttc tgt gga gta tgt acc gac ggc cga tgc tgc acc Lys Phe Cys @y Val
Cys Thr Asp Ay Arg Cys Cys Thr 285290 ccc cac aga Pro H's Arg 295 acc acc
acc ctg ccg gtg gag ttc Thr Thr Thr Leu Pro val d u Phe 300305 aag aag aac
atg atg ttc atc aag Lys Lys Asn Met Met Phe Ile Lys 315320 ccc gga gac aat
gac atc ttt gaa Pro Gy Asp Asn Asp Ile Phe G u 330 335 gga gac atg gca tga
agccagagag tgagagacat taactcatta gactygggpact Ay Asp Met Ala tgaactgatt
cacatctcat ttttccgtaa aaatgatttc agtagcacaa gttatttaaa tctgtttttc

t aact ggggg aaaagattcc cacccaattc aaaacattgt gccatgtcaa acaaatagtc

t at caacccc agacactggt ttgaagaatg ttaagacttg acagtggaac tacattagta

cacagcdifiwatgaad@t atibt etaagoigt ggecttul agdadmtagt ghfaggrudccaghaga tudy
aaggtta ta tcatcagata gcatcttata c agt aat at ct gct ait tgaa tgtaa
ttgagaafgb‘?%’a%ﬂt% a@@pgpgfeff@galg t yeerst %@&&%%C%%aggpgggﬁ the
t gt gcatd &l CLABLSAL LR @Ha%?t 939 L3Oy Cttfagt68u8RAGRUC A cebo
ctcagctctg acattctgat tcgaatgaca ctgttcagga atcggaatcc tgtcgattag

act ggachgeing g aag 10gweekt gor itogt.asgbsagcolbagarat it on  aadatisisatssment
ttgtaaatat tgtgtgtgtg totgtgtgtg tatatatata tatatgtaca gttatctaa
ttaatt f4da SEFSP?{“%% ?:%?‘(QY tt tg’ gt ¥Rt t%° at'f: tgéf atttcdsl at
t agcct gaatk lct gaacac cat aggt aga at gt aaagct tgtctgatcg ttcaaagcat
gaaatggata cttatatgga aattctgctc agatagaatg acagtccgtc aaaacagatt
gtttgcaaag gggaggcatc agtgtccttg gcaggctgat ttctaggtag gaaat gtggt
agCCtCﬁ%Eﬁ&c&Egat qaacyARLGEGLd t 1] 1 33R3A¢ sgaQAQHCtxﬁétéhé&aggtaQ? of
tcagtttttt cacctggaag catttgtttc tactttgata tgactgtttt tcggacagft

t dtQ t gi tgasgagbgt gddd cazaagis acealyatedcacc wieekst AR tapdaaat daddowing
gtatattttt tctat ?Faata aaagaaaaaa aa Pagefg_;a1 <210> 10 <211> 6001 <212> DNA
<213> FotbSL8Pi Gts “1e a5PYYaht £2T5dOPEct ht TREt RIGETTa TRAATEEARt Scar

ccaat cgafagt tf8amgehbds of rating severity of incisional scars:

° Expert panel assessment of blinded photographs using

visual analog scale (VAS);

15 o Investigator Scar Assessment Scale Subject Scar

Assessment Scale

SEQ ID NO:39 is efficacious by these criteria.

20
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CLAIMS

1. A compound which comprises a modified oligonucleotide consisting of 12-30 linked
nucleosides, at least a 12 nucleobase sequence portion of which is complementary to nucleotides
present within the region selected from nucleotides 1399-1423, 1388-1423, and 1394-1423 of
SEQ ID NO: 9, wherein the modified oligonucleotide comprises:

(a) a gap segment consisting of linked deoxynucleosides;

(b) a 5> wing segment consisting of linked modified nucleosides; and

(c) a 3’ wing segment consisting of linked modified nucleosides;
wherein the gap segment is positioned between the 5° wing segment and the 3” wing segment

and wherein each modified nucleoside within each wing segment comprises a modified sugar .

2. The compound of claim 1, wherein the at least 12 nucleobase sequence portion is
complementary to nucleotides present within the region 1399-1423.

3. The compound of claim 1 or claim 2, wherein the compound comprises a modified
oligonucleotide consisting of 12-30 linked nucleosides, at least a 12 nucleobase sequence portion
of which is present within the nucleobase sequences set forth in SEQ ID NOs: 39, 40, and 166.

4. The compound of claim 3, wherein the at least 12 nucleobase sequence portion is present

within the nucleobase sequence set forth in SEQ ID NO: 39.

5. The compound of any one of claims 1 to 4, wherein the modified oligonucleotide consists of

20 linked nucleosides.

6. The compound of any one of claims 1 to 3 or 5, wherein the modified oligonucleotide has a
sequence which is 100% identical over its length to a portion of one of the sequences set forth in
SEQ ID NOs: 39, 40, and 166.
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7. The compound of claim 6, wherein the modified oligonucleotide has a sequence which is
100% identical over its length to a portion of the sequence set forth in SEQ ID NO: 39.

8. The compound of any one of claims 1 to 7, wherein the modified oligonucleotide comprises at

least one modified internucleoside linkage.

9. The compound of claim 8, wherein at least one modified internucleoside linkage is a

phosphorothioate internucleoside linkage.

10. The compound of claim 8, wherein each modified internucleoside linkage is a
phosphorothioate linkage.

11. The compound of claim 8 or 10, wherein each internucleoside linkage which is not modified
is a phosphodiester linkage.

12. The compound of claim 8, wherein each internucleoside linkage is modified and is a

phosphorothioate linkage.

13. The compound of any one of claims 1-12, wherein at least one nucleoside comprises a

modified sugar.

14. The compound of claim 13, wherein the modified sugar is a bicyclic sugar.

15. The compound of claim 13, wherein at least one of the modified sugar comprises a 2’-O-

methoxyethyl.

16. The compound of any one of claims 1-12, comprising at least one tetrahydropyran modified

nucleoside wherein a tetrahydropyran ring replaces the furanose ring.
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17. The compound of any one of claims 1-13, wherein at least one nucleoside comprises a

modified nucleobase such as a 5’-methylcytosine.

18. The compound of claim 17, wherein each cytosine within the nucleobase sequence is a 5’-

methylcytosine.

19. The compound of any one of claims 1 to 18, wherein the modified oligonucleotide
comprises:

(a) a gap segment consisting of thirteen linked deoxynucleosides;

(b) a 5’ wing segment consisting of two linked modified nucleosides; and

(c) a 3° wing segment consisting of five linked modified nucleosides;

wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment, wherein each modified nucleoside within each wing segment comprises a 2’-O-

methoxyethyl sugar; and wherein each internucleoside linkage is a phosphothioate linkage.

20. The compound of any one of claims 1 to 19, wherein the modified oligonucleotide consists of
20 linked nucleosides, and wherein the nucleobase sequence is the sequence set forth in SEQ ID
NO: 39, 40, or 166.

21. The compound of claim 20, wherein the nucleobase sequence is the sequence set forth in
SEQ ID NO: 39.

22. A compound which comprises a modified oligonucleotide consisting of 20 linked
nucleosides having a nucleobase sequence as recited in SEQ ID NO: 39, wherein the modified
olignucleotide comprises:

(a) a gap segment consisting of thirteen linked deoxynucleosides;

(b) a 5’ wing segment consisting of two linked modified nucleosides; and

(c) a 3° wing segment consisting of five linked modified nucleosides;
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wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment,

wherein each modified nucleoside within each wing segment comprises a 2’-O-
methoxyethyl sugar,

wherein each internucleoside linkage is a phosphorothloate linkage, and

wherein each cytosine nucleobase is a 5’-methylcytosine.

23. A compound which comprises a modified oligonucleotide comprising at least 12 linked
nucleosides, the nucleobase sequence of which is present within the nucleobase sequences set
forth in any one of SEQ ID NOs: 39, 40, and 166, wherein the modified oligonucleotide
comprises:

(a) a gap segment consisting of linked deoxynucleosides;

(b) a 5’ wing segment consisting of linked modified nucleosides; and

(c) a 3° wing segment consisting of linked modified nucleosides;

wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment and wherein each modified nucleoside within each wing segment comprises a modified

sugar.

24. The compound of claim 23, wherein the nucleobase sequence is set forth in SEQ ID NO: 39.

25. An antisense oligonucleotide consisting of the nucleotide sequence of SEQ ID NO: 39, said
antisense oligonucleotide further characterized as having, from 5’ to 3’ direction,

a 5" wing segment consisting of two nucleotides, a gap segment consisting of 13
nucleotides, and a 3’ wing segment consisting of five nucleotides,

wherein each nucleotide of said 5° and 3’ wing segments comprises a 2'-O-methoxyethyl
sugar,

wherein each nucleotide of said gap segment comprises a deoxyribose sugar,

wherein each cytosine base of said antisense oligonucleotide is a 5’-methylcytosine, and
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wherein the internucleotide linkages between each nucleotide of said antisense
oligonucleotide are phosphorothioate linkages.

26. A composition which comprises a compound of any of claims 1-24 or an antisense
oligonucleotide of claim 25, or a pharmaceutically acceptable salt of such compound or of such
oligonucleotide and a pharmaceutically acceptable carrier or diluent.

27. A composition comprising the compound of any of claims 1-24 or an antisense

oligonucleotide of claim 25 formulated for topical administration.

28. A composition comprising the compound of any of claims 1-24 or an antisense

oligonucleotide of claim 25 formulated for subcutaneous administration.

29. A composition comprising the compound of any of claims 1-24 or an antisense

oligonucleotide of claim 25 formulated for local administration.

30. A composition comprising the compound of any of claims 1-24 or an antisense
oligonucleotide of claim 25 formulated for intradermal administration.

31. The compound of any one of claims 1-24, the composition of any one of claims 26-30, or the

antisense oligonucleotide of claim 25, for use as a medicament.

32. The compound of any of claims 1-24, the composition of any of claims 26-30, or the
antisense oligonucleotide of claim 25, for use in treating an animal having a disease or condition
associated with expression of connective tissue growth factor, preferably wherein the disease or
condition is a hyperproliferative disorder; a cancer; a fibrotic disease such as hypertrophic
scarring, keloids, skin scarring, liver fibrosis, pulmonary fibrosis, renal fibrosis, cardiac fibrosis,
or restenosis; or joint fibrosis (including frozen shoulder syndrome, tendon and peripheral nerve

damage), spinal cord damage, coronary bypass, abdominal and peritoneal adhesions (including
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endometriosis, uterine leiomyomata and fibroids), radial keratotomy and photorefractive
keratectomy, retinal reattachment surgery, device mediated fibrosis (in for example diabetes),

tendon adhesions, Dupuytren contracture, or scleroderma.

33. The compound of any of claims 1-24, the composition of any of claims 26-30, or the
antisense oligonucleotide of claim 25, for use in reducing scarring resulting from wound healing
in a subject in need thereof, wherein the wound healing is healing at a wound selected from the

group consisting of skin breakage, surgical incisions, and burns.



