METHOD OF | NHI Bl TI NG PRCLI FERATI ON OF HEPATI C STELLATE CELLS

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi's application cl ains
and priority from U. S. provisional
No. 61/193,998, filed on January 16, 2009, the contents of which are

benefit of),

hereby incorporated herein by reference. FIELD OF THE | NVENTI ON
[ 0002] The present invention relates to nmethods of inhibiting

proliferation of a hepatic stellate cell.

[ 0003] The hepatic stellate cells (HSCs) play an inportant
liver injury by contributing to the accunul ation

repair process after _ _ _
of the extracel METHOBRIOF XNGESVI TNGRROMIFERSSEIONaDFHEPRFCbecome

activated to a proliferative angrgitApRi¢rer gy ofi broblast-1ike

phenotype. This activation process Is Initiated and sustai ned by both

paracrine and I ' | i.ng . invol ving numerous cyt oki nes
(Gressner et ﬁéggﬁﬁlﬁﬁg‘%@|@%@#§i@ &XWNOH many
different cel es.i..n the.liyer, f . nst ance .t he hepat.ocytes,

endot hel i al chOP)s{]O [S)Thésta&)hecfﬁéonefxa&nw%%t@# neredty fFPH‘egg' EIQY‘F‘Q'}%ecr ete
di fferent cytpkimeplitaikeNd G938, MBGH JainfaGh,6, 2006 the(dontehis bfadniaan,

2008) . [ 0004] HSES. ltiS?HJ?

a nunber of clinic

bt .
ﬁportant con i ons such as, for exanple,

hepatic fibrosis, cirrhosis ortal hypertension and |iver cancer

(Geerts (2004FIE

a target for
aL, (2001),
cin Invest.

activation,

proliferative,

qﬂhftf%ﬁ%%ﬁwﬁﬁ@hﬂgﬂwl s are converted into

prorn nmat ory and contractil e

“nyof i br obl asggo3)( Fr}ih@géﬁrﬂ: 4A003dns (HSCs) play an important role in the repair

process after liver injury by contributing to the accumulation of the extracellular
mairix (ECM) proteins. Essentially, HSCs become activated to a proliferative and
contractile myofibroblast-like phenotype. This activation process is initiated and
sustained by both paracrine and autocrine signaling involving numerous cytokines
(Gressner et al., 2007). Paracrine stimulation depends on many different cell types in
the liver, for instance the hepatocytes, endothelial cells, platelets and Kupffer cells.
These cells secrete different cytokines like TGF-B1, PDGF, bFGF, and EGF
(Friedman, 2008).

[0004]  HSCs are believed to play a role in the pathogenesis of a number of
clinically important conditions such as, for example, hepatic fibrosis, cirrhosis, portal
hypertension and liver cancer (Geerts (2004), J. Hepatol. 40(2):331). Hence, HSCs
have also become a target for the development of anti-fibrotic therapies (Bataller et
al., (2001), Semin Liver Dis. 21(3):437; Bataller ef al., (2005), J. Clin Invest.
115(2):209; Friedman (2003), J. Hepatol. 38 Suppl 1:538).

[0005]  Activation of HSCs is a dominant event in fibrogenesis. During
activation, quiescent vitamin A storing cells are converted into proliferative,

fibrogenic, proinflammatory and contractile ‘myofibroblasts® (Friedman (2003), J.
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role in the

cﬁ%&gm%9ﬁ&5§¥%a role in the pathogenesis of

5D QEHEINVINFION81) . Hence, HSCs have al so become

evel opment of angi-fibrotic therapies (Bataller et
S@ﬂg?ﬁ L \98#‘)’5@5} igvengay rglates tpmethads ofjinhdfjitingiproliferation gis) | J.
Hebi{cE)jell2O:1. Fri edman (2003), J. Hepatot 38 Suppl 1:S38).
[ 0005] Activation of HSCs is a dom nant event in fibrogenesis. During



Hepat oL 38 Suppl | :538; Bataller etal. (2005), J. din Invest.
115(2):209; Cassiman et aL (2002), J. HepatoL 36(2):200). HSC
activation proceeds along a continuumthat involves progressive
changes in cellular function. In vivo, activated HSCs m grate and
accunul ate at the sites of tissue repair, secreting |arge anmounts of
ECM conmponents and regul ati ng ECM degradati on (Cassi man et aL (2002),
J. HepatolL 36%{7) 2036# SUVWARY OF THE | NVENTI ON [ ooogzgl n one aspect,
t he present B4l upPl 3 Bt el en e /BB Chihirirt 1 1REP)BPYICessEvaat i on

of a hepatic stglbabg . bl SAMIODSIHYE MiivaB6t fricesRWRNE L&Akt he
hepatic stell ate cel | €Erol i fera,tlﬁgl activi té‘l of connexin 43 in the

hepatic stell IV RIVESreeresitRih et © yngtiogy ‘V"éltaé“‘(‘f’éqleSﬁ:é\?“%étel n
vitro or in vnmmcctamﬁhtmweb&safﬁmraﬂxrﬁycrhe@airg&nfoum Gmwor a

hepatic fibrosis relat |so atic ste may be
an activat ed Eom ROTE Of &g att“é@flegmrfl%ﬁ’ﬁg%ﬁg%“ ‘ffgggogé)l né’e

conpri se del i ¥&2i:39§).i nto the hepatic stellate cell one of the
following: Snail, a nucleic acid nolecule encoding Snail, an siRNA

di rected agai g@q\gmﬁﬁ%ﬁrﬁqgm\pﬁwacl eic acid mol ecul e encodi ng
t

an si RNA direc agai nst a Cx43 transcript, an antisense RNA

directed agai moep Gréae atsﬁ@ftaerpte@&n Inaenﬂbtclbreh@esaetedmmlﬁmbthﬁg encodi ng
an antisense RNﬁ di, rect % |; 1? transcript, a DNA enzyne
directed agai RELFERUEAS ggiae (9?’“%?‘5%&%1“& d%t‘?i’t GeHing digihepatic
encodi ng a Dl\melemmerodferaemtaedw@gﬁbmtxummaﬁ hepadfigellatepell. [ 0009] I n
anot her aspect, the present invention provides use of an agent that

down- r egul at eobPe hBRALIaEC §éietecat ﬁa}pt?eu: w%ettztt% ahd QR @e%th&t&ay of

connexin 43 or a_nucleic acid nolecul e encodi ng an agent

down- r egul at e¥PEHIHRS5Rf ?Eepéttcé'lbfoétsée]%fei {isoprien | The Bppati¢ %ﬂlaﬁéﬁfi‘ PRY BE of
connexin 43 fQfachmudmbﬁawgelmeq]emferat| on of a hepatl c stellate cell,
including in the manuf acture of a medi canent for inhibiting

pr Ol I f er at I On rJta kt?o%@l—re aﬁk%ma aéo%lgﬁsee ABIIVCLIH%?‘!P()] #er]{epa IC sgﬁate Ce%lpeCt

t he present ion pr se ul®at es
the hepatic s@féﬂlﬁl fa'tlfewe&Stlalbrlovqlefleacatm@wua@mmngﬁn@f BESRNé)dirnCMB or a

nucl eic acid ggatne%tdh@) e&tﬁegt BGudfic &ﬂﬁﬁtle&ﬂt%coq%@n £1§9H|d?rtt:§c§i a%gtﬁst
hepatic stellate cell proliferation activity of "connexin or

treating hepat F¥>fiapeoR & apiisease fdaditeeed 4By $iCa43 Fraspairbd nEﬁ@‘b?“éﬂer in

a subject, | n:ﬁbleétltert@cddthgtanenﬁa@élttmtdus@edq aifkt FEQI3GANRAL:, § DRt reati ng
hepat i c fibrosis é {1egp atic f] br03|s re alted di sorder in a subject.
[0011] I n anot??@(‘“ea et e t’ﬁé‘cﬁ‘t‘ SUREPF PRASHE F‘Bﬁ“‘b‘i“&’\?‘i”&e%‘c%ﬁlf‘géi&&‘ﬁ t hat
down- regul ainegnd diecthiegaihita Stelrdmadripr.cel | proliferation activity of
connexin 43 or a nucleic acid nol ecul e encodi ng an agent that

down- r egul at egggd)e h@%tuepas;éc{e gteeen@ﬁttmemtt, &Ehudldrafa H(H\\{i ty of

connexin 43 for inhib proliferation of epatic s ate cell,
or for treati %@lﬂﬁeqb'&tﬁis 8131‘11%6%?1@6@?“ erohisisten ativitysf eyipexit €1 @ted

di sorder in anuSkRja6i8 molecule encoding an agent that down-regulates the hepatic stellate cell
proliferation activity of connexin 43 for inhibiting proliferation of a hepatic stellate
cell, including in the manufacture of a medicament for inhibiting proliferation of a

hepatic stellate cell.

[0010]  In another aspect, the present invention provides use of an agent that
down-regulates the hepatic stellate cell proliferation activity of connexin 43 ora
nucleic acid molecule encoding an agent that down-regulates the hepatic stellate cell

proliferation activity of connexin 43 for treating hepatic fibrosis or a hepatic fibrosis



[ 0012] The agent may conprise Snail, an si RNA directed agai nst a Cx43
transcript, an antisense RNA directed against a Cx43 transcript or a
DNA enzyne directed against a Cx43 transcript. [0013] O her aspects
and features of the present invention will becone apparent to those
of ordinary skill in the art upon review of the follow ng description
of specific enbodinents of the invention in conjunction wth the
acconpanying figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The
figures il usti@eddisopler ipgyutisct dchidir & thhngnulasiradp meticanest fof he
present i nventieMing haeid rbsaus o hlROLGh &isGuREd disordsh TaGbek. di T ferent
concentrations of hTG-1 on Cx43 nRNA and protein expression. HSC 2

and 10 days i L{ro, actjvate rimary HSCs SCs e treated with
1"and 10 ngy moGEH PR 2R, LD G ok e aa T BT e
anal ysi s, r espaglateybt iepaicyellTh eclifRMNferaiop resdty ofcoofiex®d 3r paslegtrcdi ned
by quantitati = Lk P I : d
change rel ati é@_]e'% lgé%rﬁéd”g%ar?ta of@?%gndﬁqgie%%?g Sgﬁ#&{aﬁé@ﬂggﬁfeia% of

t hr ee i ndepend@hity eficgareringh fa inhibitpg gplifmition of Fhepatig sy cell( ®YorTen

M crograns t ot adinPhPhd fbrd¥BSr ARDhEEhrdRlrelfddds AR NSLged N Vst ern

bl ot. The f3-actin expression was shown as the | oading control. A

representativ t for each cell urce i ho O, T band
intensities rag5 stfhﬁﬁlt’een?mﬁ%?c’ﬁné’”fe nﬁléﬂanéﬂﬁl‘iglfeﬁ@? iigi{’g%t aa%%‘? nst

-actin. The datmacripgpnesgsatse RNA daveadagenst SDx45f tranwopt oo a DivAemzyme

i ndependent e 'E%dq-);s *aPo < 05, ** P <0.005). [0016] Figure 2.
hTGF-1 1| ncrea%éig%{e%j ]pﬁ%‘é}g (grra?/slcggtti on of Cx43 in HSC-2. (A) Follow ng
6 hours treat@Hémth 10 nt?/m hTGF-1, the cells were harvested for
total cell Iy | TRRergRRCF R RATESF B PRt Irgtnten pHldeeams aRepeethppl i ed
for Cx43 and p@xeidodndiharssisll inthe\ ASihet Bvibl of the follSWIAL Hdsh@tivn ofA
representative hlLot far one.of.three independent experiments is
Shown. The barie e RS (ks s ERERE Ty € RESTAEGS el var .
The expression of pCx43 was nornalized agai nst Cx43. The data
represent t heBRIEFRESSRIFTION &4 THEP&ASINGXperi ments (** P
<0.005). (B) H5C-2 cells were treated with 5 ji M PKC inhibitor (BIM
1) 30 nmin bef B0d4k r eBhedigries Wrstmte. 1ty Wiy phexammierply Fmbogimeris elithagrogent
only. Ten m cmogfianss foQbd. protein was applied for pCx43 analysis in
Western blot. A representative blot for one of two i ndependent
experinments i own.. Th nd. ntensities were It ed.usi ng the
aged sof t el TSl ) PREeT AR oG et Re B Eo R BT P,
Cx43 and pCx48RSactdgmbieinedpresionoHSOmnt of daye medoenteted Pxith3ryWHes
nostly | ocali I\N ne, Gt i 4 68.sh d sone
menbr ane and éorc%)ﬁvggeﬁgegggg@ﬁ? auE:dyitQJ 6]%1PE&E?EA?%?%H%B@?%%W@%). The
bottom | ef t i srdgetdhowysit.hepasidls (41 BiemdNAeiprestidreof $a¢bwdabipinadt | body
al one (cont  ofy o RRNZ hELGH Forand TRARANA 48 IS
intercellular % Llfarrﬁun‘ljvcaet'aﬂl on }ietn ciill]SCt: Zétamre:aéﬁ\%\%ggiﬁog%ﬁ dﬁ?%gﬁ&l\&m&t?’h 5, 6-
car boxyf | uor e$e einfiold T pcdataaensespiyi thenegiy D we thrag idgpentrvuexppfesss|(* Ped f or

30 mnutes. Abbes, «ipnsy.ovg). (Beteh fidhSnsabial YAGH vl aph RATHL GAP SLALY! €.
Left panel: I,rravge of the target cell before bleaching (arrow).” M ddl e

panel : | mage BfVeKE klog Jed-acen prrgssrvap shoders g loadngfrntplafiel : | mage

of the target ep@ehtadfetvi: fokSadiicaoBSe QEthJnUTU)%@%@ﬁxtén@iﬁé%\&%rré/- (A) No
recovery of fluyorescence in an isolated cell was observed. (B) A

contacting cefsimieusingdmngreand nepalvadragainy Prrtifo f isctaidrgnsese thehe t ar get
cell was causg@rafy: §DbE s 1©fhred iRefeh@m agiracanrt pelolos, «=(FQ 0.6vs).
representative experinental curve depicts the gradual increase in

fl uorescence | nsi aft eachi ng .of a contacti el he data
were fitted tfgﬂﬁ ﬁe rFté‘()tlué'?/Ee'rh)e/ir C%Fgéllc'f' frc%arlse?f)heé’g?%’u?ﬁ'ﬁagh? F’ntle](c:gf“l‘Ci ﬁ%hég' 5t ant

of recovery () Fol(o®ing@eicus traimenttwitat egimhhTGF-310 tiegLind wdreliGRediddlfoal one,
5 iMBIMI and 10 ng/m hTG-- 131 or 40 ji M carbenoxol one for six



[0018] Figure 4. Analysis of Cx43 and Snail transcript and protein

| evel after hTGF- 131 treatnment or Snail siRNA transfection. The nRNA
expression of Cx43 and Snail was obtained by quantitative real-tine
PCR and anal yzed as fold change relative to the control. Protein
expressi on was determ ned by Western blot. A representative blot for
one of three independent experinments is shown. The nunbers represent
t he band |ntenS|t|es normal i zed agai nst 13-actin, which were
estimated usi MY eHEYRa @S Brty Wacreeransigtalpegtein wataprhay feryd3 adl vi t r o
?c tG;: v filg idf pri ?gk% aTihsss i Wﬁ@&)bld@@és@echﬁ@ﬁhﬂépr&ﬂeﬁtﬁhv% b@P%r %;(é oG-l

a or 0 res e nean 0 ree

i ndependent e%}ﬁlgl?ef’%@h?gertmenﬁ <% ?Pefhanﬁmie“ﬁ“ﬁd‘?)“e es‘('%)tedl%’ﬁb Jecel | s
wer e transf ecﬂleagex/\aoﬁhafé‘.nme Iex;sestMprmWﬁ nbioaliZedl abonst Gx43Therdeal S a
decrease in Spg n ted i ncrease in t b, the nmRNA
ond protein I opspen B8R RSHT B DI RHIATSPRL Ml P QR8BS B ce

i ndependent eXi5€ri mibnvege freateP with SQOOYK.C infiiBltorHIB4 2) 30@lih efwve rentrheneat ed
with 10 ng/m 3 r arye 6, and 10 hours
for MRNA st udies gs%ﬁmﬁnﬁﬁ% ldgrt‘gﬁr@gfrﬁeg}/ ?entrwgoﬁ%%m%% o8P Hr ee

i ndependent exgpéed foep@:g3 @rialyBis cOWeBsrn blbt. quﬁes&ﬁﬁwebhpbf@ﬂ ofwvo0 hour,

ANOVA) . (D) Eﬁgeadeﬁteéfhémgg{s% g]gyggtrﬁdba% &gn;{% eesmb%ﬁ%ﬁtsl?’&m Cells

wer e harveste fter ours "anal ysi s of
Snai | and Cx48nagy SIO@eri@hIﬁ%ﬂv@lsl@h eevef bips ‘@ﬁest@fledt\wdl edperdpiahts is

shown. The nughRr.ivogif ﬁ@%un%ﬁ@r@@ﬂ& Cm3%h§ﬁﬁoktﬁﬁod&9{em hZed agai nst
13-actin, which were estimted usin | mageJ "sof t war e.

[ 0019] Fi gure BemBpitdfonly Wi mngdp f53§8c§g‘f"|‘f‘é spyBt Brithrale ashier the maEdehi ti on
sequence ( CAGGt&sblid sifhlﬂuli'ﬁbétﬁin 1RhA3THRHOHIM Bft imdcAlhdwlVBA vRSsaped ek med
using 5 pg nugl ear dextr 1f ;2 days in vitro activated HSCs. Lane
1: A hi gher nBf &€ §rrya\‘i§}é°8%f‘ OBARF 8% sui ng the binding of Snail to the
ol i gonucl eotide probe was observed. Lane 2: In the conpetition
reaction usi ni§0200- fiigwre 3R anplysig nf gapdecgion riteroriubir egnindeigation o

shift in bandm\@&@@% M@rg inchiRg w?’thﬁm c§rbéxfyhu%@s§el§$§&ta{eqn Lixgreabsence
of nuclear extract in the reaction ane 4:

ol i gonucl eot i @&digp &5@0%&‘«“@ ﬁ%P@%WtB?Snﬂft%f&BmSﬁ%|°1="s “ﬁretaﬁ@y%eqr@w

extract. (B) Ehl%at\h@&eﬁ%xﬁ&ﬁﬁ@@ dﬂﬂieWge'éceﬂlg)efék&:h@ali’mﬁ&tré\@cﬁfhd@fe HSC- 2
treated with 10 n ours

/ or Snail 24
houcs s o pReinalt ot (Lo B gy gl Phise Rlafaectedl
cor r espondi ngafteo!3 higutBnefifluereickige nectegotA)de reonpl Gf(ﬂuoﬁafscehdfkﬁn an
hTGF- 131-trea e t he ot her
hand, there i E&gre%gr‘ésaé%m?%% C%Q{E}Ct g %lmv f&% ﬁgeci e?co CPtA| band in
the Snail si RiURges¢enesris fhe dargad catleyds saupguldn u@‘bwpéql)@drmdlabﬁ@t cells. (C) A
nmock- t r ansf erfe&féseF%ﬁMe%xpeThl%mI%IAe Qépm tpeggrQJUQF ﬁér@asé ;E%B%fes%é{eg €ssion

serves as a | oading control rg gure ecreased the
proliferati oninspsitagerdleachineof %0“3‘@ wssled hb?fatwrrp fitiedrip e roamery

expressi on of fuhdtien Rr@kiihe ﬁ@tnh@raommkmecs’mr) & deas werdBERdlWi@abed
with 10 ng/m hTG=-131 for pri or analysis. (A Cells were

trypsini zed a‘?‘ﬁﬂ“'dgl(}’ﬁt[%dll‘)&% S&E’IS%IM ‘oaéﬂ 19 PE’%W&F & %“‘9#’}81 PREHGEEe The
dat a repr esenfor fihRoupMRfoRIRA SRR is. ThE @MsfenNAaRan 08 Nas @&Dﬁfeu ments (* P

<0.05). (B) Tn cro rams total roteln applied f 43 and
PCNA anal ysi SFI g?‘ﬁ‘“ﬁfd&‘?’d )X“ll? H‘p/a Cifﬁ%ogﬁ)df' C‘?"E?Ft‘%‘ hHf three
i ndependent emgam:lh‘ﬂhé&taﬁplﬁ:hfwmbavé@eJM("blaﬂd.OB,m"@H@ﬂDBES wer e

esti mat ed usi ng | maged and normalized agai nst the | oading control
13-actin. a n I i t
e ?[g@?é] F?%;@m@ltagk;bsf@,}gg)aﬂ& 16361%? Emna ratgggegagﬁg%
transfecti on Hei-Bhgedmerar Snail SRS anstectidn. qSGﬂ@Néexnrgsialsofé?sééssed
by cell nunbef, Qﬁlﬂl @%&%@1&%&1 %nqtﬁﬁtltatngreﬁft‘ﬂ'hé ]f’(g{ %d'agﬂyﬁggéﬁlk{l&g Oe' I's

wer e i ndependently transtected each of two




DETAI LED DESCRI PTI ON [ 0023] The present invention relates to the

di scovery that connexin 43 (Cx43) affects proliferation rates of the
hepatic stellate cells and that down-regul ati on of Cx43 |evels or
activity in cells inhibits proliferation of HSCs. [0024] The inventors
di scovered that TGF-f31 effects the down-regul ati on of Cx43 in HSCs
via transcription repressor protein Snail. TG-131 is one of the nost
wel | -studi ed signaling nolecules with diverse effects on HSCs,

i ncl udi ng regEﬂlfg't"F ts’ﬁhedaomf%Hm&@éﬁmﬁ@f@bwdgfﬁﬁm%ﬁvr“éeéieindvflptaﬁqd
proliferationrdpiednkatdBiamst ot ofthree hPMdekiakRrifkntas sho?@0%he shasbanda
et at, 2004; Saile et at, 1999; Verrecchia and Mauviel, 2007)..

TGF-£31 is up PESE Be Bed dUsiHE neapalzsdasting Poeine WhiRkwrrR atiatsd using
activation of tHdSGsee( sdedvherdn and- 265'nd a6 day&&QS:o @Rz %m@y Halcs,  1999).
Wrk by Saile indicated that TG--01 decreases

| . and hen
the prolifer aﬂﬁi[ﬁ?%o‘f” wh ét‘""f‘%k‘ﬂgﬁﬂ hidiF P4 fogyl O hppas. @ataﬁ?i’é?@tﬁ‘ﬁ
si mul t aneous| yhehrh$D bt thidginagenietSekperinoms [P €b.08ts+ PI:Q'&QJS) ghemscet al .

Pomabsi e ot dte spgeclsd ity B L RAS PELEr Bol. BeRaA BB (1t he

event of uncoRfbailpkidectoti8@sd matase at C:@h pn bdth fmamRh\avadaromﬁnslewtdl Ve si de in
the sense tha rati.on 025 \Y nce
T 150 Fas R doD "?éssrﬁ (e ?ﬁ@%gé.‘)%%m d8Rncnfis el iy ?EO‘}%%?

i nvent or s undéNHSEK? Gellemere frea@@ltmthriomg/mdib”ﬁ(ﬁﬁ-ﬁt Kb&mwctrahag%@d affer T@E- 131
in HSCs in ordger

proliferati ongﬁaltotﬁglﬁrgﬁ g‘hﬁ\% Sgﬁﬁl%%t %?%%%&%%&r%%letlﬁ%me%%Isg%fthr {e use
of the down- s indengpdentreecperigents ['f R 805,51 PeTX Q98 corofarei@r0 h@it, A9¥OHSCs,

wi t hout the ngadidcO, admak §La?erd J ﬁ?:m%g'/i'm nF&rLE 1 %éﬁ’é DB after 10,
pro-fibrotic effect that TG~ may rnduce. The 1dentification of
connexi n 43 ast @dP@QQHf%@bWe%S?m HS@“SWW offSapih anddrrdprd epeeestagveddiveni ent

nmet hod to i nhibbge &foEerfﬂ’fenH%@ﬁmwxp&Bé lﬁLﬁ%El‘ﬁ-Eépyesén@thE @ilrf'atlﬁtgﬂltlte@ hepatic
fibrosis and hepatic fibrosis related disorders. [0026] Connexin 43 is

a gap juncti o‘i’P”ﬂiF‘&F‘é‘i’Eﬁmgﬁp@%é’é’d:hl“ﬁrel%@atedealﬁg}hﬁrﬁlﬁ%&eb%?ﬁ“’a'ﬁe
m croscopi ¢ channel s forned between adjacent cells that allow for
i nt ercel | ul ar [00d8INUrHigat 5.Bindih@oftSneilex i pogetin Snsmadcbgnitidnaeqlease and

ions (cyclic ito Les Each ap
junction chan%@@f ot(r%?ng (l?(g?f’mmoﬁpn(?‘iﬁgﬁne £ p%:?%fﬁ‘%d;%%ﬁ) HEtTe dg‘i

nei ghboring ceftkg of Tﬂ'@yvommeﬁdwaieﬂ E&CS. L@@risﬁétﬁ'lefoﬁolmulaawgembhrw of
protei n subunifs, L@l bifdnEHTNSX tIRe él@mé&%g&b@w&b eﬁe%@]e 2DJ whi ch
more than 20 different connexins are known Eyre et ,
2006) . | n t hethf panetitigagpaivayineg $00ilsreassss Qf@ﬁ'ﬁ’éﬂJﬁdr%g%Ci@t}ﬁ’éeSB@ S@(@kza

Cx32), whereas b%ﬁ#@h@s@@@d/ Make € &b |sl§ift &am,i@ft held a@éen&%fh&leas&%&% e
cells, oval gl | s, Ilgftrbcel I s%'P ss connexin

(Gonzal ez et 'dt ’ea§'6@ [Vadin E‘i‘?ed%mb&é”ﬁ?&mf"&é‘t t?"i’flrf")rgg&“hn
i nportant tooi tlmdedsyhtfaed (B EMSA \eésfpaedrmvedswgrsgguﬁ;aeae eQnBCEHSed

| nct | ons. conpRebd Bl e ot EPrar e iR B o RGP aRF e

t hat exogenouiscreasermnheli@EnsttBaf (bl cdBkponding pr the Srabir@ighckbtideul us,

decreases Cx43 in | HSC cel |l |inpe i Limary
5o, Furt her wBPEs o Her P Sl sl RS Ren pwaP o o eas a
serine 368. lemhalﬂft‘h@etss dbe@asde thohedntelaty efasegel shift buad gape $ratict i on

i ntercellular h RAP
anal vai 5. Ao ST HREAEd Qll b RRE IS kNl AR e ORPLTC
Snai | from t hendmeaireein (8300 PWSSIMSGHS{E at!@idak $mdiol. consensus sequence
in the Cx43 pronoter was observed. In the sanme context, Snail siRNA
transfection pesel t Fidube ARTER-F10GWeRcl AR pea‘.nf@ﬁﬁ& m@h@@mﬁgs t hat

TGF- 131 may regul ate Cx43 via Snail. Knockdown of \é si RNA
transfecti on 18 P¥gellmpmber ang gxpression W’@r%ﬂ‘%ﬁ“ﬁ’l‘ml“lg@ép Frebdls



[ 0028] The observed effect of TG--fil on Cx43 in HSC may differ from
the effect of TG~ 131 on Cx43 in various other cell types. For
exanpl e, work by Pinentel and col |l eagues showed that exogenous
TGF-131 up-regul ated Cx43 expression in cardiac nyocytes (Pinmentel et
at, 2002). Watt et al. denonstrated that TG~ 8l had no effect on
Cx43 expression per se, but altered instead the phosphoryl ation
status of Cx43 in osteoblast-like cells (Watt et at, 2001), and

anot her publ i &&kitsHe] Neulangsn! & bl fr a8 8yurshiiphiocnelies: (DGellg e

down- r egul at egyfStfR3d hid DEtddus QESCWQ{MMW@WQMSSTheﬂ&ﬁ%ﬁnré@éﬁ hed
responses in different cell types support the idea of discrete

cel | -type spe@/¥a8e*rLh Bﬁ@é"‘dﬁi’?&d‘iﬂh‘@‘?ﬁ&?‘inéﬂ* P r&t0S) €30 Teg migregranseyt oki ne

that exerts phoil plote@pics agﬂfwﬁi Ex4300a P@Nxaﬁdlﬁﬁy% Ofest&fblot. t,qypes
inhibitjn

[ 0029] Thus, there | nmet hod of era i on of
L hannt 6 st el PR TS Reiea oo e b Ot salmans ot O Thetahs
down-r egul at i mgentiie mmaﬁmazecsisagh:aztgej ;ﬁﬂlnbmﬁl’;&l’i nfaisbthé DAEdiRCIohtvdl By Of

connexin 43. u atln vering into the HSC an
agent t hat do%%ﬁﬁé EVN L tgeﬂéff"f)ggﬁl ?@Feﬁt“?d ‘é&??"@?ft@'f“& BX43 or a
nucl eic acid 0hat**@do®és such an agent. [0030] As used herein,
connexin 43 refers to native connexin 43 expressed by the hepatic

stel late cell {oomqulgmeﬁqtm SR @hskeRtidrOacbRaded memrt;.ﬁ@mneﬁ of TRY
i ncl ude connexin 43 encoded by a vector delivered to the cell or

protein del i vEPED el asigesersed by celbgumby and gxprgwion petha reliferatitn cel | by
vector or as mafiedPENA. OBY vRE ihdifendaiif reRRBRX vith 43h 3StWEXRIESBRAs by

the cell or i b honpl.ogue. fro not her s eC| 0031] The
a3’y be hiTkap bR BhiT S RN SRS fehdia g
essenti al | y ofjuaotitatoe RERsitd exgresded bdfeldfcbdnbomiarige ts dguenk-eafsBSERY tdbs. NO;

1AL G ST P b A SRS

KL NKKEEEL KVAGRBENYOR RO B Bk B R HEXMIKIVROBISpRIEY experiments (* P <
| SI LEKSI FEVAE(Lbds%% MR AV B@DIQDW% ¥ E:lab B
LVWSLVSLALNI | ELF I—JFKG\/KDRVKGK%PYHAT GALSPA%%GS 45 @ PENA
AYEN&SSPTAPL@PWBPPMLW@M@@W%OWD (D) The graph

[Q(;'ORSWZGQA\] AIGSTI SN§HG@§| Whﬁ%@h@?&ﬂﬁ%ﬁ% &Shé?ﬁéﬁl RRIRRIPDLE
ternative or exanpl e

conpri si ng, ﬁ@r@%ﬁﬂ%m8§§%W¥?§E¥9<§Psbr co @F%tlng of the foll ow ng

sequence [SEQ ID NO 2]:

VCDVIBAL KL L DFIVEPIS T AR ANESLF SRbL HRSHANETAEDEQ@Aent rogulation of

E%EEE%%%%EW%Q%%ﬁ# ¥%¥%&%@W1RNA 1or3and

| SI LFI CSVFEVAR ng{nWW{YEE SlaSadydeKiRDRCRHESVRCRIL SRPTEKNY Mithimoblot

MVWSLVSLALNI L EYWHEKGY) Q%D ey
AVFNGCSSPTAPL IV ARG e Q\I\%A%g%p rhe sy o

QNRVGQAGSTI SNSPRHOPPIFEEDRENRKRVEATHES RIS (0yDIRP SBRAS ! SRNSSRIPRRODL El

[ 0033] As usedexp@rm}@ is sh&v@ﬂ%éﬁ&nb@é?‘%&@ :Jexmﬂfmtelﬁ{nes GRS 8d ég?igst
essentially of" nmeans that a protein sequence includes one,

three, five, ﬁ@ﬁnmhwrhmeee esfimaten usiniedie Tmpeed paftsre. B0 Ohllsomis inafinizerk

described profg baun&@gy&e&sed RAviddaks afd maﬁ&%l ﬁatﬁ@{)@semh@lﬁém dpg! udes
one, two, three, five, ten or nore nucleotid one or both ends of

the descri bedtiRfsprrdentexeerigepts 6 800Ut t hat the additional amino
acids or nucleotides do not materially affect the activity of the
protein or tHRETWLARXDEICRIPTION

[0023]  The present invention relates to the discovery that connexin 43 (Cx43)

affects proliferation rates of the hepatic stellate cells and that down-regulation of



[ 0034] Active Cx43 is Cx43 that is translated, folded,
post-tranlationally nodified and | ocalized within the cell, and which
possesses the biological function or activity or Cx43, including the
HSC proliferation activity of Cx43. Under any context in which the
Cx43 protein is not, or not properly, translated, folded,

posttransl ationally nodified or localized within the cell, even if
the gene is transcribed, a proliferative bl ock may ensue Active
connexi n 43 r@F“@r'§"eﬂsd’réﬁﬁ%%lcﬁls4@1Q‘Fﬁ'ﬁo"f?éf’élmﬁ #e1Epabi ity to

up-regul ate proliferation of an HSC in which it is expressed, and

i ncl udes conn§odi2d] 4 3Theliatentos diacrtveliedn’miadjlictmmli dffeciphe aphofeytiatoads for

exanpl e connexin 4 hat is not hos te er368 or at an
anal ogous p03|fi lﬁﬁs gagﬁlggrpggm%grﬁﬁ gng fjv\]a(lt'ﬁ b ong e Rt ed,

i nhi bitory phesjphodiyd ddnaiig 1ﬁ@éc&b§wi’zlﬂd1ﬂif@$:ﬁ’&ﬁsrg{1|}\FHOSQﬁclﬁﬁng&egﬁhbrme
tyrosine or threanine i due wh respults i own-r egul.atj gn of the
protein as corr{aaraegﬁn eta? R t|mt\(/;|'(fn a“%P“’F {?eagﬁl}@{eg?rﬁra%eégﬂﬂg#d’ Riko
phosphor yl at edl it 200ha¢harpasiated CanOONSallvet aCx1#39; m&;recahismqj‘ﬂ&wess t he
ability to as =iy i.n nnex cl udi ng
when t he conn§@gg stF %lslégérgelg@%g? é\#qgkéﬁg é%st(}e fm ar a°9va§'b’ﬁ?£t| on.

[ 0035] Thus, r Ebey&lviebu «tfhem@pﬁtmmrsftcél 1980 ek by ﬁmlebuaﬂ endasllaon .
activity of ¢ AN it dked thal ot B RERDCARL ﬁoﬂ#ar%u&fc!fﬁﬁ[cfg{m%& fetisgPnne! nn

43 of up-regu atlngpro eralon o epat |

result of expteSsplyse ol sioilprexisty lmlgbrampnmvm(émmc@ 0F99eShen ez ed
connexin 43 i cel |.
[0036] The ¢ er toraby PRI e PR BRICLAGR W ety Uik B PO 0
refers to andcdusied liglecsugulationg %CM@themsan ik gyeal ¢ftupcopholie@ HSSs or  a

popul ation of y&elios, MRS BVEPREBYL sideh fmeg‘,e?xse tﬁﬁllt%%ﬁblfgm@rp\%iffﬁatlon
specified. Simlarlly, reference to cells also includes reference to a

[0097] Tho. hepdBPE SOMMAeEERPF P P RE G G e P GORHY ke,

i ncludi ng a qut esegdt ur@éﬂ@mdem&tceebnldsabw;amam fedets @k DGF-BN itHBECsIimvol ved
in hepatic fIbI’OSI or a hﬂpatlc fibrosis related di sorder. The HSC
may be an in VAT el—@@ methods Gedireg g PhiREPS Profiferptigpgtberthaa ¥ig TOAr - an ex

vivo HSC expl amdtpeder: iRiib@ nSdtbLRGE the 86wiTRMah EntafoBBdRGaMeMSs HEERI N an
in vivo context, including in a human ag%éect The HSC may be a

transgeni c HSGIS sty tHf;“ele‘?\tOéﬁmI“ﬁte\r/F ohisexeiding gy pexakfpice an

ani mal nodel &Q&HHd@GPQ&]%a&E@G&Q@B& Rertifisfion 6f cohMbx A3 lafla Mbd14Gr FONt ext,
[ 00351 The HSC_ may be any HSC i n which tgrollferatlon or divisionis

desired to  bASG HRIBRHFPIOViSRe P ARIVARIEr Reed toyaiiEpidto B ved | n

hepati c fi brogitgulefly & rEiepatd Kephtichibasis snd IRbaiceBrodis siitédalisordeACl Ui Ng &
di sorder in which HSC proliferation has been up-regul ated. As used

herei n, P ol 18511 nflnntel Lo SELENS i, LIR-REAGRSS. o MNAon

repllcatlon gr owt h iVisio 0 an Therease I'n the
total number % MgaEstopic gl foeneﬁtiebwermdmc;‘mF@isﬂ:habaiiovyfforpnt@mlmétr ation

may readily b@mdgh@sithReGhe dxbfan Em:hﬁn@é’cufégladd 1&@'{'@Elac ﬂu@l@!)tﬂ!gé ng in
conmparision with a popul ati,on,of HSCs that have not prol i feration

i nhi bi t ed, or’“TWOld’E?S@ 550 of )pF%ﬁh|gFle1P&‘tt’P’6H’a§'ﬁel§|ﬁfrlnéd %wo hegker s,
forI e]>c<arrpl e tdngnpik wohiﬁbﬁbbﬂ&lﬁﬁfgﬁ?&?gcdlﬂﬁf“ﬂheEorf@ﬂ&tseﬂﬂ@%%}s'dﬂgﬁ biting
proliferation or ibitio ifera of a ce es
Pentor i ma t nesSph i rRlL iR e e et Sl e e ourany S vi i ng.
or incapabl e mdre ropeditiyrent e@ine:datardigobiNAg, dagr(e_we Evgzl QIOOG))[ \nt e figer, OF
reducing or Mg % g{ep g{ggc%oaﬁeglnﬁgﬁéndgaéQ% O,!S(illxsﬁig{ fah nonpare}llcliiﬁsllna In

addition to in nisms of
cell death. Itnﬂﬁ (bmdothnlgal paily, stp@atpeqﬂfsmvﬂEdlm Kupffet gefis)@rpris caringson 43

(Cx43) (Gonzalez et al., 2002).



[ 0040] Down-regul ati ng or down-regul ation of the HSC proliferation
activity of Cx43 refers to any nmechani sm of disrupting, interrupting,
reducing, limting, blocking or preventing the ability of Cx43 to
pronote or up-regulating proliferation, replication or cell cycle
progression, thereby resulting in an inhibition of proliferation.
Down-regul ation includes physical alteration of 0x43, for exanple by
post-transl ati ‘?@%i npdi fication including inhibi tor%wphosphoryl ation,
or by loss or of et e cauREAEipn FF’&H@ZIOE?‘FB%%‘FS& dicHs €at i on.
Down-r egul at i @ffectibvePreinat bkdle&te@%@ﬁinke@ ABOE dolr@ithic@Bto e\aﬂfdtﬂéeithmgh
substantially detcr e1a5| ng .o ockldn exgr essi ;%[1 of 0< %ncl U%I ng by
i ncreasi ng expVSuYRiERP C§ﬂ%ﬁolmp8‘°}ﬁ Bec’bd’l’ By ?‘é}ﬁ%]ff’ﬁ B’(el FO6Ye
transl ation oftha@«é@enoxsmb&hramf al (hyGeegry, e@ﬁi-fmgotrceflﬂﬁms ti@rdagy ekss of

expressi on of that .are, .appr teI 0% .. 45%
40% 35% 30%" %ﬁ“"fﬁ%“ 1894 Sgéﬁf f(‘*%(;}‘)%ﬁ“ PG ”f%éf’ GE-B1
expressi on of ifckedsds ﬂ1halﬁosmtgllailoﬂemm3 Bt beitneGE8.I Theda effbtisObadtid@ddoiRtse
proliferation ti Vi etic
o {1 cati on T b ReRhan i Gy R e W BR e ocaa,
such that par FRADenagisis, Aofell the biogiegofizgadingy trhusai@ion &stob®eil fehed B¢ ed,
replaced of i ghALr uihade Asel, b 82k SHRRLA Ak %tﬁleeéaj Blonlfl: 480
product, no st a gt ne pro ctiona roduct is
expressed. Suébfegyeh ‘i%samﬁGPITW‘—X@&WbﬁRbIHsr@ﬂﬁfmptu@@%ts rrmdluwftgakdﬁmfof a
nucl eic acid eeodiing I gene
regul atory region Hasn%%glﬁmd@?ﬂg?aey rm*at%ceg%flﬁ !é?(}cg%v@g?(:%%

i nhi bi ted, reé’B‘NﬁlthSf?OﬁO%Wﬁ’étﬁ‘bﬁtalsbrﬁplypf‘lﬂé"%fst'%rﬂfH§Ci)r'{‘b<tséf$ﬂ“lﬂél ng
expressed fr Omanhﬁteg%Q@ly@M%ngw%m eFhiG By ﬁ?iﬂgt InHIRHafnk G @l ON
further includes nodi t e cell to transcribe an antiséense RNA
transcript t h%“@@“@éﬁ%’ fireamputiention by deineshoxpigiriontevelfand the mRNA

mol ecul e t hat plicSpHoFyBdis € €thtd 60C:i18 Qﬁﬂt@ﬁ'gna@(ﬁg’-ﬁag{%"@hlcﬁ &gl it EXphitkdlinNO
transl ation, or reduced translation of the Cx43 transcript. Such

genetic nodi f NEREFGHERSgHEY e FreMmiteas e ared Yoy Trieiseer | to
transcribe or express a snmall interfering RNA (si RNA) nol ecul e that
targets a Cx4B0g8hne the abesed gfect dfe‘ﬁmﬂifiong:ximmmmdm@nﬁfkaaﬁbmrﬂ;e eDct

reduced transl of .the Cx43 cri 0041] Dy ect |
down-r egul at i ntglt(%Fo& aqmg&vaﬂ%‘ﬁﬁ rcﬁ fygfﬁlpttjrﬂ ‘L‘ra@f’]&r‘%‘” g"%#‘@‘étaf"hg t he
level s of Cx4dliedguéshioveatiiavboyerofis OS] ltpyregnart@mxzxaeipr@ﬂoﬁ atchaic t han

ther effector. Th t hat {
fown- T oqul at B EHES T o1 1005 PBHE Gt Tyt e dsr thged weEdet

directly wit hoxﬂ&éﬁ efp‘resﬁmr}'pdi Bé, Qﬁtaiﬁéredjﬂrlﬁt%ttlie)pl]wﬁphdﬁyBtld’illisfhhl@bﬂC}alGhld

encodi ng Cx43 ) s} for the Cx43
gene or with ?Slt*fo Hg (ier ﬁ”sycagl p‘fl deh{) '%aé%tﬁﬁr ?‘f"ﬁ‘gﬂ gﬁ?: RS il h

TGF- 131_ does 1008) sbomsitthat mﬁéﬁdldnmctegdmx%gudeamo@moem imsele TéBs- 131
:)éfr tlz.t: E)?] g]]: 'I‘h%gesvaped rlespglésse% I élH‘Feren{ ﬁmtesl scL)ln ) dOIéeS a\é%ao dIS rete Z} %:11{] ;?;g?
with the regLﬂpaftlﬁIrIySpp%Iﬂmhthe)flotlbh&lat@mﬁgﬁBeytomdthattﬂklﬁs ﬁl)ep@&omdf anscri pt
or Cx43 itsel roliferation activity of Cx43 may be
down-r egul at e%feg[‘ 9‘%%]"1[}] ﬁ%ﬁlﬁ( PGown- regul ates the HSC proliferation
activity of 43 rreanl ng t hat the ag{g once delivered into a cell
i's capabl e offoﬂ%% 8t hateiiTRodird meer of inhibitippaiatferagn e hergtinmay

conpri se del i ¥8kd0gl. tThe magentoniphte dir&tey HSn-e ul%ﬂo@lﬂ: h@ﬁa(ﬂl: kdb1gkeadeiion i's
to be inhibite i nc udln contactl ent, so that

the agent is l%f@if‘éfﬁ“‘iﬁ‘ﬁ“ "yw heeneain 4 305%8%@‘?5‘??1‘?@ ”t‘%@eéﬂl %1‘1:[10‘843] The
agent may be tbapshheagoit ke dsvg-dalidtasaliieddSd prbkenadd agtivie oCeBldra f or
exanpl e by act 'écam&mp?esnsc';d‘ésesutﬁ ansport into the cell, or by diffusion
into the cell" f P e agent is a snmall rmlecule it may
be soluble in the cell rrenbrane and thus able to perneate the cell.



functional fragnent thereof, or a protein kinase that inhibitorily
phosphoryl ates Cx43 including at Ser368 or an anal ogous am no aci d,
for exanple protein kinase C. [0046] Alternatively, the agent may be a
nol ecul e that inhibits or interferes with transcription of a nucleic
acid encodi ng Cx43, for exanple a transcriptional repressor protein,
including transcription factor Snail. The agent may be a nol ecul e
that inhibits or interferes.mﬁth transl ation of an RNA transcri pt
encodi ng Cx43[0039}  exturpd erdn. pRIRCER 33 150 NAVRRERNEHES xpresed By wi t h
transl ation Oﬁleﬁah@st@!ateB@iﬂ“&nﬁaﬂﬁ:’ﬂ%ﬁdhfeﬁﬁoﬁﬂ@@w lﬂtgbeMan@y iddeRdhhgANS e
RNA nol ecul e Lrec %% %ﬁ t th 43 transcr g

[0047] Al t er na f%fP@f UBWRFF EYUPAL Fortef R e&tﬁlﬁPFl vered i sty Fgpngxin
nucl ei ¢ acid mmhewu%@wameeMbmgwmhaaagemmnnmhmemhemmﬁﬁnmmumhmeh
proliferation is i incl.ud (of0) actln the HSC with
the nucleic acﬁdesge(ab glelcgposrdh?ﬂgj 3PREOIETE ?’gm@nﬁé ’apeﬁls ecule i s taken
up by the cell or enters into the cell. Once inside the HSC, the

nucl ei ¢ acid MARALUI Breixp} mpebedupan Cetlofor eepplesenpiisingtronsient , and

thus shoul d i BGéseie, drBE.NQGRS SARY PNIBGIHE *LRnYe ©eORORRNYE to ef fect
expression of the agent within the HSC. [0048] Thus, the nucl eic acid

nmol ecul e ma

Dot n ki nas RRGeA KL oL PErA %%ﬁ%ﬁyig oA S9S: o

transcri pti onBRCNEQRESCSHYV QY BKBFFHSHWREWVhRIIBY § EPTIHANSETVIDIVMRKERE a

gene encodi naxExfgertiieyRHSHEVR AL IRERGHE GREHBRIRIR IR RGY! ©
transl ation an

capabl e of inhibiting or intertering

transcri pt enEodigF %@%@W‘X@F%WWPH&YDC&WR@@%FW or
an si RNA nol egngdsmmlsaipazg@pmwmwwwmme@mépm@@@q@f43

004 d ab
Do o asid ARt at SR B Vi mrrss R A oAby ShE
transl ati on OONEXAR)/FSTOSNIBKAGPHDFPDEINONSKIKIL ANTHBLGPLANDORRISRIASE Y

regulatory el gn §§§$§t red to effect expression, including
transcription o %ﬂﬁlbltor in the HSC in which the inhibitor is

to be expressed and in which proliferation is to be inhibited.
Mol ecul ar bi ol%839 arfdteeribtinie Cothnpdised OxbF fyyersmrig dopgriiee| ei ¢ aci d

nol ecul es i ncigadicng eﬁ@i{t1EMyC&f|0?-Eon§1§}mg%gtl1§?cﬁ][U@ﬂE@&]UéHc@ JerawNo:apd such
nucl eic acid nolecules may be readily generated using routine

ol ocul o encod Ry WM AR TR Sy uaSP e Rl ldL S afudiiidsa

zZi nc finger t FROSEOORICHY G ERK P ISR F W HEQ BEES Y RIS Ay h VAT &8V RIGRE
i ndi cated in hek XAt 5o Jp@{;%ﬂ@m&wﬁ@@e’%@%&%&ﬁmﬁﬁﬁ ndi ng

sequence in the pronoter stream codi ng reglon

and whi ch has!® éﬁVEHHﬁﬁL¥ %ﬁﬁﬁﬁﬁﬁe%%ygfﬁKﬁpﬁﬁﬁﬁQY@ﬁﬁ&ﬁRPEEKTﬁ@FCx43
gene. [0051] SpavlspRyL CQNRIIFSE&iFFREVEKIDRY @ SESMYILRl TG PRSP DENIKIYSt  Of

the follow ng, amino acid s uence [ SEQ I D NO
I\/PRSELVRKPSDPNWF%%% Wﬁgﬁt @%%WNWANYSAE
SLPNLIMDSVLAR@WQRb&MASERbGEBRBWﬁEEﬁSN SNRREGHGESIRRIPAPY DQRPSSRAS
APSSFSSTSVSSH%QE$§@€6@E#§E¥KKCLA@LSEAKDLCARKAFNCKYCN
KEYLSLGALKIVHI FSRPW.L QGHVRTHT GEKPFSCPH
CSRAFADRSNLR%HL HSDVKKYCCCACARTFSRNBLLHKHQESGCSGCP

0033]  As used herein, “consists essentially of” or “consisting essentially of”

means that a protein sequence includes one, two, three, five, ten or more amino acids
at one or both ends of the described protein sequence, or that a nucleic acid molecule
includes one, two, three, five, ten or more nucleotides at one or both ends of the

described nucleic acid sequence, but that the additional amino acids or nucleotides do

not materially affect the activity of the protein or the nucleic acid.



[0052] Alternatively, Snail may conprise, consist essentially of or
consist of ‘the follow ng amno acid sequence [SEQ ID NO 4]:
MPRSEL VRKPSDPRRKPNYSEL QDACVEFTFQQPYDQAHLLAAI PPPEVLNPA

ASLPTLI WDSL L VPQVQPVAWATL PLRESPRAAEL TSL SDEDSGKSSQPPSPPS
PAPSSFSSTSASSL EAEAFI AFPGELGQLPKQLARL SVAKDPQSRKAFNCKYCNK
EYLSLGALKMH RSHT PCVCT TCGKAFSRPWL L RTHTGEKPESCSHC

NRAFADRSNL RAHL QTHEAHMKREEREARIIES W@E&@@;ﬂmos’c—vmmmlw

[ 0053] Down- r egul abdiQEn 448 licf:‘:glu@ﬁ' Fhchin t‘t@td@l@ ran@ﬁlﬂ&l?ﬁd@sc@ﬂ:@&%%mldﬁcaﬁm%n ar
nol ecul e i nhi bi t or.s, ma&xggl qEﬁé{};}eve usi ng. st.andard net hods

delivery of a pr BEGer ne g C R ReTaHeTACH VIR [Cx43 n%?%@ﬁ@mm
using mcellar om wmqmm:s@ma@submn WBhprogelpnasasd, (1A54A DNA

ChEYT L Lo Sk el LAY Bl 8 E0E SRS R QIR S
catal ytic nucl ei E,fDl@fénaﬂV@@denmﬁ @mmdnaewm@rreﬁsltcemmm&i% that ek tho
= phosphod: est er "t 6r e bt Rbona o haC i ek Bt Rb e af AV
puri ne- pyri m di N8R4 epmern ¢St s aejdnhiltorilg phoghordpied, frEaowle meth@
5: 1264-1269). AnkiWnoePRPRIISCQRROEES 0dn énmega@&éx%ﬁtmésﬂaaéé onal
domains: a 15-n cIe tide, c @%Iytlc core, that carries_ out

phosphodi est er b ngl%d%%ﬁ CEPRICHAN Y BHoT PIOSPosY aton ARfere foanki ng t he
catal yti c core; ndHesphsetpienae stdientyiokie afmﬁshﬁnmmcmmhb&umw@wd to
achi eve conpl e r str tes
[ 0055] The DNA gﬁg%ﬁn%%\l}mgﬁgp 'Icwzjere"%‘goreié\'gféaé\}gtth%ofgfig{1 Nt BIO? PR t hat
can anneal with FEghewigst teositem sativpExagrmay a@ﬁ@@ﬂsqeﬂ@ abilityrib hssgmlde
purine-pyri ni di I’lﬁtojab!@ﬁ:hbtﬂﬁ v cohhtabast Reu@ad FhtlthCeotiEn RhssbiBFNA
enzyne is able to. ct eqﬁ the transcri pt at the junction, rendering
the transcript URaDIE o5 B& PSS ated to produce a functi onal Cx43
protein. In certain errbodl ments, the DNA enzynme is designed to cleave
the Cx43 transcriPPtlpetTisercierrseo taﬁaep@wt@aﬁeéglmrelefsmmnqcmmﬂe start

](c:otjlon [ 0056] Formmgmas refdh@icé fowebtw{fﬁs%c Mé&ﬁ% UA ggn
ol | owi ng seque

CAGOGGAGUU uuﬁ%%ﬁ%&ggﬂﬂ%&ﬂﬁéﬁéﬁ

ACUUCAUCCU " ; ' %AAAAGAG

UGGUGCCCAG GCAACAUGGG UGACUGGAGC UAGGCA AACUCCU CAAGGUUCAA
GCCUACUCAA CUGCUGENEG GASGERHGHGER SBIAAIGARIAG M MURA I

LM Nkl K,
e e

CGCUUCUGEG Ucmmmwmmﬂdmm@amfmmmmmu

GUCUUCUAUG UGAU%%%% FPRAGIAGAND LLLRA %ﬁ%
GCOCCAAACUG A UGUGEACAUG . CACUUGRAGE AGAU

FAECaR U U YA SRR G

AUCUAUGGAU UCAGBNIGES WW@Wx@%MW

QUascaes USRS SIS RGN AP i dtacse

GUUAAGGAUC GGGUURReH sah Anshezmnero EEGunciaet ama etikehoGnutecaeGkedous
CCUGCCAAAG  ACUSIEESHG AN AA A e A G AWGREUGELG ¢ CC

coieeenled oo (e o WA

GAACAAAAUC GAAUGCEE DA SECCEEEMATE ACCAUCHIGEA: AttdCCAUGC ACAGCCUUUU
GAUUUCCCCG AUGAUAACCA GAAUUCUAAA AAACUAGCUG CUGGACAUGA AUUACAGCCA

CUAGCCALLG USCAGEAGG AGRHIGAME0AGH @4&%@5@9 CARACAGU .,
CGECCUGAUG ACCUGGAGAU CUAG [ 0057] The DNA enzyhe nay be synthesi zecf

usi ng standard techni ques known in
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the art, for exanple, standard phosphoram dite chem cal |igation

met hods may be used to synthesize the DNA nolecule in the 3 to 5
direction on a solid support, including using an autonmated nucleic
acid synthesizer. Alternatively, the DNA enzyne may be synt hesi zed by
transcribing a nucleic acid nol ecule encoding the DNA enzyne. The
nucl eic acid nolecule nmay be contained within a DNA or RNA vector,

for delivery into_a cellular expression system faor exanple, a V|ral
vect or. SU|taB?@hWF?meW@E%%V%WﬁﬁéWﬁ&é“@ﬁ@%WﬁFﬁmﬁfpﬁﬂsWé%F%WS and

adenovi r al veﬁb,@gl§relatebea&a}mﬂeudﬁg/mmguinaiﬂlcﬂamgdwalf&mbnm@s wehieved

by exposing t the DNA e yrre IS
taken up by tﬁeéu'lé%S I‘g‘S 'ﬁﬁéc]hefeé“ EN?A iferaft 8*)/%"&2{6}%%8 theiPERgere oL

transcript i nrdph@no:egiowtlfaesuivtslon,gwhlcrm lehec foea Srecbasalin mQtO&)K@Lflﬂ:ﬁ:Sbﬂ)n of
I:_Jgﬁts:c 22?: on fe (5; Ef’rgff%rapon or 1r¥ht~l:>(?tlocf‘1%lD %rolafgr)a(lgox}rﬂu%erea%q be (ﬂa?eﬁmmed for

m croi nj ecti OWW@WMICqL@SmI :nclwhmgﬁh cyrhpari fpdAwitlsa mpniemnloﬁHBﬁg Batthedt i nt o
the cell. EXPRsyiheo oYy @A&m ilifd o PGS aked
DNA enzyne, as cedapr By | 1(1 y 93??(%‘% B%I&e%oggekﬁ%}ltﬁ%ﬁe\%ely, if
t he DNA enzynﬁ”P’@‘ﬁpﬁé\‘w@tfﬂPTrPnép%@éFT@rkéf%@”ﬂf& vector, such as a viral
vector, the cell nmay be infected with the viral vector.

[ 0059] Al ter nafGoae] vy, Ill}ahttiﬂg’]}ﬁrbiﬁ'aﬁ&& oRMAibinh ef:;ub!ﬁ’exeﬂionaafsml ihchidag er f eri ng
RNA ('si RNA) sion. of nucle

encodi ng 0(4?r>rpe ngerm%ﬁ]eag?ma B qreﬁ’f ca%f’@éﬁ Y80 ‘% é’ﬁ'fap%bg Ye

nol ecul e will prem}bfafrmcealng@qukegromng hedivifisg. corrdticrgentegarding DNt | east a
fragment of ap, R EANSEE Qrtd\s?! Rin@dd gid to

t he Cx43 transcrl pt, rLJZret‘f) 1 ?Jc}nng o?rgtgpgi\‘}%ﬁ%%%\g%ﬁ@ éxpr essi on of
the Cx43 gene°the WPIV’B‘SI“W@E %ﬂf%éﬂﬁ%@llﬂmmepe&m@ isMoaletinhvave a
sufficient degree of conplenentarity to the target nRNA to avoid

non- speci fi c [oioaali ng)amfn-xeénemamdcﬁemmunﬁ&rﬂﬁuiee{mxprﬂmattoamgemW of

sequences und tlons ecific .bindin such
as under phys?oﬁjcggfrréa 17°¢6 C%Fafnls% §§S’r%§%iTteW8“%.%mgﬁwhwg'8% l"‘:ﬁ*&y

any doubl e- st srandedinRNA abibityet G4, to prewbwdi wgregulgol profiteratibe mepfitaipy

si ngl e-strand 0 f 't he
doubl e- st rand%gEIWCﬁ%mg%S£gﬁa1e£?}g%§ln gﬁ%qghlggﬁ&f?%k ratn?r}lt]gé erence
in a cell, |essilsigninsludesahuicakaitergiionss &%f@@’éﬁﬂwﬂ? pyfpostiyensEia® gene i n
vivo. An si RNﬁoctnYdatl&ﬂhinlﬁgamgan? ;ﬁmélp‘ao@fanaa&eoy%g%ﬂ@&wd#ﬁec%ﬁ ence in
a target nmRNA, as describ bashir, et al. (2001). EMBO J 20:
6877- 6888, t HESEHT EHRPY MpiTHIoph DPE-TosREigsGisa insldssrnetinmpdifisalipnr ence.
Ceneral ly, t heclmcgmbnmnmfy d@neasﬁag btk ekpressioh BNA4ihdiuddg by

conpl enentary. to orti tran pt, here
the’ Ocas 1 e e Bty el Sty PR brtGre R P EORaHan | n e
art, or si RNASuligsitighedtceasitgytfens di izelstod exprespeceixes tharage for amynple

obt ai ned comprciil, 5%&"93,0% 330%. 255050 R AR G S%WOMW a3
UU di nucl eot i over ‘are often nore erfective i i nducl
interference fE‘RNMfFXPfEWRM G} datptoals ogeur éca esl imya¢htbe H%@Pl‘@ll@tﬂl@ﬂf

sequences ar excGHYTHRY o Qéehﬁmaﬁlélnlx[%m %uc@éeanéﬁﬁic%'x&ﬂﬁ& 2nd
pur chased comrercially wel I nput er l%gr ans are available to

desi gn si RNA ”%‘é‘ﬂﬂ?é‘i’ﬂi’é’é a“'ecée“ga‘:’dlel‘i?ﬂdtnlg&}é%)su"hf Bt wolh dilepee, t he

si RNA may Compdinggrate & 126h dletedNEpINaY bibteiriifedSOGURM 6B sthltaiGeldde ACA
UGU AAC UAA U)dTdT {qs lDb% nd an .antisense strand having the
sequence r ( AUO SEEH R A{%’j ugh OT RO SR D t'SITXp\r/ﬁﬁ?eéh si RNA
is directed eyel metnct;m:f‘&e@nenomcl&é@1Mﬁc€ﬁaﬁo%hcﬁd/hcv6@hkoaﬂy [SEQ | D
NO 8] in th d :

Al ternatively N %D&%gﬁﬁk ()IR’?H@tE‘e ?’f%éene reseuna%d SEF Igﬁ bﬁ%f d{ﬂr’qad’t he
sequence r( G@Dimu@n@p IU@EtetﬂGbSUAyldeds‘ﬁbs{t@E@lyl 18s NGo p@t}teiah@ln@n
anti sense strand having the sequence r(UAG ACC AGO GAA GCU UAC O
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[ 0064] Thus, inhibition of proliferation of an HSC may be achi eved by
delivering the agent into the cell, which conprises exposing the cell
to the agent, allowi ng for uptake of the agent by the cell, allow ng
the agent to interact with Cx43, or DNA or RNA encoding Cx43 so as to
down-regul ate the HSC proliferation activity of Cx43 [0065] The

met hod may be perfornmed in the context of an HSC affected by hepatic
fibrosis or a hepatic fjbrosis related djsorder, including an HSC
that cont ri bufEesieg figh thegepgpardngd-xts ughgsnRte lﬂ%@ﬁf‘@ fpithsf Belpdesor  a
hepatic fibr Oﬁio&i‘}rl@tﬁet@d tkrmesieedn a(ﬂﬁseﬁsl’é RNBGrdnbaipt thg i9@pMabesdydue to

or during hep br osi c. fibrosis . relate i sorder.

[ 0066] Thus, aﬁ’é’é"&ﬁﬁ‘e‘ﬁ,ﬂ?@ &T‘ﬁ %tﬂ?abﬁ tria'?”t'bc?dggma]?ﬁf?xﬁ?g%‘a’ may be
an HSC in vi vczsttltmgan saitnslation] ¢r revieed tmﬁsidhbeaﬁtlmébmﬁnshﬁmaSucﬁ gérieb¢ 0Si S
or a hepatic f{i di di ;i ncl udi ng
o harman - 1 oBUMIAELP e ARSI A A THELIE oo PRI Ry "0 Y

di sease, di som@éfremmR%thA)omplwlﬁ dtat trmyts e SuBageny emedript, resyltingrin ng

associ ated wi msia@cpla&lrgdu&dtt{agsﬁatﬁn oftn&t%'tagscﬁptprl mary fibrosis or a
secondary f| brosis. Such disor ers I ncl ude hepat i c fibrosis

i ncl udi ng, e, rr hosi titjs Cii tion, hepatitis B
i nfection, @Qmwﬂﬁf@ﬂ g e B BiebidoRm ceshBiiow - onaalt ng
henochr omat osths Jeval bfIDA3 sr bl aﬁvndejfﬁxmbyrmﬁgt ahloh mlreythe;t vis hagies ( PBC) ,
ggrl 3;??28' Itﬁ%éekt%?‘t'lﬁl tep% otlec:LSr-'lF hl\kb‘asalg%:tll ogﬁ—c th{g%@ rollf Q?gf]onZ
cell incl udesaca@jim qfﬂsﬂemwgteaﬁ de‘f:ﬁfeortnh\feﬂrhwmwtlntoﬁcttimﬂ:agelma to the

o recti ve, at "omscl chalhl LR RRRH i ARyURGEL IR F BT RATE A e e

t he desired restithihe $xdp raneeripyl Ehus.tconthgiing pee! yitdIGH Klrdeed @hcqyﬁtitlaﬂ HSC
in the subj eC&Irea'%‘E!(mR fan i, SR TORPRLh s M{féé?&ﬁhé’ﬁsé .Qﬁi%%&lbr? fibrosis
rel at ed di sorder. é eaent or a nuclerc acid ncomgt e
agent may be @waymf%@r @Uglmctl?‘?éolsfeﬂ@jsg@%l cersidagatsvairad feks netdiwif ques
known in the @fetact wh ﬁthﬂg@ﬁtorP’fegﬁmeﬁi!e @k@ g@Eé digneediNehnldip: AARH MRy
be adm ni stered system cally, or dm nistered directly at the
site at of an™BEC. Adninistration to the site includes injection to
the site, or surgical inplantation, and may include the hydrodynam c
del i very of tlde42gerithe BRCarotitecdtien ectizity of Gahtmali Meglotvheceaedby wi a t he
afferent and SLLGRERL HESARLUac Bk ERCS [abygsarml e, the
concentrat i orﬁoafﬁopﬂa?ﬁﬂlmfecbﬁtotaﬁél ia garable ofrdognmieen|adpgsuelracvipn&odinng t he

agent to be adgiidthshey &fhpikd dell%@hytheg&?ﬁﬂg'ﬂ%@mmﬁzhrﬂﬁﬂ?&dﬂgn fsibrosi s
or hepatic fibrosis related disorder to be treated type of cell

associ at ed wi teHHEd sy coiacpeiar §SGMmith éﬁagqnésorth% F16§Ee§f b &kt wy
di sorder, t hebytiypRll of entdpd ieeuHeeefl.hat i s adm ni stered, the node of
adni ni strati on, and the age and health of the subject. [0071] To aid

in adm ni st rqbbé).ﬁ ﬁﬂ@ag@?{%}%@ EleQ%’H%m %QHJBI%B ﬁ]? n]ialﬂ :} gll f? he agent

prollferatlon act|V|tyo I’ anuc el cC aCI
may be for rmule4trerle Bsackye qrmgqsleeltr@ﬁmorﬁlﬂroaleghlhpmtcbﬁmsmamo &lenﬁbSﬁOtl on.

example, if the agent is a small molecule, it may be soluble in the cell membrane and
thus able to permeate the cell. The agent may also be modified to include a transport
tag that will facilitate its transport into a cell. Specific transport tags may be used in
order to direct the agent to be taken up by specific target cells. For example, the agent
may be modified to include a galactose residue to increase uptake of the agent by
hepatocytes, as is described in US 6,844,319, which is herein fully incorporated by

reference. Alternatively, the agent may be included in a biomaterial which increases

12



[0072] Therefore, there is provided a pharmaceutical conposition
conprising an agent that down-regul ates the HSC proliferation
activity of Cx43 or a nucleic acid encoding such an agent, and
optionally a pharmaceutically acceptable diluent. Such
pharmaceutical conpositions may be for use in treating hepatic
fibrosis or a hepatic fibrosis related disorder. [0073] The
conpositions may routinely contain pharmaceutically acceptable
concent r at i on&r Bfuces|pjake ﬁlfefaé?rlt Ry the gdinfos exagiplestyr speappufaias B @esibinidous

conpat i bl e camideRdrsr ligoedmerdpafatdnTiedlc d@d ips@me, deliRs APetedat
down-regul at es

he HSC proliferation activity of Cx43 or, a nucleic
aci d encodi ngprgtﬂfﬁ toa‘ﬁﬁ:%l'g Wnng‘;i)erﬂgwnlﬁ’rtﬁ?ﬂ"&‘t‘eé(fo"idﬁlwﬁr“ﬁﬁﬂ}‘&%’(ﬁIaB‘ai cal salt
sol ution. Sinoelepddsypeplintese nwy, idudingstasdfdcaorupdniqad Bt MansducAdn on,
where the age " - I S kh C | i f {i activity of
Cx43 is a pol %%’H@%%ﬁge\rw%&gg%tag? 'r?f,avi%r? levr%ﬂ?r’ B@Jeg‘éegf %%eg c’)}“\x RS Flajde
the peptide or the protein in a |iposone or other biomaterial useful
for protectinfPP4fl/ otn 3spE Bt davigeswnees pedts aolderatipngetsiing of eddImayt | s
delivered to bdw ihidbi@ess G@b HsChpRARAKTNRLPHR BR Chdndl, 28hdodi@Nkdity of

t he pharnmaceutjcall cceptabl e diluent is determ ned by chosen route
of adm ni st ra’t“’“%ﬁ%’1 eé%ﬁéf” iCPPRSPS W R ﬁﬂfe{[gpt%fgfﬁ Asc pf&’ﬁgraé‘f"éi‘ﬁﬂ%i‘r%of

phar maceut i caCx43r actidisgs mBenertsdt bansest fieuphabmmbeodsingdtitosasmpaesi ti on
will be fornmul L h onents that will not kill or

significantl ypl?ﬁ%ﬁilgfyyn% I3 x|le ogi cal properties of the agent that
down-regul ates the HSC proliferation activity of Cx43 or a nucleic
aci d encodi ngl%9feh athe agratipay Ye@oms] mRECYsh A PTRiE® APTotH] arBHBYYIt fon can
be prepared byndiapmhagiRinh@eSo @ pididn RRAPALBLKiIGRGpLBhasIREeLd3cal |y
accept abl e COHBO@ ti gng fw table for adm njstration to subjects, such
that an eff ecPTUELAUERTITY 2B AOABRISZFERACHHIE <*HBMA PREGUINFES t he HSC
proliferation activity of Cx43 or a nucleic acid encoding such an
agent, and aniP04@ldi tAlismalivelyeth ggenigudyde ameéecde thetiblgbissree axerfeies witlobi ned
in a mxture wtdiRondtahiBGEMd hldit ALS eRTRRLfe é’%k&ihﬁonaﬁ%rgggl e
vehi cl es are described, for exanple, I n Remngton' s Pharnmaceuti cal

Sci ences ( Renirfi§itofcledinerepiesptinnfactos Snash i Bis@e! mppkae mmitsbiedlvt ng
Conpany, EastigfbitsR@interfe@bwi@B8mklatiéabrahRNARARISpt chhdRinplUITRLEUL i Cal
conpositions i ncliud% al bei t ng}\] egcl,us' vel§y sol ytions of the agent
that down-regtif'ab'ed P AE BrBRY Y dHrbsees sub irostayjontt e BNy a

nucl ei ¢ aci d tenaoidi angpdiigcx4nor sagaittnse RNAasE@iediredsd apditidhtheae4or nore
phar maceut i cat!,alnycri%ccept abl e vehicles or diluents, and contained in
buffer solutions wth a suitable pH and iso-osnotic with

physi ol ogi cal_fluids. [0076] The pharnmaceuti cal conposition may be
adni ni st er ed P83 sdpwetvelyndoyn-regufaiag pagompgsapelivapenicirs 251 t he

sel ect ed r outigol@ulcaaddnk Slefa@nt AR, the3SAMnl WhidhGrdliRGR168 100 6. RNiblidyose
skilled in the art. The, cg %il tion of the invention my be
adnmi ni st er ed ‘?%‘ﬁ#’@eﬁ’l"?t@‘ftm% ‘gg‘. afiihhedpclplg apid matepylesy thah e rclgiedsid ed
site. [0077] Sodiethiednskenfup birthe adienentbl afto tlovan: 10agLihadease e dSC
proliferation activity, of 3 or..a pucleic acid encodin uch ., an
Doent oy be SRS st lpbieRe THES offp o EieRyrt B et i it Pl Helte
or di nary condhgiecosssanofegiddtar agmpoasnds tusksct expeseorprf@gpagait ivdlis thedi®Cai n a
preservative to prevent the growh of mcroorganisnms, and that wll
mai ntai n the rbousit i RusOhe hik@iABRMold DR mag OYMdd RARYiBHES: E18, hiSC
proliferation activit erson_skill in the art would

%on(zl_B.A{)___, ed th

know how to FrEPHs ecedsiaPARTREIpZSE HaY BhibirY Phespioaiates G O ocedur es
and i ngr edi entasscfiftfonilhera8 el poteir0Rat amebitp rRRATpHbE O @fie entddiralatx@s.
formul ati ons ALe ccizlescrdi bed, for ex

| e, in Rem n.s . i
Phar maceut i cal'® & SHEETARYeRY ﬁcgg{ﬁ?’?léﬁlIeé‘ta%"i%g;s"?%ﬁig’f“r‘?ﬁc%‘ﬁ@ff&’?“gThe
Nat i onal For muitharaysl4tidSEr DRNIFEGcripudlcodidpatkdB puch 99ODNAROAReTdne dose of
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the particular condition being treated, the severity of the
condition, the individual subject paraneters including age, physical
condition, size and weight, the duration of the treatnent, the nature
of concurrent therapy (if any), the specific route of adm nistration
and other simlar factors that are within the know edge and expertise
of the health practitioner. These factors are known to those of skill
in the art and can be addressed with mninmal routine experinentation.
[0079] Al so coRtiéfst BNadr & ER4 avlceyle dirfclag atinstatapscaBimrcadvg tieséd t he
HSC proliferabioum activity of Cx43 or a nucleic acid encoding such an
agent, including use in the manufacture of a nedi cament, for

i nhibiting pr ra n. or for treatin ti fIbI’OSIS
or a hepatic fddbfagsé&?%d g %P?q&eégprECIatedt{]&?(ajnynng"lgl\elar?%wg e‘fjses in
accordance w FMOdlh@amehlhtmgf tepmsoipiay rdnslekidnef €k43. or pOOSO pitkedn pillesent

met hods and USRRaakS néaégsfaJlg/P %%na 141 hlsGShuliva @M Oy re&@on .ﬂgb&mg ng
non-limted exanpl es VRt erials and Ne

[ 0082] Cel | currﬁnaf@t'efb?fdbetmfamor mpbff ylw%@c;balﬁ léhl%ftOé|S|t<abeeexere$sp%anwere

i sol at ed frompy WL i BbSinRBEQI mdwulﬁr%l(ﬁo@'raﬁﬂlbl%% HchRidbdsi shed
procedure (Wi skirchen and Gresgner 2005 The pr.ot ocol was approved

by the Instit (fPYRZASHFIRKRCIERR Cﬁﬁdﬂw@gmlfrﬁ@@nﬁe agf t he

Bi omedi cal Regsamcind Gatincdidic afid ShiagRP aaLbe réfKly peleiated ulhg Puiidgar y HSCs
was assessed paﬁgvbtqmthndA aut of | uorescence one day after isolation.
The cell line EoY W8 %escri bed el sewhere (Maubach et al., 2008).
Al'l cells were cultivated in a humdified 37C incubator circul ated
with 5% cO, . MO0 glfiseyempbuted o anislegnagidimatulesedoding Seli unay(tD- VEM)
contai ni ng 10%1@&5@%%\4@@ ﬁen%z.r;le% arﬂﬂaﬁs'éllmbn@a%m hd ad Ree@nd 100
pg/ mL strept og%/m n was use durin F cul ture, Trypsin-EDTA was

purchased fro e eindieessd i X.amNF? befsp oy binddp p Seai toiteEsYE eagent s
were froml nvbmdl@ﬁﬁheﬁ% thU&Qs)noter [e@ﬁ83&strbﬁpﬁtti}e(ﬁ>&8 eMnigtr%l&ﬁhrldS

treatment with hours prior to
treat ment, - HSCUU G BB I et P b R e e PP ks At

60- 70% cel | confl uence, reconbi nant human TG-- 31 (hTG--131) was added
at a final coWO&H: r &npidrinayf compeipe. Tansishpssntiallydof prcempsistend thofollowing 10,

24 or 30 hour gminF&d efRn&I8EH @b NO: @t ment, onl'y phosphat e- buf f er ed
saline (PBS) was given to the cells. In some experinments, HSC-2 cells

bencent rat L on RSN RIBNKIERYRLIOEerrFO YR boRb F A B
hTGF- P1. [ 008 RGBS LAPASPLA WAISDRLARIPRMAGUTSL SDERSCHGIOPPEBPSH  RNA
was i sol ated Aﬁ%@%\}m@ﬁﬁ 'Arﬂs%ngg ﬂR@Hé%ﬁ&HﬂZ AREAPUGEPER! (RNA

Il kit, Macher reagent's Ver se

transcripti onK%WdSLrCE“éIKMHW@ Wet ECER A he L i @EH BR B VGRS CPEA,

USA) . One ni ceraimiNIRoGAlo TRND WMESy GaYAE Serishang efikirgEstbeseBNA in a
total reaction volune of 50 gl at conditions described in the RT kit

(N8080234) . Real -ti me PCR reactions were performed using the Fast
Real Tinme PCR System (Applied Biosystens). Three mcrolitres of cDNA
were used in [ROFRIR rdawtiely, Ywlilumey @inpli@, pinsistRhentdy vbor qondbesihé or

target genes Qf&ﬁncﬁ‘ﬁanﬁél?d'sjeque%é%ﬁ%%g% jg]or endogenous contr ol

j3-actin were Rn01433957 and 4352341E,
respectively. The PCR tions were 95C for 20s and 40 cycles of

anplificati OHWB?‘SFS%@J?%PP %RgpﬁﬁﬁEW?‘é?FTsp@nyw &P4And
West ern bl ot : ACHTLIWDSLISVEIMQBYUAO®ATURIRESPRPAEATSOSDEDSAKSSaPPSHPGL €i n

In SDS-PAGE T0/ JapedhR%sMERE SHRFBE O o P VAT FRKGKERY il ?

EYLSLGALKMHIRSHTLPCVCTTCGKAFSRPWLLQGHVRTHTGEKPFSCSHC
NRAFADRSNLRAHLQTHSDVKRYQCQACARTFSRMSLLHKHQESGCSGGPR
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described (Limet at, 2008). The menbrane was bl ocked with 5% non-fat
mlk in TBS-Tween (TBS-T). The Cx43 (sc-9059, Santa Cruz

Bi ot echnol ogy, USA), phosphorylated Cx43 at serine 368 (pCx43 Ser 368,
3511S, Cell Signaling Technol ogy, USA), PCNA (Ab29, Abcam UK) and
13-actin (A2228, Sigma, USA) prinmary anti bodies were applied at a

di lution of 1:1000, 1:750, 1:5000 and 1: 7500 respectively in bl ocking
solution. After three washes in TBS-T, the appropriate secondary

anti body conj {f8kd Rpwhregyation usingiinal, bar gsetcirgenty Shymall meylggyle

Bi ot echnol ogy inhtdHéys mapse adided vaihg dardbld iethods 1B defive2PO: gréteiRboLddang
solution. After tqreg) wa%réﬁ Ln T.BS—?I',”th . menbr ane s devel oped
with ECL Pl us "CRERRTEZ cbnfyiiernpapiee! A R) Posps SPRBtaet S Eh poxas
anti body was perfornmed overnight at 4C. Al other incubations were
carried out f{1054] hotyPNet enpesthat eangetsrtba taneeripté aricenggaeding &4 dmeay be
densi t onet ri cdaﬂalea/ﬂosthmsdé\é& Wﬁf‘en%ﬁ\%i?% g@g]egﬁﬁweg&fh/ c;a&wgn&cm

| rageJ software (W Rasband, X b. 1 nfo.nih. gov/i
[ 0086] | munof PHibrEwesd eEPYf dlishtangelectivedy bipdrisss RNdobsiaishy &Vaisori ni ng of

HSC- 2 cel | s wascianEd 9 dndsordl8a 5 ddarth BbsaMIRIEbdnlYBERAGR KNe 81
horyl at ed Cx43 at

2007) using Cx43 (C- 6219, Sigma, USA). and phosp

serine 368 (p M@é‘?@%@f‘t @S%‘i@e’p@é‘ﬁd”’gi’ﬂﬁ "i(%“ﬁ?é’c%ﬁoleb@'y(,]g%%&
anti bodi es at Var Mid suticen26d). ADSB. enFhe iSQ@APOEGAbYtwa st dlinetfonal
anti-rabbit Alexa488 .and anti -rabbi t exabb55 (lnvitr n, USA) were
used at a dil é?l?%r? ' aoP@ 4 lﬁ%ﬁle “f Erl’}'gtécecé)mvtv@% %a”tleastI?%trf’q’ﬁsé’?q%%esgﬁgonﬁE‘F?’fﬂ%eRI\/BDM
epi f | uor escenad twp bytoidiedipe afnisEla@dng Becatriyty pore [ IDOBTcAredllopsiyof ik gap
junction integgellul.al &0 i PR el e 8l -Yge‘t;g wn in a 60
mmcell culture d%nsﬁ3 over %E’lte&ack!tnggg%cefj%e@%h# Uenc ?t -f31
(final concentW#fn 10 ng/m) or carbenoxol one (final concentration
40 gM was added and incubated for 6 hours. As control, only PBS was
given to the [POBSls. TAk DetAnabymekiyl theBifdvk havé tomadmepancegbisatd en 5 gM
was added 30 mnutes before the addidti of hTGE-(31. After.a brief
hse i pas, Madl bR rdBh iitnd 5o difr R (it e manb PRy

cont ai ni ng 5, jugetiog such thrythd catehyis coe nf e B dteatyene (Rbtkearledve@egani cs,
USA) at a fingl,eongaRbfehdoRn@lingfe 361 ' | c
hum di fied i ncdllso_ai?or fgrn (51 mnn.m_é é c_esfqpéa&/ggfgy%#%ﬁglﬁ%nﬂgg?%%zce
wi th PBS and Doavien! it Heieinp Hermin prelpdigests fbfatiA isedyords dssigredéadi ng

W th the FluonesemnesRRaYertinRtt B ARNPTO DI eacRI Sne(ARARY: ansay. The
FRAP application included in the software package of the LEI CA TCS

SP2 equi pped w t DV6Q0 LEI rjany) was 23 sed. A 63x

i mersed obj e@Pi&%)e ?ﬁlé?xégglﬁ%gf(%ﬁﬁ% fﬂcﬁﬁl’ ”@é)‘%‘i@r%a\?\gflg?‘m’@\%q”\eﬂg

used. The ar gémrRllIA%Er 5At 488 nu was used for excitation and the

fl uorescence signal was captured between 500 and 535 nm The

glondi L ions mmgcasuysabqu Aéanm?hlhfle@@m;x&@mg:&ajcd@%t b[:J@SGL pover , :10
each scans aser r _foll owe post - bl each scans a

15 seconds in&é’?%ggébbﬁﬁﬁ‘%ggﬁé(}ﬁl%%@%gﬁgéQHWCQ%%Cgoom node was

used to bl eachuaushbgle AelUCAUacyecAxaidAGude tianed Aquss r egi on of

i nt erest (ROIéca%kggahq\é%g&mﬁ%@gds@%%ﬁgjg;thmce&f; ing during

post - bl each acqui S1tIron using area. e tine
const ant of r@CAYeAYGGEAIGAQYGGAHAAS GEETUEIGEEA BYWCUIGAUIULA t he correct ed

experi ment al hqi i GH e foll ow ng
function: F(t &i@ag&&ﬂm %@ég%%%@dﬁﬂlﬁg?gﬁ%%é@he corrected
f 1 uor escence GYHERSEYHCARG UAUYEY §& A EZIBYEEIEGERAue of t he

f1 uorescence dAGEBSUDYA GTIE GF@IGE &G ARNTE ABE AGUCUMSRR! cul ated from
k=l 1r and nornuli zed bé di vi di nfg@b\é t he nunber of cells in contact
HEHYGALSr B8 EHE

with the tarddtCiddeyan SUELE AP AR LE R cel | was

about 50% [ Q088GEteaGUTRhAr@tdcADCRICUCAYGHG EGcassaycdBased on the
rat Cx43 gene (NW.001084790), biotinylated doubl e-stranded
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1-2x106 HSC-2 cells were seeded in 100 mmcell culture dishes and

i ncubated at 37C. The si RNA was added at a final concentration of 10
nMto 1 m of D MEM 24 w t hout serum followed by 120 ill of

Hi Perfect transfection reagent (Q agen, Germany) and incubated for 10
nmm The si RNA/transfection reagent solution was added drop-w se to
the cells and incubated for 24 or 48 hours. As nock control, only

Hi Perfect rea ent was added to the cells. The Snail si RNAs used vvere

Rn_Snai | nd &Y EAGAU SADAY UYRI GG HGEARGRS (AT WEFEARN G al | and
Rn_g al 5 (Q AYRIGGEIAROYEUUCIN9Q] GehUcoounia agasdhana r eat rrent

cells were wa ce i n/ EDTA.

Fol | owi ng cen?}1}%%4%&/'1%&%@ﬁngkﬁz\%ﬁﬂ{lyéhggééﬁﬁgg’eI | et was
resuspended i AUGGHGIEAMEMGAI ACrE)E EACTUERAGTAQAUTGAGLNG t he
forward scatt f E%‘{ﬁg ( E’qﬁr}?ol ogi es, CA,
oo Eoggll S%fﬁAMwaggﬁ%ﬁgé@égége hg
presented as si ng

ANOVA i £h Schot s e OB e T g T euaRE Sriter ) on
for data si gnCfFPEARIAGAHCHAYSIGH) QcéGﬁgUW%CU@UUQécpr esented in
the figure | egeuis@iebased wrditecGtadentas dud@estucun! ess

ot herwi se sta 009 | 0093] hTGF-91 down-regul ates Cx43
transcri pt ané’%%}}@&?%@eg(gféééé AL TR UERY WUtion of Cx43
MRNA, HSC- 2 CéllAI[E}GAE}’CEJC‘SGUWE&(MG/MGUCDCUGGDYGIQMMA}UA}WG:- pl for 10
hours. Real -ty nglmM hTGF- 131
led to a 30% a@@%?gﬁe@%@ﬁ@#g%&?ﬁ@?@@ggégf&ti vel y
(Figure 1A). GCHGRANAGEH AAAGCARE AT §6UUB§QAVJ@CL‘(M@£EA®UFGE f31

down-  egul at e RABA R EboEEAIHER AR MU LB AALT ends [ n Ox43

MRNA and protein re I on were observed ysS In vitro
activated pri %W@%P@G§UW%Q@$®@WUﬁ%m (Figure

|A, B and C). cb@@%ﬂﬁt@u@éu@@@@@@mscémc@@@mmod@éam of Cx43:
After hTGF- 131 supplenent, an increase in CIp horyl ati on of Cx43

at serine 368C69W%YCHH§UHQ§&WU%P&P# A5t ed to an
i ncrease in theUgAamMAA A0UGGCROM3USR6RGUGCIEAAOLAhA(decT easi ng)

G sappear anceC LA A ghoepha A< PEGREE AR g | Oot o B 11

Pr e-treat nent AGAGCREUER] GAUWUCHCCH kAl £AGCKIGAdBIAAALKC) | nhi bitor

B M T oL oAy ;t%%é%gg?g%a ASACRBEERRAIAG AL QRGO Ox43 at

serine 368 (FI nmunof ['uor escence stal ni hg was al so
per forned for U Agwwq@UCAAGC AGAGCCAGCA GUCGUGCCAG

CAGCAGACCU CGGCCUGAUG ACCUGGAGAU CUAG

[0057] The DNA enzyme may be synthesized using standard techniques known in
the art, for example, standard phosphoramidite chemical ligation methods may be
used to synthesize the DNA molecule in the 3° to 57 direction on a solid support,
including using an automated nucleic acid synthesizer. Alternatively, the DNA
enzyme may be synthesized by transcribing a nucleic acid molecule encoding the
DNA enzyme. The nucleic acid molecule may be contained within a DNA or RNA
vector, for delivery into a cellular expression system, for example, a viral vector.

Suitable viral vectors include vaccinia viral vectors and adenoviral vectors.

[0058]  The down-regulation thus may be achieved by exposing the HSC to the
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5368 to study the cellular distribution of pCx43 5368 in HSC-2 cells.
Cx43 is, to a great extent, distributed along the nenbrane whereas
the pCx43 5368 shows a diffused or spotted staining in the cytoplasm
wi th some nmenbrane | ocalization (Figure 2C, arrows). [0096] hTG- 131
decreases gap junction intercellular comruni cati on between HSCs:
Cx43 is the major gap junction protein expressed in the HSCs and has
been shown to formfunctl onal p junctjons (Fischer et at, 2005).
Here the gap- N%b“&@’meéita]é‘i" “pﬁbﬁ*?fEI{A/é@ i abfof45echnal yze
the GJI C bet \N@;ﬁfbldalﬁ(b(:xéiblﬂ'aﬁhﬁtﬂﬁn th@cell Aledulig &n debileSsed Bl @breskibn YRS

denonstrat ed neous recover f. fluorescence in
an isolated b ué’&é“r‘? g‘?‘égwlmsét"#? &ﬁ&gp%}%\ Osérrel”g’%j”c %é%%f“’a*ee'am“a%ﬁ ng
cel | recover samalowtn ib@aofor by siickdinjeties eamages(ifFwvgidh the BBIA iatir@w) . Thi s
i ndi cates t ha n eﬁ:ggmttd’tﬁg&flleéxé) surgx‘lgy Lgo mchil% ekl gl E%% gfjto%he n%egb?\ﬁ\(:hed
cell via gap i'ons 1S I nde fd a recovery of
the fluor escem?émsmgﬁ’élﬁ ma:stahﬂ}m%qﬂlilj{ﬁrw@@ Aheraatwép,rl‘é@eﬁNatenwegr aph,
depi cti ng t heshRGRAVEHY nhdfEidiPRebt. bichds § Araf PREIRIE a.

Car benoxol oneislus an e]stna |s!echJ C% i nhi [foall totr0 ? 1{1%%?&2{1&9%68) In
t he present céfgléthedﬁ%iﬁf%xol one reduced the dye transfer rate (k) to
al nost 50% (Figure 3D). This result serves as a positive control for
the reliabili [0p59f tAierrgﬁ*p:bFEMt:ﬁ@sﬂRﬁI/q%leb@e sreasdll Bietangass i n GJI C
These findi ngg::shavwe transfer Igrescence dye
5. 6. car boxyPloapabieh b A AOTRROUNERE Pl siePge RIS

hTGFf 31- t r eat éadivésSUsto(tii lifis.e 3D), i npl yi ng reduced GJI Cin these
cells in conparison to PBS-treated HSCs (control). The

TGF- | 31- i nducpdeoioWTrie egidbiaé RRA nificc@d Wil waginfabqidnd-hab@ at t enuat ed
when the cells Ver e treat d with BIMI, PKC j nhi bitor, prlor to the

addi tion of | 4&E eﬁ'fm("“#lt‘bﬁ st 3hpem e BiRA RIS PH A S P 2P L ¥ higk 43
expressi on vian Bhnaltd the G‘@-tdaastnptsth&mwmutmg bnpar@egugalteex;ﬁr&emexphes si on

of Snail, a z ger i

epi thel i al - neg}éq% [81 F raenféri1 e|n‘°(f)n T‘%WKCC'% c})]|0Lr'11da %Ve ’gf‘enqﬂﬁﬁ%(’f Snai | ,
on the ot her Wam&meiltsritmébtb@smynﬂm tt dyeidmerpsresi§e bmdlug ofttipentisense
transcriptiong ggn%r -6X43 during
ENT (Bat 1 o o B o e AP g S AP e ht
hTGF- (31 i ndu‘é?é‘EPdt%‘éh ‘Sr\‘éﬁiq" phyRigegical cersiions-i ne” HSC-2 and in in vitro
activated primary HSCs. Transfection of HSGC-2 with two Snail -specific
si RNAs (1 ando08§1]l edht QRBIAdm:\mttlreagubairiycalluhhef-strSnf&idlRN]RNAeoared protein

by al nost 50 per [ L0 ren served that
the Cx43 was ‘ug-“?@guﬁe °°‘ ”?B“FF?)S”FF%EX%&‘C if% 'ﬁéﬁ‘éfoﬁoal\{\% o o“t‘E?’ﬁ (18%
and 23% | evep qumltﬂlqﬂmbigstanéndlsﬂ*é*ifﬁl\wwm irglneks SenerspaEic A mmference in
respect i vel y { & auife kBlecredBd G148 : oposi ti on
that the regul ation g &re counq EI?F%SQOBUF&%@%N%%&QW%O QQ%%I an

i ncrease in Sﬁ%wqﬂyWa%emd!éﬁﬁﬁ%%eawé@ﬂdwwncecwra%beﬁdé EtsdeS&“WG'F ease

in Cx43, on babfhit, lBﬁal t(n@?ﬁEMB@U26%3710583&&11&;0%9:5 8591 b drpdralil G- 131
treatment up to 30 hours Qt!:ed%glé' g4 C and. D). [0098] Nucl ear extracts
n

of HSCs bi nd FEHEI&RRGE ﬁéqui‘é‘d%‘éfr?%“faﬁd ?fﬁlée B3 ot er: To
further assessmpheepags zhjohlohysf ihlél alRNSNFitHe ti’i@& trhdzalgﬁoltﬂe Mel@k3t o

regul ate Cx4 e express | ec i ft assay
was performe ragsscfl%t 8“’ ke 0 F% 2 l%]f[‘?gadﬁr’l OIWé'd‘f 8“ ﬁfﬂ%lgigﬁsé%]a‘?on t he
rat Cx43 pr onmhxdlridadwtaapmfwgargm eaBhadsttaiged msrem&umll;s@epmcemgeﬁp\w (©)

and nucl ear ext; gtstRNAgw ti'l% dg@j ge\ﬁdg 62 éérggﬁe% mar cI;ﬁ: twe i
consensus sequencé 1s Situat i p- stTeam of the franscrl ption
initiation sﬂt"b‘cmg R¥AGntprdrenge GfNFShéiRNﬁt mokttéeSdGm@msusst satunce was
visualized byegieffRPirl Ednymesdiif anfabEEhﬁmQJ/ b@&@luﬁéd%gé bLg@fla&EiObe ina 6%
pol yacryl am de gel . gfl ure ,3: | ane 1)." Thi s binding could be

conpet ed away°BJesE ‘de“e%%?“ pperant de pEHrbiie desin sFtFbBaErtgur e
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[00102] It was determ ned that TG-- Pl up-regulates Snail in HSC 2 and
inin vitro activated primary HSCs (Figure 4A). Use of Snail si RNAs
|l ed to a down-regul ation of Snail and a sinultaneous up-regul ati on of
Cx43 (Figure 4B). The EMSA results indicate that Snail can recognize
specifically its binding site on the rat Cx43 promoter (Figure 5A).
This binding specificity is further supported by the inability of
Snail to bind to.the mit at ed consensus sequence. On the other hand,
the down-requlG$i'8H8FVsnai | using si RNA di mi ni shed the binding
(Figure 5B). Furthernore, the results indicate that TG-- Pl treatnent
| eads not onl 04681 anFarpranwies tee SIRNSMBdyl comprise 2 a¢nsosttand lning tesemsee i n
the bindi ng of, [ F

[ 00103] TGF431 &?‘?f%"é%% A ‘%‘EU A E@dﬁ??iﬁgﬁgbaﬂ%& it %ﬁgeﬂse strand
expressi on of "PERA FEnee/d)U BOEHI AU GaAkErG AT EQ ID NO: 7]

proliferation “mpa.lm\ﬂﬁ it arrec@é adalﬁgsthe Shieaht AsC gBDRIENEAW A hh@ results
of Shen and col |l ea i RNAs were transfected into

(Figure 7A) amdtHs Haﬁoerg] ‘@)@Eéragﬁcmmﬁﬂﬁé?tsfw Higgep fC@F%%“é) sl ower
than their noelehiboisf BeHRdA GRYBSEITRAS tciscaFaiimaing fiY s@udheciegse i n

cell nunmber (Ei ure 7, C an

i npl yi ng t hat A‘f@é @ié%g}ﬁ%gh]g%dfﬁggéiéﬁb éﬁa Ig|§ta’}5‘rse6‘ls"l Fiap al"%i% to
sone degree t Heeugmc&XYWas AUG-ALG GMGC@dJA@duﬂdfro[rSEQrID@&} Ilomﬂdmer and
PCNA expr essi i ng Snai l
si RNA (Fi gur eggg\! .A%f %E)e&tgg%%ﬁ?‘qlﬁe%ﬁeg%ﬁ%tﬁgﬁgrﬁg(PUP éj;%% |¢:@At| ons
cited in this[SEEINQCAl ndre tamnﬁéRmGaah_ﬁﬁﬁ’rW&t@sgeb,ﬁqrrem) ence as

i f each individual publication or patent application were

speci ficall y pmnﬂs] ndiHhak drU@HérYo éffédﬂtﬁ@do&d régd1af6h, kHRGAT PO BelRFbsRYio
reference. ﬁ Cltt atsl pétﬁjo dcathl on.is Eﬁ i ts gx'ASCl osure
prior to the FFFTHRY %j aal?'\la S qUnB e gEsEERENALBES BEY R 2 adni ssi on
that the pr eseucleotutmemdlnglrhelssmrotforem;ﬁd wxdhcikid aadwﬁ:d:at:mtmmgh

g;g L: ]??E:Ia?:’lolrjlxua?}r% d; atcﬁgnogefculg%lg% all(l: s?(ﬂ‘ttllai%@%pt[oogll d Sa}mésense ranscn}g} pr thi S,,
and "the" i nc$rugi@stmh@ﬂdaﬁelfwc@ﬂé@m@ev syliwésrsﬂepwecapdm @Sfprrmﬂmowe-

dictates ot heiwh& SIR&& Ls&aﬂanlaﬂmfememe@@@lsfmg@s]b@ém@me&&}enmpended
clainms, the terns npri se' conpri sing onprises” and ot her

forns of thes%’nfhs%*%?é “ﬁ?ae“”Flﬁ‘tcéﬂélé’&Flﬁ'Wl %Yﬁ@esr’fdPFﬂquﬁflldlSﬁgdﬁr%'@P'ﬁ@i’aye
sense, that iBiolofPcibrig ittlifiqRaks deSetbad ato®si t ed el enents or conponents
wi t hout excl udi ng any other el enent or conponent. Unl ess defined

e 2o 2 1goBaNT A% WA ASE SRR dref IRCHAPE. ARIEL, Kl

same meani ng i ‘nar
art to which thppgeng lntvéwwlbwllbbp@mgges %@@m@]&&bﬂ N@hﬁgigelttrﬁélmfvmg égoi ng

i nvention has,hge eftq@e?g%ﬁtlb%ﬁ cun aﬁamo m@s@w to nyerawn@&xds' SrsiA gt ion

and exanpl e for purposes of clarity of understanding, it is readily
apparent to tWﬂ‘éé“‘i?fi“’%)Fﬂ‘ﬁrf’aFi/mé’R'f"P'FegP'ﬁtetﬂﬁé{S&‘rRm‘if?fatllqng'lﬁtt"“&SPf@F‘Fé
teachings of this invention that certain changes and nodifications

may be nade tI0@6&t o The ot maepartfonngd fortbiaohtaet os i HSC affictes bppe of the

appended cl ai : I i , . Bar ber ey o Sti nes J.
R B ondel - ekl SPERRIBRE redle o SRERCLAREY RSOy, S,

junctional i reeiribekd tabais invelrrinFaaing bepadapecistoya bgpatyafiiI@RAE?ated

techni que: a fQMRALALIHSE Bl HQWivafdh QLAE chﬁnlring] hepatROitlokis or a hepatic

fibrosis related disorder.

an"

[0066] Thus, the HSC in which proliferation is to be inhibited may be an HSC in
vivo in a subject in need of treatment of hepatic fibrosis or a hepatic fibrosis related

disorder, including a mammal, including a human.
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L. Contreras, ihclulles adlﬁﬁ@@rmgiﬂmff]smmeﬁmmmsoft!hmgamsitaessusj,ectamﬁb tiritj ury J
CK‘lel,I{I\EPthI Ol ‘]e?%ctwg glgOLé@ZaS USI‘:% hean m&atg aP] §m%un§%gcl’1\ig at ’(1%366&? an@ne
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[0070]  The concentration and amount of the agent or a nucleic acid encoding the
agent to be administered will vary, depending on the hepatic fibrosis or hepatic
fibrosis related disorder to be treated, the type of cell associated with the hepatic
fibrosis or hepatic fibrosis related disorder, the type of molecule that is administered,

the mode of administration, and the age and health of the subject.

[0071]  To aid in administration, the agent that down-regulates the HSC
proliferation activity of Cx43 or a nucleic acid encoding the agent may be formulated

as an ingredient in a pharmaceutical composition.

[0072]  Therefore, there is provided a pharmaceutical composition comprising an
agent that down-regulates the HSC proliferation activity of Cx43 or a nucleic acid

encoding such an agent, and optionally a pharmaceutically acceptable diluent. Such
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with a pharmaceutlcally acceptable velncle Su;tabie veh:cfes are descrlbed for

example, in Remington’s Pharmaceutical Sciences (Remington’s Pharmaceutical
Sciences, Mack Publishing Company, Easton, Pa., USA 1985). On this basis, the
pharmaceutical compositions include, albeit not exclusively, solutions of the agent
that down-regulates the HSC proliferation activity of Cx43 or a nucleic acid encoding
such an agent, in association with one or more pharmaceutically acceptable vehicles
or diluents, and contained in buffer solutions with a suitable pH and iso-osmotic with

physiological fluids.

[0076]  The pharmaceutical composition may be administered to a subject in a
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administration and other similar factors that are within the knowledge and expertise of

the health practitioner. These factors are known to those of skill in the art and can be

addressed with minimal routine experimentation.

[0079]  Also contemplated are uses of an agent that down-regulates the HSC
proliferation activity of Cx43 or a nucleic acid encoding such an agent, including use
in the manufacture of a medicament, for inhibiting proliferation of an HSC or for
treating hepatic fibrosis or a hepatic fibrosis related disorder, including various uses in

accordance with the methods as described herein.

[0080]  The present methods and uses are further exemplified by way of the

following non-limited examples.

EXAMPLES

[0081] Materials and Methods

[0082]  Cell culture conditions: Primary hepatic stellate cells were isolated from
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by hepatic fibrosis or. a hepati i sis related disorder. 3. The
met hod of cl alreﬁ%'ef{sévrerecffog} llﬁq?" ?geﬂ/ﬁ%’g’éﬁﬁﬁt he hepatic stellate cell is an

activated hepatic stellate cell. 4. The nethod of any one of clains
Ito 3, wherei H0BBe ddemtic geflakerellvigeatmen mithaecogwinaptiinmp TEE-BL:t he
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Snai | flasks. At 60-70% cell confluence, recombinant human TGF-B1 (hnTGF-B1) was
added at a final concentration of 1 or 10 ng/ml and incubated for 2, 6, 10, 24 or 30
hours. FFor the control treatment, only phosphate-buffered saline (PBS) was given to
the cells. In some experiments, HSC-2 cells were treated with bisindolylmaleimide I
(BIM I at a final concentration of 5 pM for 30 min before treatment with 10 ng/mi

hTGE-B1.

[0084] Reverse transcription and quantitative PCR: Total RNA was isolated
from cells according to the manufacturer’s protocol (RNA 11 kit, Machery-Nagel,
Germany). All reagents for reverse transcription and real-time PCR were from
Applied Biosystems {(CA, USA). One microgram of total RNA was reverse
transcribed to cDNA in a total reaction volume of 50 ul at conditions described in the
RT kit (N8080234). Real-time PCR reactions were performed using the Fast Real
Time PCR System (Applied Biosystems). Three microlitres of cDNA were used in a
PCR reaction volume of 10 ul. The Tagman probes for target genes Cx43 and Snail,
as well as for endogenous control B-actin were Rn01433957_m1, Rn00441533 g1
and 4352341E, respectively. The PCR conditions were 95°C for 20 s and 40 cycles of
amplification at 95°C for 3 s and 60°C for 30 s.

[0085] SDS-PAGE and Western blot: Cell lysis and subsequent separation of
total protein in SDS-PAGE followed by Western blot was performed as recently
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5. The method of any one of clains 1 to 3, wherein the
down-regul ati ng conprises delivering into the hepatic stellate cel

an si RNA directed against a Cx43 transcript or a nucleic acid

nol ecul e encodi ng an si RNA directed agai nst a Cx43 transcript. 6.
The met hod of any one of clains 1 to 3, wherein the down-regul ating
conprises delivering into the hepatic stellate cell an antisense RNA

di ted t 3t lecul e

encodi ng an- aqeraetCEml AMBEarEie i er e s aAh CPREEE TR ™ 7. The
nmet hod of any TBA&wakn (IB& TsTh C&%Gq%ﬁh,eﬂ’aeﬂalﬁlntzfmadﬂlmag‘yeg&k}itl ng
S e RIGhLAG L0 NN LAt O/ R enzyme
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[0086] Immunofluorescence staining: The immunofluorescence staining of

HSC-2 cells was performed as described elsewhere (Maubach et al., 2007) using
Cx43 (C-6219, Sigma, USA) and phosphorylated Cx43 at serine 368 (pCx43 Ser368,
35118, Cell Signaling Technology, USA) antibodies at a dilution of 1:50. The
secondary antibodies anti-rabbit Alexa488 and anti-rabbit Alexa555 (Invitrogen,
USA) were used at a dilution of 1:200. Images were taken using the LEICA RMB-

DM epifluorescence microscope (LEICA, Germany).

[0087]  Analysis of gap junction intercellular communication: HSC-2 cells
were grown in a 60 mm cell culture dish overnight. At 90% ceil confluence, hnTGF-B1
(final concentration 10 ng/ml) or carbenoxolone (final concentration 40 uM) was
added and incubated for 6 hours. As control, only PBS was given to the cells.
Alternatively, BIM I {final concentration 5 uM) was added 30 minutes before the
addition of hTGF-B1. After a brief rinse in PBS, cells were incubated in D-MEM
without phenol red, containing 5, 6- carboxyfluorescein diacetate (Research Organics,
USA) at a final concentration of 50 pg/mi and incubated in a 37°C humidified
incubator for 30 min. The cells were then rinsed twice with PBS and D-MEM without
phenol red was added before proceeding with the Fiuorescence Recovery After
Photobleaching (FRAP) assay. The FRAP application included in the software
package of the LEICA TCS SP2 equipped with the DM6000 (LEICA, Germany) was
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<151> 2009-01-16 <160> 12 <170> PatentIn version 3.3 <210> 1 <211>
382 <212> PRT <213> hono sapiens <400> 1 Met Ay Asp Trp Ser Ala Leu
Gy Lys Leu Leu Asp Lys Val A n Ala 151015 Tyr Ser Thr Ala Ay Qvy
Lys Val Trp Leu Ser Val Leu Phe Ile Phe 202530 Arg Ile Leu Leu Leu
Gy Thr Ala Val Qu Ser Ala Trp Ay Asp Au 354045 @ n Ser Al a Phe
Arg Cys Asn Thr G n G@n Pro Ay Cys Gu Asn Val 505560 Cys Tyr Asp

Lys Ser Phe Pro i) & S8 inerd Son@live il S 1Ex REB VAN FE%0%8 (i By was
used. The argon laser at 488 nm was used for excitation and the fluorescence signal
was captured between 500 and 535 nm. The conditions were as follows: 5 pre-bleach
scans at 10% laser power, 40 bleach scans at 100% laser power followed by 60 post-
bleach scans at 15 seconds intervals. During the bleaching period, the Zoom mode
was used to bleach a single cell (target cell) defined in a region of interest (ROI). All
data were corrected for photobleaching during post-bleach acquisition using the whole
scanned area. The time constant of recovery, tau (1), was estimated by fitting the
corrected experimental data (OriginPro 7 SR4, OriginLab USA) to the following
function: F{t)=F, +(F, — F,)}(1—¢™"'7), with F(t) being the corrected
fluorescence intensity and F., being the asymptotic value of the fluorescence intensity.
The transfer constant (k) was calculated from & =1/7 and normalized by dividing by
the number of cells in contact with the target cell. The fluorescence recovery for each

cell was about 50%.

[0088]  Electrophoretic mobility shift assay: Based on the rat Cx43 gene
(NW_001084790), biotinylated double-stranded oligonucleotide probe '
TGCTCAACCCAGTCAGGTGATGCCTGAACAAA-3 [SEQ ID NO: 12], with the
Snail consensus sequence (underlined), was synthesized (Research Biolabs,
Singapore). In the mutated double-stranded oligonucleotide, the Snail consensus
sequence was changed to CAGGAA. Nuclear protein extract was obtained using the
NE-PER Nuclear and Cytoplasmic Extraction kit (Pierce, USA). The electrophoretic
mobility shift assay was performed using reagents from the Snail kit according to its
protocol (AY 1398, Panomics, USA). Briefly, 5 ug nuclear protein extract was
incubated in a reaction mixture consisting of poly d(I-C), 5x binding buffer and
nuclease-free water for 5 min before addition of 1 pl probe (stock 20 nM). The total
reaction volume was 10 ul. For competition assay, 2 pl unlabeled probe (stock 2 pM)
was added 5 min prior to the addition of labeled probe. The reaction was incubated at
15°C for 30 min. The samples were separated in a 6% non-denaturing polyacrylamide

gel (Invitrogen) and transferred onto a nylon membrane.

[0089]  Snail and connexin 43 siRNAs transfection: Shortly before transfection,
1-2x10° HSC-2 cells were seeded in 100 mm cell culture dishes and incubated at

37°C. The siRNA was added at a final concentration of 10 nM to I ml of D-MEM
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Anlle lle Phe Val Ser Val Pro Thr Leu Leu Tyr Leu Ala His Val
859095 Phe Tyr Val Met Arg Lys GQu Gu Lys Leu Asn Lys Lys u Qu

G u 100105110 Leu Lys Val Ala @ n Thr Asp Gy Val Asn Val Asp Met H s
Leu Lys 115120125 A n lle Qu Ile Lys Lys Phe Lys Tyr Ay Ile Au Qu
Hs Gy Lys 130135140 Val Lys Met Arg Ay Ay Leu Leu Arg Thr Tyr Ile
Ile Ser Ile Leu 145150155160 Phe Lys Ser Ile Phe Qu Val Al a Phe Leu

Leu e 80 ol Sl R SRR 2 ) 5T
180185190 Germany) and incubated for 10 min, The siRNA/transfection reagent solution was
added drop-wise to the cells and incubated for 24 or 48 hours. As mock control, only
HiPerfect reagent was added to the cells. The Snail siRNAs used were Rn_Snail 1
and Rn_Snail_3 and the Cx43 siRNAs used were Rn_Gjal_1 and Rn_Gjal 5
(Qiagen, Germany).

[0090]  Cell counting: After treatment, cells were washed once with PBS and
detached using trypsin/EDTA. Following centrifugation at 800 rpm for 4 min, the cell
pellet was resuspended in 1 ml D-MEM and the cells were counted using the forward
scafter function of the GUAVA PCA-96 (Guava Technologies, CA, USA),

[0091]  Statistical analysis: All quantitative results were presented as mean = SD.
Experimental data were analyzed using two-tailed Student’s #-test assuming equal

variances and One-Way ANOVA with Scheffé’s Post-Hoc test where applicable. The
criterion for data significance is a p-value < 0.05. The p-values presented in the figure

legends are based on the Student’s #-test, unless otherwise stated.
[0092] Results

[0093] hTGF-B1 down-regulates Cx43 transcript and protein expression: To
examine the regulation of Cx43 mRNA, HSC-2 cells were stimulated with pro-
fibrogenic hTGF-B1 for 10 hours. Real-time PCR data showed that 1 ng/ml and 10
ng/ml hTGF-B1 led to a 30% and 45% decrease of Cx43 transcripts, respectively
(Figure 1A). In addition, it was also observed that hTGF-B1 down-regulated Cx43
protein (Figure 1B and C). Similar trends in Cx43 mRNA and protein regulation were
observed when 10 days in vitro activated primary HSCs were subjected to hTGF-pB1
treatment (Figure 1A, B and C).

[0094] hTGF-B1 increases the phosphorylation of Cx43: After hTGF-B1
supplement, an increase in the phosphorylation of Cx43 at serine 368 (Figure 2A) was
observed, which is attributed to an increase in the proportion of pCx43 S368 in the
total (decreasing) pool of Cx43. The authenticity of the pCx43 band was validated by
its disappearance after A-phosphatase treatment (Figure 2A). Pre-treatment of the cells

with the protein kinase C (PKC} inhibitor BIM I followed by hTGF-B1 reduces the



Pro

Hs Gn Val Asp Cys Phe Leu Ser Arg Pro Thr GQu Lys Thr Ile

195200205 Phe Ile Ile Phe Met Leu Val Val Ser Leu Val Ser Leu Ala Leu

Asn
Arg
Al a
Phe
Pro
Cys
Tyr

210215220 Ile Ile G u Leu Phe Tyr Val Phe Phe Lys Ay Val Lys Asp
Val 225230235240 Lys Ay Lys Ser Asp Pro Tyr Hs Ala Thr Ser Ay
Leu Ser Pro 245250255 Ala Lys Asp Cys Ay Ser @n Lys Tyr Ala Tyr
Asn Ay Cys Ser 260265270 Ser Pro Thr Ala Pro Leu Ser Pro Met Ser

Pro Ay T s .Leu 5280285 L. Thr y Asp Arg Asn Asn Ser Ser
Arg Asn T;)éléosﬁ}sloﬁl?_%0@"#?%5@5%861:%%2 er Au @n Asn Trp Ala Asn
Ser Ala u G n Asn Arg Met 305310315320

[0095] Immunofluorescence staining was also performed for Cx43 and pCx43
5368 to study the cellular distribution of pCx43 §368 in FISC-2 cells. Cx43 is, to a
great extent, distributed along the membrane whereas the pCx43 S368 shows a
diffused or spotted staining in the cytoplasm with some membrane localization

(Figure 2C, arrows).

[0096] hTGF-$1 decreases gap junction intercellular communication between
HSCs: Cx43 is the major gap junction protein expressed in the HSCs and has been
shown to form functional gap junctions (Fischer er al., 2005). Here the gap-FRAP
technique (Abbaci er al., 2007) was used to analyze the GJIC between HSCs. In order
to validate this method, it was demonstrated that there is no spontaneous recovery of
fluorescence in an isolated bleached cell (Figure 3A, arrow), whereas a contacting cell
recovers about 50% of its fluorescence (Figure 3B, arrow). This indicates that the
transfer of dye from an unbleached to a bleached cell via gap junctions is indeed
being measured and not a recovery of the fluorescence signal as such. Figure 3Cis a
representative graph, depicting the recovery function fitted to the experimental data.
Carbenoxolone is an established GJIC inhibitor (Doll ef al., 1968). In the present case,
carbenoxoione reduced the dye transfer rate (k) to almost 50% (Figure 3D). This
result serves as a positive control for the reliability of the gap-FRAP technique to
measure changes in GJIC. These findings showed that the transfer rate of the
fluorescence dye 5, 6- carboxyfluorescein diacetate was significantly lower in hTGF-
B1-treated HSCs (Figure 3D), implying reduced GJIC in these cells in comparison to
PBS-treated HSCs (control). The TGF-B1-induced down-regulation of GJIC was

found to be attenuated when the cells were treated with BIM 1, a PKC inhibitor, prior

to the addition of hTGF-p1 (Figure 3D).

[0097] TGF-B1 down-regulates Cx43 expression via Snail: TGF-p1 is known
to up-regulate the expression of Snail, a zinc finger transcription factor involved in
epithelial-mesenchymal transition (EMT) (Peinado et al., 2003). Snail, on the other
hand, is necessary for the repression of the transcription of E-cadherin in epithelial
tumor cells and Cx43 during EMT (Batlle ef al., 2000; de Boer et al., 2007). Figure
4A showed that hTGF-B1 induced the Snail mRNA in cell line HSC-2 and in in vitro
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Gy @n Ala Ay Ser Thr Ile Ser Asn ser Hs Ala G n Pro Phe Asp
325330335 Phe Pro Asp Asp Asn G n Asn Ser Lys Lys Leu Ala Ala Ay Hi's
G u 340345350 Leu G n Pro Leu Ala Ile Val Asp An Arg Pro Ser Ser Arg
Al a Ser 355360365 Ser Arg Ala Ser Ser Arg Pro Arg Pro Asp Asp Leu G u
Il e 370375380 <210> 2 <211> 382 <212> PRT <213> rattus norvegi cus
<400> 2 Met Ay Asp Trp Ser Ala Leu Ay Lys Leu Leu Asp Lys Val Gn
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and 3) led to a down-regulation of Snail mRNA and protein by almost 50 percent
(Figure 4B). Concurrently, it was observed that the Cx43 was up-regulated on the
mRNA (31% and 43%) and protein (18% and 23%) level following Snail siRNA 1
and 3 transfection, respectively (Figure 4B). In order to further support the
proposition that the regulation of Cx43 could in part be mediated by Snail, an
increase in Snail was demonstrated, which corresponds to a decrease in Cx43, on
both the transcript and protein expression after h"TGF-B1 treatment up to 30 hours

(Figure 4, C and D).

[0088] Nuclear extracts of HSCs bind to the Snail consensus sequence in the
Cx43 promoter: To further assess the possibility that Snail has the potential to
regulate Cx43 gene expression, electrophoretic mobility shifi assay was performed
using a biotinylated oligonucleotide probe based on the rat Cx43 promoter containing
the Snail consensus sequence (CAGGTG) and nuclear extract from 12 days in vitro
activated HSCs. This consensus sequence is situated 1412 bp up-stream of the
transcription initiation site. The binding of Snail to its consensus sequence was
visualized by a mobility shift of the oligonucleotide probe in a 6% polyacrylamide gel
(Figure 5A, lane 1). This binding could be competed away by 200-fold excess of cold
(unlabeled) probe (Figure 5A, lane 2). In addition, no signal was detected in the
absence of the nuclear extract (Figure 5A, lane 3), and when a mutated biotinylated
probe (CAGGAA) was used, where there is a two base pair mutation in the Snail
consensus sequence (Figure 5A, lane 4), indicating that the binding observed was
specific between the Snail proteins in the nuclear extract and the probe. Similar
results were also obtained with the nuclear extract of the cell line HSC-2 (data not
shown). Likewise, using the nuclear extract of HSC-2 treated with 10 ng/ml hTGF-p1
resulted in a more intense band, while cells transfected with Snail siRNAs produced
weaker bands (Figure 5B}, further exemplifying the specificity of the binding between

Snail and its consensus sequence in the Cx43 promoter.

[0099]  Connexin 43 regulates HSC proliferation: TGF-B1 is known to regulate
the proliferation of cells. The effect on the proliferation of HSC-2 was demonstrated
using cell count and immunoblot analysis of the proliferation marker, proliferating

cell nuclear antigen (PCNA). Treatment of HSC-2 with hTGF-1 led to a significant
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93231-594 sequence listing[1l].ST25 Arg Ile Leu Leu Leu Gy Thr Al a
Val Qu Ser Ala Trp Ay Asp G u 354045 G n Ser Ala Phe Arg cys Asn
Thr Gn Gn Pro Ay Cys Au Asn Val 505560 Cys Tyr Asp Lys Ser Phe
Pro Ile ser His Val Arg Phe Trp val Leu 65707580 Gn Ile Ile Phe val
ser Val Pro Thr Leu Leu Tyr Leu Ala His Val 859095 Phe Tyr val Met
Arg Lys AQu G u Lys Leu Asn Lys Lys Au Gu dJu 100105110 Leu Lys val

G ile Lys LydulinGlediniperds it i nit oLy 8 i B0 val

Lys nmet Arg thﬁlﬂf‘;guteéuB hﬂiﬁ)AAgarﬂTMH GYC, the elebdnee GeTx43 Inahd BGF-B1-
dependent regulation of HSC proliferation was investigated by using Cx43 siRNA to
attenuate Cx43 mRNA level. Transfection of Cx43-specific siRNA 1 and 5 into
HSC-2 caused the down-regulation of Cx43 mRNA by about 65% in both cases,
demonstrating the efficacy of the siRNAs (Figure 7A). Cell counting was performed
after 48 hours treatment with Cx43 siRNA 1 and 5 to assess the cell proliferation.
Figure 7B illustrates clearly a significant decline in the total number of cells after
transfection with Cx43 siRNAs in comparison to mock-transfected cells. Similarly,
Cx43 siRNAs also led to a reduction in the expression of Cx43 protein (Figure 7, C
and D), justifying the assumnption that the Cx43 protein could be responsible for this
decline. Furthermore, lower expression of PCNA in Cx43 siRNAs-transfected cells
occurred than in mock-transfected cells (Figure 7, C and D). It was also found that the
TGF-B1-down regulation of cell proliferation was attenuated by transfecting HSC-2
cells with Snail siRNA (Figure 8, A and B).

[00100] Summary

[00101] The data reveals that exogenous hTGF-B1 reduces Cx43 transcript and
protein in a HSC cell line and in in vitro activated primary HSCs (Figure 1).
Additionally, there is an increase in the phosphorylation of Cx43 (Ser368) in the
hTGF-B1-treated cells (Figure 2A). Results indicate that the PKC is responsible for
the phosphorylation of Cx43 at serine 368 (Figure 2B and 3D). This observation is
consistent with earlier findings on serine 368 phosphorylation in Cx43 by PKC
(Lampe ef al., 2000). The cytosolic and partial membrane distribution of pCx43
(5368) shown by immunofluorescence (Figure 2C) also suggests that the
phosphorylation can affect not only the channel gating (Lampe et al., 2000), but also
the trafficking and assembly into connexons. (Solan and Lampe, 2005). Taken
together, the consequence is a lowered GJIC among the hTGF-f1-treated HSCs in
comparison to control, as shown by gap-FRAP experiments (Figure 3D). In other
words, regulation of Cx43 by TGF-P1 appears to be bipartite, brought about by the
short term (6h) increase in pCx43 (Ser368) and the long term (24h) down-regulation

of Cx43 expression.
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145150155160 Phe Lys Ser Val Phe Qu val Ala Phe Leu Leu Ile Gn Trp
165170175 Tyr Ay Phe Ser Leu Ser Ala val Tyr Thr cys Lys
Cys 180185190 Pro Hi's G n val Asp cys Phe Leu ser Arg Pro

Tyr

Ile
Pro
Lys
Leu
Val

Thr
Tyr
Pro

Thr 1l1e 195200205 Phe Ile Ile Phe Met Leu Val Val Ser Leu
Ala Leu Asn 210215220 Ile Ile G u Leu Phe Tyr VaI Phe Phe
Lys Asp Arg Val 225230235-240 Lys Gy Arg Ser Pro Tyr
Thr

A THPBRR ach &Gy 8 B dermEhd mﬂ@f%sz A r o

Met  Sewro Rttivattt prickdry HIQY (Fleyi 4@ Wse of Snail siRNAs led to a down-

regulation of Snail and a simultaneous up-regulation of Cx43 (Figure 4B). The
EMSA results indicate that Snail can recognize specifically its binding site on the rat
Cx43 promoter (Figure 5A). This binding specificity is further supported by the
inability of Snail to bind to the mutated consensus sequence. On the other hand, the
down-regulation of Snail using siRNA diminished the binding (Figure 5B).
Furthermore, the results indicate that TGF-B1 treatment leads not only to an increase
in Snail, but also to an increase in the binding of Snail to its consensus sequence

(Figure 5B).

[00103] TGF-PB1 decreased the cell number (Figure 6A), and the expression of
PCNA (Figure 6, B and C), a marker for cell proliferation capability, of HSCs, which
is coherent with the results of Shen and colleagues. Cx43 siRNAs were transfected
into HSCs (Figure 7A) and HSCs after Cx43 siRNA transfection proliferate slower
than their mock-transfected counterparts as shown by a decrease in cell number
(Figure 7B) and PCNA expression (Figure 7, C and D), implying that TGF-Bt may
mediate its effect on HSC proliferation to some degree through Cx43. TGF-B1
induced reduction in cell number and PCNA expression is attenuated by the

suppression of Snail using Snail siRNA (Figure 8).

[00104] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The
citation of any publication is for its disclosure prior to the filing date and should not
be construed as an admission that the present invention is not entitled to antedate such

publication by virtize of prior invention.

[00105] As used in this specification and the appended claims, the singular
forms *“a”, “an” and “the” include plural reference unless the context clearly dictates
otherwise. As used in this specification and the appended claims, the terms
“comprise”, “comprising”, “comprises” and other forms of these terms are intended in
the non-limiting inclusive sense, that is, to include particular recited elements or

components without excluding any other element or component. Unless defined
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275280285 Val Thr Ay Asp Arg Asn Asn ser ser cys Arg Asn Tyr Asn Lys
G n 290295300 93231-594 sequence listing[1l].ST25 Ala Ser AQu G n Asn
Trp Ala Asn Tyr Ser Ala GQu G n Asn Arg Met 305310315320 Ay Gn Ala
Gy Ser Thr Ile Ser Asn Ser His Ala G n Pro Phe Asp 325330335 Phe Pro
Asp Asp Asn G n Asn Ala Lys Lys Val Ala Ala Ay H's du 340345350 Leu
Gn Pro Leu Ala Ile val Asp Gn Arg Pro Ser Ser Arg Ala Ser 355360365
fgrloérg Ala Sotler%&flesre afa\{eg}mcaloand cgentljf"tc terms usé%%%remqaaveghe salmle%egrgl(l)g3a755380

commonly understood to one of ordinary skill in the art to which this invention

belongs,

[00106] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from

the spirit or scope of the appended claims.
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225230235240 Cys Ala Arg Thr Phe Ser Arg Met Ser Leu Leu His Lys Hi s
G n Ju 245250255 Ser Gy Cys Ser Ay Cys Pro Arg 260 <210> 4 <211>
264 <212> PRT <213> rattus norvegi cus <400> 4 net Pro Arg ser Phe Leu
Val Arg Lys Pro Ser Asp Pro Arg Arg Lys 151015 Pro Asn Tyr Ser GQu

Leu G n ASWHMBRISYSL AMIED i$: Phe Thr Phe G n 202530 G n Pro Tyr Asp
Gn Ala Hs Leu Leu Ala Ala Ille Pro Pro Pro A u 354045 val Leu Asn

Pro Ala Ala Ser, Ley Pro . .Thy. Leu I]e Trp Ser Leu 505560 Leu Val
Pro Gn val G s BRHIOGA! ingibitivg prokeratior 0@3 npie stelefe apl i vitro,

comprising:

directly down-regulating the hepatic stellate cell proliferation activity of

connexin 43 in the hepatic stellate cell.

2. The method of claim 1, wherein the hepatic stellate cell is a hepatic stellate

cell affected by hepatic fibrosis or a hepatic fibrosis related disorder.

3. The method of claim 1 or claim 2, wherein the hepatic stellate cell is an

activated hepatic stellate cell.

4. The method of any one of claims 1 to 3, wherein the down-regulating
comprises delivering into the hepatic stellate cell Snail or a nucleic acid molecule

encoding Snail.

5. The method of any one of claims 1 to 3, wherein the down-regulating
comprises delivering into the hepatic stellate cell an siRNA directed against a Cx43
transcript or a nucleic acid molecule encoding an siRNA directed against a Cx43

franscript.

6. The method of any one of claims 1 to 3, wherein the down-regulating
comprises delivering into the hepatic stellate cell an antisense RNA directed against a
Cx43 transcript or a nucleic acid molecule encoding an antisense RNA directed

against a Cx43 transcript.

7. The method of any one of claims 1 to 3, wherein the down-regulating
comprises delivering into the hepatic stellate cell a DNA enzyme directed against a
Cx43 transcript or a nucleic acid molecule encoding a DNA enzyme directed against a

Cx43 transcript.
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65707580 G u Ser Pro Arg Ala Ala Gu Leu Thr Ser Leu Ser Asp G u Asp
Ser 859095 Gy Lys Ser Ser Gn Pro Pro Ser Pro Pro Ser Pro Ala Pro
Ser Ser 100105110 Phe Ser Ser Thr Ser Ala Ser Ser Leu Gu Ala Qu Al a

Phe Ile Aga 113120125 af¥ie (1Rt QowhYeditedIhy hepaticlseillafy lllpystifeafioheu Al a
Arg Leu ser .val 130135140 93231-594 sequence listing[1l].ST25 Ala

Lys Asp Prglidheisennaiy 4} gsa preeiphgidagplenyje endpdinpan agpat thafidown-
145150155 %g#\.}%%%ghgpa-[ﬁrstehg{‘é =f rprr.lﬂﬁgrago%{ aé&\ﬁtﬁ?%oﬁe%ilm inh!'hé e Arg

Ser Hs 1
manufacture of a medicament for inhibiting proliferation of a hepatic stellate cell.

9. Use of an agent that down-regulates the hepatic stellate cell proliferation
activity of connexin 43 or a nucleic acid molecule encoding an agent that down-
regulates the hepatic stellate cell proliferation activity of connexin 43 in the
manufacture of a medicament for treating hepatic fibrosis or a hepatic fibrosis related

disorder in a subject.
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ucugagugcc gcgugacuuc gccuuaggca cugucaguac ggagaugagc uaugacaagu
ucuguaccca cugaacaaga cacuugaagc aaaaugcgag gagguggccu acuugcaaaa

aaaaccaucu ugaacuugcCc acuacuuuua aacuccuuga uuuucauuuu agucugccuu
cuuucccaau cacucuugua aagaggaaga agauugagau ggg uugcu ucuugcugau

gagaucccug ucaucaucuu JacHy ﬂhsay@aaaagagﬂw %8 aa ccgaauccug
UCQUUIUIRAC1GUSHC 3T UG, GeHAgQUEAUTACHEARYPIUY sAR/QATAGDBHE cgegaaccuac

ccagugguac Cccacascag caugcuggugllmcuucauccu uggugrccag gccuacucaa
cugcugggga acucagcaac cgcuucuggg guguucuaug gcccaaacug aaguacggua

aucaucagyq,iauehaigoat FYoafeUOIUs QUAHS GYHOG » £GARBORGMYECaacauggg
cugcuggagg caggsgguuga cugguugiya uccugcagau upmugcgaaa auggugucaa

uugaagagca uccucuucaa ucagcuugag uccucucucg ugucccuggc caaucacuug
ugacuggagCr19aaQopio g, JUGagGCHa9s QaRMIYEY GG -CAHARTIGHY ggaagagaaa

uguggacaugilggguaaggug gucuEEBcuUU ugcuguuuazoccccacggag cuugaauauc

93231- 594 auugaacucu ucuauguuuu cuucaagggc

ITe I'le Glu Leu Phe Tyr val Phe Phe Lys G?y val Lys Asp Arg val
225 230 35 240

Lys Gly Lys Ser Asp Pro Tyr His Ala Thr Ser Gly Ala Leu Ser Pro
245 250 255

Ala Lys Asp Cys Gly Ser Gin Lys Tyr Ala Tyr Phe Asn Gly Cys Ser
260 265 270

Ser Pro Thr Ala Pro Leu Ser Pro Met Ser Pro Pro Gly Tyr Lys Leu
275 280 285

val Thr Gly Asp Arg Asn Asn Ser Ser Cys Arg Asn Tyr Asn Lys GlIn
290 295 300

Ala Ser Glu GIn Asn Trp Ala Asn Tyr Ser Ala Glu Gln Asn Arg Met
305 310 315 320

Gly Gln Ala Gly Ser Thr Ile Ser Asn Ser His Ala Gln Pro Phe Asp
325 330 335

Phe Pro Asp Asp Asn GIn Asn Ser Lys Lys Leu Ala Ala Gly His Glu
3

Leu GIn Pro Leu Ala Ile val Asp Gln Arg Pro Ser Ser Arg Ala Ser
355 360 365

Ser Arg Ala Ser Ser Arg Pro Arg Pro Asp Asp Leu Glu Ile
370 375 380

<210> 2

<211> 382

<212> PRT

<213> rattus norvegicus

<400> 2
Met Gly Asp Trp Ser Ala Leu Gly Lys Leu Leu Asp Lys Val Gln Ala
i 5 10 15

Tyr Ser Thr éga Gly Gly Lys val ;rp Leu Ser val Leu phe Ile Phe
5
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ccuuaccaug cgaccagugg ugcgcugagc gcuuauuuca auggcugcuc cucaccaacc
uacaagcugg uuacuggcga cagaaacaau agugagcaaa acugggcuaa uuacagugca
accaucucua acucccaugc acagccuuuu aaacuagcug cuggacauga auuacagcca
agagccagca gucgugccag cagcagaccu  sequence 1 guuaaggauc ccugccaaag

gcuccccucu _ucuucuu addadlanes ¢eclé tuué@b ddug cggccugaug
i sti ng[*pP.5F2 m@b&ﬁ&ﬁ&%@ ag%b gﬁ@g@éea g’AEgéééauau960
cgccuauguc uccuccuggglOZO gcaauuacaa caagcaagca1080 gaauggggca

99°000230c1 140, augauaacea aayuoUraatZe0, Yg9aceady accucaage1zes

Cys Tyr Asp Lys Ser Phe Pro Ile Ser His val Arg Phe Trp val Leu
65 70 75 80

Gin Ile 1le Phe val ser val Pro Thr Leu Leu Tyr Leu Ala His val
85 90 95

Phe Tyr val Met Arg Lys Glu GIu Lys Leu Asn Lys Lys Glu Glu Glu
100 105 110

Leu Lys val Ala GIn Thr Asp Gly val Asn val Glu Met His Leu Lys
115 120 125

GIn Ile Glu ITe Lys Lys Phe Lys Tyr Gly Ile Glu Glu His Gly Lys
130 135 140

val Lys Met Arg Gly Gly Leu Leu Arg Thr Tyr ITe Ile Ser Ile Leu
145 150 155 160

Phe Lys Ser val Phe Glu val Ala Phe Leu Leu Ile GIn Trp Tyr Ile
165 170 175

Tyr Gly Phe Ser Leu Ser Ala val Tyr Thr Cys Lys Arg Asp Pro Cys
180 185 190

Pro His G1n val Asp Cys Phe Leu Ser Arg Pro Thr Glu Lys Thr Ile
195 200 205

Phe I1e Ile Phe Met Leu val val Ser Leu val Ser Leu Ala Leu ASh
210 215 220

ITe ITe Glu Leu Phe Tyr val Phe pPhe Lys Gly val Lys Asp Arg val
225 230 235 - 240

Lys Gly Arg Ser Asp Pro Tyr His Ala Thr Thr Gly Pro Leu Ser Pro
245 250 255

Ser Lys Asp Cys Gly Ser Pro Lys Tyr Ala Tyr Phe Asn Gly Cys Ser
260 265 270

Ser Pro Thr Ala Pro Leu Ser Pro Met Ser Pro Pro Gly Tyr Lys Leu
275 280 285

val Thr Gly Asp Arg Asn Asn Ser Ser Cys Arg Asn Tyr Asn Lys GIn
290 295 300
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<211> 21 <212> DNA <213> artificial <220> <223> synthetic nucl eotide
<400> 6 cagugcacau guaacuaaut t21 <210> 7 <211> 21 <212> DNA <213>
artificial <220> <223> synthetic nucl eotide <400> 7 auuaguuaca

ugugcacugt t21 <210> 8 .
93231-594 sequence 1istingfl].sT25

Ala Ser Glu GIn Asn Trp Ala Asn Tyr Ser Ala Glu GIn Asn Arg Met
305 310 315 320

Gly G61In Ala Gly Ser Thr Ile Ser Asn Ser His Ala GIn Pro Phe Asp
325 330 335

Phe Pro Asp Asp Asn Gln Asn Ala Lys Lys val Ala Ala Gly His Glu
340 345 350

Leu GIn Pro Leu Ala Ile val Asp Gln Arg Pro Ser Ser Arg Ala Ser
355 360 365

Ser Arg Ala Ser Ser Arg Pro Arg Pro Asp Asp Leu Glu Ile

370 375 380
<210> 3
<211> 264
<212> PRT
<213> homo sapiens
<400= 3

Tet Pro Arg Ser Phe Leu val Arg Lys Pro Ser Asp Pro Asn Arg Lys
5 10 15

Pro Asn Tyr ger Glu Leu GIn Asp Ser asn Pro Glu Phe Thr Phe GIn
0 25 30

Gln Pro gyr Asp GIn Ala His Leu Leu Ala Ala Ile Pro Pro Pro Glu
5 40 45

Ile Lgu Asn Pro Thr Ala Ser Leu Pro Met Leu Ile Trp Asp Ser val
5 55 60

Leu Ala Pro GIn Ala Gin Pro Ite Ala Trp Ala Ser Leu Arg Leu Gln
65 70 75 80

Glu Ser Pro Arg val Ala Glu Leu Thr Ser Leu Ser Asp Glu Asp Ser
85 90 95

Gly Lys Gly Ser GIn Pro Pro Ser Pro Pro Ser Pro Ala Pro Ser Ser
100 105 110

Phe Ser Ser Thr ser val Ser Ser Leu Glu Ala Glu Ala Tyr Ala ala
115 120 125

Phe Pro Gly Leu Gly GIn val Pro Lys GIn Leu Ala GIn Leu Ser Glu
130 135 140

Ala Lys Asp lLeu GlIn Ala Arg Lys Ala Phe Asn Cys Lys Tyr Cys Asnh
145 150 155 160

Lys Glu Tyr Leu Ser Leu Gly Ala Leu Lys Met His Ile Arg Ser His
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<211> 21 <212> RNA <213> artificial <220> <223> synthetic nucl eotide
<400> 8 aacagugcac auguaacuaa u2l <210> 9 <211> 21 <212> DNA <213>
artificial <220> <223> synthetic nucl eotide <400> 9 gguaagcuuc

ccuggucuat t21 <210> 10 <211> 21 <212> DNA
93231-594 sequence Tistingl[l].sT25
165 170 175

Thr Leu Pro Cys val Cys Gly Thr Cys Gly Lys Ala Phe Ser Arg Pro
180 185 190

Trp Leu Leu GIn Gly His val Arg Thr His Thr Gly Glu Lys Pro Phe
195 200 205

Ser Cys Pro His Cys Ser Arg Ala Phe Ala Asp Arg Ser Asn Leu Arg
210 215 220

Ala His Leu Gln Thr His Ser Asp val Lys Lys Tyr Gln Cys Gln Ala
225 230 235 240

Cys Ala Arg Thr Phe Ser Arg Met Ser Leu Leu His Lys His GIn Glu
245 250 255

Ser Gly Cys Ser Gly Cys Pro Arg
260

<210> 4

<21l> 264

<212> PRT

<213> rattus norvegicus

<400> 4
Met Pro Arg Ser Phe Leu val Arg Lys Pro Ser Asp Pro Arg Arg Lys
1 5 10 15

Pro Asn Tyr Ser Glu Leu Gln Asp Ala Cys val Glu Phe Thr Phe GlIn
20 25 30

Gin Pro Tyr Asp Gln Ala His Leu Leu Ala Ala Ile Pro Pro Pro Glu
35 40 45

val Leu Asn Pro Ala Ala Ser Leu Pro Thr Leu Ile Trp Asp Ser Leu
50 55 60

Leu val Pro GIn val Gla Pro val Ala Trp Ala Thr Leu Pro Leu Arg
65 70 75 80

Glu Ser Pro Arg Ala Ala Glu Leu Thr Ser Leu Ser Asp Glu Asp Ser
85 S0 95

Gly Lys Ser Ser GIn Pro Pro Ser Pro Pro Ser Pro Ala Pro Ser Ser
100 105 110

Phe Ser Ser Thr ser Ala Ser Ser Leu Glu Ala Glu Ala Phe Ile Ala
115 120 125

Phe Pro Gly Leu Gly GIn Leu Pro Lys GIn Leu Ala Arg Leu Ser val
130 135 140

Page 5



<213> artificial 93231-594 sequence listing[1l].8T25 <220> <223>

synt hetic nucl eotide <400> 10 uagaccaggg aagcuuacct t21 <210> 11
<211> 21 <212> RNA <213> artificial <220> <223> synthetic nucl eoti de
<400> 11 cagguaagcu ucccu%gucu a2l <210> 12 <211> 32 <212> DNA <213>
artificial <220> <223> symR&tiP84 mgeY¥6e| detmddd- 5125 t gct caaccce

agt caggt ga tgcctgaaca aa32

Ala Lys Asp Pro GIn Ser Arg Lys Ala Phe Asn Cys Lys Tyr Cys Asnh

145 150 155 160
Lys Glu Tyr Leu Ser Leu Gly Ala Leu Lys Met His Ile Arg Ser His
165 170 175
Thr Leu Pro Cys val Cys Thr Thr Cys Gly Lys Ala Phe Ser Arg Pro
180 185 190
Trp Leu Leu GIn Gly His val arg Thr His Thr Gly Glu Lys Pro pPhe
195 200 205
Ser Cys Ser His Cys Asn Arg Ala Phe Ala Asp Arg Ser Asn Leu Arg
210 215 220
Ala His Leu Gln Thr His Ser Asp val Lys Arg Tyr Gln Cys Gln ala
225 230 235 240
Cys Ala Arg Thr phe Ser Arg Met Ser Leu teu HMis Lys His Gln Glu
245 250 255
Ser Ggly Cys Ser Gly Gly Pro Arg
260
<210> 5§
<211> 1314
<212> RNA
<213> homo sapiens
<400> 5
ggcuuuuagc gugaggaaag uaccaaacag cagcggaguu udaaacuuua aauagacagg 60
ucugagugec ugaacuugcc uuuucauuuu acuucauccu ccaaggaguu caaucacuug 120
gcgugacuuc acuacuuuua agcaaaagag uggugcccag gcaacauggg ugacudgage 180
gccuuaggeca aacuccuuga caagguucaa gccuacucaa cugcuggagg gaaggugugg 240
cugucaguac uuuucauuuu ccgaauccug cugougggga cagcgguuga gucagocugyg 300
ggagaugagC agucugccuu ucguuguaac acucagcaac cugguugluga aaaugucugc 360
uaugacaagu CuuuccCaau cucucaugug cgcuucuggg uccugcagau cauvauuugug 420
ucuguaccca cacucuugua ccuggcucau guguucuaug ugaugcgaaa ggaagagaaa 480
cugaacaaga aagaggaaga acucaagguu dgcccaaacug auggugucaa uguggacaug 540
cacuugaagc agauugagau aaagaaguuc aaguacggua uugaagagca ugguaaggug 600
aaaaugcgag ggggguugcuy gcgaaccuac aucaucagua uccucuucaa gucuaucuuu 660
gagguggccu ucuugcugau ccagugguac aucuauggau ucagcuugag ugcuguuuac 720
acuugcaaaa gagaucccug cccacaucag guggacuguu uccucucucg ccccacggag 780
adaaccaucu ucaucaucuu caugcuggug guguccuugg ugucccugge cuugaauauc 840
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auugaacucu ucuauguuul cuucaagggc
ccuuaccaug cgaccagugg ugcgcugage
gcuuauuuca auggcugouc Cucaccaacc
uacaagcugg uuacuggcga cagaaacaau
agugagcaaa acugggcuaa uuacagugca
accaucucua acucccauge acagcocuuuu
aaacuagclug cuggacauga auvacagcca

agagccagca gucgugecag cagcagaccu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

93231-594 sequence listing[l].5T25

6

21

DNA
artificial

synthetic nucleotide

6

cagugcacau guaacuaaut t

<210>
<211>
<Z212>
<213>

<220>
<223>

<400

7

21

DNA

artificial

synthetic nucleotide

7

auuaguuaca ugugcacugt t

<210>
<211
<212>
<213>

<220>
<223>

<400>

8

21

RNA
artificial

synthetic nucleotide
8

aacagugcac auvguaacuaa u

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

9

21

DNA
artificial

synthetic nucieotide

9

gguaagcuuc ccuggucuat t

<210>
<211>
<212>

10
21
DNA

guuaaggauc
ccugccaaag
geuccccoucy
ucuucuugee
gaacaaaauc
gauuuccecg
cuagccauug

cggccugaug
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ggguuaaggg
acuguggguc
cgccuauguc
gcaauuacaa
gaauggggea
augauaacca
uggaccagcg

accuggagau

aaagagcgac
ucaaaaauau
uccuccugagg
caagcaagca
ggcgggaage
gaauucuaaa
accuucaagc

cuag

900

960
1020
1080
1140
1200
1260
1314

21

21

21

21



93231-594 sequence listing[1l].5T25

<213> artificial

<220>
<223> synthetic nucleotide

<400> 10
uagaccaggg aagcuuacct t

<210> 11

<211> 21

<212> RNA

<213> artificial

<220>

<223> synthetic nucleotide
<400> 11

cagguaagcu ucccuggucu a

<210> 12

<211> 32

<212> DNA

<213> artificial

<220>

<223> synthetic nucleotide
<400> 12

tgctcaacce agtcaggtga tgcctgaaca aa
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