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

CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application clains
benefit olo2@1nbsprosority from U.S. provisional patent applsicaatoioosoNo.

61/ 193,998, filed on January 16, 2009, the contents of which are hereby

i ncorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to nethods of inhibiting proliferation of a hepatic
stellate cell. BACKGROUNDOF THE | NVENTI ON [ 0003] The hepatic stellate cells
(HSCs) play an inportant role in the repair process after liver injury by
contributing to the accumul ation of the extracellular matrix (ECM

proteins. EssRRAETHOP ORSINHABISIN @ PROMEERATION OF HERBAIIE and
contractile nyof brobl ast-|ikeSTEbbAyKle CEBLS activati on process is
initiated and sustained by both paracrine and autocrine signaling involving

numer ous cy Laes timul ation depends
on many di fmsg Eﬁf@%&‘fe@?ﬂﬁ@% UBAPE’?L@?E@PE t he hepat ocytes,
endot hel i al I at Iets nd cells, The cell.s secrete

di fferent cyﬁﬁﬂineggl %% §ﬁ§é£9{Bﬁﬁﬁm“gﬁﬁmkéﬁsﬂ¥9v% n, 2008).

[ 0004] HSCsz&érﬂahﬂicht&)ﬂQdo.%@/l%,a%,ﬁleﬁ@heaﬂuar}lmmwwh@@@ﬂﬁﬁi(vaﬂ‘flclﬁ nunber of
clinically i Fant cond éion h as, for exanple, hepatic fibrosis,
cirrhosis, {6 F@ Y RoyepraisA dprsiy ﬁ e[eter cancer (Geerts (2004), J. Hepatol
40(2): 33 1) Hence, HSCs have al so becone a target for the devel opnent of
anti-fi br ot EEUROITEE (IRVBENTIONt al, (2001), Senin Liver Dis.
21(3):437; Bataller et al., (2005), J. CHn I nvest. 115(2):209; Friedman
(2003), J. mpalol ThS§resBrpPilentioSroites th AREJs Hhhiviahs praliRtatidpCsai s a

dom nant event i brogenesis. During activation, quiescent vitamn A
storing cel %”%ﬁge ¥€rted into proliferative, fibrogenic, proinflamatory
and contractile 'nyofibroblasts' (Friedman (2003), J.Hepatol.. 38 Suppl

1: S38; Bat aBATKGROUNIPOF THEINVENTIEN 115(2):209; Cassinman et al.
(2002), J. Hepatol. 36(2):200). HSC activation proceeds along a conti nuum

that i nvol vER0R] 0OgTRSEdpYt: GdIRRALHEs (HECEPplay bidimporat rd1O M the Repuirvo, activated

HSCs m grate and umul ate at the sites of tissue repair, secreting |arge
amount Sgof BIORASS ai‘?er(flvgu injury by contnjl.l)utmg to the accumulatlson of the%xtracellular g g

matrix (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] HSCsare believc;d to play a role in the pathogenesis of a number of
clinically important conditions such as, for example, hepatic fibrosis, cnrrh051s 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 et al:, (2005), J. Clin Invest.
115(2):209; Friedman (2‘003)', J. Hepatol. 38 Suppl 1:S38).

[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.



conponents and regul ati ng ECM degradation (Cassiman et al. (2002), J.
Hepatol . 36(2):200). SUMVARY OF THE | NVENTI ON [ 0006] In one aspect, the
present iwoentoosmopr ovi des a nethod of inhibiting proli fPersiG2orn/ 006002

hepatic stellate cell, conprising directly down-regul ating the hepatic
stellate cell proliferation activity of connexin 43 in the hepatic stellate
cell. [0007] The hepatic stellate cell may be in vitro or in vivo, and nmay

be af f ect edubyrdresgaubpl If $33¢ BstaBer@f a/a2b@NAL. iCTinfIils0 81 %2) @bt Keimdh sor der . The
hepatic stell at e cell may be anp(?)cti vated hepatic, stellate cell. [0008]

Down- r egul at Ph&F U8R /ddmsra’ 8PPy ESCragtivaites praseedsalone pcondinBym 3 cel | one

of the fol | gy proandkibe ciinBdiGh EdIlad EinbtidiP| IR GHb CacBMEQNISC igdkd » an si RNA
di rected agai nst a Cx43 transcript, a nucleic acid nol ecul e encodi ng an

si RNA di r ecind dcaguiatesat the siigsof tispugriepair sseretipg laggeramounis of FNM di r ect ed agai nst

a Cx43 tranghiobfints Ad Pebol8he Ea§] 4 %Ltﬁ%{‘\{]ggssﬁ%oeqian@@@), 3dpapnse RNA
directed agai nst a Cx43 transcri ptg, a enzyne directed ggal nst a Cx43

transcri pt ¥2)20Mucl ei ¢ aci d nol ecul e .encodi ng a DNA enzyne directed
agai nst a Cx43 transcript. [0009] In another aspect, the present invention

provi des usgmh\?m NN | ates the hepatic stellate cell
proliferation actl vﬁ?%?ﬁ:%nnem nTZ?f)r a nucleic acid nmol ecul e encodi ng
an agent 't Nghoglo W silB e bdGnP ARG Iof pRIvilel 818 bl nRlbflnsf erat i on

4 or | ol i a

activity of cornexin hibiting p eration o épati'c stellate
cel |, incl udbliferation efrencpativisicdleteueld compuasimedirestyrdewn-fegplatimghihphepang
proliferatigh,gf..q J&%Pe?%loﬁ a§tﬁxﬁt'y'o?&§m8>8kh3 'x{tg%gﬂx ki Lyanoyher aspect, the
present invention Brow es use-“of an -agenf at own-regul ates the hepatic
stellate cell proliferation activity of connexin 43 or a nucleic acid

nol ecul e erl@8@iIng Ehe hapasiststellpia celbmombe isgirtaerds vivhang ez effeted|tiyat e cel |
prol i feratinp Gty of s WepdiRMRRsRe1ddd iRbrals! &Rk WOl SRR Cerf hpyRSi s or a
hepatic fibr aglﬁlsre(?lsast ea g?so?@er Si ha su rj ect, ?l,cltludi ng ?en t%e manuf act ur e
of a nedi ceamentivatedrhepatisatellag cblbpatic fibrosis or a hepatic fibrosis related
di sorder in a subject. [001 1] In another aspect, the present invention

provi des anop@@nt HAR-rdPMIFELHM) ¢ isd BGivBERAhiothSh&phli@tQ1afecdell one ,
proliferation activity of connexin 43 or a nucleic acid nol ecul e encodi ng
an agent t Hthedelipwingdined eauddieacibpalerye snceflingSeaié.an|sifg¥pHirgetadat i on
aclt : vity ]S’fag%l&r&@%@ ufnschipt] a hitMdiDhdid RG1LHIO kAdoRIng0Lh ORNH difecRARBhG Stellate
celi, or or )

a Cx43 transcript, an antisense RNA directed against a Cx43 transcript, a nucleic acid

molecule encoding an antisense RNA directed against a Cx43 transcript, a DNA

~ enzyme directed against a Cx43 transcript or a nucleic acid molecule encoding a DNA

enzyme directed against a Cx43 transcript.

[0009] In another aspect, the present invention provides use of an agent that -
down-regulates the hepatic stellate cell proliferation activity of connexin 43 or a
nucleic acid molecule éncod;ing an agent that dow‘n-regxulates the hepatic stellate cell
proliferation activity of conhexin 43 for inhibiting proliferation of a hepati.c 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 or a
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



treating hepatic fibrosis or a hepatic fibrosis related disorder in a
subject. [0012] The agent may conprise Snail, an siRNA directed against a
Cx43 tramnsoropios2an anti sense RNA directed agai nst a Cx28TiISIGan®®poop® or a
DNA enzyme directed against a Cx43 transcript. [001 3] Qther 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
enbodi ment s rdted diorddd WENGULRBE, iR 1AM it B kA BfaVuteb b R dRages@&nyi ng fi gures.
BRI EF DESCRI PTI ON OF THE W NGS 0014] The figures illustrate, by way of
exanpl e onl YeatdgheratirBhfosis 6f 2 hepatig 'é@@melth\f*em ehH 2 §8Iefh| | ows. [001 5]
Figure 1. Effect of different concentrations of hTG- bl on Cx43 nRNA and
protei n .exp{e&dg] onin dﬁSﬁEezasgm tﬂ@prés%xsmvéhm bloQide€4n agaht@Rht@eARN Y HSCs
(pHSCs) were treated wt 10 ng/ M hTG--bl for 10 and 24 hours for
MRNA and pr GBS Hﬁ&?gﬂéuc§te“%t@§ﬁblarf>'ilﬂ<7@rl9n actinifty phronpst bR e sicafidof  cx43
was obt ai negdoRyuldbdlinG ak hg’e%t fh@@dmﬁnw@m&ﬁh@n&awﬁemé QUWRIIBerddtil YZed as
fold change rel ative to t he control data represent the nmean SD of
three i ndepaittyénef exrpein ﬁ?efw snh(bﬂtlrrg peolifergtion ofxa hppaticptedlgis cell. oBfor Ten

m crograms {okdb nffaat ﬁbaasweﬁaﬁ@qlé ﬁﬁo&?%la%so@cﬂzﬂxy§§u% ) Vestern blot. The
b-actin expressron was I ng control A representative bl ot
for each cell source is shown. (C) The band intensities were estimated

usi ng | magelPURY néhsagentiayy wgwrissenapl. ap siRNA difpsted geainst afpxéent the average

SD of two t QarfshiRCan MALREESA WirEARELJalFEINY Cx 4B raﬁscﬁpporQ%NK enfyme 0. 005). [001

6] Figure 2. hTG- bl increased the phosphorylation of Cx437in HSC-2. (A)
Fol | owi ng 6diwstadgetipgaCdhirangetipt: 10 ng/ml hTGF-bl , the cells were
harvested fortotal cell l|ysate. Ten and forty micrograns total protein was

applied for[ @ég aleheP4spdcls AUALMSeSof the METhEMPerbRvill FRSPEGhPaYRLY. A
representative blot for one of three independent experinents is shown. The

band i nt ensforthess oferidmagskithintherriumon gevigyeof thagdawingdessaipdon ofhe expressi on

of pCx43 M§pea@iembb&ﬁéntagﬁh9§¢ve@sﬂ% c&;hﬁmﬁ@}mnﬂ @%&%ﬁg&n}ﬁ%e igy&r age  SD of
three independent experinments (** 0:005). (B) HSC S were treated

with 5 mM PKC i nhibitor éBI M.I)_ 30 nin before treatment with 10 ng/ni
hTGF- bl , oBREEHDESERI Wﬂ?N%TrﬁErWﬁﬁal protein was applied for

pCx43 anal yfl s in Western blot. A representative blot for one of two
i ndependent [4@br i Hhnbigirssdilusratinty WeOfli’éﬁﬂplP H'ﬂ'ér@?ttoidé%e“\‘ﬁé#éheé’éﬁsie?fat ed using

t he invention, as follows.

[0015] Figure 1. Effect of different concentrations of hTGF-B1 on Cx43
mRNA and protein expression. HSC-2 and 10 days in vitro activated primary HSCs
(pHSCs) were treated with 1 and 10 ng/ml hTGF-B1 for 10 and 24 hours for nRNA
and protein analysis, respectively. (A) The mRNA expression of Cx43 was obtained
'by quantitative real-time PCR and the data w;ere analyzed as fold change relative to :
the control. The data represent the mean + SD of three independent experiments (* P
<0.05, ** P <0.005). (B) Ten micrograms total protein was applied for Cx43 analysis
in Western blot. The 3-actin expression was shown as the loading control. A~
representative blot for each cell source is shown. (C) The band intensities were
estimated using ImageJ and normalized against -actin. The data represent the

average = SD of two to three independent experiments (* P < 0.05, ** P < 0.005).

[0016] Figure 2. hTGF-B1 increased the phosphorylation of Cx43 in HSC-2.

(A) Following 6 hours treatment with- 10 ng/ml hTGF-B1, the cells were harvested for



| mgeJ software. (C) HSC-2 cells on cover slips were stained with Cx43 and
pCx43 S368 anti bodi es for imunofl uorescence. Cx43 was nostly localized in
t he nmenbrwoeo(oospdo3 whil e pCx43 S368 showed sonme nenbr ameT@cdofo®ooihe nost
part cytosolic staining (bottomright). The bottomleft imge shows the
cells stained with the secondary anti body al one (control). [001 7] Figure
3. FRAP analysis of gap junction intercellular comunication in HSC 2.

Cel I's were joftuiph S, Weh BndPfort micrasRRXkd] pRISGS #8d dpptPLeLRILaddn cul ture
medi um wi t hout phénol red for 30 mnutes. After rinsing, cells were

anal yzed at P¢uBranelsripisy Wesiera blok.aespeqsiaple| A rapieigaiatore aidorone gbthresel | bef ore
bl eachi ng (fﬁ'aé[f%%‘ent Mpqmﬁl@ntp%@ﬁ!)\im.lTﬂ??&dﬁBteﬁsﬁﬁes%&Q&Eim@iﬁh hisifd fgr bl eachi ng.

Right panel: I'mage of the target cell after 15 mnutes of ffuorescence
recovery. (agrbsofenarsy Eheexpfesfipniofrpésde meenormakizediagainsitCad3 cldieldaiaas obser ved.

(B). A contag ig&éﬁ‘g!ab?r\r{\%ﬁi O?%mhpe%qnde }{tee&éer%enis' (?“QFQS(%@?Z‘?P}E” the target

cell was cause y in dye from adjacent cells. ( presentative
exper i ment aHSCroels depitettsd itk 5gdaBKEl inhibicar €BEVE [ 30 rhinbefoestanoenti nt ensi ty

after bl eachi of ntactin . .The data were fitted to the recovery
function to% Q?Qﬁg/g? 8%§ﬁé31t?’ﬁﬁ k%fﬂi’hlce?f' MIFEEIRE PRIPTOCIRBAS Cel | s wer e
treated W tpplied 9 p0kaduhedysioin Weada bloe M BldbdtatABB1ot Bord@é bt twld TG-- bl or 40

mM car benoxol one for six hours before FRAP anal ysis. The transfer constant
(k) was cal ®dsrsndst ppstimgntsis\shown. The fanddnisasities drasptinped 4singthey t he nunber

of cells (l\bmd;g@.l &@%%@EC)VI‘I%IZEQ% @688 k1ig8 dre stdifll HRE BxiLRI§RSAE the
average SD (* P < 0.05, ** P_< 0.005) .Xé%OOl 8] Figure 4. Analysis of Cx43
and Snail tPE¥atibystiesderdmpruseidionescenge | Cxdp thvap mevtbHopAlized mdherent .or Snai |

i RNA {1 ansheibiafor e IR XRELISHON e AR AR FaL mpRSaRD! al ned by

quantitative real-til nd anal yzed as fold changerelative to the
control . Protesohc gxipingskatiom nght). Hes kottaindeld inpage veastsahgrcabls stainedywith

represent at jve. Bl ok Etibo@N8oRf (cd e i ndependent experinents is shown. The
nunbers repr esent :nﬁe {)3% ?nt(gnrlsg{ogi es nornualized against b-actin, which

were estimted_using the |Inmagel software. (A) HSC-2 and 10 days in vitro

activated plo0A&} y,\m%-ﬁl%éanwsé’ftg%m[@ onintercolltpricopgmpgjeationn TGE- bl - f or
10 hours. DRiASEQPEEESNre nBEbalR@ANh 5. QrbdxDiifRes BHAREANER cufisRer i ments (* P
< 0.05,” ** P <0.005). (B) HSC-2 cells were transfected wth Snail siRNAs 1
or 3 for 24mpgungvitphahengl sedforibmingtes After gaging. celipriveraaradyze rtarei® i ncrease

i O3 on Rplhe RN R Bk QU o IeA TN ik NiRiesent e
mean SD of three indeper?den?éyéxperi r%ents * P P 0. 65 "w§
panel: Image of the target cell after bleaching. Right panel: Image of the target cell

after 15 minutes of fluorescence recovery. (A) No recovery of fluorescence in an
isolated cell was observed. :(B) A contactiﬁg cell Was examined. Recovery of
fluorescence in the target cell was caused By influx of dye from adjacent cells. (C) A
representative experimental curve depicts the gradual increase in fluorescence |
intensity after bleaching of a contacting cell. The data were fitted to the recovery -
function to calculate the tirﬁé constant of recovery (7). (D) Cells were treated with 10
ng/ml hTGF-B1 alone, 5uM BIM I an‘d. 10 ng/ml hTGF-$31 or.4O pM carbenoxolone
for six hours before FRAP analysis. The transfer constant (k) was célculated from
k =1/7 and normalized by dividing by the number of cells (N) in contact with the
target cell. The data represent the average + SD (* P <0.05, ** P < 0.005).

[0018] Figure 4. Analygis of Cx43 and Snail transcript and protein level after
hTGF-B1 treatment or Shéil siRNA transfection. The mRNA expression of Cx43

and Snail was obtained by qhantitative real-time PCR and analyzed as fold change



(C HSC-2 cells were treated with 10 ng/m hTG-bl . Cells were harvested
after 2, 6 and 10 hours for nMRNA studies. The nRNA data represent the nean
SD of thrwe 2otwdsp®adent experinents (* P < 0.05, ** P <pQr@¢2ommomased to O
hour, ANOVA). (D) HSC-2 cells were treated with 10 ng/m hTG- bl . Cells
were harvested after 10, 24 and 30 hours for Western bl ot analysis of Snail
and Cx43. A representative blot for one of two experinents is shown. The
nunber s repfeRsiedio thénalnBrotedt Gipsdséibe®addtdimliied ®0 WagRhiisibt. A- act i n, whi ch
were estimated usi.n thfr% | mageJ software, [0Q19] Figure 1'31 Bi ndi ng of Snail
to the pot éﬁ?reaqntagﬁ%ﬂpt BRR; “FFeo‘Hd“sPéEﬂ?éh%’@eY"éﬂt‘i}f oWrh TORBUROES 43
pronoter. re@}ﬁﬁe%ﬁi1%651@5%&M§éd&aés{madm%ﬁi@ﬁ w@?&%&tﬂﬁéte@nfsmjgz days in
vitro actlv ed HSCs. Lane 1: A higher nolecul ar wei ght band ensuing the

bi ndi ng of tBalndget sofewaee. 60 A3 end b8 d@evatybectm@d@b@ewé%ps Lane 2 : In the
conpetitio \ | I | eoti des,

no shift |np§§§g) ‘J(A?ggtro serl\t/k(?af(?j)g)ndLl(6 g/@%ﬁ%s%ﬁ%f 'tf akgusr?s%ganr%ljegg ﬂegabsence of
nucl ear extment: $mof¢h&enmmndan ex;mm&m% (* PRIt @t<edl00s]).i(BpHAECHe0t | de probe

was unable tq bind t t ract MSA was perforned
e ng 5 g T FER LSRR T abd Gy KR 1elegh TR For 2
hours or Snstall, sadRINASrefatid nQAeab@mrmﬂhebm théSmRNAl AmdpeAse ldvel. The intensity
of the band, r espondln to th | i gonucl eotide conpl ex, of the
hTGF- bl -tr@%ﬁg‘dﬁ%@rﬁsef% g@é’gaht'?? 19 g‘%ﬂbﬁpﬁgﬁf“?(*&n?ﬂ@ot her hand,
there is a grse,a@@eulsweﬁeheeaieah@mabtng/anhT@FeBg@hllssxbé&:harb@sm after 1,lse Snai |

si RNAs-transfected cells when conpared to the nock-transfected cells. The

TATA bi ndi ipdgP bews formiBp) sdiss dde mfiNA daty sapresent hel raesaitny® eldhtce ol . [ 0020]
Figure 6. ﬂ@:emenﬂé&ér‘ﬁﬁéﬁﬁ(*tﬁ@o g5 0='*'1f £53bs Q&n&fred"t'c?'@hguﬁﬁhlbi/ s assessed by

cel |l nunber and expression of the 'proliferation marker | I swere
treated w t®)HSCdytalls wekQreated withdf ng@nlhdGitsp o Celly were hmaﬁtgdsaftsr 1GA) Cells
were trypsidgy i r ods. The
ot s enp o8R0 0 LB RS POl BT AR B NR RO T
0.05). (B) fﬁeonemf@mgxpanmemts)tsahovm dmenmnkmsreappéntéd bﬁnﬁm(e‘nﬂﬁesand PCNA

anal ysis i'n V‘ésltern gb § esent ve bl of for gne of three

i ndependent” ORPEF ARMASEPRgin, We(eCSS t§ Heihg’ P wer e est i mat ed
usi ng I'maged and nornal i zed agai nst the | oading control b- -actin. The data
r epr esent tﬂOéM]verElgmreiSBlmﬁngtkeraamtndWeiﬁmSnmpeeqogmabas(queﬁhK 0. 05, **
o1 03 090 (L RAZ ibTRUE chas 58! BYBSANRL S6 R0 SR £R8RhikDe

extract of 12 days in vitro activated HSCs. Lane 1: A higher molecular weight band

ensuing the binding of Snail to the oligonucleotide probe was observed. Lane 2: In
the competition reaction using 200-fold excess of unlabeled oligonucleotides, no shift
in band was observed. Lane 3: No shift was seen in the absence of nuclear extract in
the reaction. Lane 4: The mutated oligonucleotide probe was unable to bind to Snail
in the nuclear extract. (B) EMSA was performed using 5 pg nuclear extract of HSC-2
treated with 10 ng/ml hTGF-B1 for 2 hours or Snail siRNAs for 24 hours. There is an
increase in the mten51ty of the band, corresponding to the Snail-oligonucleotide
complex, of the hTGF-B1-tréated HSC-2 in comparlson to untreated HSC-2. On the
other hand, there is a decreésfe in the intensity of the gel shift band in the Snail
siRNAs-transfected cells when compared to the mock-transfected cells. The TATA

binding protein (TBP) expression serves as a loading control.

[0020] Figure 6. hTGF-31 decreased the proliferation of HSC-2 cells as

assessed by cell number and expression of the proliferation marker PCNA. Cells



HSC-2 cells as assessed by cell nunber and expression of the proliferation
mar ker PCNA. Cells were independently transfected with each of tw Cx43

si RNAs f owo4810nsewos bef ore anal ysis. (A) Cx43 nRNA expr essisonomwasodnal yzed
by quantitative PCR and expressed as fold change relative to the
nock-transfected cells. (B) Cells were trypsinized and counted as descri bed
in Materials and Methods. Al data for (A and (B) represent the nean SD

of three Im%e@@mmluﬁwmmm(forwsﬁo& o ar(a@sz@l') @ndwere nicrograns
total protein was appl lied for Cx43 and analysis 1n Western blot, -

respect i veItVPSWZ¢(bmdé9@m<hftsl dgecrigpdin M@efgﬂw M‘(tl!»ds'lﬂ‘@ dgtagpmiesent the

S of | thred agoaenSLarRinde BB ¥ < 005 B9 T DFEOGRES" 002z
Fi gure 8. E@tﬁlemtemfwaSnmlied§<prmA3@m H@Atahalmapmdﬂmn blegdl ati on of cell
proliferati i t. t SiRNA 1 or 3
and 10 ng/ r{?&?ﬁ'ggl ‘%Solg{%r Ongggglp?quﬁ %‘ld%%tue?@é}@geggsrlgglggnl ?@g? %mr?g and

i mMmunobl ot iseslties wsrecu‘suHﬁbﬂ\usu(gﬁl)nagelmnmnGWIzmmmtm lopding ednrol@s appl i ed
for the stud PCNA ex S|on es tstheloagln control. A
repr esent ataf’g‘b%? dta EﬁpreP %@P$%§§§ff e %E\Rﬁ“dg PR S %pr esent the
band i nt engids, espreoU).i zed agai nst b-actin, which were estinated usi ng t he
| mageld sof t war e. (B) Cells were trypsinized and counted as described in

Material s t t resen he nean D of hr.ee ndependent
experi nent gwﬁ\{b }0@'%55? %&\ WWWT (5’2‘3‘]“1 iesent

i nventi on rESGLesllstas akdéﬁsedlbgiféélV&ﬁMbiHWd eXProvsiun Mtaapfmfélrahomf fects
prollferatlon r he hepat i te cells an -regulatlon
of Cx43 | evenarkgh ‘glgf"r {:/F'i hinceren e“i“ﬁﬁ‘ ‘Ecéedﬁ’f‘&‘iaflb?gl”f’gﬁ“‘%‘ . [0024]
The invent %&Mo&ﬁ@%@f@ﬁaryb@t(ﬂ@m BIRNA &@edsSion s adﬁmecr@gul ation of Cx43
in HSCs via transcrlg I QN repressor Erotel n Snail. TG~-Dbl is one of the

most wel | - SRS BB af prRyese asdold change felatiye athe ogk Fé%%te&ﬁelﬁs

i ncl udi ng 1BYOLIBL RO rRFsingRH higeunt¥e babalitedin MaRtiaBahd PR3 A Of | feration
(Hellerbrand et al, 1999; Kato et al, 2004; Kharbanda et al, 2004; Saile et

al, 1999; VawferdAnpad @ aepresertithy meangip$y of these injepgndentsxpesimpnistEd <Wur i ng

hepatic fi S ). $C PG ahﬂ'dh'&ﬁﬁrcﬁg%dus\/@ﬁal &eteﬁi‘wh%ﬁnefdheﬂ tenkhardnat al, 1999;
Kanzler et al, 1999). Wrk Saile et al. and Shen et al, indicated that
TGF- bl decraé%{ﬁ%%mtvﬁ%“eﬁ? bl F@P%ﬁm%}ﬁ A FEPHISENatyg DIt isesbeWmdDe &h &2t the G

phase and si sudrt@RRAHSANISARE e WARRANGR! ARG Stdef (R mikn + 4999; Shen et
al, ‘

three independent experiments (* P < 0.05, ** P < 0.005).

[0022] Figure 8. Effect of Snail siRNA on TGF-B1-dependent regulation of
cell proliferation. Cells were mdependently transfected with Snail siRNA 1 or 3 and
10 ng/ml hTGF-B1 was added for 48 hours before cell counting and immunoblot
analysis of PCNA. (A) Ten ,micrograms total protein was applied for the study of
PCNA expression. 3-actin represents the loading control. A representative blot of two
experiments is shown. The numbers represent the bahd intensities normalized against
B-actin, which were estimated using the ImageJ software. (B) Cells were trypsinized
and counted as deséribeq in Materials and Methods. Data represent the mean + SD of -

three independent experiments (* P < 0.005).

DETAILED DESCRIPTION

[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



2003). Although TGF-bl is a pro-fibrogenic cytokine with the 'undesired'

ef fect of causing the accunulation of ECMproteins in the event of
uncont r olweadotd®8seoact i vation, it nmay have a positive sigeTisg20hmomense t hat
it inhibits HSC proliferation. [0025] However, since TG~ bl has diverse
effects, including pro-fibrotic effects, the inventors undertook.
identification of down-streamtargets of TG--bl in -HSCs in order to devel op
met hods of dt43detdisyoriatitpiin cadlg inhitals ipt@if@bbicaofmsidier than via TG=-bl . The
present nethods make use of the down-stream anti-proliferation effect of
TG bl on hout he need .nister TGE- bl us. avoi di ng any
pro-fibrot r@(&gﬂ‘ ecihetlﬁéet“ Ofﬁl‘sclﬁ)lverﬁ’ig’afa—ﬂ(gt%é e%f‘T‘H%tIFa%‘ﬁTTefgf‘@H?'?% of connexin
43 as a. regutatipHses vld%nmlghérf@5@§sbp&o%pyda¢1e3r@ BPR\GARLLME ¥t hod to |
inhibit growth of HSCs, particularl X Inrelation to hepatic fibrosis and

v

hepatic fi b‘f“@!sﬁtsdliﬂ@lﬁlaédc aeleevlereyith diygopdfecoonitStsninggding regulghien j unct i on
protein expiesfsidn| foE g@at @ﬁ{%cdxdﬁ”a&ﬁ' RliFerdfidn (Fi‘eﬁ{rﬁ’éﬁ@é}'a? ffgnpgls formed

bet ween adj acent- ce I nterce communi cation via the
exchange ofetgheﬂm4ﬂﬁlael@mﬂae@ aénlﬂoﬂo?ﬁsle@t:glclli?@ Weutawbiajadédauyiglhsi t ol

phosphat es, )2+TG up latgia&r’ngrﬂ at,?%bﬁ)@%%” !ndllmsff rrFon ot%y o
hem channel s ¢onne on oring Ra“CohnEXon itsel f

consi sts ofH&Ds (&&sﬂenmhyeafl (e Kamzlaubwn|1999)ca\l'drleﬁy smenaexl mal heoodenough et

al, 1996), i.ch r n, 20 dlffer t con ~are known to date
(Eyre et al® alz%éﬁatedq?? ?ﬁgha} dyerFaseq,tp REQ gif?tlé? 02%6 X aeHARSG g 26 and 32
(Cx26, Cx3Z%he G Wfilears@afﬁi MANRAEARENMTBLin€ 8l dpfosisesulrtchgal 11849 Gabd &a st el | ate
cells, oval Kupffer cells) express connexin 43 (Q<43% (Gonzal ez et

al, 2002). [@@éﬁ]Athw@rE@F1B&|lsaqrprezﬂmmmeayﬁolswe with ghe ‘pedssiredaptfect 8ol used by
cel I's to ef L8Ghd %@L\ycuﬁq‘aﬁ%%@a@qgtcﬁé&éﬂ thESR g?on'ﬁ‘m g&RUNi cate to each

ot her through functional gap junctions conposed of (x43 proteins. The
i nvent ors testieatighsit mexhavd atplsitiveesidsgia tmsendgulped i intdpits{SQ prpliferdsioy., a
pro-fibrotic stinulus, decreases Cx43 nRNA and protein in an HSC cell line

and in pri 'EbislHSCﬁowa Shes TOFB1 hQ @Eerpé etfRG RAT&Re b Jaeﬁa?ﬁrﬂsm%y' ation of

Cx43 at serine 368. These effects lead to a ecreas int gap junction
i nt er cel | ulthe ingentons pindeatbploidedtcaerftdoeniddesn ta@tssifﬁ"m [B)lymg-E&;C—s if-RAP

From the nduraas S hethedl ofelly Bhv gl BRer B ERRE N 0 e a3

pronot er Wagheqa&ekt\iethodk hakd@e 2R d6RAls8¥dm arﬁlﬁbhfefahﬁ%\'@ffédi seGEpli on
results in an up-regul ation of Cx43 indicating that TG-- bl may regul ate
Cx43 vi a S HSCxHgbwd dverneed toegmgmﬁv TGF-B1, thus avoiding any pro-fibrotic

effect that TGF-B1 may induce. The identifi cation of connexin 43 as a regulator of
HSC proliferation provides a convenient method to inhibit growth of HSCs,

particularly in relation to hepatic fibrosis and hepatic fibrosis related disorders.

[0026] Connexin43isa gap junction protein expressed in HSCs. Gap junctions
are microscopic channels formed between adjacent cells that allow for intercellular
communication via the exchange of small molecules and ions (cyclic nucléétides,
inositol phosphates, Ca®*, K*). Each gap junction channel is formed by two hemi-
channels (connexon) between neighboring cells. The connexon itself consists of an
assembly of protein subunits called connekins (Goodenough et al., 1996), of which
more than 20 different cvonnexins are known to daté (Eyre et al., 2006). In the l‘iver,
hepatocytes express connexins 26 and 32 (Cx26; Cx32), whereas nonparenchymal
cells (endothelial cells, stellate cells, oval ceﬂs, Kupffer cells) express connexin 43

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



si RNA transfection resulted in a slower proliferation of HSCs. These
findings illumnate a newy identified down-streameffect of TG--bl in
HSCs, namebyotoms29oegul ati on of intercellul ar comruni cat ipom/Siegotafob@o? i ng t he
expression |l evel and the phosphorylation state of Cx43 through Snai
signaling, which effect is exploited in the present nethods, while.
circunventi ng the need for TGF- bl itself. [0028] The observed ef fect of

TGF-bl on Ged27)i n 1hiSkeeMBYr Mmﬁcafl&pﬁﬂaﬁ hﬁpoﬂr{amssl Réd Wnp on Cx43 in

various other cell types. For exanple, wrk by Pinmentel and col | eagues

showed thaﬁ3@%@@éﬂﬁ$§m¢ewmbﬁﬂUB$P@§&IHS@ﬁuEmn@“@%ﬁpé§§W@Wfﬂﬁméérd|ac
nyocytes ( Fi‘uﬁ@l'aﬁeﬁlaa n@tkons 289%)%(1 Wl p%telﬁét. e’l; mnﬁpsrlﬁggﬂiiﬁéob%d TG bl had

no ef fect on Cx43° reSS|on ut a instead t
phosphoryl athét@nog;n@,tsmsmalﬁ TGx43 (h”ﬂGEthl ealpkafbrotic ktemdﬂ Herdavgsdixd3et al ,

2001), and r publicat]i uhays et al sho t TGF- bl
down- r egul a{ﬁ@g}\ ﬁ%'%fer'f‘ H'eat“rlﬂkg(g?e P?BSP ‘“rPﬁ‘§1?|r3éH§€F Gﬂ’?&ee '&é]{-::ﬂ d responses
in differerhcréRbd thé PREShoHIRREN Jf OxBS at Sfe T3, ﬂlhe%@éﬁéc% 16Alth 2 HyReasspeci fic
response and the notion that TG bl is_a cytokine that exerts pl ei ot ropic

ef fects updhths SRMDEHAN lmemélélrlﬁrqoyﬁée'carmeevﬁ%%%éwowg peeRri ded a

met hod of ipRMDidaiyed. A VLI KR AL ofHncFinBERA b Giptibie bk @t Snffhrbm the met hod
conprises directly down-regulating the hépatic stellate cell proliferation

activity offuglstfekach otldSCoominadgangniusgedvayeeiintiedad aomosmang into the
HSC an agendhsdrfiat 1RV eC e §ail QﬁNhﬁﬁane&ﬁdn r@sruﬁ§ [nOR uﬁ%éu“l’dtito}{ opf Cx43 or

a nucleic acid that encodes such an agent.[0030] used herelin, connexin
43 refers tG4padioatinebanEGF-f1 48y esgqulaesCed Vm%ySltahle Iﬁmhdq“m Cahbhre cell in

whi ch proli Efg\l.g‘nrar?s?ecd§? ;e(S)lfl X 11'1 QF IP\QI tper(c)il’ifera{lonrrafyd-[$(9s(.: Ll'lile ﬁc(?lﬂ%?é' ge|4|3 encoded

by a vector iV rotern ivere
Connexi n 43111delhatvemedlyt1®emlﬁed deiil- sth:ym\eémtmf TOF-BiSindl §Wspladiety they be t he sane

connexi n 43 esse t he cell i.t .may be a honol e, from anot her
Speci b [ ERIYT ALY RSP R T GRHan SRS g e SRR BRG] ng.

consi st ng phEHAtHy labibh Mta@lof Ck4TORRIES ShdiDsiBhalingSwRicH ¢fst DexHGidence [SEQ I D
NO 1]: MGDWSALGKLLDKVQAYSTAGGKVWW. SVLFI FRI LLELGTA VESAWGDEQSA

FRONT QQPGCERREFBRSREhasishrdmlRaiich P rspauethe nesd fRE/ATARREE ,

KLNKKEEEL KVAQTDGVNVDVHLKQ El KKFKYG EEHGKVKVRGGLLRTY! | SI LFKSI FEV

AFLLI QMY YEo0R83AV The KRR IHEVEXGE irGREST B I xiab lid- s may differ from the effect
LWSLVSLALNI | EL FYVFFKGVKDRVKGKSDPYHAT SGAL SPAKDCGSQKY
of TGF-B1 on Cx43 in various other cell types. For example, work by Pimentel and

colleagues showed that exogenous TGF-B1 up-regulated Cx43 expression in cardiac
myocytes (Pimentel ez al., 2002). Wyatt et al. demonstrated that TGF-B1 had no effect
on Cx43 expression per se, but altered instead the phosphorylaﬁon status of Cx43 in‘
osteoblast-like cells (Wyatt et al., 2001), and anofher publicatien (Neuhaus et al.,
2008) showed that TGF-B1 down-regulates Cx43 in detrusor smooth muscle cells.
'These varied responses in different cell types support the idea of discrete cell-type
specific response and the netion that TGF-B1 is a cytokine that exerts pleiotropie

effects upon a variety of cell types.

[0029]  Thus, there is provided a method of inhibiting proliferation of a hepatic -
stellate cell. The method comprisee directly down-regulating the hepatic s‘tellate cell
proliferation activity of connexin 43. Down-regulating may include delivering into
the HSC an agent that down- regulates the HSC proliferation activity of Cx43 ora

nucleic acid that encodes such an agent.



AYFNGCSSPTAPL SPMSPPGYKL VT GDRNNSSCRNYNKQASEQNWANYSAE

QNRMGQAGSTI SNSHAQPFDFPDDNQNSKKLAAGHEL QPLAI VDQRPSSRASS RASSRPRPDDLEI [ 0032]
Al t er nat iwel2g10/aske®3Cx43 may be rat Cx43, for exanpl e corpmiSs20@/00@onsi sti ng
essentially of or consisting of the follow ng sequence [ SEQ ED NO 2]:
MEDWSAL GKLL DKVQAYSTAGGKWALSVLFI FRI LLLGTAVESAWGDEQSA -
FRCNTQQPGCENVCYDKSFPI SHVRFW/LQ | FVSVPTLLYLAHVFYVVRKEE ‘

KLNKKEEEL KM@ 0IGVNYEMel K fal ddhitl ERba MR Eohekil 43 expressed by the

| SGLFKSVFEVAFLLI QWI YGFSL SAVYTCKRDPCPHQVDCFL SRPTEKTI Fl Er _

M_VWVSL VSLALIMPRIE oot cRIGIKBIRKERESEoR S Tesbe Hbbieespry include connexin
AYFNGCSSPTAR SRR BEY 5k NI AN RN QAREEIWMINY S8 to the cell. Connexin
QNRMGQAGSTI SNSHAQPFDFPDDNONAKKVAAGHEL QPLAI VDORPSSRAS  SRASSRPRPDDLEI [ 0033]
As used her® deliveredieghasted bygsesnt oras pyrogein may behinsime ¢ongexdsdeamt i al |y of
means t hat ' (Wao! three, five, ten or nore
am no aci dsgg&%%ggy(@}e%g@?ﬁﬂgﬁésbggflgrgﬁlgg%ggocr? %l)g%hcfrgrgit%g'i n sequence, or that
a nucleic acid nol ecul e includes one, two, three, five, ten or nore

nucl eot i desl0881bneThsrC48tmpyeadigman Cxdde fat sxamplpeampiissige¢ansisiiied sequence, but

that the addid.i9 foﬁ%n@gtiﬁg%]ﬁﬁe gqlf,\%?s%@%%gﬁg%gi?%tlﬁt erially affect the

activity of the protern or the nucle e Cx43 is Cx43 that
is translated, folded, gost-t‘ranslati'onally nodi fied and | ocalized within

the cell, aMEDWMPAHOREERESSXLY SHGEKYWIgT iFRUALGTo RIAWEDERSY or Cx43,

i ncl udi ng t e iRGOPEEENVRREIK SPISG VR I WW ATFSASTLLYR dG v BPYMEREEXT 1N
which the Cx43 protein is not, or not %oEerl\)/, transl ated, fol ded,

post t r ans| afiBREEEFLKYNQTINGVEVDMIdEKR MIREHREKVEYIRCGELRAYILf the gene
s transcri RadkdrpyRELIRIGYIVERLOAK FRIRBPEMIOVAIL SRPERRAII 43 T eTer s
as t il a |

to connexin 43 that e capa ty to up-regulate pro eration of an
HSC i n whi clhVVSLYSLAMNTEEEEHFFIaGY KIDRM KR SDRYHAIREALSBAKIRAIGSGK ot

i nhi bi tori lXYW@E@%ﬁ%%MSPﬁ&KW mgemgﬁsﬁgﬁmﬁym

phosphoryl ated at Ser or at an anal ogous positidon Th a species

honol ogue. ANRYGQAGETISPSHACQFRDEFE DONON SKK oA x Gt Phad YDORPSARAES er s t o
phosphoryl at \ &rfpihiSg’ | e, ‘tyrosine or threonine residue which results in
downr egul ation of the protein as conpared to the activity of the protein

when not phosphoryl ated at that fosi'ti on. Active Cx43 may al so possess the
ability to [Qgg@nm@ltematively, the Cx43 may be rat Cx43, for example comprising,

consisting essentially of or consisting of the following sequence [SEQ ID NO: 2]:

MGDWSALGKLLDKVQAYSTAGGKVWLSVLFIFRILLLGTAVESAWGDEQSA
FRCNTQQPGCENVCYDK_SFPISHVRFWVLQIIFVSVPTLLYLAHVFYVMRKEE
KLNKKEEELKVAQTDGVNVEMHLKQIEIKKFKYG IEEHGKVKMRGGLLRTYI
ISILFKSVFEVAFLLIQWYIYGFSLSAVY TCKRDPCPHQVDCFLSRPTEK TIFIIF

MLVVSLVSLALNIIELFYVFFKGVKDRVKGRSDPYHATTGPLSPSKDCG SPKY
AYFNGCSSPTAPLSPMSPPGYKLVTGDRNNSSCRNYNKQASEQNWANYSAE‘

QNRMGQAGSTISNSHAQPFDFPDDNQNAKKVAAGHELQPLA‘IVDQRPSSRAS
SRASSRPRPDDLEI '

[0033]  Asused herein, “éonsists essentially of” or “consisting essentially of”
means that a protein sequence inciudes ohe, 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 _endé 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.
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into and function wthin conexons, including when the connexon is assenbl ed
into an intercellular gap junction. [0035] Thus, reference to the hepatic
st el | at e welhiogmsedodf erati on activity of connexin 43 is rerTscem®odonst he
effect of active connexin 43 of inhibiting proliferation of a hepatic
stellate cell, as a result of expressi on»of connexi n 43 and mai nt enance of
expressed connexin 43 in an active (i.e. non-inhibited) state within the

cel . [003Gbo3de tAdRE cRlI is OxBT thatls E}Qnslldie(f Mdeqoﬁﬁsﬁﬁﬁns&fnom ) as used
her ei n refers to and includes a single cell lurality of cells or a

popul at i on fdifidiand lagplized Wébﬁttwellp@wrwft@ p%?ﬁS%,eé shedvﬂ%%lwl SCUNi £ i ed.
Simlarly, x&fif e%es, tx&l&ﬁrlo'tﬁe ﬁké%rdlﬂ@rhﬁ%ea%u%%fcﬁfcgcﬁgeUB@er@ Tﬂdﬁg:'x? cell
where context permts, unless otherw se specif he hepatic

stel | at e cdhWhjch tfé@r@k‘*ﬁ@ﬁé@hcﬁ not, @F h%tpeongdy,ltrant?lwed tf@llﬂﬂcb PaStqw escent or
activated 386G I o] or a
hepatic fi blﬂrg (%g?tgorﬂfgle)’ g?%ggddé}g%%g%r Ilﬂnrw19 ééquén"iBQ;@ggﬁe: 1%&{\/:}5@155%5 SC,

i ncl udi ng prolifemyyvedlodkmmyrensiei Aethe camxmrﬁexfemwgodﬂs@l éxflataséit from a
subj ect, | n i LVO X including in a
human subj ec‘?wlﬂa){% Lﬁsrégn ﬂggﬁﬂ%%lto?gggn g?\léc \EIE’&%’/ 613 eﬁ%Peg%eﬁél n an in vivo
cont ext, f onclgleanginexinn3 &hat wabt mhudnerbrllpplnqyphcsylmgd afontexama@enmxihi@@ or in an
in vitro context 0 roliferation or
v i on | St RhPRRRLe e SsEs A Y ap Ao P PR SRRl s f ol ved 1 n
hepatic fi b:bmsiogu@rAawmeqaappxemﬁtemnmh&)ry phapledylaiigaedart i ncl uding a

di sorder in,whi ol.i feration _has.been, uprequl %ﬁed As used herein,

prol i f er at iPSR%P h?ry?“?,‘é?tla P PLOSTS F HEeqpinsladdueqyhi SR 9% i on, growth
and di vi si @&gulatioh ehthk pattsn isctoaipanemcdmasawntp of the ptoddimivhenngeer of cells.

Proliferati i bition of proli atiop may readily be de rmned for
exanpl e by pg%ﬁ"?‘"'@!)’fﬁ?tat thatpositig- n‘gai‘vﬁ WiaEPBH sgas e abil ﬁb ‘?1 of HSCs
that have nmb aﬁkﬁﬂm@tidmwmﬁf @inh@&ns, mmdamgadhename &yindleh ecdsseaibladfingr ol i f er ati on

specific cell l( rs, for. exanple the proliferation specific marker PCNA.
[0039] | nhlaﬂlutt?rﬁﬂ "‘E"’F@FRJF‘E?QPI on or inhibition of proliferation of a cell
i ncludes rendering the cell incapable of replicating DNA, grow ng or

di vi di ng, q0035]caplallnk eeferfenq@rt@nemlepranrbeallhteaéli pralifobdfion gcrtmm'y pf or dividing, or
redum ng or retarg in addition

o, ol ulierie B B8 afBiv nae 2 bige Biotidlon yoarn,

| nhi bi ti ng offayiefadic pendtocatipss. drﬁsWﬂdefpr@d’smh@de»rM@xm B@@ﬂcﬁ:}aan@&mé egul ating or

down-regul atlon olomden PG a%ra&w'e EL 3bh AhiBieh] Shet %ikh the cen

[0036] The term cell (including in the context of HSCs) as used herein refers to
and includes a single cell, a plurality of cells or a population of cells where context
permits, unless otherwise specified. Similarly, reference to cells also includes

reference to a single cell where context permits, unless otherwise specified.

[0037] - The hepatic .stelléte cell is any hepatic stellate cell, including a quiescent or
activated HSC, and includin;g an HSC involved in hepatic fibrosis or a hepatic fibrosis
related disorder. The HSC may be an in vitro HSC, including primary or |
immortalised, and an ex vivo HSC explanted from a subject, or may be an endogeno‘us
HSC in an in vivo context, including in a human subject. The HSC n{ay bea
’Frans;genic HSC, including iﬁ an in vivo context, for example an animal model

comprising a transgenic HSC, or-in an in vitro context.

[0038] The HSC may bé_any HSC in which proliferation or division is desired to
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Cx43 refers to any nmechani smof disrupting, interrupting, reducing,

limting, blocking or preventing the ability of Cx43 to pronote or

up-regul avonrgiopsedodf erati on, replication or cell cycle PCOFGRe®I000009t her eby

resulting in an inhibition of proliferation. Downregul ation includes

physi cal alteration of Cx43, for exanple by post-translational nodification

i ncl udi ng i.nhi bitory phosphorylation, or by loss or |ack of necessary

post -t ranslbaﬁrilmmh 1mjuld1ﬁg' aadckiodted MVDB/gduirdtebmic fedresis drra(hlepad'es 'genet iC

nmodi fi cat| subs ntl decr.easi or..bl o ression of

Ceas, el diasts ot HEMaE M ly s MaoiebR SHRHEY R e

transcri pt iredladdd. tA’s&@&d lﬁrélﬁ)fpr@ffer@(cﬁfofaSHlb&Ifémtdtﬁé bmcaeeﬂmam ng ref ers to

| evel s of ex ression of Cx43.tha % for exa h E‘E anaéel y 50% 45%
40% 35% atipggroyfuand gisgsiony 5)6" sy io 399pEFast Kdhg tiplpum xpr essi on of

Cx43 that \6@1%' PrFEHtion 8t ifhibifbd of prolyiraGdh Myarekiﬁ@ Herdeletrhigedtforon activity has

not been down-regul ated. Such genetic nodification incl udes a nodification

of a nucl eic¥aaRlt By esccountnigcleding in caparisipmivith apepulasion gF HSCothat pye open

readi ng fr apendgolt&a brdRhibk&Ior Hﬁf%le@ﬁcﬁ'pof(f)?olif&ﬁt%nrdﬂ&tlﬁcgce?l%ankérpat

substantlally l'ess or no gene product, no stable gene product, or no

functi onal @féﬁé‘nplptﬂm}ﬂllf?@tl‘@xfgpﬁ@ﬁgé’@fkesﬁ@NAgenet| c nodification also _

i ncl udes nodi fication of a nucleic acid encoding Cx43, such that part, or

all, of theoddei3 qmanﬁg%he}é@wof &HibR{dn basroRRediod 8t £t&Cincin@B! aced,

[ nterrupte or inhibited, resulting in substantially | ess or no protein

bei ngexpr ededering herrelhiacagable obrsplisaiigyDBA4 growact diydding. ok isgrebieio€ at i on

further i n%dﬁ@ﬂ?re‘ﬁﬁ@dtﬁqg’m tgnﬁ:vﬁé%rldufn@m% rd’i‘?e%%nh?@r RBrdfY branse RNA

transcript that is conpl emsntary to at [east ragnent of the i nRNA

mol ecul et ietlicationt eedirgsevthigedivisioonintarditiaxwIndyeing cell death b 2pgPioR's Ab

translatio a f I uch genetic

nodi ficati ghhe?ﬁ?{}ﬁggﬁ?g%fem azh. f %ﬁnra%g@?gg%r 1at%Dltﬁlraair‘l[e%tcvr”ljoge or express a
smal | interfering RNA (si RNA) rml ecul e that targets a Cx43 gene transcript,

resul ting (0040 t Dovarseylging osdovergrgalstion piaheHy |P6H1f?5ﬁt“{“ﬁ’ét“09’4§ transcript.
[0041] Direghb Yeféi@W‘an&Wheﬁﬁdnﬂ&f digsind] ihRRhp tg@mdﬁ&%hﬁﬂth@nalo&@rtge rs to
affecting the |l evels of or the activity o direct action
rather thafr preaenémg)mqeabll@r ‘?f&:’%“é ItO propate or ¥p-reguiping pigli Eer%twa{redwﬁm ly

down-r egul gt &1 &BR pkb'%?es%mtbéraryaruumgaﬁd Mhiohioalof brefifrARY. DRLA! act directly
with Cx43 or may interact directly wth a nucleic acid encoding Cx43, such
as the upstelation sglides wyical elierationfaf Cxfhdorgramplgdr@ogriraptlationghe Cx43
transcri pt o hitsriorCRALARE Hﬂﬁn@gﬁﬁaxehéph\’}f»y‘ia*&oI GFroh 0599ﬁ§clp&{ne§e‘§&$}t' tute direct

down-regul ation, since rts 1'ts effect on the HSC proliferation
post- -translational modification. Down- regulation also includes genetic modification,

including substantially decreasing or blocking expression of Cx43, including by
increasing expression of Snail or by blocking transcription or translation of Cx43.
Substantially decreasing refers to levels of expression of Cx43 that are, for example,
approximately 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 0% of the
levels of expression of Cx43 that would occur in a cell in which the HSC proliferation
activity has not been down;'regulated. Such genetic modification includes a
modification of a nucleic acid encoding Cx43, such that part, or all, of the open
reading frame has been deleted, replaced-or interrupted such that substantially less or
no gene product no stable gene product, or no functional gene product is expressed.
Such oenetlc modification also includes modification of a nucleic acid encodmg |
Cx43, such that part, or all, of the Cx43 gene regulatory region has been deleted

replaced, interrupted or inhibited, resulting in substantially less or no protein bemg
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activity of Cx43 through activation of a signal cascade pathway and does
not itself interact wwth the regulatory region of the Cx43 gene, wth the
Cx43 tramnsonomosero3Cx43 itsel f. [0042] The HSC prolif er 2CTrsG2a01000009 y  Of
Cx43 may be down-regul ated by an agent that down-regul ates the HSC
proliferation activity of Cx43, neaning that the agent, once delivered into
a cell is capable of down-regulating such activity. Downregul ating may
conpri se dekprésed figmtdheseagentbdingOn43. heuchiGenetin moklifichtiqar folthdr @fcaideon is to be
i nhi bited, ingcluding @ontactln% t he Hsg W th the ent s? t hat the agent is
taken up bynqd ‘“&é‘?qce fo BSOS an gptsensy F’F‘“SCT[‘IG IS cPRRIRFBRE Hay be

capabl e of Jbrhdg fd@hénr B ml{}‘l@h{wéchhé the® isdraf&ribed fréth uR@Blgend)y active or
passi ve. transRort Into the cell, %%qjdl ffusion into the cell.. For

exanpl e, i fle @gagmrawsléﬂ%p,gmsﬂvoeﬁﬁﬁ og of the GyA3 trascriny) Spthegenstict he cel |

menbr ane  anghdfidgorPRkBertift RRS Hi%éltfﬁn% e célﬂo'trané'é'ﬂx%e ?Fesi@%mﬁi so be nodified
to include a transport tagyt at wilT facilitate its transport into a cell.

Speci fic t repdgmeRNAff mplecule gt thigets pdedt3 genediapecsipt. resultingdMo t o be
taken up eraﬁﬂﬁﬁgf&%&u@&ﬂ?&nsﬁ%défthf@{n%ﬂﬁm g the agent may be nodified

to include ctose residue to I ncrease uptake of the agent by
hepat ocytes, as is described in US 6,844,319, which is herein fully
i ncor por at 4004 r d¥ieseindarn-meylatitedend diregt domereaatinn) rekyrs Bexfferiieuded in a

bi omat er i alp, i bridkas 8AHE §Qlvith RABC Ao UifetkR ] ralafhaP fRlnfiert he cell, for
exanpl e, by encapsulating the agent in a mcellar or |iposone prepar at| on.

M cel | e andfffitpro bats.dantleatethyfdigeptdosageamesshoHECipsoliferatan | s is known.
Al ternati V%LthnK o?%g?jngh'fﬁnefr& dﬁ]&lﬂkl‘éﬁ{h' 3'3P81L1>eln?en?c?lig%c‘?glxﬁ€1‘él es to a cell

may be use ransfection techniques or tr uction techni ques -
where the mugkieiacid andoding£xd3 \shelnds tb@msmam seulden rgeioy fufthal@ad@EeMNA to a

cell. [004ﬂ“/’t‘ﬁtr?e‘~%5§5 trtal*?s%h @ﬁ(g%ﬁg@%é%%el; {in TEF. r,ﬂra%e& Bl Sltﬁ.lgraCti vity of

Cx43 may be an i nhibitor ol rteratio act|V|ty, exanple, a
conpound t liatctidowhpégdusation, mtnee reren ewisxtdns e(ﬂ@ctrmttleesst: pfoliddraticat er rupt s t he

HSC proliferatio Lvity of Cx43, includi | e that  causes,

stimul at es aB‘r‘V“éfrﬂggﬁge@"i“ ﬁlvf‘%‘?‘y"f?ér‘&“ﬁ'e“b“ﬁgg%a]b "’&%8?? of elfa3. [ 0045]
The agent rmyraaemﬁ; théREhlatdBl rRgivh efthacp@gdnéewrath@mwhﬁnscm of0k4pody or a
functi onal gnent thereof, or a protein kinase that inhibitorily
phosphoryl é‘ts g Cx43 including at Ser368 or an anal ogous ami no acid, for
exanpl e protein kinase C. [0046] Alternatively, the agent may be a mol ecule
t hat i nhi bi[0®42}r iThe &SCaireliferatibrhactivity of Cx43 may be down-regulated by an

agent that down-regulates the HSC proliferation activity of Cx43, meaning that the
agent, once delivered into a cell is capable of down-regulating such activity. wah{
regulating may comprise delivering the agent into the HSC in which proliferation is to
be inhibited, including contacting the HSC with. the agent so that the agent is taken up

by the cell or enters into the cell.

[0043] The agent niay be capable of 'being delivered internally to a cell, for
example by active or passive transport into the cell, or by diffusion into the cell. AFor
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 éell. Speciﬁé transport tags may be used in
~order to direct the agent to Be taken up b.y' specific target cells. For éxample, 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 ﬁlly incorporated by

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

12



transcription of a nucleic acid encoding Cx43, for exanple a
transcriptional repressor protein, including transcription factor Snail.
The agentwoayions2e3nol ecul e that inhibits or interferespPairSic20maneonat i on of
an RNA transcript encodi ng Cx43, for exanple a DNA enzyne or si RNA that
interferes with translation of the an RNA transcript encodi ng Cx43 or an
antisense RNA nol ecul e directed agai nst the Cx43 transcript. [0047]

Al ternati velrynductdwptakegttheddenghyhy ceHO iR ek dipl€] @l |ew@pswr@m§tmwgémrca aci d
nol ecul e enco&“ %the agent |nto{vh?HSC|nwh 8?I|ferat|on|sto be
i nhi bi t ed, TARTILER fpgseenirerarating Mieellged lipasame ALVEYAT 8FRIAERAY 1ol ecul e so

that the nuygdeihstoaciiflis KROAE UA IRraSivEIdkeehniRedbor BB e ducRlc L@t ers into the
cell. Once inside the HSC, the nucleic aclid nolecule will be capabl e of

expressi ng Hiesulss g cellapry hersed: ssbding tansfpaiige teehriavrs CBSRAYEliPRGUI at or y

conponent s t&énnﬁnés%r&hpﬁ@&aé 259 Rfa ViBEveRBENE: d¥iveR) d?nBlHe@ m@gm 1Qp48] Thus,
the .nucleic acid nol ecul e may encode an 1 nhibitor of 3, for exanple

encode a protej.n kinase that inhibitori I%q;' phosphor yl at es Cx43, or a
transcri pt ilB0%H r &bt agsaighat dpypasaylatgs e H pmhfeéatpﬁaﬁsvetwﬁw%m@f a gene

encodi ng Cxf3n uilhﬁtoﬂb‘f»‘('l)@lm{ﬁc%r@hﬁ%@ﬁHétﬁ‘vntﬂl%r &BH@Q% éompRufEHMhe capabl e of
inhibiting or interferin transl ation RNA transcript encoding

Cx43 such dshibitspigerisres i, compsiss with a5 interuAtsdle Ié@p giokferatiep pevity €f di r ect ed

agai nst a t&ansgdhdh ?Hl%l%gl!llgglaI &‘aseg(sﬁﬁmmﬁ&to?'eﬁhan&eg%%ltoﬁvsseﬁhé’-t ed above, it
wi || be appreci at ed % hat any nucleic acid nolecul e encodi ng an i nhi bitor of

transcri pt ipbpsphenylgtion e €. of Cx43 or of Cx43 protein will include any
necessary regulatory elenents required to effect expression, including

transcri ptijgous)f tﬁ%ab&fﬂhﬁ%i)% sthAll &B@ch@%egnamElfateimenhmb@y &of is to be

expressed and in which feration is to be inhibited. Ml'ecul ar bi ol ogy
and cl oni néuq%emﬁ#ifrqgm@tffﬁreog@hép@ﬁqnhbmmemaém&nba@rlky nhpspberylates GxA2| udi ng

particul ar lmlmt%@gggepﬁs&n%g oS ARYAD acf) Sor S¥pIOPGLG IBnAE cd 1ol ecul es may
be readily generated using roufine |aboratory methods. [ 0050] For exanpl e,

Snail or a B@ Ie| ¢ acid nol ecul e encodi n% Snai | ma be deI iver ed into the

HSC. Snai | [PQ46] iAtermatipglirthe 3espdRay; hsra melequlcthafrinkpitsor ipferfasesayith
denonst r at @gnscABtidn WHaGRbIEH atid chORINEXBAD] BF RBIpRYS trdnScrptiBishl bpredsopnai |

consensus bi ndi ng sequence in the pronoter region upstreamof the Cx43

codi ng r egiPsticingpgudipg E%PSW&%‘OB&SFPF§H€G\MTF%38§BWayrlé"gadP%lﬁ‘é‘lft hanscription of
the Cx43 Q&A8bits or interferes with translation of an RNA transcript encoding Cx43, for

example a DNA enzyme or siRNA that interferes with translation of the an RNA
transcript encoding Cx43 or an antisense RNA molecule directed against the Cx43

transcript.

[0047]  Alternatively, down-regulating may comprise delivering a nucleic acid
molecule encoding the agént: into the HSC in which broliferation is to be inhibited,
including contacting the HSC with the nucleic acid molecule so that the nucleic acid.
molecule is taken up by the cell or enters into the cell. Once 1n51de the HSC, the
nucleic ac1d molecule will be capable of expressing the agent, and thus should mclude

' the necessary regulatory components to effect expression of the agent within the HSC.

[0048]  Thus, the nucleic-acid molecule niay encode an inhibitor of Cx43; for
example encode a protein kinase that inhibiforily phosphorylates Cx43, or a
transcriptional repressor protein that inhibits transcription of a gene encoding Cx43.
The nucleic acid molecule may encode a molecule capable of inhibiting or interfering

with translation of an RNA franscript encoding Cx43 such as a DNA enzyme, an

13



[ 0051] Snail may conprise, consist essentially of or consist of the
follow ng am no acid sequence [SEQ ID NO 3]:

MPRSFL VRHPEDRPNRISEINY SEL QDSNPEFTFQQPYDQAHLLAAI PPPEI LNPTA  PCT/SG2010/000009
SLPM_I WDSVLAPQAQPI AWASL RLQESPRVAEL TSL SDEDSGKGSQPPSPPSP APSSFSSTSVSSLEAEA
YAAFPGL GQVPKQLAQL SEAKDL QARKAFNCKYCN :

KEYL SLGALKMHI RSHTLPCVCGT CGKAFSRPW. L QGHVRTHT GEKPFSCPH

CSRAFADRSNLIRGE SITRINR VS K QRNACHRTE SRRl el CrSRRRLQARZhe Akder nati vel y,

Snai |l may conprise, consist essentially of or consist of the follow ng
am no aci d melguence [SEQ I D NO 4]: ‘
MPRSFL VRKPSDPRRKPNYSEL QDACVEFTFQQPYDQAHLLAAI PPPEVLNPA

ASLPTLI VDSLigy, QDNM&%BE%RM%%@E&M%E@E&%E& molecule
PAPSSFSSTSASSL EAEAFT AFPGL Gl PKQLARL SVAKDPQSRKAFNCKYCNK

EYL SL GAL KMHInRSHTEL PONCHT e Ok ARSRMon QEHARIMTCERPE SCgHex43 protein will

NRAFADRSNL RAHL. g};@gﬁ SRS Qﬁ L—lﬁ ? -regul ation
usi ng Snail, lo(tg%l;g,e#?l;?%)/‘!rgtg)%tX in agg{r?:fs, o&ers Ay %ﬁ%ﬁgﬁé&%@?ﬁ:ﬁ%rﬁﬁ% s may be
achi eved ustrangeriptiomolethelinhibithoid shef l0$C dhebhictethy inbibir probe¢xprassedand nal |

nol ecule in le,d: ncl udi ng, .usin 1 cel r ki psul ati on
t echni ques.&]([ev(ﬁlgcgff)}3 Al}&ér ltsaﬁog?/errlgh 'F l?1‘%% %’t’ﬂz‘fg‘g“{ ls)%h%g ap é gﬁ@?? .Egﬁ“ﬁ@%ga gene
encodi ng Cxfdsgamentifendélid acet mdlecui¢sondlinbngHa@iculir Ddngeseryenees ¢ a o
magnesi um de gvndenpt uccajl‘at tai @ I’lLiCC| fel C a%i daé@y"?e%s%ge %fs.nD%tithat can

sel ecti vel YRRt SURURRIK S 1T0RG FuHeE M8y Do DhEn e B8 L8 Y8% 1 i ng and
pot enti al | ylaldr&taiyenaahqakosphodi est er bond of the backbone of the RNA
substrate at any purine-pyrimdine junction (Santiago, F. S., et al.,

(1999) Nat : 1264-1269),.. A nz j di stinct
functi onal @ggg?nsglorgxaﬁ'ﬁ%%?'égf %leg% %ﬁ?ilegmgg%&t%ggpgféé&ra i'es out
ph;)slph;)Qi esdeéVerbc:)intb tb¢ BaCa§esil grmﬁigimghmﬂsdipzian facotoraragbaszbleg?ki ng : he
catalytic core; seqguence. i | e.ar an.be tailored to

et eve conBrenutg:  BUERm R Rk e Ra S SFriPle ' [0058] The
DNA enzyme bindihg $ehaxmed mrtke prametec egjoh@aperharof thediddredingagiongandanneal w th

regions on th ranscript of a Cx43 gene .fl anki.n puri ne-pyrimdine
junction su‘@lﬂaf #‘naét e?%sgo‘gﬁfoa(;mni'rgg@%t? ga'bsfn?twg Oém&%eaéfﬁ[ée'i s able to cleave
the transcript at the junction, rendering the transcript unable to be
transl at ed 085t odired may comprise, consist essentially of or consist of the following

amino acid sequence [SEQ ID NO: 3]:

MPRSFLVRKPSDPNRKPNYSELQDSNPEFTFQQPYDQAHLLAAIPPPEILNPTA
SLPMLIWDSVLAPQAQPIAWASLRLQESPRVAELTSLSDEDSGKGSQPPSPPSP
APSSFSSTSVSSLEAEAYAAFPGLGQVPKQLAQLSEAKDLQARKAFNCKYCN

KEYLSLGALKMHIRSHTLPCVCGTCGKAFSRPWLLQGHVRTHTGEKPFSCPH
CSRAFADRSNLRAHLQTHSDVKKYQCQACARTFSRMSLLHKHQESGCSGCP

R

[0052]  Alternatively, Snail may comprise, consist essentially of or consist of the

following amino acid sequence [SEQ ID NO: 4]:

MPRSFLVRKPSDPRRKPNYSELQDACVEFTFQQPYDQAHLLAAIPPPEVLNPA
| ASLPTLIWDSLLVPQVQPVAWATLPLRESPRAAELTSLSDEDSGKSSQPPSPPS
 PAPSSFSSTSASSLEAEAFIAFPGLGQLPKQLARLSVAKDPQSRKAFNCKYCNK
EYLSLGALKMHIRSHTLPCVCTTCGKAFSRPWLLQGHVRTHTGEKPFSCSHC
NRAFADRSNLRAHLQTHSDVKRYQCQACARTFSRMSLLHKHQESGCSGGPR
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functional Cx43 protein. In certain enbodinents, the DNA enzyne is desi gned
to cleave the Cx43 transcript between the A and the U residues of the AUG
start codwo.20{0d82%p For exanple, the transcript for Cx4Bcwmg2eompetose the
foll owi ng sequence [SEQ ID NO 5]: GGCUUUUAGC GUGAGGAAAG UACCAAACAG
CAGCGGAGUU UUAAACUUUA AAUAGACAGG UCUGAGUGECC UGAACUUGCC  UuuuCAUUULU
ACUUCAUCCU CCAAGGAGUU CAAUCACUUG GCGUGACUUC ACUACUUUUA AGCAAAAGAG

UGEUGCCCAG CA%JW@S? mi %%éirﬁﬁ%m#%ﬁ (HORCEIIUCAA

1
GCCUACUCAA ™ CUC : AC UUUUCAUUUU CCGAAUCCUG
CUGCUGGGGA intiidiosmyds achicyrdasingstawannsibadsdondslicessetypr otgaacaic
ACUCAGCAAC, GHIGEMGUGA. | AAAHGHCUGT LORCAA |
CGoUUCUGGAUCCUGCAGAL” CIQ@QUUUGJG JGUA %CUUGJA%W GUGUUCUAUG

UGAUGCGAAA GGAAGAGAAA CUGAACAAGA AAGAGGAAGA ACUCAAGGUU GCCCAAACUG
AUGGUGUCAAQ3SAGEGAAARIA crpingthat Greasyheanscrips ohA Kessacrdin i Jamncha

DOCUCLLCAA CORTACCUD, ACCUER AR DU A ETAC ADCUATA
UCAGCUUGAGRIBEUBISINE DACATIBCR/AAIe GACKUBBOIGN BOZAGASGAC) GHEEATUGLU
DeooocuGae COPRAEACE: RUERED REREED U AR ERRE A C

GGGUUAAGGGhHA RAGAGOSAT: CRUVATORHGHEREGCAGEE (SETIEBUBAS tRCLIGETAAAG

coounUaUC BB GREAN s DRSO R R A B o
GCAAUUACAAdGAAMICAASTAC IEEISATUAANC ACTHRGEE I Aul ANAEAGHISTA HeAACIAAVAAELIC

and two hybridization arms flanking the catalytic core; the sequence identity of the

arms can be tailored to achieve complementary base-pairing with target RNA

substrates.

[0055] T.he DNA enzym.é will therefore have complementary regions that can .
anneal with regions on the transcript of a Cx43 gene flanking a purine-pyrimidine
junction such that the catalytic core of the DNA enzyme is able to cleave the
transcript at the junction, rendering the transcript unable to be translated to prodhce a
functional Cx43 protein. In';:ertain embodiménts, the DNA enzyme is designed to
cleave the Cx43 transcript between the A and the U residues of the AUG start codon.

[0056]  For example, the:transcript for Cx43 may comprise the following sequence
" [SEQ ID NO: 5]:

GGCUUUUAGC GUGAGGAAAG UACCAAACAG CAGCGGAGUU
UUAAACUUUA AAUAGACAGG UCUGAGUGCC UGAACUUGCC
UUUUCAUUUU ACUUCAUCCU CCAAGGAGUU CAAUCACUUG
GCGUGACUUC ACUACUUUUA AGCAAAAGAG UGGUGCCCAG
GCAACAUGGG UGACUGGAGC GCCUUAGGCA AACUCCUUGA
CAAGGUUCAA GCCUACUCAA CUGCUGGAGG GAAGGUGUGG
CUGUCAGUAC UUUUCAUUUU CCGAAUCCUG CUGCUGGGGA
CAGCGGUUGA GUCAGCCUGG GGAGAUGAGC AGUCUGCCUU
'UCGUUGUAAC ACUCAGCAAC CUGGUUGUGA AAAUGUCUGC
' UAUGACAAGU CUUUCCCAAU CUCUCAUGUG CGCUUCUGGG |
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GAAUGGGGECA GGCGEEGAAGC ACCAUCUCUA ACUCCCAUGC ACAGCCUUUU GAUUUCCCCG
AUGAUAACCA GAAUUCUAAA AAACUAGCUG CUGGACAUGA AUUACAGCCA CUAGCCAUUG
UGGACCAGGR0AC0seMACC AGAGCCAGCA GUCGUGCCAG CAGCAGACCU eCESGRianldemoo9
ACCUGGAGAU CUAG [ 0057] The DNA enzynme may be synthesi zed using Standard
techni ques known in the art, for exanple, standard phosphoram dite chem cal
|l i gati on nmet hods nmay be used to synthesize the DNA nolecule in the 3' to 5

di recti on_obcauslidhwunnartynond elRg Astag carryteaBied nuct el c aci d

synt hesi zer. Alternative enzynme may be synt hesized by :
transcri bi @CQGM%%%W%A@@M@A@WQ Q%AWAe’nﬁzyrre The nucleic

acid nol ec DEG { C'?H%Tﬂ , for delivery
into a cel ll(l:J?Gmgpre}szg}\o(%A@ggf&@A l&l:glr exanple, a vi raI vector. Suitable
viral vect OAEIGGM}M@@A\IEMGGA@AHG aACiREGAAGCadAEUeAGAY al vectors. [0058]
enzyme o L RALCOHD AR et DK MR P LAAC i s abl o o
target and AAAME(EGBX@GGGUEJ@GLDGCGMG@UA@IAUCAI&GHGUAng in decreased or
no expreSS| cli osure may include
transfectio 8?@%%@%@@@“@@@%%%5@ Q%t[ﬁ%ﬁéwl}g{l)n croinjection
techn: ques ng%%&mlA@thUGGQlUIBGI\mm@%uﬂ]@t[é@tmmm cel |. Erlposure
maya30|é ml‘f\f&l&ﬁée lOl: ng ﬁgﬁﬁm as cells my
t ake up nak FEPRE ¢ vat¢ UG & yme is included in
a nucl ei ¢ - agcdugectuuG ceccbxc@m@cwmcmmmmmwwu may be infected
with the viral vector. é‘l l: Al ternativel %/Gq:an antlsense RNA nol ecul e or a

smal | i nt erf2&PPk qﬁw UHGIGEEHPE éléﬁ:r ession of nucleic

acid encodl&w@%&m%&@@m@wc&d@cl@@ﬁ@@wc The antisense RNA
nmol ecule will contain a se‘igjuence that is co | ement aré to at | east a

fragment of CHHURNAGEEAA ﬁ?C&A%C@M%lé GPRSCan bind to the

Cx43 transanbebcudIEERCURSCA R AFUGUBRIUE DE AL R¥REESSI on of the Cx43
gene in vivo. The antisense RNA nol ecul e should have a sufficient degree of

conpl enent FFPY ALY UG ARG GRRAYEAREINE eRUSHEGUGL bi nding of the
anti sense neGeeUhedIRC DREURIESEGIBARRELH NS CRRAGEEAONS | N whi ch
speC|f|c binding is desired, such as under physiol ogi cal conditions.

CAG CAAU UCUUCUUGCC GCAAUUACAA CAAGCAAGCA

AGUGAGCAAA ACUGGGCUAA UUACAGUGCA GAACAAAAUC

GAAUGGGGCA GGCGGGAAGC ACCAUCUCUA ACUCCCAUGC

~ACAGCCUUUU GAUUUCCCCG AUGAUAACCA GAAUUCUAAA
AAACUAGCUG CUGGACAU_GA AUUACAGCCA CUAGCCAUUG
UGGACCAGCG ACCUUCAAGC AGAGCCAGCA GUCGUGCCAG

CAGCAGACCU CGGCCUGAUG ACCUGGAGAU CUAG

[0057] The DNA enzyrrle 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 5” direction on a solid sljpport,
including using an automated nucleic acid synthesizer. Alternatively, the DNA
enzyme may be synthesized by trarlscribin‘g a nucleic acid lnolecule encoding the
DNA enzyme. The nucleic acid molecule may be contained within a DNA or RNA‘ ‘
vector, for dellvery into a cellular expression system, for example, a viral vector.

Suitable viral vectors include vaccinia viral vectors and adenoviral vectors.

[0058] The down-regulétion thus may be achieved by exposing the HSC to the
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[ 0061] The si RNA nol ecul e may be any doubl e-stranded RNA nol ecul e,

i ncluding a self-conplenentary single-stranded nol ecul e that can fold back
on itsel fwoaofoarsmoBhe doubl e- stranded si RNA, whi ch i nduees/sgemw/s@eei fic
RNA interference in a cell, leading to decreased or no expression of the
Cx43 gene in vivo. An siRNA typically targets a 19-23 base nucl eoti de
sequence in a target nRNA, as described in Elbashir, et al. (2001) EMBO J
20: 68|7|7 68BRA dnhﬂn@ﬂﬂhﬁml?eSDNf\ en@irﬁdmé ia‘kfefi ﬁ]ﬁw focét, and ilaleblgitmtahg\;st Ir ef erence.
General ly, uence of one nd of the si RNA wi e.conplenentary to
a portion o‘l‘“%tcllﬁé‘v?*rﬁaﬁ ofansHpt t"aff‘ fets“a]ﬂ%c‘lnldﬁfreasﬁ%%“(’tWre&%‘\ﬁfr anscri pt .

Gui del i nes fu@ét.dﬁemmlpmelﬁnﬂm@@elar@pmwmay club@traistecti6t teGintdiés, desi gned to
hybridi ze to a specific target may be obtai ned comrerci all (Arrbl on,

Q agen). Fofre&rampindhe at, ppasmigraimeetion techpiaggs i whisBtheddNojetitiahy are often

nore ef f ect jnyRteli fhib MHAYEI. n&p‘@% B} 8166 B RBE ExpoRhRhk celﬂoRN;Anaﬂ@Ji BRI es
directed agal nst particul ar sequences are comercially avail able, or may be

desi gned anenZpie.chagbdnaydaliraipdipkad BNA A viye| Alteraasiyplyt i€ thedNyeedyiear e

avai | abl e t Qflaxe@h SR RRALERESE ?Qwrklr%hfo %eé%lma%%gﬁ?f%ctéﬁof exanpl e,
the si RNA may conprise a sense strand having the sequence r(CAG UGC ACA UGU

AAC UAA U) dvdiTthe SE@ veploNO. 6] and an anti sense strand having the sequence
r(AUU AGU UAC AUG UGC ACU G . dTdT [SEQ I D NG 7] which si RNA iS directed

agai nst the[(o‘ésg engﬁerﬁﬁge@% dakiSenSE RN @y 166t ﬁ%lén{aﬁlﬁ%ﬂféan?@w in the
transcrlpt P $I RNA, Q agen, Germany). Alternafively, the si RNA

may conpri s@lPé\Tft)en@lch‘s&than@lhawnrgsanm@fge@]@neﬁ@éenqom%@;n@wbeCCC UGG Ucu
A) dTdT [SEQlélperlépm@t]]eﬁ@F an antisense strand having the sequence r(UAG ACC
AGG GAA GCU UAC C dTdT [SEQ | D NO 10] which siRNA is directed against the
sequence CAG GUA AGC UUC CCU:GGU CUA'[SEQ ID NO 11] in the transcript
(Rn_G al _5_I9968] RNBbe anfisgegemRN&angleawls will confginjs syausace th#f ior der to effect the

down- r egul agdny] nflemdnily oSk leaﬁ%ﬁabﬁeﬁ%ﬁ’%ﬁﬁﬂ&n&&ﬁn%C%rg%ﬁ‘e BNfwhfah nucl eot i de
encodi ng t he antl sense RNA, the si RNA or a nucleotide encodlg% t he si RNA,

for exanpl ecad bindap dieCx48 iransyriett Berebyieduding oTpreyeniing the expsshign aiohecul e whi ch
al 'ows for ELANRGE IhOThn itRsERNASFES G hahF havel subticidht 3dpdl - St r anded,

sel f-conpl ementary si RNA nol'ecul e capable of formng a doubl estranded
si RNA. SuchcomplemreniasisnioshetpicelduR¥A te pyaighnerpspecifir bindingwétheontissasg be

synt hesi zednygl g Hohlifbé s@cﬁl'eﬁjceg D& Elai RO NARLSspIBRDBAGingd St andard

nol ecul ar
desired, such as under physiological conditions.

[0061]  The siRNA molecule may be any double-stranded RNA molecule,
including a self-complementary single- stranded molecule that can fold back on itself
to form the double-stranded siRNA, which 1nduces gene-specific RNA mterference in
a cell, leading to decreased or no expression of the Cx43 gene in vivo. An 51RNA
typlcally targets a 19-23 base nucleotide sequence in a target mRNA, as descrlbed in
Elbashir, et al. (2001) EMBO J 20: 6877-68‘88, the contents of which is incorporated
herein by reference. Generally, the sequénce of one strand of the siRNA will be
complementary to a portion of the mRNA of the target transcript, here the Cx43 -
transcript. Guidelines for designing siRNAs‘are known in the art, or siRNA designed
to hybridize to a specific target may be obtained commercially (Ambion, Qiagen). For
example, siRNAs With a 3’ UU dinucleotide overhang are often more effective in
inducing RNA interference (RNAJ). siRNA molecules directed against‘particular
sequences are commercially available, or may be designed and purchased

commercially. As well, computer programs are available to design siRNA sequences
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bi ol ogy cloning techni ques as described above. [0064] Thus, inhibition of
proliferation of an HSC may be achi eved by delivering the agent into the
cel |, whiwb20womsesses exposing the cell to the agent, alcowiGagiofoosooupt ake
of the agent by the cell, allowing the agent to interact with Cx43, or DNA
or RNA encoding Cx43 so as to down-regulate the HSC proliferation activity
of Cx43. [0065] The nethod may be perforned in the context of an HSC

af f ect ed byelgemaitiogerd)i brosis or a hepatic fibrosis related disorder,

i ncluding an HSC that contributes to or is involved in causing hepatic

fibrosis or epatic fi | at ed di.sorder or an HSC that is activated
due to or 0[86?% #0}551“1 l?? %ber E%N/g"&y°8mﬁﬂsﬁa?tsieﬁsefsgﬁ'}‘d§?f“§gﬁéelsg(ﬂugacedi sor der .

[ 0066] ThUSr(CAGQJGdS%IOAm@UIMCIDJrAQi }chﬂrda‘t[SEQ IDNQG:@) bed dndnkikenkeestrandy be an
HSC in vivqg in subj ect | n ne of treat S or a
hopatic 11 orslsdeErrear AP ARG ALRUPReGS b ARER e RRF7L°

human. [ 0064} hia mmtlg @.réctéaragahﬁ trfeegqueﬁgk ,dA@omi@ GUAB(ERUE’G[UN Aay di sease,

di sorder or condition resu is associated with

hepatic fi bMUYIlSEQ Hﬁé‘{%&ﬂ Hb‘h%ltrﬁ}sﬂﬁﬁ@“ﬁm]r-ésﬁg S’B\;N‘Aa Qiagerrferam9™i br osi s.

Such di sor dglkegndtivel Ltﬁ@st%a}ﬁcoiﬂphJie&@geasé SfahdfdviME thd Quuéxenelces cirrhosis,
hepatitis C i nfection, hepatitis i nfection, steatohepatitis associ ated

with al cohd*Ag rC18t5€§ﬁtl§/GGﬁ&%éWEside§B@ﬂQ NQy9] geshansangipesss sepd hyingrar y
biliary ci rdam'ahamé RB&G Afek@d @mpbb@ @A@@)Q"FS’P%EQ'IE NOASkhRR hepatic

cancer. [0068] Thus, delivering t agent or nucl ei ¢ aci d encodi ng the
agent into SﬂRcl‘éA@eCIltecieﬁegamte&eawweﬁééith\éﬁCéf&JGQQWGGHr@%t of the agent

Lo, Lhe SubligbpTie: 1iFH e Filagk e AIPUNKD AR AITE AT S TEANS an amount

effective, osages” an t1 me necessary to achi eve the

desired result for exanple, to |nh|b|t proliferation of an HSC in the
subj ect andP863k o Thuedn OWébt&tefféCtﬂfff’di%@r@g‘d?tloa’ the palt ey be PPeSE & r el at ed

di sor der. [tQQQQ;LenI@ﬁN%g@ﬂaclaﬁld@e&u&hgk& AGids0eRdhOGRNAErageNt may be
adni ni stered to the su bj ect using standard techniques known in the art. The

agent or a Wﬁ'@P‘&eé’nmﬂw ta e BHAR i expenpdgye pecleingeidecctd gomrising ped
system cal |dﬁcleﬁracmol&%lemmél§ﬂv§ rf(ﬁ'qta%c'}?ﬁ&l o aﬂtamtlggrersestllahfcnﬁ{ orq]c an HSC.

Admi nistration to the site I ncludes | nje tion he Slte, or surgl cal
i mpl ant at i Gingleasidndady selfrpomptpmentasy BN AcESIerate @p@éﬂ offemyng g deubde-agent or a

nucl ei c aC'sﬂar?d%ﬁQM $0F aRIRRERsY hR1dc R, GRUAM R VES b EhEBe VESsel s of

the liver, such
synthesized using nucleic acid chemical synthesis methods and standard molecular

biology cloning techniques as described above.

[0064]  Thus, inhibition of proliferation of an HSC may be achieved by delivering
the agent into the cell, which comprises exposing the cell to the agent, allowing for
uptake of the agent by the cell, allowing the agent to interact with Cx43, or DNA o‘r
RNA encoding Cx43 so as to down-regulate the HSC proliferation activity of Cx43.

[0065] The method may be performed‘in the context of an HSC affected by
hepatic fibrosis or a hepatic fibrosis related disorder, including an HSC that
contributes to or is involved in causing hepatic fibrosis or a hepatic fibrosis related
disorder or an HSC that is activated due to or during hepatic fibrosis or a hepatic

fibrosis related disorder.

[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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as for exanple, the portal vein, the hepatic vein, or the bile duct. [0070]
The concentration and anobunt of the agent or a nucleic acid encoding the
agent to we adwseostered will vary, dependi ng on the hepatisc26iobo@sd s or
hepatic fibrosis related disorder to be treated, the type of cell
associated with the hepatic fibrosis or hepatic fibrosis rel ated disorder,
the type of nolecule that is:admnistered, the node of adm nistration, and

the age andober t ha Gépatib&buljraattd dnk&e&l}feﬂs'@o @lyideaseadbrdbrsdrr at i on, the
agent that down-regul ates the HSC proliferation activity of Cx43 or a

nucl ei ¢ aci @neHebunish ntaﬁéalé@éﬁ%ultﬁwrbSeassroaiarfawathéwpasc fhbﬁoﬁ‘%ﬁ‘ﬁlé‘ﬂi"ént in a

phar maceut i Lm0 WPRSis b} #&cokddR/Birostedueh Bfsbrders hﬁ:‘llﬁe'hgpd@lﬁ e¥iARd a
phar maceuti cal conposition conprising an agent that down-regul ates the HSC

prol i f er at i iBludiegifoq exgmple, @stlngwohepatltﬁ&méqCéOIaélmtléﬁBdelﬁeﬁgmsuch an agent,
and opti Onaétéa}’oh@pa%hémﬁ&ﬁw évﬁﬁklk%o%ﬁ&@&%bhé?n&'h}dﬁﬁ%ls Rushphar maceut i cal

conposi tions may use I n treating Népatic fibroSis or a hepatic
fibrosis redisoréea mimy@r blléary cjriovis[PBGenaosipdoli¢ steatehepatitisyaSHNel y cont ai n
phar maceut |lﬁ:§£ticyc ageept abl e concentrations of salt, buffering agents,
preservative various conpatible carriers. For all fopns of delivery,
the agent that down-regulates the HSC proliferation activity of Cx43 or a
nucl ei ¢ acil@088lcodThvg deliedingithezagenitor maycléie adid eraoring ey dgantantpiheseldl ogi cal

sal t sol utiigflygesiy {i}gfn sgeg%gﬁ%écggéarg&%ﬁhgﬁhy%}%%ltﬁe SRRE: ATyt ration,

where the agent t regul at roliferation activity of Cx43
i s a pol ypestiedize emoentpasotsed h\eremunenwnb@metsqffeaweeattd@Sagntarldcfer t he peptide

or the pr-otsp%hedgamhuepe%a?yﬂg RieRl HEfeREPTRIL T A aliBE iy Br ot ecting

and/ or preservin rotein untrl ellveredtothe
target cel Iprol[fel@ﬁc‘k] of‘léhé{S;ﬁ mphﬁsubpnt aadidr fodeat iepyticofibrofizonztepateceut i cal | y
accept abl e t?er)s'I'seﬁé e %lsggdtepr m ned by chosen route of adm nistration,
conpatibility wt FI ve C€lls, and standard pharnaceutical practice.
General ly, the pharmaceutical conposition will be fornulated with
conmponent's [OAG] wi The agent oka hyclade acid enspding theteksnt imap &ie pdministdsedob s cal

Properti €S ekl 9aRlxd A dRRIFGOHIALES ThDSLG PhaNERERLT On acti vity

of Cx43 or a nuc c acl d encodi ng such an agen e pharmaceuti cal
conposi ti orﬁne@dmgjbe peeepanrcte dnikisionsd systniically, eronayt teeadpriwigencd tirestly of

phar maceut 'a%{?'s}f%a%ff%;?h@pf ‘?—\d%ﬁﬂ?t?a?fok'toorﬂésée%&é‘(ﬁés‘?ndéc‘?fon%j GhSH ation to

subj ects, suc at an effective quantit t downr egul at es
surgical implantation, and may include the hydrodynamlc dellvery of the agent or a

nucleic acid encoding the agent via the afferent and efferent vessels of the liver, such

as for example, the portal vein, the hepatic vein, or the bile duct.

[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 hebatic fibrosis related disorder, the tybe 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-regulatés the HSC proliferation activity of Cx43 or a nucleic acid

encoding such an agent, and c;ptionally a pharmaceutically acceptable diluent. Such
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the HSC proliferation activity of Cx43 or a nucleic acid encoding such an
agent, and any additional active substance or substances, is conbined in a
m xt ure wbhor/ggbasmaceuti cal ly acceptabl e vehicle. Sui rablse2v@h@bes are
descri bed, for exanple, in Rem ngton's Pharmaceutical Sciences (Rem ngton's
Phar maceuti cal Sciences, Mack Publishing Conpany, Easton, Pa., USA 1985).
On this basis, the pharmaceutical conpositions include, albeit not

excl usi vel YphaggdctliticAREmPssitdAE mag BB fortubdttn RNy Hep k! QS drRdepdac _
proliferation actjvity of Cx43 or a nucleic acid encoding such an agent, in
associ at i orfiipsisHelaisd diserdefor e phar maceutical |y acceptabl e vehicles or
diluents, and contained in buffer solutions with a suitable pH and

i so-osnot i qoar3]h pPi¥sbapRaiocaanal kalitidsly cbRBA Bharhagubd AB&piablecal

conposition may be adm nistered to a subject in avariety of forns dependi ng
on the sel sep&atrtions ef git. byfasing ageptatnresrvateesang yarions eaistible sgesy t hose

ski Il ed in Hobg ffiths oflRBv&GPIROSh AL d@tvnIrE%ldt&\fﬁé“HS@Berat%a ni st er ed
topically, surgically or by injection to the desired site. [0077] Sol utions
of the agerff Crfhher adviglsicragigipneading supleansmenine beffermaulateshinget i vity of Cx43 or
a nucleic ' | Heh : SRR [ . | ol ogically
sui tabl e bfﬁﬁ #g?lggﬁﬂggﬁé@gﬁng@% g%ﬁ%%%‘?%ﬁ%ggf Qét ora enggrgﬂlﬁgsyea?ﬁit’h%e

pr epar at i onghersohe adent thatdoegeeapiatésitbe HSC pradifesstiontapiévigrad Wixh3 isfa

m croor gani W i Nt A f [ | t hat
down- r egul é’t%gge‘%tﬁggiés%%%}“é ti“#aéiggtd?%ﬁauagé{) 9’3}“959’%?’%%92%‘ ‘hk'bg%?é’%ﬁ* skilled in
t he art wodipdsdaeawothenbiomatpriad pegfel feuprogiting andlonpregrviogtie pGodeent i onal

pr ocedur es ?&Qniuﬁ't riteigidgﬁtelsdfu?{hewget%gl ection and preparation of suitable
formul ations are descri ecf, for exanpl'e, in Rem ngton's Pharnmaceuti cal

Sci ences and in The United States Pharmacopeia: The National Fornulary (USP
24 NF19) pu®P74dhedhepropogion afjdd7g|ty Thibe doarmacshticalip agriepiebla dduant sal '

conpositio b o) part.i C ition being
Cronted. g B o o B e R B o et o s

i ncl udi ng atedarg hasinacghticabprdétice oAgneslly ethe pbhrmedegtita] carpositian atili bh of t he
treat ment, t.une r r L1 F : . ific route of
adm ni st ratf%)%ﬁ'l%%dd\y@t (f?gegrp Ofs}%%ctﬁétr‘%p 2‘1’8{‘%?8 ?g%lgﬁ&agpg%ap htlhaglf) ﬁg%@nowl edge and
experti se ofopetiiss bthé adenprhatcloivniregidates tihHSE pfaliferatian aativtykeféad3 boa t hose of

skill int rt . ssed with m nimal routine experinentation.
[ 0079] Al sg‘%%‘g‘ﬁ%%‘ﬁg Cé)t(aglg SJEziér%ea%lcjL égt of an agent that down-regul ates the HSC

[0075]  The pharmaceutical composition can be prepared by known methods for
the preparation of pharmaceutically acceptable compositions suitable for
administration to subjects, such that an effective quantity of the agent that down-
regulates the HSC proliferation activity of Cx43 or a nucleic acid encoding such an
agent, and any additional active substance or substances, is combined in a mixture
with a pharmaceutically accéptable vehicle. Suitable vehicles are described, for
example, in Remington’s Pharmaceutical Sciences (Remington’s Pharmaceutical
Sciences, Mack Publishing Company,‘Eastori, Pa., USA 1985). On this basis, the
pharmaceutical compositions include, albeit ﬁot exclusively, solutions of the agent
that down-regulates the HSC prbliferatioh activity of Cx43 or a nucleic acid encodihg
such an agent, in association with one or more pharmaceutically acceptable véhicles
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 subjectina
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proliferation activity of Cx43 or a nucleic acid encodi ng such an agent,

i ncluding use in the manufacture of a nedi canment, for inhibiting
proliferavoanofs2eas HSC or for treating hepatic fibrosi#coscaotepaidc
fibrosis related disorder, including various uses in accordance with the
nmet hods as described herein. [0080] The present nethods and uses are
further exenplified by way of the following non-limted exanples. EXAMPLES

[ 0081] Mat evdridtysof dtehs Neddhaids oh H8@bctéloute @l hdihBtreendhdwinns: - Pri mary
hepatic stellate cells were isolated fronmal e Wstar rats according to a
previ ous| y HUETSioshBY thepotkalsdinthe o $he sunnositignef thy BYEHIOR Ma¥dB5) . The

prot ocol WaginARipeRY eshidMy,ishidals bi Byuihjemtal to ARidBledGRg e and Use Committee
(I ACUC). of the Bionedical Research Council of Singapore. The purity of

rimary HS assessed_by vitamn A autofl uorescence one day after
"sol ati on C@Hﬁa olyiione ofigagenihat dpaderFgiuies B HelupstderphiR sl et ai,

2008) ALl grahles oH@RRIGUAGA bl ithdn BeEhl Alf begherhd hcubat or ci rcul at ed
with 5% CO2. Hi ‘%h, gl:l ucose Dul becco's nodified Eagl e nmedi um (D- VEM
ey

| C . d, (
cont ai ni ng RS Y piahlebutéesy Hpger potinagnpandjtions ofestarageland Hseathgse100 g/ mi

streptonyci feRaficHSEM s hragrEld toGiveHl e orbWPSH HliclebibaniVAS aRdHhahased from
Bi ochrone. (Germany). Al other cell culture reagents were from I nvitrogen

(CA, UsA). Yidoesptaipdhsafunetiogpéthe agent that doyvmricedataethe BRCtmoliferederbi nant human
TGF-bl : Tugqt, 43NAYeS R GLRLY ih el B IRRow B siRgfed in 75 cne
tissue cul tur elyyf(fas S. ZBt'e.gO- fg%lcgfel c.on"gfuear‘lvce, rep\({:)%;[?Ei nant human TGF- bl
(hTGF- bl )fonmdatipgeledorventionpil prededwronaraiingradipwn fopthe belgetion@néig/ ml and |
i ncubated f . ' SFar nt rol .1 ment, only
phosphat e- u?r%agartlgg oé%%ﬂ%?o%@Q%Qgé‘%eﬁgnedéﬁt f8¥ ?ﬁgﬁgé{hl %Iml{\%&g% me

exper i nent sPhakiCeRicgeSdiencevaand irt Tledmtbd Witatés Fhasmancpsiay TheNeliomede | (BIM | ) at
a final co } f f. 3 on before treatnment with 10 ng/m
hTG-- bl . %08@%%;%@2?3@?2&43"&‘%8?’?6§r?9and guantitative PCR Total RNA was
isolated fromcells according to the manufacturer's protocol (RNA Il Kkit,
Macher y- Nagl®P78lGer Rierfipye ofahg pharmagevticg! dompositigrethetds torberised deperidspnand

real -time BER WEL & fb o AnRtd 1 A R 0gr am of
total RNA V\t/a%s%revee}rsce trlansizﬂrgﬁ%gtga’?ﬁél% ioglgg\c?ota ’tr eaction vol une of 50
m at condiubisetparkanstery ingddding agehphysical condition, size and weight, the durat‘ion of

the treatment, the nature of concurrent therapy (if any), the specific route of
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, includihg 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]  Celi culture conditions: Primary hepatic stellate cells were isolated from
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RT kit (N8080234). Real -tine PCR reactions were perforned using the Fast
Real Time PCR System (Applied Biosystens). Three mcrolitres of cDNA were
used in awBCRiwms2®wBi on vol une of 10 m . The Tagnman probesTiSerotanged genes
Cx43 and Snail, as well as for endogenous control b-actin were
Rn01433957_m , Rn00441533 gl and 4352341E, respectively. The PCR conditions
were 950C for 20 s and 40 cycles of anplification at 95C for 3 s and 6Q0C

for 30 s. [191985\]'15@[}%%@1&@% a\/ilésxté@rsry ;inbﬁihle? ﬁ@bﬁjuﬁe}/@ﬂﬁsk&ﬁﬁbrﬁdgﬁsequent
separation t ot ein i DS- PA owe Wést er n

performed & reﬁé‘&’eﬁ?ﬁdﬁ@@n“?“ﬂf@ WELAPRI¥E eé‘ﬁ@%‘}“’“%ﬁé‘"ﬂﬂ Feaﬁ’?g%(tﬁ&s bl ocked
wi t h 5% nonedmdhitied (I AUT) bBHe BAeRidaT RS d: Lh CohrRilexdin ﬁlﬁﬁe 906 furitpant a Cruz

Bi ot echnol ogy, USA), phosphoryl at ed Cx43 at serine § pCx43 Ser 368, 351

IS, Cell SiRjHBAY RSCTa@MET6RPY Wiamn A perfluqregserge OM%mﬁeUR? Mg b-actin

(A2228, Si gfR.celyRN H@Clmwe&%b&%}m&e"éﬂaﬁba@ﬁQ! &leéo@st) A1 Giils Wefeon  of
1: 1000, 1:750, 1:5000 and 1:7 Orespectlveylnbocmg solution. After

three washeltjvated Bea umidified 336t ingubtar eiroulagesriigy 376 £16hi Bhighglusessj ugat ed wi t h
horse radi SlBulQéz‘cooé ﬁ%ﬁ@@lg%dﬁ “ﬁgg&)%%p@%fggm% HafowsseAfided at a

di lution of 1: ocking so ter three washes in TBS-T, the
menbr ane mab)odlevﬁmbp%nbll&mtahd E@y@ht@epmm%s ugd dueing edilccaittere. UK) . The

I ncubati on %ﬁn E%Swé'% u?éé%f g‘ré’%isiﬁﬁﬁ&% @r Ooﬁr’gy‘r[{'l'l ght: @t lcﬂfareSA'rr: ot her

i ncubati ons re carri e our a tenperature
quanti t at i vreagdatssietaoimen Invitregaal( @A, ESAOf  Western bl ots was performed using
the Imaged software (W Rasband, NIH, rsb.info.nih.gov/ij/). [0086]

| munof | uor nce f HSC-2 cells
oot o r 8RS el TS LI L RE RGP B BTN, HEC 2

(C 6219, SiTDwaty Id&ﬁl)onmsrmnqohmsqahmnyl&&cedve@(%d@tm §&cinhessB6AIIECx43 Ser 368,
351 1S, Cel n tib | ution of 1:50.
The second tlt]aﬁkssa%f ?@3@9&1‘? Cg’brﬁ?ofm '%agglg daéﬂh d rgbﬁ’i'ats Al exa555
(Ihnvi trg%emdd&ﬁ%h ﬂnfellr@ncbsaadn@tofa odilf Hé/h@ﬁlnd)if‘mﬂbafcég@orﬂ sp@esi meaoeootS ai<en usi ng
t he LEI epj fl uorescence mc LEI rlany), 7

Anal ysi s oﬁ\ég%?fdb&‘tqnaﬂ tf‘i‘l‘t"éetnbéfq‘ytﬂq“ E‘gﬁ’ﬁ& Fﬁéﬁl?‘ﬁﬁqllg@s ?‘VEQ}?I s were
grown in a fdcdi) 6 &be Expetimems, A2 GMEWHerhéatedAhthng%&ﬂﬂ/ﬂna&ﬁﬁiﬁ&LlenCe, hTG-
bl (final concentration 10 ng /mt)é or carbenoxol one (final concentration 40

mM) was add&Mdhet afialitpaearratign ofe 1 fers’0 mig befgr trgtmeny with 1ppEmlas gi ven to
the cells. hrGp.p1.

[0084] Reverse ttanscrjption and qhantitative PCR: Total RNA was isolated
from cells according to the manufacturér"s protocol (RNA II kit, Machery-Nagel,
Germany). All reagents for reverse transcription and real-time PCR were from
Applied Biosystems (CA, U.SA). One microgram of total RNA was reverse |
transcribed to cDNA in a total reaction volume of 50 pi at conditions described in the
RT kit (N 8080234). Real-tfme 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 gl
and 4352341E respectlvely The PCR conditions were 95°C for 20 s and 40 cycles of
ampllﬁcatlon at 95°C for 3 § 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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Alternatively, BIMI (final concentration 5 mM was added 30 m nutes before
the addition of hTGF- bl . After a brief rinse in PBS, cells were incubated
i n D MEMwoOhous2henol red, containing 5, 6- carboxyfl rorsseeionoaioacet at e
(Research Organics, USA) at a final concentration of 50 ng/m and incubated
in a 370C hum dified incubator for 30 min. The cells were then rinsed tw ce
with PBS and D- MEM wi t hout phenol red was added before proceeding with the

FI uor escencgsRar@Viahyer & tz@OS)Pimé RABhBRENAD 16 RKBAR th 3SSRY-fat Thigk RAP
application_included in the software pack ()gqe of the LEICA TCS SP2 equi pped

with the DVERDOWetHITBA: TEmatt?)(sirdddseanta (rug Biotichpelp®e ¥S6Bj ecti ve (Lei ca

HCX APO L Un¥sihoR3atéd e aY\éérﬁnE 36Mpcwas sisesl 351|_1*Secélrl gRRaligser at 488 nm was
used for excitation and the fluorescence signal was captured between 500

and 535 nm T@h@anHSM FeN AT asbdanl, Usend B—aptrre(A@Bé&(Shngélﬁé) at 10% | aser
power, Eﬁd rﬁﬁ)% ? \%Erﬁﬁgﬁledlaﬁsgﬂ%ﬁggo lE)(R)I 9!‘(?‘1(15%9 %Qd E?%Obl each scans

at 15 seco ferva eac i g’ peri’o oom node was
used to bl easmctazelyl mgloekmglsdlutﬁdnaA@e:tthteekwla)heslefTBﬂ}ﬂf the agprogiteon of i nterest

(RO). Al da orrect hot eac ur i post - bl each
acqui si tion’ %ﬁﬁ?ﬁ a{’ﬁb(’%\‘ixﬁgqjgpaggia 'ﬁ’elgpsffrr %S%r@%ﬁ%#sgzant of recovery,
tau (t), waBioslhnotgl ddSAywisiddtdédyy aTdhﬁnthj’f I’l@DU@ﬂi xdkéigi sorfibm A fdat a
(OriginPro SR4, Ori USA) to th | | pwi_n nct i an. . F( = FO +(F -
L (9 P2 theePRainein PRET e perhend e feiePaed Wit Pl S LRBIR L (b omsi Ly and
F 0 bei ng thaltB&ys/RIO! Tik malbut&)mltﬂm4ﬁlau@wcﬂ§&a@§afdrmwaﬁérﬁ.gm athe transfer
constant ( aI culated fromk 1/r and normalized by dividing by the

nunber of C‘L G éﬁ eLBRTbIEINS W AR ¢ Ut fQg d thoprat roomyismpETalist- S€Wince recovery

for each cejuanti@s cALRIbmeRKandIPOSS WEL@s bloRnhapeitbencdRbihk tHemagdif t assay:
Based on the rat Cx43 gene (NW QO 10 84790), biotinylated double-stranded

ol i gonucl ectoftyare§io Basbiest: BMhERINGATGCCTGAACAAA- 3 [SEQ ID NO. 12],
with the Snail consensus sequence (underlined), was synthesized (Research
Bi ol abs, Sipogagjor a)nmixﬁbﬂulaiaeseaﬂcamdxi@gmhb em@ticindesteatd @amugbeot i de, the

Snai |l conse uence was ange a rotein extract was
obt ai ned usﬁi(gitcﬁlgﬂwé éf %F%&‘ﬂd" S@Vf‘ﬁﬁﬁg ag‘%(’? %9;09 1 ¥¥&%i t (Pierce,
USA). The %m&cmm@rse&maqumblahd p%sﬁ{wmte@@%yat\sa&emstp‘nm@emk ng reagents
fromthe Snail |’ according to 1ts protocol (AY 1398, Panom cs,- USA)

Briefly, 5 gl ficldgnapnefhelest P3 SRR ioh AR S 20 KBt on m Xt ur e
consi sting REonasty ¥inodieSChnti- ﬁi?ébil@iAﬂEihm A hh@FabBRAAlexas55 (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% cell confluence, hTGF-f31
(final concentration 10 ng/rhl) or carbenoxolone (final concentration 40 pM); was
added and incubated for 6 l;ours. As control, only PBS was given to the cells.
Alternatively, BIM I (final é:oncentration 5 uM) was added 30 minutes before the
addition of hTGF-f31. Aﬁert 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 ug/ml 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 beforfe proceeding with the Fluorescence Recovery After
Photobleaching (FRAP) ass:ay. The FRAP application included in the software ‘
package of the LEICA TCS SP2 equipped with the DM6000 (LEICA, Germany) was |
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nucl ease-free water for 5 mn before addition of 1 ml probe (stock 20 nM.
The total reaction volune was 10 ml. For conpetition assay, 2 nl unl abel ed
probe (stwokof/mstgoswas added 5 min prior to the additi orcofsGratomb@do pr obe.
The reaction was incubated at 15C for 30 mn. The sanples were separated in
a 6% non-denaturing polyacrylamde gel (Invitrogen) and transferred onto a
nyl on nenbrane. [0089] Snail- and connexin 43 si RNAs transfection: Shortly

before trangteat 6RNmmerse dbjBGivETCeich KEX I APOELEVIEBLODOIWardQOv W ael | cul ture
di shes and incubated at 37(1,.‘ The si RNA was added at a final concentration

of 10 nM t d*9hiTheprepp leauat 1880ur Wasrssforressitagmanddye Fogessencesigrtlper f ect

transfecti QpasicRRRAbetve AR And S84 ARNMHe BRG bRGHRaLEENIA: s PR-Rden The
si RNA/ transfection reagent solution was added drop-wi se to the cells and

i ncubat ed fsens 261 ¥p lasg pawarn: 40 blaachrhsens ag Hi%p kser ponkR/follpvrsrtyddtropteagent was
added to t i I - LS SR, il Rn Snail 3
and the szméeagﬁgﬁl%saﬁgg%ﬁg\%rléte%, Eg aﬁl@ﬁgggﬁﬁﬁlj@ Z@E@{e(%‘?gg%’,e Ger many) .

[ 0090] Cel twasouektp mipach/d tigle ¢alldtargee pell) defedsn aemzeonid stiaest O/el. Mlt h PBS and
det ached usj [ i ng.. i [ . for 4 mn,
the cell pe af}‘g?'etr%/\%@?ef {é]‘é t@g}ﬁ%tagggc%%\gfﬂﬂn%g%gkjegac;ﬁ%%{l lge)'H(():e Slm%q%e‘?g(g%ount ed

usi ng t he fsoanwad gres Ght tieke consmmt bfacaybryt ae (UMY esHIEHe®by {iugte Technol ogi es,

CA, USA). [0091], Statistical: | ysi s, ALl itati | t re
oot b SO SE OREE TaR e TR SR v o
Student's I\f‘gﬁttioggspwyy]q £gual F(}/)@Fi B ¢S iaNE ) PG Ry copRVA Wi th Scheffe's

Post - Hoc test where applicdble.” The criterion for data significance is a
p- val ue < (ludkescehbeinensigl ane ., peiag eivtaeynptotid veduefdf gherfliotesgandiateasisy. based on

the Student's Mest, unl ot herwi se_state 0092] Results.[0Q93] hTGF- bl
own. 1 ogul B e e soRTa D8 i R E P B el 2 TR RRES o SRR e, ¢ he
regul ation thd ninxtdBofMdMAn chiieetavithahd tirgseEd]. Shd Mratatde vdcbVerpfoptadar ogeni ¢
hTG-- bl for &0 hours, Real -tinme PCR data showed that 1 ng/m and 10 ng/ni
hTGF- bl | ed® Bvaég@@b/é Ad 45% decr ease of Cx43 transcripts, respectively

(Figure IA). In addition, it was al so observed that hTG- bl down-regul at ed
Cx43 pr ot ei[00§8]i guElectidpharuic @ abilByshiftassdy: Baskd onnheCatiGx43Tghe and protein

ubj ot ed (T PRI e ee Puflghena gt s Prmery FECS mere

TGCTCAACCCAGTCAGGTGATGCCTGAACAAA-3 [SEQ ID NO: 12], with the

Snail consensus sequence (underlined), was synthesized (Research Biolabs,
Singapore). In thg 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 accordiné to its
protocol (A'Y 1398, Panomics, USA). Briefly, 5 pg nuclear protein extract was
incubated in a reaction mixture consisting of poly d(I-C), 5x binding buffer and
nuclease-free water for 5 mm before addition of 1 pl pfobe (stock 20 nM). The total
reaction volume was 10 ul. For competition assay, 2 pl unlabeled probe (stock 2 uM)

- 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 1 ml of D-MEM
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[ 0094] hTG bl increases the phosphorylation of Cx43: After hTGF- bl
suppl enent, an increase in the phosphorylation of Cx43 at serine 368
(Figure 2% 2ommsoddser ved, which is attributed to an i ncrease201/006089
proportion of pCx43 S368 in the total (decreasing) pool of Cx43. The
authenticity of the pCx43 band was validated by its di sappearance after
| - phosphat ase treatment (Figure 2A). Pre-treatnent of the cells with the

protein ki nagpuGeK@1idwrbibhilt@pl cBH—Mérfefcptlrdn@dent}b’aglaﬂ_@@dgEn reduces
t hephosphoryl ati gn (gf Cx43 at_serine 368‘?‘&F|H§ure 2B) . [0095]
| munof | uor@EEamd @nd ingihaeddorkdamnia) s s A etwafea@mgolamwm S368 to

study the cRliéddras-wikee$d thtal@atslagmuetba@@%?xzﬁ?@% hoBrs HE m3ckc@hrst; ofx43 is, to a
great extent, distributed along the nmenbrane whereas the pC><43 S368 shows a

di f fused orHiBgrct wagest wasadded iorhe gells die SprihsiNAst wredwere Raetrsilahe
local i zat i o REI SHATIE 3 2fd th@Ux@y‘@lkNA[sQQ&E\J/erQ S,Ql deaREAERT Pap j uncti on

i ntercel lular conmuni cati on between Cs: IS the ma or gap junction.
prot ei n expgRéagswd@ermanyhe HSCs and has been shovvn to form functional gap
junctions (Fischer et al, 2005). Here the gap- FRAP techni que. (Abbaci et al,

2007) was yggsb)t 0 @éiﬁ!oliﬁﬁn& WereBtb4mBR! WRE R efdHashed RAcOWARPRE @ny/al i date this
met hod, it was dem)nstrat ed that there is no spontaneous recovery of

f | uor escencstachpdaning §pan/ERTHI Bellomdes ‘@é!rlfug{aﬂplgetr@omn fagdrrainy the ¢iller eas a
contactin | B, arrow).
ting ;@git wak FsB3pEhdRd %PPE#[ gf’l@[?vp%'ld thecelils erec%ﬁ ea étﬁ_f thgfbrr\@arg )

This indic that the tran from an un to a bl eached
cell via gépatjeuﬁmtll@nﬁthesﬁ%ﬁbfééifﬁeéﬁ (@laweéfsdmebgaﬂd?m&sﬁ recovery of the .
fluorescence signal as such.: Figure 3Cis a representative graph, depicting

the recover MOQH“CtSt%tnfchltatn% sn’stAFl H@anﬁi&ﬂ% jeoRALRYe falcfted G@MBENOYO! One is an
established GII'C inhibitor (Doll et al, 1968). In the present case,

car benoxol dr@cnimenid data pyeee WBZQC#L&H@WP tailgd StudRyt sttdeshpsswaing5@9 ( Fi gure 3D).

This resul tvaﬁﬁ{cgﬁaﬁld@leav%oﬁt\lb\/\/ﬁ@wﬁﬁQél{eﬁ{e fF‘BEt }tl&etesrt%]h%t%gbi)l'ictayle Ofet he
gap- FRAP techni que to neasure changes I n C. These findings showed that

the transf eritrign &rgptapigaifichssieseesiees 89é. Eﬂe mvah@arptﬁ@md in drediepes n

di acetate | Mt ed HSCs (Figure 3D),
implying re dpg QBJSE&?I{;&% ﬁtelgg%%et ‘%Sg upfrggéoélﬁégglr% éﬁeﬁht o0 PBS-treated HSCs

(control). The TG=-bl -induced down-regul ati on of GJIC was found to be
att enuat ed [@PRA] t Reseldy | s were treated with BIM I, a-PKC inhibitor, prior
to the addition of hTGF-bl (Figure 3D). [0097] TGF bl down-regul ates Cx43

expr essi on [gog8]SNATGF-BSdowireduatkd )O3 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 ‘n‘g/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-1 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-Bl
treatment (Figure 1A, B and C). o ' |

[0094] hTGF-Bl increases the phosphorylation of Cx43: After h\TGF-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 valldated by
its disappearance after X-phoisphatase treatment (Figure 2A). Pre-treatment of the cells

with the protein kinase C (PKC) inhibitor BIM I followed by hTGF-B1 reduces the '
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to up-regul ate the expression of Snail, a zinc finger transcription factor
i nvol ved in epithelial-nmesenchymal transition (EMIN (Peinado etal, 2003).
Snai |, onwbheioiskes hand, is necessary for the repressi eaTsG2010800009
transcription of E-cadherin in epithelial tunor cells and Cx43 during EMI
(Batlle et al, 2000; de Boer et al., 2007). Figure 4A showed that hTG-- bl

i nduced the Snail nMRNA in cell line HSC-2 and in in vitroactivated prinmary

HSCs. Tr ansfiggihbQmidh m%tw,;nmgm shabl) -specific siRNAs (1 and 3) led
to a down-regul at’i on of Snai | nmRNA and prot ei n by al nost 50 percent (Figure

4B) Concurrently, it was observed that the Cx43 was ug ul ated on the
MRNA ( 31% dAB9330hImammotiuasesaense stpminaras abgogriqrmge for (i 6%1 43nai | si RNA 1

and 3 transi gt by tﬁ@&ﬂﬁﬁ?&n&’tﬁbﬂt:&%f@&@ %k in HBCQrdéﬂi a3 fsuftaher support
the proposition that the regul ati on of Cx43 coul &rt be medi ated by

Snai |, an igieat exted, disirigred 4longhe aembiine wb%rewhwﬁxcihsé #he¥pdnds to a
decrease i ion after hTG--
NYifes@e or egggﬁ%ﬁ?lréggﬁpé %ﬂ@ﬁ%hp&lt ga F?’?é?x‘ilfréd’é 1&?9&%

bl treatnment up t C an 0098] Nucl ear extracts of
HSCs bi nd t(GiguteeCSpmdws)consensus sequence in the Cx43 pronoter: To further
assess the possibility that Snail has the potential to regul ate Cx43 gene

expr essi Onelgﬁé ct r'ﬁﬁ%‘f@@{dkﬁgg% %‘iﬁ fu%.gtzcgi dﬁrer@eﬁﬂﬂ% c%ﬁmlﬂfcraﬁ% BESelis! NO @

bi oti nyl at i go on the rat Cx43 pronoter
cont ai ni ng H$Es: Sxas is tb@mgen&psurs:eqmemw $EreSEt @) tha biFCaand basibeaxt ract from

12 days in m)\;vr% 1gl'rt1 natronal gaBt]unctrg-r?sl(%{s Onse?S%SZ?ﬁ}ﬁ'tﬂggaﬂ ﬁl n- tuat ed .1412

bp up- stredn O ranscr ion ini ron’sit g of Snail to
its consensterslnslequﬁjwe anals 200’5uenls ugeddo h:}al)ae telGIIC bytwsén HECofin order
ol i gonucl eaqt i

r na6% cr Fi gure 5A e 1). This
bi ndi ng coutf’éigbdegégﬁﬁ’g Bt LAY CB“Q% dtgq © e‘%@%%‘% Pg%oc‘)llsdecf)un aﬂel ed) probe
(Fi gure 5A fluoseendy in ahlisodutkditidaokied cal (Bigwaal, avasv) delieeats adontactingeelabsence of
the nucl ear _extract (Eigure.5A 3), .and whep .a. nut at i otinylated
pr obe ( CAGEER)® a‘go‘ﬁégé%y%g‘r‘oéésfﬁ‘gf ZF‘FQ? 3%’ 1%@%‘“%?‘?5 ﬁﬁtttg?r on'in the
Snai | COnS&fhsb[Br sfelgel 6omean (ibigithed DA, bidaaind céll viaigagljunaddne ¢ ind@tl t he bi ndi ng
observed speci fr‘gzgﬁet ween t he fSEa@I §r otei.ns.in tQGF nucé‘g extract and
t he probe. f"r‘i”l"i’eéfur? P52 (REENAPILBE IArErensEsignal AS TR THRIE &%0° ®xt ract of
the cell |irBgeddS@tiv drati depiding Seaatdhery fitcevh ﬁﬁed tusheregpérheemmmhtear extract
of HSC-2 treated with 1 S re intense band,
while cell scea?}i‘%ﬁ’écfl%‘l?t‘%%f‘ Wg(\%ﬁgﬁ%’ﬁ‘%\ﬁ&(ﬁﬁﬂ rPTESI 85 Fi gur e
5B), furt hesarRxaeRnk tedubtd thd\® cIRAGEA rai(k)to @r&notsmo/b(mgimgnb ahigeen

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- carbexyﬂuerescein diacetate was significantly lower in hTGF-
Bl-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 I, a PKC mhlbltor prlor

to the addition of hTGF- Bl (Flgure 3D).

[0097] TGF-B1 down-regulates Cx43 expression via Snail: TGF-f31 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 Cx‘43 duriﬁg EMT (Batlle et al., 2000; de Boer et al., 2007); Figure
4A showed that hTGF-31 induced the Snail mRNA in cell line HSC-2 and in in vitre :
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Snail and its consensus sequence in the Cx43 pronoter. [0099] Connexin 43
regul ates HSC proliferation: TG--bl is known to regulate the proliferation
of cell s.woheloat®st on the proliferation of HSC 2 was ®#emseomnav@d usi ng
cell count and inmunobl ot analysis of the proliferation marker,
proliferating cell nuclear antigen (PCNA). Treatnment of HSC-2 with hTG-- bl
led to a significantreduction in the cell nunber (Figure 6A), as well as in

the expr essic@ifated erEZ\{AH&@d mﬁkﬁecﬁ&i SUISCH ,wilh 30 Enki) -spRRIIRNAOM GII C, the
rel evance of Cx43 in the T dependent%m?gqll ation of HSC proliferation

was .nvest.@aéé&dwad%wwga&%ﬂ@ ofi SaRiA N Aap LY AR PRRA Yy e .

Transf ect i ofFigdte 4BY48oRR&tly B wab 5NGrvi@ Nt e CREDWES R @ides idlthk he
down-regul ati on of Cx43 nRNA by about 65% i n both cases, denonstrating the

ef fi cacy of MRN& @%mnd 43°k) fg\sirpéotm(w‘y@emd 23%ppel fblowing Sparstied after 48

hours tr eatem@'3%a%tte&1099%§be§t'i%%u%)5Intd?de;1‘$§ﬁ§t§er sBfpor@hd proliferation.
Figure 7B illustrates clearly nificant decline in the total nunber of

cells aft erPrt)I?Qiﬁl@f‘él@HhGIng\Maﬂﬁn M%@Nmparhbw?ﬁmd Bonatloampck- t r ansf ect ed

cells. Sim ngbﬁ C I xpr essi on of
Cx43 prot EIh % gur e4§W§SI ] St%)eﬁoyf&lgl?l rPes nrd? e cgeglggsﬁplglc%ﬂ?t ﬁat the Cx43

pr ot ei n couloth the trassspptrasd ptogeif eprdships aﬂiachll“ﬁrﬁeﬁl tFamienenpmor3® hohmmwer

expressi on @f P inH 43 si RNAs-transfected cells occurred than in
mock-t r ansf S ES PPN Figure 7, Cand D). It was also found that the

TGF- Dbl -down regul ation of cell proliferation was attenuated by transfecting
HSC- 2 cel | J0028)h SNu¢learsk@hits pFH§Us bind, to thea$rchi Bjons¢m30sl @qiierSammeey [ 00101]

The data revegl s that nous GF- redu 4 n i pt and protein
in a HSC ce ’fﬁ Rrﬁ%’ogeﬁd |ﬁ'gtﬁ%ra\§?e StEeBOStSIb\'/lé ed F§na’”cﬁ(a5§1 %j(i gure 1).

Addi ti onal |rggulath €x43 ge axpressmneamoplmréthenqﬂhm pﬂnﬁmydaatmamperﬁirméﬂ(% ( Ser 368)
e B BRSO R BoAL S e bl D 5
3D). This obhs Smar;aédr@ﬁsugeqmmsa (SIAEG(ETGM dnid neeledri eatrack fronli I2glayon veer i ne 368
Part al erbpsptl BRGE Fisd st o s tudeh) SRR B Afhor | uor cecence
(Fi gure 2C)traab@iption gRsibs siten@lke Elhﬁﬂ@hﬁ&ﬁh&b)ﬂk abriseucaquaikt eas not only the
channel 02t i b Syl 00b Bt Skt LG R S,
a | ovnered GFlgoresmnghetiNerhisTHaEdiY could RabaPet®asay By 200-fold excess of cold

(unlabeled) probe (Figure 5A, lane 2). In advdltlon, 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 thé; nuclear extract of HSC-2 treated with 10 ng/ml hTGF-f31

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-1 is known to regulate
the proliferation of cells. The effect on the proliferation of HSC-2 was demonstrated
using cell count and immuh_oblot analysis of the proliferation marker, proliferating

cell nuclear antigen (PCNA). Treatment of HSC-2 with hTGF-B1 led to a significant
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conmparison to control, as shown by gap- FRAP experinents (Figure 3D). In
ot her words, regul ation of Cx43 by TGF-bl appears to be bipartite, brought
about by wbeostmsed4o3t erm (6h) i ncrease in pCx43 (Ser368) pams$Getme/obang t er m
(24h) down-regul ati on of Cx43 expression.[00102] It was determ ned that
TGF-bl up-regulates Snail in HSCG-2 and in in vitro activated primary HSCs
(Figure 4A). Use of Snail siRNAs led to a downregul ation of Snail and a

si mul t aneougqutRon RAKY c%mlnqn,b@ff(F@sﬂe%A(>Fas%|pas4mee elftessiolNBAPCRAUWNES i ndicate
that Snail can recogni ze specifically its binding site on the rat Cx43

pr onot er (F¢>g'|§r(51g5fA)6 Bhd €)-Hipadifie GPEcihe rad¢vageeof Crdid inibe TSEPdort ed by t he
inability o le §ﬂl§x‘1t & ?attlgh n{dH%/@gPotP? M%%a‘?%v%%@%g%ﬁlﬁsnﬁﬁ%ﬁnﬁﬁg AQY the other

hand, the mai 1o usin br ndi ng
(Figure SB)atteﬁmtet(EveBnmm léveke Trastdction ofr@%ap@nﬁdmRNZKcu-‘aanS igtpeat ment | eads

not only t ncrease in Sn a 0 n_the bindi ng of
Snail to |ﬂ§§(28§§“5ﬁ‘§%§%g gélo? ?—'P%ﬁll}e"@%ﬁ\tby[ag g‘% l;f%f—‘ﬁCélisesdecreased t he
cell nunberdeﬁﬁngmneoﬁé\):fﬁcacr}cbfttllmesﬂeum GigironA pICePChiAtiaEvgsipeefoemed and C), a
mar ker for ellgﬁpoltlferatlo i [ i s.coherent with

capabjlity,, of HSCs i
the resultd? éeﬁﬁneé’b?vftggé@%!&éxh%’dﬁ tﬁﬁﬁgssm?%mtpf‘gﬁg?téo& ed into HSCs
(Ei gure 7/@)Flgﬂ1€l7?8@&%1@4@é’arl@é@?gn&'icﬁﬁﬂﬂeﬂfrﬁﬂﬁﬂ]@@dt&l@ﬂgﬁéﬁﬂcél&l’aﬁ‘eﬁ s: f)wer n{) han
t heir nock-transfect C rparts as shown e ase | n ce nunmber
(Fi gure 7B)traa?f’gctlﬁew ?é@%ﬁ%ﬂneww}s@@m%kéﬁa%tef TSNP Ye hat  TGE- bl
nmay nedi at ecidbsireiA £4do 180 oHIEd Rl inftﬁcr@(tpfe@ﬂoﬁ @f@meraegmgure hrough Cx43.
TG bl i nduced reduction in cell nupber expression is attenuated

by the supprd&Riisifype @ﬁ&fﬂuwg%@a@h%ﬁ“snrmm cepiid@arepe)ﬂ lgfopthisng) Al

publ i cati ongc@RAFRAkRRbre, AR regarbistiADf PCNAINICX48 BIRN ASpembfeitepddion are herein
i ncorporated by reference as if each individual_ publication or Fatent

appl i cat i orPefisFed tagnde morFleipnsfected gellsBisyredty &l ang Wnldresntleriforrs et hhrcor por at ed
by ref er encgsr.fnQoch Pegrﬂaﬁ ﬁéeﬁg%llgelﬂgloh%g 'at%h hied bPhradsksifl g§&9sure prior

to the filing date a onstrue as an adm ssion that the
present i nwehs wisinSiail siIBNAgfigutd & and Bint edat e such publication by virtue of
prior invention. [00105] As used in this specification and the appended

clains, thegopiduul arsdfm , "an" and "the" include plural reference
unl ess the context clearly d| ctates ot herw se. As used in this

specificatign and the appended cl ains, the ter
[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 (Figufe 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 et al., 2000). The cytosolic and partlal membrane distribution of pCx43
(S368) 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
togefher, the consequence is a lowered GJIC among the hTGF-f1-treated HSCs in
comparison to control, as shewn by gap-FRAP experiments (Figure 3D). In other
words, regulation of Cx43 iﬁy TGF-B1 appears to be bipartite, breught about by the
short term (6h) increase in pr43 (Ser368) and the long term (24h) down-regulation

of Cx43 expressien.
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"conprise", "conprising", "conprises" and other forns of these terns are
intended in the non-limting inclusive sense, that is, to include

parti cul avonenvisem3el enent s or conponents w t hout excl ue#cmgGao/ootoer

el enent or conponent. Unl ess definedotherw se all technical and scientific
terms used herein have the sanme neaning as commonly understood to one of
ordinary skill in the art to which this invention beI ongs. [00106] Al though
t he foregoi vent | o of’

1T ustr att ogoae G O RE AT p PR SO T RGN O 1
readily app\amemtlvw@d phose HﬁCSdFigilwa!rAy ddeidfSnaih srBRré\salcctt0|ard0Mmght of the

t eachi ngs £n .1 hat rtail han es nogifications may be
made theretrfnglni Smﬂeal}ir Slmu F:‘\)um hrgguslﬁllow) )(‘)‘} %ﬁee fh'fehe appended
cl ai ns. RefWéAcremltsMnbmte ;halvsnaiBeanben"ogmHeMmhﬁcd\My,its$ﬁn'd|h@itebn tHe.rat Bl ondel ,
W, Duma

de on. intercel lular
communi cat |€’h43cpé(65%tfr (g]gﬂif 4Hp }fi qu]eél?fﬁifczﬁﬁys fﬁ'%egﬁé? P§?4 i?’lfét udy.
Bi ot echnol idability 90Sfxl1 toB@dcﬁbltl&rmutRed ccBrsafs]ﬁKi‘gequeDce An tBO6her Haialid ¢ stellate
cells as ac}ar get for r eat t of %cg Lnﬁ S# ﬁ mn Liver D s.
21(3), 437.9%8F5e4lgION R Sﬂal RrERH hesfmigisngBhe bindingdb EinesPs s - ol
| nvest. 115(lgﬁlem%9e9{he3@§uitk ﬁldlcEtemha(%saG‘FtBl tre'e:&menF reﬁdl(}ioto to 4A0fdrBdeiez, D.,
Monfar, M, Baulida, J.Garcia De Herreros ) e transcription
factor snaiih Spajldut alpn eggdrcresse mthakinding of %@Héo etk mreg@pwqmcepi t hel i al
tumour cel | @jo NaggyCel | Biol 2, 84-89. Cassiman, D., Roskams, T., 2002.
Beauty is in the eye of the behoI der: energing concepts and pi tfal | s
i nhepatic stellate cell research. J . Hepatol. 36(2), 200. Dang, X., Doble,
B. W Kar dari®018]  20®8F- Bﬂﬂécréeﬁra@)éwclﬂ AvMbes(Fiaya AAkiand H1g crpresiands to t he
nucl eus an C I e Boer, T.
P, van Veg)ndl‘ﬁw'(ﬁ%&r@ 6B}§énllg %{ g\é\%h(erw?celf:ﬁjoll e@t@ﬁ@%x%ézofﬁ§C§§vhé%onen K.
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factors.
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 refefence 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 admissien that the present invention is not entitled to antedat_e such

publication by virtue of prior invention.

[00105] As used in this specification and the appended claims, the singular

46 k19

forms an” and “the” include plural reference unless the context clearly dictates

otherwise. As used in this specification and the appended claims, the terms

LI 14 ’9 13

“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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connexi n 43 phosphorylation in MC3T3-E1 Cells. BMC Cell Biol 2, 14. WHAT IS
CLAIMED I'S: 1. A nethod of inhibiting proliferation of a hepatic stell ate

cel I, conpriygidigis & ARetHYs.down-regulating trie hepatic stellate cel

prollferatlon activity of connexin 43 in the hepatic stellate cell. 2. The
met hod of claim 1, wherein the hepatic stellate cell is in vitro. 3. The
net hod of clai ml’ime\hﬁ‘éP%‘Ph'bttﬁéPF%‘&a%tIO@ of p enage steldats eelly compisipByo. 4. The
met hod of claim 3, wherein the hepatic stellate cell is a hepatic stellate

cel | affected bw@amﬁm&@&&gu&& at sRERBILEIE plolifkA%h Sctivity aFed di sor der .
5. The nethod of any one of clajns to 4, wherein the hepatic stellate

cell is an activarsginfSgathederttissieltecdkl | . 6. The method of any one of
claims 1 to 4, wherein the down-regul ating conprises delivering into the

hepatic steil at €'he @lekho@RALhin® !, vehePiCIhe hépati€ belladtBGule/igmncodi ng Snail . 7.
The nmethod of any one of clains 1 to 4, wherein the down-regulating

i I [ inta the hepati tel.l at RNA di t ed
coa st a ks (PEAEPRSE B & TR N HoRAE R & 0k Boc ng an_ Si RNA

directed agalnst a Cx43 transcript. 8. The nethod of any one -of clains 1 to
4, wherein 4he dbhwmerheduf el vaemr ths bepadebteNae ¢atigs & h¢patit stelldwepat i c

stellate ceI tlsense RNA directe 43 transcript or a
el e - ac; SRR RERECHN S B R LOREE e Bt e agai nst & 043
transcript. 9. The nethod of any one of clains 1 to 4 wherein the
domn-regulaiingTbonpﬂm99£MUthwédhmglHnﬂoWhﬂénNGﬁavaSsﬂ@kkdﬂéaoelI a DNA

enzyme direg *%ﬂuﬁ%@hun%ﬂ%mgéﬁs transcript or a nucleic acid nolecule

encodi ng a cted against a Cx43 transcript.

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

encoding Snail.

7. The method of any one of claims 1 to 4, wherein the down-regulatiﬁg
comprises delivering into the hepatic stellate cell an siRNA directed against a Cx43
transcript or a nucleic acid molecule éngoding an siRNA directed against a Cx43

transcript.

8. The method of any one of claims 1 to 4, wherein the down-regillating
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. -

9. The method of any one of claims 1 to 4, 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.

10.  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-
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10. Use of an agent that down-regul ates the hepatic stellate cell
proliferation activity of connexin 43 or a nucleic acid nol ecul e encodi ng
an agent wbabvicdsmwsegul ates the hepatic stellate cell prolristeomiobaos
activity of connexin 43 for inhibiting proliferation of a hepatic stellate
cell. 11. Use of an agent that down-regul ates the hepatic stellate cell
proliferation activity of connexin 43 or a nucleic acid nol ecul e encodi ng
an agent that | & tion
activity op gﬁ%%gl\gﬁ% ﬁ%gg(%ta?ateh&ﬁr?g Stll it éﬂy (gnn%gmc‘gmsnE'l h ;)l?)lp i nhi biting
prol i f er at i polifofation dfegepate sswletlelcatﬂ.e ceI I. 12. Use of an agent that
down- r egul at es the hepatic stellate cell proliferation activity of connexin
43 or a nucjeic I | ates the
hepatic ste Iat e[ﬁgefj?r[%?%ﬁl tg?‘gﬁlg%ﬂla%gtﬂ%\r}}e l%r}iel%%%%“e&%migg#or treating
hepatic fi tncossnnsofaomaxmetﬁajr aaudleibrod n@lercellean@dnngms(agdmmat dovan-subj ect. 13.
Use of an ag e ti.c stell at.e ceII proliferation
activity of" ?: aﬁﬁsetg? rﬁlepﬁ mel[agegcﬁh Fg'i?eratéc? |°£€8‘i‘“é°"“é’ﬁf§od| ng an agent that
downr egul atremuferdiepahddicagicad foainkibaik lpralifahtidhedf ahegunic aetlatecdly of connexin
43 in the manufacture of a nmedicanent for treating hepatic fibrosis or a
hepatic fi r05| L€ at ed rde ent that
down- r egul glt es th {:Iana ?tghazg e‘fVT'é%élHE:eélﬂfeLhebS\”eg%tgtc?lg rog%’ a}tl\(/)flty of connexin
43 or a nucdcewcy ﬁcnmeml@whaucﬂacaﬁd ngleamleag@nmotahagemidwndovegul ates the
hepati c steII e f connexin 43 .for inhibiting
proliferat i %?S tg heé)ﬁg‘i ﬁ%laéetcgﬂlpé‘ﬁger%éqn ac "ié 0? AAPPERIRAY TPHER M own- r egul at es
t he hepat i thepitiel fibadses ot @lhkpapic dibtdsBréliteddis@dériiv b bybjat. connexin 43 or a ‘
nucl eic acid nol ecul e encodi ng an agent that down-regul ates the hepatic
stellatecll prI| r I Vi X treating hepatic
fibrosis o‘ral a hé%a fc "’%E'E)t(rﬁ(r];ast?g‘;vregILl %teghlcf%egag eﬂa %?iﬁ g:&gfeéagntoﬁ ,

activity of connexin 43 or a nucleic acid molecule encodmg 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.

14.  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
hepatlc stellate cell proliferation activity of connexin 43 for inhibiting proliferation of

a hepatic stellate cell.

15.  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 for treating hepatic fibrosis or

a hepatic fibrosis related disorder in a subject.
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