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gover nnent may have certaln]:'?\A |(ﬁvqf‘¥ﬁ§$ﬁﬂ'¥}8ﬂtlon FI ELD OF THE
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cardj ac conduction 10 di sturbances, nore part’ cul arl y to reconbi nant cel |

~ t r anSpl aHiedtsk ghdevsloping maligeami vesiricyian tachyambyfhmias ississociatedrwithohe extendi r .
BAG(G?GM%}%&I&EEHJM 5 flkeved to be the primary cause of approximately 50% of all
cardiovascular deaths (Myerburg RJ, Kessler KM, Castellanos A., Circulation Jan, (85) I
suppl:12-10, 1992.). Bradycardia and heart block, which can result from the normal aging
process, further adds to the morbidity associated with cardiac arrhythmias and results in i:he
20 permanent implantation of over 160,000 pacemakers annually in the United States.

Conventional medical therapy is predominantly palliative treatment and commonly
fails to impede and prevent the morbidity and mortality associated with cardiac arthythmias.
‘Radiofrequency catheter ablation of ischemic ventricular tachycardias is considered adjuvant
therapy rather than curative. 'I'hé implantation of defibrillators and pacemakers, while

25  generally effective, does have problems which include: (1) implantation of a mechanical
device and its need for replacement every 4 to 7 years, (2) surgical and mechanical
complications resulﬁng from the implantation of the device, (3) negative physical and
psychological effects of an implanted mechanical device and (4) a prevalent need to use
concurrent antiarrhyythmic therapy and/or radiofrequency modulation/ablation.

30 In some instances, and especially where the conduction disturbances are due to
ischemia, only zﬁore radical options are available, such as surgery. However, even surgical
techniques can fall well short of the therapeutic goal of restoring cardiac fumction in the

- patient. For example, coronary bypass surgery is frequently inadequate to restore function in
patients who have few viable surviving myocytes in the infarct région. Therefore, there is a
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~ physi ol qgi cal ocess the h t pl ication is engi neering
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alternatives to such conventional _ therapies. Tissue engineering techniques

gener al 12923 ksl yransplantation and tisaup caginpasing l9f skeletgh myphlpst.and stemroells eflerar di ac

Ko v, g e SPoffs iAo bl vif M3 aRNA Ty BIG, B8 D) Lo

J, Chi meniphasisldf nB;ocardiebrepaikioldate Ansiforwoh ob¥e prdservBiondif oiyedardial McKay, R,
Nadal - G nard....B, . N Leri A, versa P, Nature (2001) 410: 701- 705.
o RecatappgiONE enon grven s e GRS B e pretheseti on b

conduction. One concern with the use of skeletal myoblasts transplantation for myocardial

repair is whether the skeletal myoblasts will propagate electrical activity to cardiomyocytes.
25 Cardiomyocytes are electromechanically coupled by intercalated disks composed of
adherens and gap junctions. N-cadherin is the major adherens junction protein, whereas
connexin 43 (Cx43) is the major gap junction protein in the ventricular myocardium
(Verheule S et. al., Circ. Res. 1997, 80:673-81). Due to the difference of cellular
electrophysiological properties of cardiac cells and skeletal muscle cells, tight coupling of
30 cardiac and skeletal muscle cells are required for synchronized electrical communication
| (Lee et al., Annals of Biomedical Engineering 28-1:S54, 2000).
Skeletal myoblasts express N-cadherin and connexin 43 as replicating myoblasts and
‘then downfegulate the expression of these two proteins after differentiation and myotube
formation. Functional gap junctions have been detected during the early stages of skeletal
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nyocardi um (Weisel RD et. al., J. Thoracic Cardiovascul ar Surgery 2001

121: 835- - SeaBR iR y;@,wj - din

| nvest, %@%&édgggf)%#en%%%g%&&HIVUrr;ﬁ%, g%n%%%%%M Hauschka
S., J dplay smivpertant 199 B)madlagHision agiifferentiation Mantslplans €. Bt etoal., dked. ti Ssue
engi neerdn bl and. stem cel | ffer t rom se of
oot or | MNP A% TEIZE P THRRER R bR e il ey [ over

t Pe e nmmﬁd gvescaafiacprafting d}dafbrmi mpa:'ﬁbeis_; mesféahﬂiel@l hsveorshownl \aﬁéthémﬁlafalsfs fer vatio ][1
or myoc | ontractil)t Ittle attention ven t.0 e.effects o
1 sorn® rareriown FRghdsalbbstiandutth i sercuinGe SeaRmb eeike SIOiRE £ dletEictseof

skel et al comnaiicatdrSbetwen TR 18 Al bfifted B811sNWRGEITHCA studi@lBd indRatéi@lzher the

skel etal nyoblasts will propagate electrical activity to cardiomocytes. 25
Car di omeeByaxEstHCa4d)aad bﬁ@#@@ﬁa@m o detpotelie iy thaskplgtal musslecallngraiedi sks
conpose f ﬁﬁﬁ | | . L od ' adher ens
juncti oﬂn%%%lgc{gér}?{& er%g?&g%%ﬁegﬁ&%é?oe&%@%ﬁ?ﬂ%b%?@e gg&g%gjfunct I on

pr ot ei n elastrodechasvat] cownliing betwyancgraittidicrils {ndervoeartliel @lle@ugt CE eCak,d. Res.

or ol ¢ (A8 Bre oA velT, AP Rarbah: R ra B SRR o v o 30
car di ac Matai¥@l Mkt IMTEvEDGE 1D BI5E27 4% KifRdseh KA 3 AL ExpnCEeHew| ectri cal
omruni cati on Annal s of Bi onedi cal Enﬁl neerl.??g 28-1: 554,

L | .
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differentiation and nyotu I onal gap junctions have been

det ect ednydoaritivgn tavelagked| the dectripabeouplingkte catliat cdlls vhidhys ROEBartZd»I03/ 039344

PCT/,US02/ 35932, nusgl e devel opment, and gap junction intracellul ar
co tgni %szgﬁla]r%’?“%éageﬁlagﬂa ested to play an inportant role in nyobl ast

fusi on and diWHeg eledital akyioblasté Mdr?‘hcy@s,&m%tubeafand teMomyddytes, 992,
195:127-132). Although nultiple studi es have shown that s_ﬁel etal nyobl asts
sur vi ve cesRiNretngineg. thecgliswae foypdiabeniceamechanieally capnlef Bsingekeelinglt ~ shown
whet her Hhb&r FAmchi | | | rrounding
cardi onﬁgg';(?egfsﬁgllog%v%ﬁbgg’ 1fa %@EZPLZ%U?T ggﬁg&%gﬁim%h dgg{f iﬁag#a%)&g?l\%l\g%ﬁ he host and
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CERTRETT e e T e T
for mat i erpe Hosh ddietddacte obntacehiteg beopRchedibApdcyRoatid skelgahayomtels igthisf t ed cel |'s
and nyo (z':namfig‘io gtludycri ea{t{losﬁgl(x Mérrcrﬂ%s OCI:'E mgcgr'tangé of tﬂése proteins, or the mechanism involved,
in forming gap junctions remained un-&ctennined. While these studies exemplify the
association of connexin 43 expression and fuanctional gap junctions with cardiomyocytes in
25  vitro, no evidence is presented which indicates that adult skeletal myocytes, which have
minimal Cx43 expression, would be capable of forming functional gap junctions in cardiac
tissue. \
Accordingly, there is a need in the field to provide methods and compositions for
induction and enhancement of the electrical coupling between cardiomyocytes and

30 transplanted cells, such as adult skeletal muscle cells, to effect cardiac repair.

SUMMARY OF THE INVENTION
* Disclosed herein are methods for establishing electrical coupling between

cardiomyocytes and recombinant cells which have been genetically engineered to express a
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bet ween, g&RtA hRSIOCHE & SeANLI! LERRRLIAM, GREd-TeMhGh BYEnRAER genetical |y
engineered to express a 3 8 May 2006’ connexi n protein such as connexin 43
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Wi th candéxc4Tplotedn.vi a gap junctions. The reconbi nant connexi n-expressi ng

cells can b d for .repair of. cardiac.tissue and foy, treatnment of

cardi ac di sgﬁme?ﬁmﬁ'ﬁﬁrﬁpﬁﬁt&g IpyRlyss dgplantipe ¢ T1eseh ?‘al}tﬁg’ilml“? rst aspect
of -t he myocarfidl GBsue bhehlbidct [ itiegRcific YHBodinerts, (RS ABRHAARSnBIBM! | an  cel |
genetically nodified to produce a connexin ;t))rot ein, for the preparation of
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In a second aspect of the invention, there is provided a use of a recombinant
skeletal muscle cell genetically modified to express a connexin protein, for the preparation
of a medicament for establishing an electrical connection between a recombinant skeletal
muscie cell and a myocardial cell, comprising contacting a myocardial cell with a
recombinant skeletal muscle cell genetically modified to express a recombinant connexin
protein, where contacting is in a manner sufficient to provide for production of an
electrical connection between the myocardial cell and the recombinant skeletal muscle
cell. In specific embodiments, the skeletal muscle cell is an adult skeletal muscle cell or a
skeletal myoblast cell. In still further embodiments, the electrical connection between the
recombinant cell and the myocardial cell is established, the recombinant cell has similar
conductive characteristics as the myocardial cell.

- In a third aspect of the invention, there is provided a use of a recombinant skeletal

myoblast cell genetically modified to express a recombinant connexin 43 protein, for the
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simlar conductive characteristics as e nyocard cell. Inathird

aspect st ¢ fsrapenfiephy effectiverpgtonnt;of a giee %@W@la@#elh whighorbi nant  skel et al
nyobl as}ec&ﬁ&hm@@&ﬁ% %g@uk&ig’ﬂ?@dlﬁécﬂg ek e&;’%&roﬁﬁ&l LERD %E@fanﬁﬁodﬁgiﬂ exin 43

protein, for the preparation of a me i carfrent for establishing an
el ectr | J@&ffe@tymﬁecstabbﬁ dredlesgenl cannectioobdtiverarthe lskcehtan@t calismdhe cell and a

rryocar t bet veen t he.r econbi nant
kel ot afSosaiiitcen SEC hADeBREO K Il GRiAC RRARERLRL e B BRBN A 1o "The
r econbi skaletal mha:lleateﬂj amhblasitﬁb&ﬂildst loas cardiad uell. iSkeleehmnadd @fls,sti cs sim |l ar
to the di al , co ri ngc actin anyo rdi al ‘cel | with a

r econbi Ctufag']lr?'é'lflé'lfi‘élF gi(e:l'r% ‘Prlal 159%6& *3?/ "’é&lt‘?rSSteIRﬁP]ess a

r econbi RaRér eadORaEht, ﬁ@c&ﬁ@kﬁgﬁbt&ﬂ'@é&inﬂemﬁ%\})ﬁ%lﬁ N8 ahdthdrN @ nMaNner
sufficient to prOV|de f or pro tion of an electrical connection between

t he myodaadimgnt, s recompbinan sel} s autplngausie radwscheins Fapisd)l lgelaedl | and t he
reconbi G, ElodliudHPRBmpfislc Y apfihiily GE ek BRBMGR LT it act eri sti cs

as the nyocardi al
infarct region of the cardiac tissue.

In a fifth aspect of the invention, there is provided a use of a therapeutically
effective amount of a skeletal muscle cell genetically modified to express a connexin 43
protein, for the preparation of a medicament for treating a cardiac conduction disturbance
in a mammalian host, comprising introducing into cardiac tissue of the host a
therapeutically effective amount of a skeletal muscle cell genetically modified to express a
recombinant connexin 43 protein, where introducing is effective to establish an electrical
connection between the introduced recombinant skeletal muscle cell and a myocardial cell
of the host cardiac tissue, thereby treating the cardiac conduction disturbance. In specific
embediments, the skeletal muscle cell is an adult skeletal muscle cell or a myoblast cell. In

related embodiments, introducing is accomplished by implanting the recombinant cell into




cell. In a fourth aspect of the invention, there is provi dedgikg 5500
therapeutically effective amount of a reconblnant manmal i an®ced |ch
reconbi nant cell is genetically nodified to express a connexin proteln
for the preparation of a nmedicanent for treating a cardiac conduction

di sturbance in a host, conprising introducing into cardiac tissue of a
host a méﬁa‘pta‘agibnaf thy cetifae Gtsuv.dnanpesific @hbadimen,ahbicoantinamsialdtalan cel |,
whi ch recqgnbi ant eII enetically nodified to express a connexin

prot ei n! L\ﬁ‘ﬁ%f’eé ﬁ?tlo ‘iOrH’S“'QQE effective to establish an electrical
connectl on between the reconbinant cell and a nyocardial cell of the host
cardi ac tlssu (%n SefCIfIC enb dlqgg the recopbjnant cell is a

skel etal misl dislesed bergn i . staplivteng anslectrisal conpeqtign hetween | |

Skel et ahré@dﬁﬁh@nﬁ%kﬁamemﬂah&uhe,rohafdﬁﬂc@dmhé malﬁ@& géne}au fwscell or a
nyobl ast cell are o articular interest. In sti her enbodi nents,

t he conﬁ@mqﬁngﬁ@@léwhlcﬁéla%be@@ampqilywq@ﬁ@tfemrpdupma mmaprot@mai ment, the
r econbi S QQHQ el ated
enbodi rrg?lrg%a&l nitﬁégaﬁlgqﬁghl?gﬁa r&ﬂd% i'S eg%tlggb%a c:ﬁf]cé %hmeléclﬁgféonbl nant cell
into anbetwnfﬁraﬂletnylo%dlahceﬁfandﬂﬁ gmtntalacrnbﬂlﬁsdjeall Emore efibbdimeas@fect of the

i nventi Qn M rmteresfﬂf%co exm 8 ellillls onfm}z(a.1 tgerapeutl cally effective anount
of a skg?gf al’ ‘niscre ce?q é fied to express a connexin 43
protein, for the preparatlon of a msdl cament for treating a cardiac
conducti on dj st ur ba I i an nprisin ntroducing into

n 0
cardiac tiss oﬂ’&epts thef“r‘? g’dm’ V"éfCP’été‘ftln#g'r GrotRenGt 4

skel et a{nmqab@c&leéehetgﬁmﬁhfoai@b& dlmaaucfe la@InAeRirproeRISuch as E&mEKRI4RANT
connexin 43 protein, where introducing is effective to establish an

el ect ' i wigh a mygrasdiak GeBrin B arange hat rovidat fop Eogection e ortBembinRt seseEnal nuscl e
cell %Ig’i eﬁ@f&’é& Blebx rﬁ%b)l confk CtlBItDGCl‘QQé‘IthQ gg z@@laltdeﬁ%thetr&%ﬁﬁ%ﬁ{ reating

t he cardiac con uctlo I'sturbance. In speci enbodi ment s e skel et al
nmuscl e el suchghagan elehiical ginatativn betwasnctheregethbinant cell and ol myacardisil bell | n

ool BanFLr of St RO BRI BRFEIR R ARe R PR bR | <o

In a speeirdcombainedil imntayodattial tieme v subject kdlocnaertaifumbodimens, lthd S

aut ol ogus t the ost. Al.so dis ose erejn i.s a method taplishing an
A IR o AR I R AR T B - R

nyocar dinakclesdl The%@n[@iah%nﬁ@dﬁ?ﬁx@iehﬁ/(elg%tﬁhéé&ﬁ%)%}ltﬁ@idc&ﬁblﬁmﬁ@éﬂ Wm ch has
been genetically nodified to _produce a connexin protein, with a nyocardi al

cel I, i ¥ syfficientispountsde ingp esmaigRa I sReticabionpictianbevessths cal connect i on
bet ween, ¢t HRviHREal MHithe hfdchra@p ekt ﬂﬁceﬂaﬂ%mbsamexts R dohBthafilell had N ONE

enbodi ment of particular interest, the connexin protein Is connexin 43. In
cer t ai nsimprghdnstivecharagteristiss holie g@g@r@aucyﬂ after theadestriseloanactiony a r ecombi nant

between the recombinant cell and the myocardial cell is established. In one embodiment of

particular interest, the connexin protein is connexin 43.

Also disclosed herein is a method for improving conduction in cardiac tissue (e.g.,
50 as treat cardiac discasc) comprising introducing into cardiac tissue of 2 host a mammalian
cell genetically modified to express a connexin protein, the introducing being effective to
establish an electrical connection between the introduced genetically modified cell and a
myocardial cell of the cardiac tissue, wherein conduction in the cardiac tissue is decreased.
In certain embodiments, the method involves introducing a skeletal muscle cell genetically
modified to express a connexin 43 protein. In specific embodiments the skeletal muscle cell
is an adult skeletal muscle cell or a myoblast cell. In embodiments of particular inferest,
the host is human. In many instances, the introduction of a recombinant cell comprises

surgically implanting the




manmal i an cell genetically nodified to produce a connexin prgtﬁ%&do%uch as
connexi-n 43), wth a nyocardial cell, in a manner that provide or
production of a reconbi nant connexin (e.g. express or overexpress) -
connection between the nyocardial cell and the reconbinant cell, such that
an el ectrical connection between the reconbinant cell and the nyocardi al

cel | i sclbigtoanlinfarptaezion of tedsotiaismesfonfiyqrardial rephindn ¢enhipreabodiments, cont act i ng

t [ I ' ' I |4 dipal ti f
Sty ect e AR Lol SR SRR Rl bR By (70 °
skel et agenetictly exodidied inoitrapelprest: re@hibjnaatncbnhexipdn dviherdrabbodaneradihtt skel et al

I | l.. .The r i. nant i i . in 43) is by th
econ Eated ol FE e b IR ekttt bR B o
el ect ri exress prooaabingnchptreptddie reconbi nant cell and the nyocardi al

cell. In cer]l,gi n e&mtﬁdi nts the reconbinant cell has simlar conductive
characteri st ir&¢ tHE

¢ gud g aiatdverpgesnt ot egeesepidgyenéighnect i on

bet weenyiinBechREe apakdapdlth:e bbrseHI kil BLInHOS A Madfg e detile 5t @P! i shed. 1n one
enbodi nent of particular Interest, the connexin protein is connexin 43.

Al so di BeFgwadndie fidlyrset forth betawhbiep nventioppiilbuow he desadbastin Srthiendadail-di ac
tissue (e.g., SO as treat cardi ac disease) conprising introducing into

cardiac tissue of a host a mammalian «cell genetically nodified to express
a connexin protein, BRENDESCRIETIONS MDHEDRAWINGS 0  establ i sh an ‘

el ectrical cgnneciti] etween, the introduced geneticall di.fi.ed cell and
a nyocardia lg?:rg #A"EP a?%%am@%craldﬁe%{gse{@é% é’?ﬁkﬁﬁ%tg)élipﬂ%e%%ai%%?%%ﬁdwgt he cardi ac
ti ssue diffectacpedded mydbhstel ffatentiacom adhymilies. FIGh eA neithgdndnibrates es

i nt roduci ng. | et al , nus |1 genetically,  podified to express a
connexi Botﬂglﬂﬁ Gyer Hd%@éﬁf TE: st RO FiAl gmglﬁ@d%@@ﬂ@togrr tadobe cel T s
an adul FigKe!l: ehalmih SpitRke 0lbcif (Vanaky R 38 HazeFIG. 1DNafi¥RQdicaRAt s Of
particul ar _i nterest host 'is human. In nany instancés, the

t he
i nt r oduBHAR BP0 B(ABPoFPRisHFatioBIOVeTldigy s ses  surgical |y inplanting the 8
May 2006 cell into an infarct region of the cardiac tissue for mnyocardi al
repair. In certain enbodinents, the genetically nodified cell originates
froma biopsy fromthe host and the biopsy cell is genetically nodified in
vitro to express a reconbi nant connexin. In other enbodinents the
genetically nodified cell is froma cell |ine which has been genetically
nodified in vitro to express a reconbi nant connexin protein. These and
ot her enbodi nents, advantages and features of the present invention wll
beconme apparent to those persons skilled in the art upon reading the
details of the invention nore fully set forth below The invention wll
now be described in further detail. BRI EF DESCRI PTI ONS OF THE DRAW NGS
Fi gures 1A-1D are graphical representations of the action potenti al
paraneters during different periods of myoblasts differentiation to
nyotubes. FIG 1A resting nenbrane

6a




potential (RWP) over 14 days; FIG 1B: action potenti al arrpl %?OS@PA)
over 14 days; FIG [C: nmaxi mum upstroke velocity (Vmax) over ays;

FIG 1D. action potential duration at 50 9% APD50) repol arization over 14
days. 6aw8 omsy342006 WO 03/ 039344 PCT/ US02/ 35932 Fi gur eceBsasswz phot ogr aph
of an el ectrophoresis agarose gel of nMRNA Cx43 RT-PCR experinents of
control cell SF1§518/2@15§§H0t6 $HdHah 3RbrdphdrdsiS ¥ &8 841NE nFNA SxAS REPCRO, 2, 4
and 7. Figure caI representation of the average |evel of Cx43
nRNA 5 defheripenie of esp eii@:ﬁf &) andpigcembiggnt (B -expmgsings ey deP.Ze4r econbi nant
Cx43- exp ing cell sanples at day 0, 2, 4 and 7. Figure 2Cis a

phot ograph of a western blot for Cx43 prote| n, which indicates the

rel ati ve anoukigereaB 1@7(Eﬁplpcaitmmerpat@ae)ﬁtheiamamgﬂwebbf Cel3IlmR¥Ad r econbi nant

ropr eSentarebirsy 8RRl poe bl e e rraib el (e

rel ativecammtesafd@mz,mamel nin three control cell sanples and three
Cx43 expres sanple 4 and 7. Figure 3 is a series of
phot ographs %élfhéhqt%% aaﬁﬁstarn%‘qﬁ%%é@fqt%%h«%uﬁc% en skel etal
myobl ast g1ve BMOHPSISCA4A Prdidh begknt ﬁaecoﬁ@él%&m%d&éoaﬂﬁinsﬁt c%a%g ne or 15
Luci fer yell ow dyes. Row A: control nyoblasts to control row B:
Cx43 myobllsstdaytlp2.@@d Tnyobl asts; row C. control nyotube to control

VLY O e S5A%o BT S L R AR BRR TR ahtRe S, | FTure

4 is"a series Ng the resu Ol nj ection study
bet ween daleririnerthd remlvelammtmof@:e@ ptAE)n thred cemtad] edlbdampies bhdihites Gxd3 nmyot ubes.

I njected cell.s e h Rhodam ne and Lucifer Yellow Row A
ARC to CW%SSPEFF‘%@P&LBF fa?’@vrfqﬁnd RC to reconbi nant Cx43-expressing cells;
row C: ARC t qrigRe 89 seHHsCBf'érB %gaﬁlﬂ‘&h@vméth@%uﬁ@oﬂa‘%ﬁi@mﬂi QADA sthedy? 3- €xpressi ng

abnormal nyotu es ure series of photographs showi ng the results
from an batwerackelefel @rméfmhgs mdmltl;lgthﬁgelawh@*ﬁ’p Khodamivg@ s of MHC
and S f f ion into

myot Moot i %‘:@ﬁ%@?ﬁ%ﬁ%ﬁ%ﬁd ffor R At sl SHARGAS, 00 1

descr i benyohldstsits Cxd3 yohiadieg vt Gontrblatydiitiedo can;hehhymmbel swbhoCx43 mted to
t he parti,cul ar 0 0oC Is ceII |l i nes, vectors and reagents
descri betP? Bgnaéﬂ’é’ﬂ&ﬂﬁg’é’b‘lg B’Hﬁ?‘gltén . i s 'also to be understood that
the term nol qqgwwh s%ﬁeﬂﬂ'@ﬁd)tﬁgrbﬁ}sfsﬁﬂmh@ﬁmm iicroftféefibn {hdyg particul ar
enbodi rrents on and is not intended to
- between adult rat cardiomyoctyes (ARC) and skeletal myoblasts or myotubes. Injected cells
20  were labeled with Rhodamine and Lucifer Yellow. Row A: ARC to control myoblasts; row
B: ARC 1o recombinant Cx43-expressing cells; row C: ARC to control myotubes; row D:
ARC to recombinant Cx43-expressing abnormal myotubes. '
Figure S is a series of photographs showing the results from an Immunofluorescence
study analyzing the expression levels of MHC and Desmin, two strong markers for myoblast

25  differentiation into myotubes, in control and Cx43 cells

Before the present invention is described, it is fo be understood that this invention is
not limited to the particular methodology, profocols, cell lines, vectors and reagents
described as such may, of course, vary, It is also to be understood that the terminology used

- 30 herein is for the purpose of describing particular embodiments only, and is not intended to
limit the scope of the present invention which will be limited only by the appended claims.

It must be noted that as used herein and in the appended claims, the singular forms
na", '*an", and "the" include plural. referents unless the context clearly dictates otherwise. _

Thus, for example, reference to "a cell" includes a plurality of such cells and functional
. .



limt the scope of the present invention which will be Iimtgg\{[oni(é by the
appended clains. It nust be noted that as used herein and i He Bpended
‘clainms, the singular forms "a", "an", and "the" include plural referents -
unl ess tWeowomkﬂxt clearly dictates otherw se. Thus, rtowsessspl e,

reference to "a cell"” includes a plurality of such cells and functional 7

8 My 20%@1 Qﬁ{epe%?gﬂ&ré?&;ﬂfcué%@?@ﬁ eGiEe! HR1BO! Bt dAB! B Qhe oiGter €f erence

to "the ynucl eot 1’ I ncludes r rence to one or nore polynucl eotides

and eqU|pﬂiﬂngclmdehettda®1ﬂ1VRhm/ﬂlemfhim60ﬂms¢$ke1l¢dlmthbla3,@ﬂts0ffa‘ﬁd so forth.
Unl ess defingg, o Qé%{n‘éﬁﬁﬁmervﬁée aﬂ%@&r&af ers I%R‘tdsédlf %ﬁtﬁéssﬁﬁ herein

have the sane mneahi ng one of rnary skill in
the art m@njnglacbomﬂnbﬁlymndmmmamo& df@kdmngyslql&hﬁtﬂleagtowlnyhtmmdmmaon devi ces

and t s si.mlar or aJent to. thpse .. descri herei n can be used
T Sheleed Rlihe b ot e e v Al 6 SRR B oSt pads.

devi ces &Eﬁﬂlb@&h&ézh%ﬁb@ﬁs@dﬁﬁﬂé ébb@&mg@ftheﬁﬂ%hu&ﬁme@fb&’erfmnt i oned herein
are incorporated by reference for the purpose of descrlblng and

di scl osimghodsolevisadandimeateriatrareon daseried, vectors, and net hodol ogi es whi ch
are 10 desciiifigdlitdtiohd\Beidhid Hefhd 8B _?alfbdrﬂggbl?[’e e 56 pinflode@pnect | on

with the prese y descri I nvent on cations cussed herein
are pr ovesteitingahé Hisclbsing, tidvesxample, Slod @ﬂduma pﬂ:qttm and methiodolégi¢s whjcliezee of t he

pr esent I catj on thin 0 _he cons d as sion
Phatith neRAyEh BohPbiation: VGt FiafL B 15a L eoBeel B SR HEGr SR BAREBE L T e
of pri ofinveRNEN tTHHubidatibs Uichdséd mwvﬁ&d@ﬁe%& thdiMERTdsGls phioeto
present.invention is based upon the discovery that contacting, g nyocardi al

cel | witbeinadatecyighe Ao Gephcation dYptiiae BFciadt io be RISHBRLAS SRBGEIIOR 6 | . i ch
i s modi fy, Oa?ﬂnet chtbied ﬁﬁo@nﬁﬂﬁf}@%ﬁ%ﬁ hc]:ﬁﬂﬁ@@s’ﬁi'erbﬁgmfe%fgmr ihftnlie Presence or

absence endogenous connexi n expression) "allows for electrical
coupling of the nodified skeletal nuscle cell to the 20 nyocardial cell.

The present invention u rQvi ,Ng a reconbi nant cell
genetically nodified tﬁ%%%ﬁ@ ﬁgﬁﬁg}gﬂﬁb‘l&%@@fﬁkto produce persi stent
functional gaBe piestacinverion isiayaapod the diseembihaohtacitipla neyodardial eillomyocyt e to
obtain electrical conmunication bet ween t.hes Z{@S\I ls. e, use of

reconbi afa eeamRinank eall, s ppanadplt delail matiele chds madified 10 LXPRIHA n
pr ot ei NedoRfhiraAGRandi4 re!‘séh@e SRS 6AdniORnbRt ORRRIn43e 25

reconbi nant cells anad ocardlaP cells, thus providing inproved and

coor di n&xlmdsssdnbdiqwscialt elc@mbmilp@gwflthﬂ! mm@ieskelatabmﬂsml} tothe myocar di a:c
T
cor dPac roetiat R 18 BREDN uvERE P BgblcRY B SRRt R T, D o 1

gé pr eStS ganatledﬂlyaiiq[:dii?¢&lr>(prddaédh @andxiBRroiein to pﬁi‘dﬁ?qiersimamamdlcmthlhga?pal r. ]
ngesti ve ar rrure_| s an_ e ar caral ac sease at can pe
treat edlwewﬁaew&e{l SheupomhinERsal 2R s ooy 816 obisin ol 2R

communication between these cells. The use of recombinant cells that express recombinant

Cx43 (or other connexin protein) increases and maintains the communication between the
25  recombinant cells and myocardial cells, thus providing improved and coordinated electrical
coupling with increased efficacy of myocardial contractility. The present invention provides
methods of treatment of cardiac disease by transplantiﬁg or grafting recombinant cells
modified to express a connexin into cardiac tissue to effect myocardial repair. Congestive
heart failure is an exemplary cardiac disease that can be treated according to the methods of

30 the invention.

Definitions
' “Polynucleotide” as used herein refers to an oligonucleotide, nucleotide, and
fragments or portions thereof, as well as to peptide nucleic acids (PNA), fragments, portions
' 8



30 the invention. Definitions "Polynucleotide" as used hereg;i/I 6550% to an
ol i gonucl eoti de, nucl eotide, and fragnents or portions there \?/el as
to peptide nucleic acids (PNA), fragnments, portions 8 8 May 2006 WO

03/ 0393440 PEIIHI4$02/ 35932 or anti sense nol ecul es ther epdTwsmdsssp DNA or RNA
of genom c or synthetic origin which can be single- or double-stranded,
and  ePioP§aRknd BRISHIRS BicRhr, 3 L IR0R Br RNAMdenoMEbSoymthodd orgiehBRA | de 19

used to refer to a specific @yg/nucl eot | de "'sequence (qu a connexin 43
pol ypeptchnibe singlodi dguhbw;md@f tepredent the sgogherntssnsederand. Vherant to

fyainct |1
caui va ShpTpRRoNB i SRR o BAE S QI BASRERNEEE ¢ 4 ingbiin it DRA! Y
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vari ant ? y?é ptide W;&uafeoﬂda@ﬂﬁw dendpat YRRREIITE, polyilﬁélbtﬂidegthat

pol ynuc i'des havi ng substantial 10 sequence simlarity or sequence
i dent i t yngade dheispe pinogel dseqpgasedutdifferipipalyguaktide sequense dgq tg they

" pol ype BRIt or
prot ei nBgﬁgrﬁf&'%%ﬁﬁg‘gﬁdgpfﬁiﬁ‘@étﬁgd erng&%ﬁ}'?dg% g%gr tov'gﬁﬁgsm no acid
sequencer ﬁﬁgmnmﬁmheabbiwd@obrgﬁptldngncmﬂmg1m1ynunlﬁ¢mbﬂhmng substantialbt i de" and |i ke

ter are not ne to limt..t he conpl et e,

nati Ve 5%%"%5’?‘@“ e%fdsﬁ%?&%dg%%@ rgﬂg %E%ﬁerﬁeﬁlhegce%é)g?ﬁ&gth%re otein 15 nol ecul e,
but i nsisgaithrlys pﬂiﬁ%&iudeﬁ)aﬁiss@h@ﬂﬁ @dma&ﬁantvhgbpbgn@@bépﬁde,c& progeity.atihaset s or
fragments, incl pol ypepti des hayin

) stant, al uence sinilarity
or sequébRlEpeptids’is ©g qd@p@ngéefgqoagﬁ@mg@plﬁ@ecg@p@ @é&@@ﬁ‘@g§“ﬂﬂr’6‘%ﬁ ded herei n.
As used DetghRlecule p‘ab»ecg%gg dhk@fe%ar& BotdHeaf b Tihifthé Sms gugnce of a

reconbi Rant or non-r I nant pol ypepti de having an am no aci d sequence
of i) aseumeiogdo ﬂ:olcyrpglptex MVe am#loacldzmubmcalasﬁgma@ﬂ wth kst tesiied pradgiprent  of an

pol ypept i I | ¢ act i v nal egs
pol ygepfr} geghl h;?acg a%%\fﬂfcomg éé’@ 5’ &f%% an pcjﬁ%mgﬂfi de.
P0| ype piﬂcdﬂ&hgqﬁgfpu;budeﬁhavﬁﬂgesubmalt se@tene@simhmtp bi sijwade demify aslytivepeci es,
e.g., mnmmalian_ or non- rrarrr%lél: an (e.g. reptiles, anphibians, avian (e g.,

chi cken#%ﬂ%ﬁ?ﬂ%@s%‘ﬁ efeifl. i ncl udi ng human, rodent i (e g., murine

or rat), bovhBfsed el &%éﬁhﬁ@mﬁﬁ&é BEamifb a@d Wlace B £icBbdbihantbat or 25
human, from any source natural, synthetic, sem -synthetic or

reconbl nmrecoxﬁbmantmlezmtlde hmﬂmmlmmmi’:eﬂu@@ of) g pative pelapeptide.dD e to t he
e, Sielpef SR B By Db R b hoRE R fipadS et T Tom @

an polypeptide, or iv) a biologically active variant of an polypeptide. Polypeptides useful in

- the invention can be obtained from any species, e.g., mammalian or non-mammalian (e.g.,
reptiles, amphibians, avian (e.g., chicken)), particularly mammalian, including human,
rodenti (e.g., murine or rat), bovine, ovine, porcine, murine, or equine, preferably rat or

25  human, from any source whether natural, synthetic, semi-synthetic or recombinant. For

_ example, "Human connexin 43 polypeptide" refers to the amino acid sequences of isolated

- human Cx43 \polypeptide obtained from a human, and is meant to include all naturally-
occurring allelic variants, and is not meant to limit the amino acid sequence to the complete,
native amino acid sequence associated with the recited protein molecule.

30 A “variant” of a polypeptide is defined as an amino acid sequence that is altered by
one or more amino acids (e.g., by deletion, addition, insertion and/or substitution).
Generally, “addition" refers to nucleotide or amino acid residues added to an end of the

- molecule, while “insertion” refers to nucleotide or amino acid residues between residues of a

naturally-occurring molecule, The variant can have “conservative” changes, wherein a

9



occurring allelic variants, and is not neant to limt the an‘g?\g a?ﬁog
sequence to the conplete, native amno acid sequence associ & h the
recited protein nolecule. 30 A "variant" of a polypeptide is defined as an
am no aovolozmopsence that is altered by one or nore apimosoasssss (e.g., by
deletion, addition, insertion and/or substitution). Generally, "addition"

refers LnRiplaihdRiPhas AR siichialoPaidlies pRpdae, L9, ABBaskpbe t he

Wbstitited )
nol ecul e, hile "iInsertion" refers to nucleotide or am no acid residues

bet ween leusineathdsoducipe. Nepramardly, g vedantiean haye fnoheapedreativihehapgesiadit can have
"conservative' chan r.ej 9@ Mo ¥n; . 4 Gldind>02/ 35932
substi tﬁ%iJ %feglﬁ%ltﬁggg%fe’%er%@%s% ar- s ruc#ﬁ%&%%gggﬁ%gsgﬁn%?%pert les, e.g.,
r epl aceneididelfionsloe igeniensyot both, SGhidance imaletchbinmgrvdiiel and hawwsany amineccan have

" rvatjve" .. €.Q.,, .repl f VGl i f
1y pBopgh e maf borienued o el rdrelviinf dli i bR del eti ons
or i nselihidAflogi@ll aBRA caf bt BaRC@irleboRBher proftbme weh kfidwiiehd wyvigrany am no 5

acid residues may be Substituted, added, i nserted or del eted w thout
abol i shiergmmle.ANGyPteolirare. i nmunol ogi cal activity can be found using

comput er - Pr ofg AlRiiedcia SeRs 1 hdife &ggmcléie?%igge%gggﬁ? g{ﬂgéﬁﬁﬁ% ftware. By

"nucl ei ¢ aci nterest” I's neant a nuc whi ch
encodes paoteip vodibdrmadeculstvidch isdbsinble doniducing osmeiatininglectical coupling:i ng or

[ | ectyical | i .10 bet .Gells. ., I th | ei
et do; s Beee olyeeferm B PSR el Bl ERC AGHT chedr ERGR Bl 1S ©
regul at igsile@ A it IdRUREEH &1 exBié6diornR Such aPd HisRloRF aitdgulfigtyl clintinis. €l enents. The
term "biologically active" refers to, for exa a hunman grgnn, Xi n

ict 1 >f e )l e,
pol ypept i de Iheinh Pielogigalsiactiye” refess o, Sarswgmple,a hymsp renpekis po fons of a
nat ur al . | X I3 ks L@l | spect to
faci1 1 S SHEhtAGo ARG orbiod ¥R oAkt oBlunind ot D

an el ectrochem cal 15 connecti on between

a cel | polypdniidel paticelayly with reaspesbtorfacilitatingohy ertgbiishaecnbofihnglogirerhamitiahl cel | .

Li kewi se, "i nol ogi cal L y.actjve" definpes.t Lk f . nat ur al ,
r ecgﬁj‘loi O%GWW? ﬁ@%ﬂ ngﬁﬁﬁ%{r? eégrﬁ?ﬁseaxﬁoﬂne% p;;’ %@%ﬁ?‘%gn : %Mg%f/dl%]l}hl%%bpept i de
t her eof LjltetvideTekim@nslogipatlsiakctive" defifts the cambilionefthd mtaplpreoanbiatne omni mal s or
‘cells and to bind with a connexin specific,, aptibody.,h20 The, term

" der i vasyARstic FumenseUnedh BRIPIPEfic PEay ligpRepidrdhereot) todpbice # BREFHTGN of a
nuc! i ¢ imAbhdteBEQh BBl AR AN knd'h Bind HEAURLRAINPERES de.

I'llustrative o fications would be replacenent of hydrogen by an

al kyl , amtjHody.or ami no group. A nucleic acid derivative would encode a
PP o i ARl RGN d:dth B ot GRhicl BOARLAHOh Bk itall @
acid encoding a polypeptide or the encoded polypeptide. Hlustrative of such modifications
would be replacement of hydrogen by an alkyl, acyl, or amino group. A nucleic acid
derivative would encode a polypeptide which retains essential biological characteristics of a
natural polypeptide. _
25 As used herein the term “isolated” is meant to describe a compound of interest (e.g.,
either a polynucleotide or a polypeptide) that is in an environment different from that in
which the compound naturally occurs. “Isolated” is meant to include compounds that are
within samples that are substantially entiched for the compound of interest and/or in which
the compound of interest is partially or substantially purified.
30 As used herein, the term “substantially purified” refers to a compound (e.g., eithera
polynucleotide or a polypeptide) that is removed from its natural environme!lt and is at least
60% free, preferably 75% free, and most preferably 90% free from other components with

which it is naturally associated.
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25 As used herein the term"isolated" is neant to describe a ﬁrgpgdb%d of
interest (e.g., either a polynucleotide or a polypeptide) tﬁ I'n an
environnment different fromthat in which the conpound naturally occurs.

"I sol at eWO 03/83%dant to i nclude conmpounds that are w PATSESM3Les that are
substantially enriched for the corrpound of interest and/or in which the
conpound of h érglaﬁozf*a* %n?ddc% &B "ﬁln!le)én Al 0r30 As used

her ei n, thet rm substaniia ypur| e ersto conmpound (e.g.,

ei t her aranpattgmwnekmgct@rﬁferablypqsbmmmt lng)IC chaage, igluceshiv aeell followingt s nat ur al

envi ronnent_and ast ef nd nost

prefer atﬂlﬁf’r%% oplpige\?' P& l%fmﬁ% %é%‘g%%ﬁ \’ﬁ/lg %eﬁgusyv% ceﬁi ?feege%at urally

associ atondageb&l& ddaymARaed Mﬁeﬁl@/ﬁ&ﬁﬁ#&oﬁ@f%ﬁ@@hﬁ&%ﬁcﬂm’m the gausdneer nat i on”
"transductiqn” ransf ectio S. meant er nt or . transient genet i

change, Gtisossalpr iy GEREh AR PRI anepisamalor | fol I owi ng

| ncorporggﬂhegp of new nucleic acid (e.g., DNA or RNA exogenous to the cell).

Genetic ange can be acconplished eit her by incorporation of the new

nucl ei ¢ aci dBWn‘tr@nsmr@e@eﬁB’rf@raasf@ﬁeQ% ” pio drensdagad Celérlsm’fra&ﬁgiﬂﬁ%t or stable

e anst QRGO gh{ B dFop DA Ak B SRce AL o ifomiRAEONG O (5

i nto an techaigaésps DDA mbleally elvadinpe protdmofioeesed, by neans of reconbi nant DNA

tec iques, DNA nol.ecul e encodi.ng a protei.n of ntere

ruct s By ARt S AT A PR R i era P SRRt I b nant DA
that ha&ha‘@ﬁﬁbe&?@&&ﬁi@@oﬁ 185 plirPée BEhB effestion bh@sR¥isic @asledtide of a specific
nucl eoti de sequéence is to be used in the construction of other

r econbi ﬁmn%@IoééﬁtPi?é“@Q&&?@@@WC@B%P‘ihﬁfdﬁ‘é)wwuci‘ﬁu@%‘meﬁ%nt ion are
h | ked
t hose W%@%’E@é@ﬁgﬁ e pb@m@ﬂﬁgéﬂmshsﬁﬁﬁmé Hinﬂ%ﬁcd’dﬂx%g@ﬁ’éy inked to a

pr onot er or the expressiton of the connéxin 15 protein in
a transfsequena opaiably hﬁkﬁhtp Ia@rqmaternﬂmhmil&allom &irdhe dxprestioreofdbgrosseiion of hunan

and _.rat 43 i n C the. i nven are descr Shi nour a,
" S ot g BB EERLL S Bttty 0SNG0 B0 0R e EoRES G drflad S

Thor ac. rR\@x43 in 2968dancé %thl%n@é’nnon sre dpeibddie Biinowy, N, et B)lmltN%ﬁroswg meant a
m ni rral e uence sufficient to direct transcri gt ion in a _ 20 reconbi nant

cel I . BB4(5):83% ¢ sandiwapl et &l e Shetats Suigh 880l dl % sufficient for
pronDter ggﬂgagent gene expression controllable for cell-type specific,
tissue- sp i nduci bl e by external signals or agents; such el ements
may be | ocat Byl "prombtee iSineant aZninmabsegnence sufficient to direct u'anscnptlon ina

20  recombinant cell. "Promoter” is also meant to encompass those elements sufficient for

promoter-dependent gene expression controllable for cell-type specific, tissue-specific or
inducible by external signals or agents; such elements may be located in the 5' or 3' regions
of the native gene (e.g., enhancer elements).
By "operably linked" or “operatively linked” is meant that a DNA sequence and a
25  regulatory sequence(s) are connected in such a way as to permit expression when the
~ appropriate molecules (e.g., transcriptional activator proteins) are bound to the regulatory
sequence(s). \
By “connexin gené” is meant the open reading frame encoding a connexin
polypeptide, or introns, or biologically active fragment thereof. “Connexin gene” includes
30 adjacent 5° and 3° non-coding nucleotide sequences involved in the regulation of expression,
up to about 10 kb beyond the coding region, but possibly further in either direction. The
DNA sequences encoding a connexin niay'be cDNA or genomic DNA or a fragment thereof.
The gene may be introduced into an appropriate vector for extrachromosor_néll maintenance
or for intcgrétion into the host.
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of the native gene (e.g., enhancer elenments). By "operably I'?gjg%dzg)ogr
"operatively linked" is neant that a DNA sequence and a 25 Iatory

sequence(s) are connected in such a way as to permt expression when the -
appr opr iwoesmmbsacul es (e.g., transcriptional activatopcpusizessss) are bound
to the regulatory sequence(s). By "connexin gene" is nmeant the open
reading f fafr%sfea;%%ﬁﬂma a6 0 B is RRIRER i iRle Al hudl8k hQRShatQhardi O 0gi cal |y
active fragnment thereof. "Connexin gene" includes 30 adjacent 5 and 3
non- codithgamangéreent pissquege elowens imnativg matetean by gpegiesomes expr essi on,

up to ab 10 kb be e codi regi.on, ' r I n either
directi os%&e?ﬁceele %gan}goé]%@eé%’ Sg%g%s ﬁ’g&g& oﬁﬁ?ﬁgﬁﬁé%gwh%@%enom c DNA
or a framiseptidehaidddfand 5 Hoa-ogding ragiops. bidornratly oA species baveosijgpoespr i at e

vector for extrachronosonal naintengnce . or. r integration into the host.
15 5 Sy onon a8 Pt eRers) e sst A seiches B Mo her o 1 i s
i nt endedypeRrdalinf HdMe Bhdodihe EheFiobypatidd of infsadst.share  the arrangenent of
sequence el enenfs found in native nmature nMRNA species, where equence

el enent s ar e Byxerdiomyopyte” is gt acardiag peavariidg colb shichdpaisardjag o of the
encoded an% 'n%ﬁb ' , q i B0ik-E 8 Nagemal [y nRNA
speci es Cﬁg'(\?l:aﬂécon d| uoﬁ%e@éao%;,go%e%ﬂﬁ[bﬁgﬁ?%?%?ve% ng | r?t rgns renmoved by
nucl ear mydbasipint cfiafpst.t o create a conti nuous open readi ng frane encodi ng

t he pol ypept ide ,of .i.nter.est,...By "cardj o '

contfactil e lcBé’I Plfefl‘?mi elf gell l%é%]i Sﬂkﬁgﬁ%kﬁﬁﬂﬁuﬁgvﬁ%ﬁﬂ@%%%t e cell
my be inpolinielo bbbt nifobes shdvhdtie skeletilémpeletelBf the nyocardi um of a
host. 10 By "skeletal nuscle cell"™ is nmeant a cell, found in skeletal nuscle

whi ch i ncl udy “epmbiagnt cplf s et e gelhrmmngneauclel aeid peiogpillinat ur e skel et al
nuscl e %@%&ﬁwdﬁmkﬁ@&m' DR BN t%kfoﬁnéd?tr&%éﬂ%d@r%kfec@@%ﬁ hebiMrugtuc! ei ¢ acid
not normal |y associatedwth the celf (e. g. a cell transforned,

t r ans ducechding # specifi¢ potei e\gi, 8 hormexippadiginet encoding a specific protein,

e.g.,. a connexi, [ Ot LisN)yss :15 By " t ed. [ "y el l which
hag ]l§een i nt %&ﬁg&aﬁpﬁl@g 1%18%@([13(%8%]%?1[&?@1%%8@1'%&g%;ﬁ?%fgfoa%M t Oaagggl | wit Ihi n
a host. Heqi caxRtRite a céll wiRlitio ahodaRér exahple Girepibimntiaeliloe celymadfybed and/ or

i nplanted into the cardi,ac tissue of a_hpst. By "therapeutically effective
amount " gf@#e@ﬁﬁd’%ﬁ%wﬂdmomeé’éﬁd%ﬁlfmﬁPf%g?S&i ac  conduction disturbances is

meant an amogitaeideaichifefRiromioRas i fe SXiBi oMt Qim&R bfitadiac 20 conduction
di sturbance and/or “to inprove cardi ac conductance (a neasure_of
conduct icorduction disturbances is meant an amount effective to decrease a symptom of cardiac

20  conduction disturbance and/or to improve cardiac conductance (a measure of conduction).
By “overexpressing” or “overexpression” of a gene product (such as a Cx43 protein)
is meant an increased level of protein expression over a normal level of protein expression
for a particular cell or cell type at, for example, a particular developmental stage or stage of
differentiation. In certain instances, overexpressing can be a cumulative effect of protein
25  expression from endogenous and recombinant genes or essentially protein expression from
| recombinant gene. Overexpression of a connexin (e.g., Cx43) is meant to refer to the
expression of connexin protein within a particular cell which is above the connexin
expression level normally associated with a normal or wild-type cell at a particular stage of
differentiation. For cells which normally do not express significant or detectable amounts of
30  the connexin (e.g. as with Cx43 in adult skeletal muscle cells or myotubes), overexpression
of connexin protein would mean any detectable expression of connexin, and particularly a
* level of expression sufficient to promote establishment of an electrochemical connection
‘between the recombinant cell in which connexin expression is elevated and a cardiomyocyte.

In certain embodiments overexpression of connexin is meant an increase in expression by a
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By "overexpressing" or "overexpression" of a gene product (Sgﬁ@ﬁﬁ)oﬁ Cx43
protein) is neant an increased |evel of protein expression or mal

| evel of protein expression for a particular cell or cell type at, for
exanpl e, waopeasssscul ar devel opnmental stage or stage of pcHUS®2858ati ation. In
certain instances, overexpressing can be a cunulative effect of protein 25
express 'f%rfo?gﬂib&BM@mmg 12 BHer ARRTRIARRE [e8R BRSt § ol@ BByt indhillothRE Ot ei n
expression froma reconbinant gene. Overexpression of a connexin (e.g.,
Cx43) i smbedimentsat lasstaboutd0f®ld. expressi on of connexin protein within a
particular c n ntdpe 6 X | ormal |y
associ ated w %teﬁmnor r’alscf's[ "aﬁ&\éﬁﬁ lﬂgSt %Euggﬁlﬂg%ﬁaﬁégr&talngﬁﬁc%@ggb%e of

di f f er ehefeat toaefer Bany mammahmijcirﬁ)rwmmghawsm@tﬂﬁmwmsmdgn| ficant or

det e¢t abl up ts of onneX| n,(e skel et al
nuscPe é’@ﬁ ¥ W‘?ﬁsu g?fsub ayjpduds c&ﬁﬂ %Oﬁs’c\é\gﬁ’rﬁmc%%%r Fléb i V\%UI d nean
any det %ﬁb@hb@eﬁﬁﬁ@?@l Mp&haﬂ&ﬁﬁﬁi@sﬂﬂe afbjfbcﬁ&a{qnguh@bd:ay&ﬁ asdoeiatdd of
expressi on sufficient ronot e estab]jshment of an, el ectrochem cal

connect idisgrdepthatis éﬁeliaﬁ@ tp BEAMBIAG & todpitigatp SYTHPRsassAlRSWIR W% pr ession i s

el evat e r preveeatets il i on of
connexi ghl ggr;ggnt an ncé\ﬂgg?gc?ﬂr?%m%&r&gse?son by ﬁg&%m%(%’(%mv% 03/ 039344

PCT/ USO mta ge@3abjketde. gxr bX)iﬂltrQGIHCtlelagita xamhma@t mn@ﬂn ¢>¢pr@sm@¢ellelnrt§'dh¢ ments at
| ea ut afod about 10
f ol 35 TR j?cér’ﬁé’m’s% gceﬁ?)é){PreSLLPg gg&ﬁomﬁfg)‘g’?\dgﬂﬁ %ft@}m ob ar e 3sed

| nt er chapgeall f.g. h@a.fsenohymﬂ h@iearpomc)aﬁymmmhndmn calisppte intd tlme whom

di agnosi s .or therapy | desi r icularly humans. O her subjects may
i ncl ude Sehigqt| B menysgibo @F&tgﬂ&f‘h"ﬁfééf“ﬁ"@é“m@ébbl ts, rats, nice, horses, and

so on. O paplkgedtagal bJHFaﬁﬁgf?ﬁB nRER Sl REhsh HeAYdeR SelR RIGHATosk #r associ at ed

di sorder that is anenab otreatment (e.g., to mtjgate synptons

associ afmticelfuldr communigitionibeierepn gaflssmas to mggvmfarrﬂle&mcewomlu@en Petwaeh ch
.eXpIE[gZEg? (r% § g—ﬂ:%pco nﬁvaa &%idgs the%sAfsgﬁ)r ah&]fs%eﬂé?ﬂ ng[ﬁﬁlﬁél XO Subj et

I nt reco nant onnexi n expr 8ssi n

I N Vi VO glebtrorbdth@iiedl bmupgng;ah wmchnhciﬂsaﬂlemgtaaommfrmmughg@. jenciidos i skel et al
nyobl ast s, {eeim cells nesenchymal , henat opoi etic), fibroblasts,

car di act@ép?% ‘é"{dét‘)m\‘sﬁfec?"g??ém%ubj ect. In many enbodi nents the hosts will
be humans. Bpgy“gh@al sdn@adiiof QisRiBaREE" it i a Aistutiicd i ey ehal@endgioneen cel | s
whi ch al | ows P( i ntracel l ul ar conmmuni cati on between cells so as to

provi de ambfrar@tn@@tomowp cleorigal @ctivty thas injidates mypsardisheopispetion. Epdéacr i cal
CouBb! NirhinhlatR s&%ﬁ%hﬁﬁ%l&ﬂﬁal%@gaﬁﬁwg a6 B dhreEpmgPant ed by,
& ectrica e

el e€troffechani cal excitation o | I's through
gap j unetatriedari tabhyarﬁgrﬂmxa;q; hemddyaatsicslly smpodnaisiog bitad peatdiaspand heart

block.

By “condition related to a cardiac conduction disturbance” is meant a condition,
symptom or disorder associated with cardiac conduction disturbance. Examples of

25  conditions related to cardiac conduction disturbance are irregular heait beat, fatigue,
shortness of breath, and lack of synchronized heart muscle contraction,

By “ireatment”, “treating”, or “treat” is meant that at least an amelioraton of the
symptoms associated with the condition afflicting the host is achieved, where amelioration is
‘used in a broad sense to refer to at least a reduction in the magnitude of a parameter, €.g.

30 symptom (such as irregular heart beat, fatigne, shortness of breath, syncope can be
symptoms associated with conduction disturbances as heart block, ventricular tachycardias
or associated with congestive heart failure (i.e. lack of synchronized contraction)) associated

_ with the condition being treated. As such, treatment also includes situations where the
pathological condition, or at least symptoms associated therewith, are complet:ly inhibited,
13



By "cardi ac conduction disturbance" is nmeant a disturbance |§|Mﬂhe2ioggrrral
generation and transm ssion of the electrical activity that

nyocardi al contraction. Cardiac 20 arrhythm as resulting fromel ectrical
conduct ivemoz3isisur bances can lead to |ife threatening popusnssat ar
tachyarrhyt hm as, henodynam cally conprom si ng br adycar di as, and heart

bl ock. { C ﬁbf’tﬁ I S nmeant
a condi tkg&?&?édﬁﬁ%%p%kﬂ%??g%@%&iééom ated WIH%; Ca?gdsg%dﬂé)g uctlon

di st ur banffas frEnammmoﬁ, o2 5t lewhilie sympisms tatehexdcterzedhe ehinddios.onduct i on

di sturbance are irregul ar heart beat, fatigue, shortness of breath, and

| ack of synchronized heart mnuscle contraction. By "treatnment", "treating",
or "treat" | MuTReDs o FiralishRe HrrafrRRUE ICoNNat DIONBETWREN SY MONSEENaSSoCi at ed
wi th the condi |on a |ct|n the host 1s achi eved, where anelioration is
used3in a br QYBREXERESSY LE AND A MIYOCARDEAL CELYy eduction in t he magni t ude of
a paraneter, Tgege eﬁpm B fd%&'ﬁi@th@& fbf és%gﬂéhﬁ{g aA@RLkickR8hnechidt | gue,

short ness of at syncope can be synptons associated with conduction
di st ur baeivesn aschwhinantiotlbeipressingie connexinsand aatypersdiah gl The methedsci ated with

t t .fail
onoet el Re ke cofperiibtortind INE SN AEuFARNIART, QB |
~incl udeaelg(etg;hﬁicseshla?yﬁm,afemaiob@enlcpﬁbfvblaegcarﬁb% cbgiipdcpwﬁham;%délal ceas% 3/8%5“9)% 223
associ at ed t her ewi e conpl et.e ite
PCT /IQSOQF’@?Q%“@%P&M‘{GF&F °P|° s r‘?f”ﬁ’ﬁ"t‘o&l’b g’f‘%’b%g#yog gﬂi’\o&‘r ni nat ed,
Such t hahd 1R SecBRBinaftQell ORI @&é&n%%mﬁ recgmutlél Eeoaﬁﬁbﬂcl]giﬂo@iﬁed% piotludeeast t he

synptons that characterize the condition. - ESTABLI SHI NG
ELECTRI @hiol@iriiFantiveroBETnmEENein, cNIEDGRR 435 (Cx43) protein. Production of

OVEREXP LAN Hre =Y V, provi des net hods

for est 3%‘?“ xh%]:gllééér? gﬁw& conng%tz{l on éagédm%&gﬁﬂa&?g%g%l nant cell

expr essielgrémehariest connectivd, etwoen deerrdionibinet dell afitithe mgobaydisl celfener al |y
|nvolve cont ctln CO recqonbi nant cell (e.g, a skeletal nuscle

~cel 113 stem @F'F&”gl?% "dnmgg@ffgqﬂ@f%ﬂ hemat opoetic), fibroblast, cardiac

cell, etc.) Mkmnﬁmﬁ%éea@dv@uﬁém%bas dfhekBveatipRRIlEE nbdélt agi Ovi des for

productlon of an eletrical connection between the nyocardigl cell and the

r econbi rempositising, incheding gsmpmicand eV AIRIgivacideoypositions; At 6eA0EE i cal | y modi fi ed
to prod . Xin 43
(Oxcas) * Sifeeify bR oS oF BOREIRLY RRE Fghenth Mmal GBI 1 e
for an ehaﬁcgues ﬂﬂieoﬁmﬁaiﬂeforexpresamdMMWomhnamb@bwhldmﬂﬂham Fubs¢queniithect i on,

RletI enf%&e%éeec%%c én{’lé"aﬁ‘%on%%édon%ﬁ acar rryOﬁardl al cell. 15 Connexi nEncodi ng
uc

By “connexin protein” is meant a protein from the family of homologous proteins
found in connexins of gap junctions as homo- or heterohexameric arrays. Connexin proteins
are the major gap junction protein involved in the electrical coupling of cells. Gap junctions
regulate intercellular passage of molecules, including inorganic ions and second messengers,

25  thus achieving electrical coupling of cells. Over 15 connexin subunit isoforms are known,
 varying in size between about 25 kDa and 60 kDa and generally having four putative
ﬁansmembréne a-helical spanmers. Different connexins are specific for various parts of the
heart. Connexin family proteins found in the cardiovascular system includes Cx37, Cx40,
Cx43, and Cx45 (van Veen, AA; van Rijen, HV; Opthof, T., Cardiovascular Research 2001
30 Aug 1, 51{2):217-29.; Severs, NJ; Rothery, S; Dupont, E; Coppen, SR; Yeh; HI; Ko, YS;
Matsushita, T; Kaba, R; Halliday, D., Microscopy Research and Technique 2001 Feb 1,
52(3):301-22; Kwong, KF; Schuessler, RB; Green, KG; Laing, JG; Beyer, EC; Boineau, JP;
' Saffitz, JE, Ciroulation Research 1998 Mar 23, 82(5):604-12),
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is feant to ﬁrﬁ"@!‘%@l@lﬂ’mﬁé 00 O LTt PRt

As summari zed above, the nmethods of the invention utilize nugh\? 0%8
conposi tions, including genomc and cDNA nucleic acid conpos %’r?s t hat
encode biologically active connexin 43 proteins, or biologically active -

f ragmentwo ehisamiogs, or anal ogues thereof suitable fecresops®ssion in a
reconbi nant cell whi ch cell can subsequently 20 forma el ectrochem cal
connection th By - C " BRI protein
fromthe famA‘F %1&% iéﬁﬂs e;])]%’o g?lﬁgﬁrh??&ﬁde%%l g%)f?lrntg@ns of éﬁp junctions
as hOWDse@EndengthtﬂatedTﬁx%q)ohﬁpB;ﬁyls haﬁngmunﬁnalpregulenorps or Lieckemivel maj or gap

! uncti o cﬁq?%é'aq%aia%% et et oo e gpienl P i Bl ey
junctio uding i norganic
i ons  andpRE Ykt %ﬂ&iaﬁm%ﬁlﬂdﬁhﬁ&mﬁﬁﬂr@dﬁnﬂ%glﬁﬁﬁﬁd@aﬁ) bowipd,i ng of cells.

Over 15 conneX| n su yuni t isofornms_are known, vary si ze between about
25 kba aQ¥e.dOMHBaMAHAC, geeming) Pryterahly ivgan.sid sy bg g fw@i mrﬁ?fﬂs’rrenbr ane

a-hel i calys @ﬁg(?rre@{dbiﬁ]ﬁ ﬁdlg%ﬁﬁﬂ §1u§§£11§a9ﬁﬁl L ddeukiAf al¥dlic! Ous parts of

the hear nneX| n Yy proteins und 1nt cardi ovascul ar system
i ncl udesva@n&?an&kmmeammmtawmﬁmmmnenaemwthemmpletamamq aano | j V: Opt hof ,

T., Cardi | 200 30, A 51

Rot her ;a‘ln vg%(ﬁ:llﬂjﬁ‘}%%so ge %Elé eel ro%:ﬁglo%‘fml l@@%ymégstes bﬁﬁ]\éfcraﬁyT Kaba,
5R2(§a | ggﬁta%g xwf(viig " Ie ess] e?imlmdl hmg]@nmmcmmgfg%%eyer EC;
ot ibau XD IR0 T465 T DR7ASo PB4 Pl D% AR st ShaPAMISS oo 5] 604 12)
14 8 Mayrpq 9@% Wﬁe?ﬁs’s%ﬁ%ﬁ@i Lﬁ@@s{e@:&%%}e%m%&essmn@{o@mgwbl y_herein,

"Connexi n Cx43" refer t0 the am no acid g@ences of an isol at ed

Cx43 poPy§sdps ABBO2NAIG6AY l*ﬁi_ﬂifb*tl&rw OIrZéQTJMﬂ_dHQZSS@C 46@4%?\4"0‘3’? functi ons

ny - spharade uh P obitaR §ORs Ao hRESh ARG N R AR A 2 o TrOT

murine 4043394, bovine, 5 OVI ne, porcine, nurine, or equine, preferabl y

human, and may be patural, nthetic, sem - %nth tic. ecombi nant, and
? B lc'ilf’é(ﬁ?rﬁ‘ éb M i s not

meant t%e'mﬁhﬁoﬁdaao@ma&ﬁbs%&ﬁd&d&ﬁ%@%@nﬁe@ﬂ@egeﬁ@mg&if@mem iuresyyi no  aci d
sequence associated with the recited protein nolecule. Cx43 enconpasses

bi ol ogi dluding 2o ithednicons that are yereslly pregsuh s wativeshremossmen Bimpyduiiftan cx43

/(A‘SeDgl;gglgn ﬁ%%%WB%&%Qé%MM%g and AAA%%%E%)YSOrzmuse Cx43

( Genbanfnchcle e uﬁﬁBéIﬂZranslﬂibﬁiﬂ4~6gula@@986)ﬁl¢n0&% 66ch3s pNREBH4 18,
NM 012567, NW 01 0288, 4 and r,e found nbank
Accelsi BRiaRgsss, efso Qﬁg‘@n@@@@ig ﬁlﬂt B%“ 0’%6?2% s Biva &P

either the 5’ or 3° end of the transcribed region. The genomic DNA may be isolated asa

large fragment of 100 kbp or more, or as a smaller fragment substantially free of flanking

chromosomal sequence. In another embodiment, the connexin DNA is a cDNA, which lacks

intronic sequences that may be found in the genomic DNA, The cDNA may be operably

25  linked to a promoter that is normally associated with the connexin sequence (e.g:, a promoter
endogenous to the connexin gene) or that is heterologous to the connexin sequence (i.e., a
promoter from a source other than the comnexin sequence).

The sequence of this 5' region, and further 5' upstream sequences and 3' downstream

sequences, may be utilized for promoter elements, including enhancer binding sites, that

30  provide for expression in tissues where the connexin polypeptide is normally expressed. The
cdnnexin sequence used can be based on the nucleotide sequences of any species (e.g.,
mammalian or non-mammalian (e.g., reptiles, amphibians, avian (e.g:, chicken)), particularly
ma.m:ﬁalian, including human, rodent (e.g., muriﬁe or raf), bovine, ovine, porcine, murine, or
equine, preferably rat or human) and can be isolated or produced from any source whether
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1404339A. 15 A connexi n genom ¢ sequence of interest conpri sgidth‘qugucl eic
acid present between the initiation codon and the stop codo

connexin 43 gene being of particular interest, including all of the

I nt rons woaieses@ nornmal ly present in a native chronospoBusokisweny further

I nclude the 3' and 5' untranslated regions found in the mature NMRNA. It may

further na'hﬂ&l' fhefif) SGhi mkﬁ@d}gﬁéohﬂ‘daﬂﬁ%&é‘ﬂm%c@&ﬁn t gﬂ‘ﬁ'a gl at ory

sequences, as pro ters nhancers, etc I nc qg about 10 kb,
but possieh) qt whareethe oerdifit Gaske intp whdehothe celDisido bt implsintet éshunias, the comedin end of

t he transcr b egion.  The |solated as a large
fragnent % %’g" kBt ¢ “’r’%“‘%lgr“éedc%DNﬁEt’f %Brco % grrent substantially free of
f1 anki ng chrtthanﬁaétahclae@mmmens dsﬁdﬁﬁhék\ﬁijecﬁiﬁtb@ﬂbmy encoiealbarayext n DNA i s
a eDNA, acks, introni uencges that,_ may be faou in the genom c
DNA, STheus .l?a @[Ya?glf % @%%npmaowpadﬁsamaw PETRT P Yra | y
associ atGbwided ofﬁt% TP BRbMe ‘é?&&éﬁﬁ@aﬁy@fntﬁesmn% dheSRleBiides ﬁ{%@ﬁﬂ&wés to the
connexi n gene) or that is heterol ogous connexi n_sequence_(i . a

pr onot erwi W@ﬂgbdm@élodssMFesmwmﬁm diggetionnbysReR léﬁcaﬂ%éfcs@qmence of

anp:
tsglqﬁeﬁceté&gl Q%H%’%{Jq%gﬁg?@be#%% er e enenﬁggﬁmﬁgn% gegl ngmek’%%ilgﬁcer

bi ndi ng ledst #spt 200at, nBdte psually stdeakicboeb250 as®iaboutiSA0 hi. ssues where t he connexin

8?1' ?ﬁepﬁhgfeﬁtgﬁﬁﬂg@ﬁé @Gﬁﬁ%‘igﬁf@a onn in.alse%gence ails{ed gan be based

non- MMyl AARnth@ nhmmARR t;ttrbﬁﬁsonarrmtsumyaﬂ@ DNW hﬁﬂbe(tﬂ)teﬁlnad sEhEENEN ) |
particul arl manmal i an, i ncl udi ng hunan rodent (e.qg.,, murine or rat),

bovi ne, fmp%@thrpw@cr?@dswn%thabon% inelude 2 spusRceeAMItiNgarx43 0t hunan) and

can be i r t e 2006 VO
03/ 0393%%%/%%&% %@Wﬁ%’% E& Xut%ﬁgt’ ﬁ%ﬁ@%&%ﬂa&@%ﬁ\@for reconbi nant .
Were t hﬁ)iwd!gﬁrebomhsnant’celelﬂanke@ymmamnomembleomﬂeswithméldhhies vetr di ac tissue

i ntq which e ceJ is to |l anted is human, the connexin is
pref ér abP yﬂfﬁ?ﬁﬁe&ﬁ’ﬂﬁé’?ﬁ?ﬁgf’&p&gﬁ §5° BPBRF-a human connexin. The nucleic

acid conposi Thegusies of the cérhexis phitas indhitlig fldnkite fRYnotReimsahd or a part,

5 usual ly at | east subst ant jally all, of the connexin pol ypegt i de as

appr opr icadieg qgwag,rmat ed aps AR R infhe ANRENSEIIAESAy cheni cal | y
synt hesig W PRt e gt hods, by
restri ct K I ges ﬁ’%ﬂh’q&ﬁw &ﬁ%%g&n%e? foééz% fe%nqggt C. élggrlgl:Si tahe nost

part, Dlldtodilctarj Bmhtmmthdnvhﬂboﬁulmtanh@lassnmmmmncmﬂlomfﬁh@amcmcl eot i des,
| t t ab 0, nt | t t bout
0550 oy 88y, FOSH R P i AR T

purity, nﬁagrateﬂfsalbwﬂ@astatdtefbyattmﬁtaaanmta&ttormmhdamaﬂnﬁﬁrmﬂanm Usual | y,

the DNA w ||, be obtai ned substantially
general, the sequence changes may be additions, substitutions, insertions or deletions.

Deletions may further include larger changes, such as deletions of a domain or exon. Such
modified connexins sequences can be used, for example, to generate constructs for

25 introduction into cells for the purpose of promoting production of electrochemical
connections. _

It should be noted that preferably the connexin gene is selected according to the
genus and species of the host (e.g., where a human is to receive Cx43-modifed cells, then the
Cx43 gene sequence is a human Cx43).
30 The encoded connexin is biologically active, e.g., when produced in a skeletal

muscle cell, a biologically active Cx43 polypeptide facilitates establishment of a connection
‘between the skeletal muscle cell and a myocardial cell. Without being heid to theory, the
'cqnnéxin protein (e.g., Cx43) is expressed at the cell surface and is inserted info the plasma

membrane as part of gap junctions. To establish electrical coupling between cells, connexin.
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free of other nucleic acid sequences that do not include a sgﬁw bn%oﬁ
encodi ng a Cx43 or fragnent thereof, generally bei ng at | ea8t &t P 50%
usual ly at | east about 90% pure and are typically "reconbinant”, i.
fl anked g ogrem@3s@r nore nucl eotides with which it is nBCTmlﬁlmsmzral |y
associated on a naturally occurring chronosone. The sequence of the

my oo AP piorolipdihedh o R PR SR Fle bl e ABpu RO, (00" 1

changes TliaItEHnﬁmaﬁoﬁMcﬂﬁnyfﬁdalccﬁﬁﬂ:ﬂembﬁweénmbeeﬂﬂ'(e@mbhpsmtmhh etc. The DNA
sequence_Q such ati.on t nt| mlar to
one or rFB %ep ﬁéﬁ%ﬂ’é’%&aﬂgﬁ‘”ﬁﬁ)% l?fetaa%figﬁj (ﬁy 184/11@%? by at

| east ong mupheRlibdeaRbe e&m&dwmﬂm{n@wﬁgﬁeﬂyeﬁtuaga@ﬁncﬁmxpedme‘amer by at

| east tvvo of "by at | east about _ten or npre nucl eotjdes or%ﬂm no acids. In

genedal ,dyeree éélﬁﬁeﬁﬁ@ﬂowmqgé@ﬂﬁ%@ﬂéeo%)dﬂ’mch dvizansteriedsrom gg SHI0 | nserti ons

or deletj, | £l c ﬁﬂ@dﬁ S detSizb as
del eti ons o?rWhegemal no @ﬁcﬁoﬂ%ﬁ%ﬁks% %ﬁ#ﬂ@rgt@%ﬁ%&m ns Ig@queenceg can be
used, f dinctioashghejunttiong Greefimtteneloxptessiat of Gxd3) i8 Biveminrtbeltkampdes i nto cel | s

for the gt{wgose of pronoting production of electrochem cal connections. It
shoul d B ted that preferably the connexin gene is selected according to

the genus amde &B&ﬁbﬁ&t%ﬂﬁdﬁﬂoﬁwﬁbﬂj& @ncticalthemedifiedioreapressatien r ecei ve
Cx43-nodifed cells,_then the  Cx43 g ecéﬂuence | a hunman 3 30 The

encd@ed Reweins Suck 45 N-eadBeriretsin ﬁ{oéi‘@f’?rv ge Pf%ﬁl@ Y UL RO “skel et al
muscl e ?E b o a%I? a0HiAghA g&ﬂeﬁc ﬁi‘éﬁl Metdn' G IRl YPEPkdngSadt@s: iFutthérh@se,

establ i shment of a connéction etvveen the skeletal muscle cell and a
myocar ditbd rembinanweﬂhmd n@ézemg)dif@ﬂ@ eorashevprexpies N-sudheranthgr ot ein (e. g. ,

Cx43 '
menbt and™EDRE 7 vk RGP hoh B oBlhh? (L IRAAEEd FiRobBaM OSTR
cell's, o (Bitksindhd/piesabder dﬁ@n@éb&&ﬁmmmgaﬁmm) ibe

functional,k gap junctions to formgap junctional intercellular comunication
(Qle) . suﬁ'qq@n -dentification of an electrical connection between two cells

(e. g. such é%%tconﬁgﬁhmeicwl e cell and a rryocardi al cell)can be
readily determ ned by those skilled in the art. hgnct ions can be

eval uat ed byQonmuoisnpmpmsnugfmﬂlmnweﬂwcédswﬁfu}ﬁ@wml éinEehl e 5 dye,
€ g LUC' eI L oW ﬁ&i'l\é "t'he%’ormllo %:e)desc%é Eﬁ)aicfe?rb“tfaFA!hﬁd from one

cell to %r |ona I ONS are “presen A'mcro
injecti omoﬁbos@@pioaﬂpn an st Oﬁgswbtsmmpmn@ioogmnq encadinpmelei¢ acids f unct i onal

exp rz%s > Ia(r)enun?lfzed%dftr%nsfom’x, %a\:(s%nct Iorn ﬁgnggucgﬁl?e%cecgﬂs c%%(l:tgrlcsq U allow for the

expression of an introduced connexin-encoding nucleic acid molecule in the modified cell.

Where the nucleic acid to be expressed is DNA, any construct having a promoter
(e.g., a promoter that is functional in a eukaryotic cell) operably linked to a DNA. of interest
can be used in the invention. The constructs containing the DNA sequence (or the
25  corresponding RNA. sequence) which may be used in accordance with the invention may be
any expression construct suitable for use in a mammalian cell, and oontajﬁjng the DNA or
the RNA seciuence of interest. Such constructs can include nucleic acid of a plasmid or viral
construct (e.g. adeno associated virus, adenovirus, and the liked) and can be circular or
linear. Preferably the construct is capable of replication in eukaryotic and/or prokaryotic
30 hosts. Suitable constructs are known in the art and are commercially available. The
| constructs can be prepared using techniques well known in the art. Likewise, techniques for
* obtaining expression of exogenous DNA or RNA sequences in a genetically altered host cell
'-arekx-lownintheart. |
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The reconbinant cells can optionally be genetically nodified é{f keSS
ot her 10 proteins, such as N-cadherin protein. However, the (8, P are
preferably are not so modified so as to avoid additional genetic

mani pul avdesmwsefs4t he cell to be transpl anted. Further nperEUSse2B4982 r econbi nant
cell need not be nodified to express or overexpress N cadherin, as the

i nvent or s he&@ W BhEboS (RO hdBNARERIES S RRineh pRhoRF RORGAE difroion | Nt r oduced

or reconbi nant connexi nﬂ?elt in the presence or absence of expression
of any elfdimdaﬁﬁtoﬁmmmhhm)a mmﬂlasu-eﬂ |Ehmmot@on@tbmt9nmpmwﬁnexu n

Nucl ei c I.ds..Const r u rrprl 5| n q(qjjﬁ,)a known
in the ﬁﬁnﬁ} Pos 18 S 'a mn & S oﬁ%%?ﬂn%hq% B Eohmex! n ?& gene are
descri beﬁh@m’s‘chmﬂakﬁmy (anal Roﬁ@ﬂ‘comél'ﬁﬁrsQRSVﬁiHng-v,lmR61€hﬂeno7(liru§.724 33.
Constructs conpri Si ng conneX| n- encogléﬁgpnucl e| acids 20 %é tltl |ized to

transf o M?reﬁpegm%@xem T PRATERTETS NG (PEOTRLST| %ﬂw g YFE8E | ow f or
the eXRf W(ﬂ%@hmt%pmeﬂ 2PBBEN J%Mfélpﬁgndtacﬂcﬁwlemgd mol ecul e in
t he m)dl WWher e t’he nucl ei ¢ aci be expressed any

constr ud@rnhlmlr rapgat&L'ﬁRhPﬁi%V (Gasmap t 24, Rrpo AlstleAcadnSiel. VSATRAFITORA in a
k [ h
eukar ymlgﬁZ)T%l e%:ngﬁ'p %’% roHo%Flgs%i] Ihl(r?% 9% M&eﬁéﬁl%ﬁ%@g%ﬁ’d}% % sgtgled In the

i nventio con sequence
cor r espandiengtirPode perueeac &) ondundodineyt, the poseuleriusedwebatetises-spetific t he

col 1D Rt Jor PR SRoUr g tsrdis tegtamit mple trfacfgaelieg,

const r Uk sm&iaa myeblbé Spdtifid RéiBot@Cdrén g&m@kabesmmmn\spdcﬁic pr(ﬁﬁditsﬂ ruct (e.g.
adeno associ ated’ vi rus, adenovirus, and the I|ke3) and cg& rwéé]rcul ar or

i near . (Fuepbrhdleyelonaericgl Fehs 128(H: eaﬁabws &t aly ol Therate karyot i c
and/ or %P!fﬂam?iﬁ'-& d%‘é‘ﬂégaﬁi%ﬁ SN aigl«,edﬁe éyt\%tﬁ%nﬁﬁe%n&mm nbvd el art and
are comrer Ci y dval ['able.

nstruc s can be prepared using
t echni qumasfesdd wkinowporter cbhﬂudr(hlvembwhmﬁwmqtﬁ(ﬂf mitgepdofugyme obt ai ni ng

o 11 e e o oS08 b B BT bEE e BrncoS; 1

one enbQgidimR Hiyosin Meay¥hain@Rad privbteRAhay, BSalg Circalmibe000Asrddj | itate
xpreSS|on of the DNA of interest within a manmalian cell. The pronoter

may be d0&¢ ﬁbl‘?d5ﬁﬂbrmt er that functions in mamalian cells, such as a
promoter from, %ﬁﬂé Yehuib R olsRiUf o soREIBY i AR to'hdihiSters MVITV) .

Rous sarcoma VI rus enti - us or adenovirus. 5 Moré specifically,
exenpl anqluqﬂm:hutceamdregulbmtennehmeppmmemnmdﬁndcﬂb Forexainpledhessgrny gene  of

h 21- 530 198 t f th
ong { EPRPRATE A0 F i T ebe Fespin vapeplon By ASyBpRRRL O] | 5T
USA 79: 64d gro@rfiBfhetor-inducible genes. Because SRF is not muscle specific, it has been

postulated fo activate muscle genes by recruiting myogenic accessory factors. Myocardin is

a member of a class of muscle transcription factors, provides a mechanism whereby SRF can

convey myo geﬁic activity to muscle genes. (Wang, et. al., Cell. 2001 Jun 29;105(7):351-62).
25 In another embodiment, the promoter is a regulated promoter (e.g., inducible

promoter), such as a tetracycline-regulated promoter, expression from which can be

regulated by‘exposure to an exogenous substance (e.g., tetracycline). Another example of

regulated promoter system useful in the present invention is the lac operator-repressor gene

regulatory system to regulate mammalian promoters (Cronin, et. al., Genes Dev. 2001 Jun
30 15, 15(12):1506-17). |

For eukaryotic expression, the construct should contain at a minimum a eukaryotic
promoter operably linked to a DNA ef interest, which is in turn operably linked to a
' 'polyadenylation signal sequence. The polyadenylation signal sequence may be selected
from any of a variety of polyadenylation signal sequences known in the art. An exemplary
' ' 18 .



1982). Alternatively, the pronoter used may be a strong geneg@tI %gryotic
pronoter such as the actin gene pronoter. In one enbodi nent, e pronot er
used may be a tissue-specific 10 pronoter. For exanple, the pronoter used
in the oomsi3ss nmay be a cardiac cell specific pronet®ws02/35980/0bl ast

specific pronoter or an adult skel etal nuscle cell specific pronmoter (Luo,

Qlﬂ%qg% 12580 L aviAtRE sicBhl . The Thor. Card.
Sur 195@9&%%1 ﬂ%%g%e geeigg:lwscusls%%ﬁ]?% y Pr |Slng§r>§e?§1rw§| ace ocytes
from necmatradt magtakeo ireeluele loaeor mére iniohs wherd amprt)prwéte, mdishreaeincsasedevelict dri ven
by the ormte f nz ) t g]jfﬁ,gda et al.
Hear t feém%%ﬁ E]%fac%rfﬂ a%ﬁé‘i/ﬂ&i“tjﬁ‘?%?‘*a% ﬁ%(’?%n% gﬁgﬁt cardi ac nyosin
heavy bﬁ%rboﬂﬁﬂ@ np frvak 6f thé darelly-octirring sequekde). cAuhyattﬂamm&@@ﬁmApns 11,

101( 14) 15-21). The constructs of th% i.nyention . may al a ﬁ}ec' ude

sequenc keowin gherre manbe e (et bedmgnan Brglolin ginqn,juddchyis aps e connexin
expressl}&ﬂﬁk f%gdsftioﬁ% &% A [ﬂte%sgrrpl e the serum 20 response factor

(SRF) gene en shown to regu transcription of nunerous nuscle and

‘growt h fact oIn -sinnitermathleempediment, e ouddeadiielivered ta thepelbisen Bpéci fic, it has

been ostyl ated to. activate,nus n t accessor
factorg & 2 FgRnXingrotein g?&g‘%ﬁ%ggw‘%ﬁ%{pﬁdfb{&gﬁg%@fﬁefon factorg
provi de&mﬁldﬁﬁﬁbﬁtﬁbﬂﬂﬁl)ﬁﬁe téHRFI\tIaHmdsm prtgictipagBRNAC(eaGmRNAY t o nuscl e
genes.

t. Cel | . 1 J 29:105(7) :851-62 5 J th
O 50 ol p rassin hbinisrost aro well BERITLD 446 o5 BN e radly donfiedi e, o' "

P OMD €y ERNASBodif AR bt LRELD @seﬁquwnqa@ter expressi on from whi ch
can be “"regul ated by exposure to an exogenous substance (e.g.,

tetracycli neﬁ’mdmmdw’rﬂeémbmtl@@rmmfeg ted pronoter systemuseful in the

present | nveablankl Solfits L3soRRSL ALl EARERSH i8EALay EOLGANREY Sysem to

regul ate ma rom) ers 001 Jun
15, 15( 1Bauphﬁ@ﬁvﬁﬂ3);ardﬁmyoejmé<ﬁwmnn@enra&dgapmncmdm, inadnding skeletat houl d cont ain

i 0§ TSt R R 5, PREROP R bRy SR REp s B SRl B lence. The

pol yadetﬁé']&&'feﬁbvﬁhggédeu@ﬁtg&tﬁmnwome fRbaRéstidn oftmmmmtomemn ety of
pol yadenyl ation signal sequences known in the art “An exeng@iry 18 8 May

2006 WO(€s/ C8B3imbect Usor aupdmeptefpariswt igtercsh the nce is the
Sv40 earl¥ goh¥adenylat|on si gnal sequence. The construct may al so include
one or é rons, .where appropriate, which can increase | evels of

expressi on ofellshgayDdbhained fiverthshost (ear, cndugbmubyells)mit)mmrmteof i nt er est

o 305 Ol e R o b0 b Wit 5 BRI o, PR RO Seauence).

etc.) with respect to the host, In certain embodiments, the cells are collected from the
subject or patient via biopsy (e.g., muscle biopsy). This latter embodiment allows for
antologous transplantation of recombinant connexin-expressing cells into host myocardium.
Cells suitable for use to produce recombinant connexin-expressing cells include
25  skeletal muscle cells, particularly adult skeletal muscle cells, stem cells (e.g., mesenchymal,
hematopoietic), fibroblasts, cardiac cells, and the like. An expression construct that
provides for i)roducﬁon of connexin (e.g., Cx43) is then introduced into the cells which may
be propagated and cultured in vitro before and/or after transformation to increase the number
of recombinant connexin-expressing cells available for transplantation into myocardial
30 tissue. | |
In one embodiment, the cell is a skeletal cell muscle cell or cell line, propagated and
transformed with an appropriate vector for the expression of a connexin (e.g., Cx43). These

recombinant connexin expressing cells are cultured ir vitro and utilized for transplantation
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5 known in the art may be used (e.g., the human (3-globin in%g \efgrch S
B

inserted in the construct at a position 5 to the DNA of in In an
alternative enbodi nent, the nucleic acid delivered to the cell is an RNA -
encodi nowe osrasasw@xi n protein. In this enbodi nent, the Riwsmssdapt ed for
expression (i. e., translation of the RNA) in a target cell. Methods for
product i;nq I Sothe¥ BhIOYdickar A6 O6lls i RNPSIA RS pifnady i@t g 87 @ Wel |
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cel | s ‘(e.g., _nmesench , hepmat opoi.etic fi br]bg?l st s, rdiac cells, and

‘the Pike, folPpyeRst é”P?’i‘?%P SOR GB RE RY5O9P “?gcﬁe ¥PPessi on of a
reconbi RaMen&Qp ?ﬂxscﬁ&lﬂtoth%éﬂuctéb ﬂ?ﬁm?ﬂie'conﬂeﬂlﬁéﬁe@dﬁb%j' ment  of

particul ar |nteres he cells are skel'eta muscl e cells. Cells may be

obt ai nedtansdyas thamortfisd cells. Qiher meibiodseh sgylatiog connexin cHDIGHIRBY Bl5dat e 20
Cul L Ur ©hefifthls i}y ofeBble® ciedds B N M Sy AA1k B0 fadiin ofenogene! ¢

(e.qg., I mat e respec ost n certain
enbodi n&:nmpoundklﬂlat:rﬂbdiﬂataccemadh exgeession {a.peithérat thedinjeadior follopingi ent vi a

bi o scle This latter enbodi nent allows for autol ogous
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con éxr i Sd%f"l‘ aé@l foac RGEHY &pg%qfdaeﬁég@&mntto nyocardi al 30
tissue. !rdﬁu@tﬁtfh cﬁﬁb@ldbtﬁmtconnb&’@naﬁweem Sreaoxalﬁﬁhmbal argled dardiotsydegtecah | or cel |
i ne, propa ated and transformed with an appropriate vector for the

EXpI‘ESSIbéltF'S Hh%’&ﬂ’ﬁ’é)@l"t‘k’(e g., Cx43). These reconbinant connexin

expressing c I ation 19
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enbodi nent, #Hhé Ceslidrayogytes cel | s of a fresh primary culture or a frozen
cul Eldr €. The recombinant connexin-expressing cells can be cultured to expand the number of

}_i

cells in vitro. After a desired number of recombinant cells are obtained, the cells are
introduced into myocardial tissue. Alternatively or in addition, recombinant connexin cells
and myocardial cells are co-cultured i vitro and then transplanted.
_ Production of a connexin allows the modified cells to induce an electrical connection

25  with myocardial cells via gap junctions. Due to the difference in the ¢ellular and
electrophysiological properties of myocardial cells and non-myocardial cells, tight coupling
of myocardial and non-myocardial cells is required for synchronized electrical
communication. The present invention demonstrates a unique and novel interaction between
two different cell types which allows for the treatment and therapy of myocardial diseases

30 and disorders. |

METHODS OF TREATING CARDIAC CONDITIONS
' The instant invention provides methods for correction of cardiac conduction

disturbances and methods for treating cardiac conditions related to a cardiac conduction
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Met hods for introducing conngxin constructs into a manmal i ang | I 0i Ecl ude
standard protocols known to those skilled in the art. 5 The &gﬁtﬂg I on of
connexi n expression can be acconplished using regulatory elenments operably
i nsert eavo od/@9dedne construct conprising the connexi n gemeusssswsi o transduce
the nodi-fied cells. O her nethods of regul ati ng connexi n expressi on may

I ncl ude ;. ] . . e . Eia endogenous %f‘?ﬁ t cells or
by the gﬁgﬁn@(@ﬁc%%%éﬁp%eﬁ%@l? Eg TOOU Eé%oevcrc%dﬁlnexic%mg%h%g él (lt)ilriili%J e.g.,
ei t her &y idcheasihj call totelbeonfimbimicativm ghusGllowibramire sppchiosizedeatrixitioantheel | s. )

Connexin expressign.in the nodified. cells n pe. det ect ed C

t echni qif¥tPoggee YH’rVﬂIVBIcB‘F?n"!I%‘H ?cgg{apﬁ%uﬁaf%ﬂsfgglggéegogﬁlg@l%#@ﬁ%r t he
recombi gadibss6HYIANdxh profet @lg., TRUNDSIRh tHaOthe GR1HEXiR Prolgn ElAitaePr ession of a
reconbi nant connexin in_transfornmed cells nmay involve RT-PCR utilizing

pri mBr s PEydetioniot an glectresh rapprionlRavest the feranbinpifoek sukhe erdiewNtiiues 15 on
transf Oggggon‘ﬁ@é oni fécﬂit&t@% édﬁre@ticinm% cRBiab conu@ion@iGRBARY bPiRbuRePt | de, to

facilitate production of an electrical connection between a reconbi nant

cel | andomluctiondi thebeary.t ke epdoodintsetsio€partenldrinternsti the tecomobingd e¢ll ispr oduct i on OF
Functio ai &agg éun i ons Between Reconbi nant Connexin Cells And

Car di orrglb“i’ 1598 e reconbi nant connexi n-expressing cells can be cul tured
to expand t hehgwmibfeermefiods gt hise ih theviebtiient d¥fatvarietst ofldifiereaticonditibnes inof

reconbi nant cells are gbtajned, .the c . i,ntroduced into nyocardi al

[ el.ls are
ti sdbe. Whichap ingraaseoprdspatd FoREHEHPR ofipi dll‘%ﬁﬂ%‘éﬂf’s“é nnexin cells and
myocar di al Cﬂénﬁallﬁg\gis%éﬁﬂél%l@% tféﬁtn?’éni bPtheRRitoBEsT the AsBbafcREe, Production
0

of a connexin al [ s to induce an electrical connection

the nodi fied ce

25 wi t hbmhyaoerat Hinited toe bonaplete heagtifogkyreentrasharthythmias (-2t NentdeWa er ence in the

cellulaf _and ..el ectr | i cal p L.2S:.0f: ol Il's and
non- wo%ﬁﬁwﬁ 8%%3%1:1%?1 %%kfﬁhc oup iﬂ%]eg[;mg'o%El %%@g?ﬁﬁé%@éﬁ&dﬁﬂ rﬁ%r%:[}ﬁrfgoc ardi al
cel | s i spotlddehdfie dofndmpsyved bynonoriee @heation samenddetntreatrent with th€he pr esent

i nvention dgrmnstrat es., a uyni que and novel interaction between two
di f fer efethods of he PEentIRYNO% | ows for the treatnent and therapy of

nyocar di al dj@@ﬁ%n@fmwfﬁgfgﬁ{mwfms OF TREATI NG CARDI AC

CONDI TIONS The 1 nstant” invention provides methods for correction of cardiac
conducti on Bhestanspleniation of rReombing genmewin celfsdnioithgmpesprdiue obHlier ons

rel atedof0, @ Gt APa s A0 NERAGks % SurBY 62000 NP QIR REHHISO2) 35932

In general, there are two methods for introducing the recombinant cells into the subject's

20 heart tissue:1) surgical, direct injection; or 2) percutaneous techniques as describe in US
Patent No. 6,059,726 (Lee and Lesh, “Method for locating the AV junction of the heart and
injecting active substances therein"). |

The recombinant connexin cells can be implanted into any area of the heart where
conduction disturbances have occurred. The amount of recombinant cells to be transplanted

25  is determined by the type of heart disease being treated, the overall damage of myocardial
tissue and the level of connexin expression in the cells to be transplanted.

In certain embodiments, the recombinant connexin-expressing cells are transplanted
by percutaneous methods. If the site of the damaged heart tissue can be accurately
determined in a subject by non-invasive diagnostic techniques, the recombinant connexin

30 cellscanbe injecfed directly into the damaged myocardial tissue using general methods for
percutaneous injectiohs into cardiac muscle well known in the art. The amount of
recombinant cells necessary to be therapeutically effective will vary with the type of disorder
‘being'h'eated as well as the extent of heart damage that has occurred.
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di sturbance. The present invention is an advancenent over stgﬁga;ﬁogel | ul ar
transplantation by increasing cell to cell comunication, t 2y, w for
nore synchroni zed contraction. The nmethods generally involve contacting a
cardi ac W oHds6349f @ host with a reconbi nant cell thatpceygpsse®ses a connexin
protein (e.g., Cx43) , such that the connexin protein facilitates 5
production of an el ectrical nnecti on. Lpant cell and the
car di onyocyt PR HEPRIGS 5%’??@%‘%35% ﬁ%ﬁjgﬁ%@)ﬂ@g{r}?x&s@ |t(%t?10%o aﬁgardi ac

conduct igeBrehrBdsing RaMORt Batived fomthaigst o @iinintzd thepdssibiliyeoftyedt iejection,

enbodi ments_of particular_ intferest, the reconbinant cell is a skeletal
nuscl e & allogeeiconrenogeneirseibds find use in the treatment of a variety of

di fferent CO'&,‘}%Mbgﬁnthhéﬁeﬂﬁi& i&n i ncrease coordi nated conduction of
cardi onyocytes 1s desired. Exenplary diseases_anenable to treatpment by the
11

met héds~ of ~ t fie imathods ofghe subiertuanentionsgey dpbeaiiilized incembingtion EMNE e heart
bl ock, rﬁﬁ%%@%&%&%&%@t& 9n Gertaint G ddlidhh2irugd RED M RLELANnCONgest i ve

heart failure, Any cardiac di sease or disorder that would
benef it tfpesof compnaiondefeytn cintonidmidstaedhinrcanbingtion witlimplanbin® to treat ment

with the 15.nmethods.of th resent (i nvent.i o I tat.] conbi nant
Connexi Aee8} W@?ﬂ@ﬁf@%@gﬁﬁﬁ PYP%‘%'H'BRﬁ%h{’WAE%ﬁ%%&g% s'into the
myocar diiﬁi?l_aﬁfati&).s @haideeidrugs Bt 416 Suiwblel fokuze Wrogibirgtiaedherapyeiith tees f or
grafting tissue and/or isolated cells jnfo a‘g&aféct. I{‘u ﬁgn ral, there are
two 1Ret mertkods of the nveriinndnsile; b aseaebimpitoding srowihylactors DRIYIRECASE ect' s 20

heart ti , ' el kR | QBnnePhlodderPalihvbcMagews techni ques
as descre?%@ﬁ#%@%%%@%@g%ﬂ%%%%%ﬁ Lee eang Lresgh, yll%/bt hod for |ocating

the AV jagens, antimitdtictagents imtropiaagents, ajtietheiogenicegenty.antwpagulsatiebeta-her ei n") |

The rec | nant .connexi.n cells.can il ' t he heart

wher e g’g&%—ﬁ?}&ﬁ“ﬂ'ﬁ“ﬁ ﬁﬁ%&uﬂg@ﬁgtggu F@g&%ﬁgagﬁb%bgwggggﬁbi nant

cel | s t QafdictolyRbE@spaiiBbtics? Mntiviraldgbss, mindRdgabygehtspageytp thabinhibitar t  di sease

being treated, the overall danage. of ocar.di al igasﬁle adgag’ the | evel of

conriéxi PreiRgans sty i ageps el ioaﬂaa%_ PR SR Y COCRr Y T

enbodi mgg iﬁtenéiﬂg%ﬂﬁﬁﬁﬁg#ﬂﬂﬁtm@ﬂ?ﬂﬁﬂt&s%%hﬁﬁcg@tﬂi@(m@; transplanted by
ods. “I'f "the si

per cut anedus et e of the damaged heart tissue can be

accur at ebgineoglatteragentsdtersidsaarsithg Bkt by non-i nvasi ve di agnostic techni ques,

t he reconbi ngnt _connexin. 30 cel | Wl ' tnt o the damaged
myocardi al ti %E@S%W@n 8?&“&?5150ﬁ%?ﬁ%&%&%@ﬁ%&ﬁ%ﬁ?‘%@%@ﬁ%mions into
car di ac yypas kRfmel (CAB®WReplitetnbst of b non-Tinetiating myocafdial s@cwithi nant cel |'s

necessary to be therapeutiq‘%& effective wll vary.with the tn%(cﬁe of
di s 30defindiapingmupdetogetheravihayas HONJIIPEAYES 15¥0 CIPIPEYE ¥ Hat has

occurre Qhan%g:vagclﬁﬁiﬁagﬁp@ypass surgery) alone. Transplantation of recombinant connexin
cells in conjunction with CABG provides for additive treatment during surgery by

C

preventing the continued myocardial remodeling by reducing wall stress and ischemic
burden. Additional surgical procedutes to deliver the recombinant cells into the myocardium
25  can be avoided by ijnplanting the recombinant celils at the time of CABG surgery.
Assessment of Therapy
The éffects of therapy according to the methods of the invention can be monitored in
a variety of ways. Generally for heart block disorders, an electrocardiogram (ECG) or holter
monitor is utilized to determine the efficacy of treatment. The contraction of the heart
30 occurs due to electrical impulses that are generated within the heart; an ECG is a measure of
the heart rhythms and electrical impulseé. Thus ECG is a very effective and non-invasive
way to determine if therapy has improved or maintained, prevented, or slowed degradation

'of thé electrical conduction in a subject's heart. The use of a holier monitor, a portable ECG
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of transplantation of Cx43- overexpressing cells not derived fYomthe host
to minimze the possibility of graft rejection, e.g., allogeneic or ‘
xenogenewo og/adoba. Conbi nation Wth Ot her Therapi es 5 Popuseikads of the

subj ect invention may al so be utilized in conbination with other cardiac

ther api g, e, ARRYAAbAAIRod F (51 BloliSTRREAITERb ticd ed to treat

certain types of con I on ects can m ni stered | n conbi nati on
wi t h i nplisondersy gnd the ey isi atraratreliablemecthonl to ebsess thaefisctivescsd afigrapy-myocar di um
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St Sabi &t or Hebtrontysiiy RASHsh riobie asty R . Blreetib ofhibtld Safid Do

i nvent i qhe heagtlte!sheess Melcopd@tittOproperisiof thethOart, giroalkd befeed wassessdrypucl eot i des
encodi ng .grow h factors, an iogeeﬁi,c agents c%l, i um channel bl ockers,

ant i ﬁypertengfl’]%eéethaﬁ@ﬁ‘ft@}lt‘égﬁ‘i“ﬁ &% qonBesyus beart Taiks, ap pehocardiagrpu or

anti at her,EEaNh Ay RACHH Sed R Helerfiae ShlrBtinfont R&kATichhFEKR0S, Caipdrisaa byt hm ¢
agents, antiinf P’armatory agents, vasodilators, thronbolytic agents,

cardi ac eghqudgim,pﬁ@ntoiamﬂ@fwrdb%graﬁﬁugofncenmlw@hmp@mcﬁflémjm agents, agents
that inhibit .15 . ant i .. agents (used for treatnent of
vent ri cdra m@ﬁ%@%&%ﬁ%?&%ﬁlﬁﬁ}é%%é{d@ﬂé%e&m; ngin converti ng enzyne (ACE)

i nhi bitors; Ohabbovaatethody bt assespiag thea&icaBNM)therapyrare ordp pleanplary arapeat s,
sterqids, and . the |i.ke. The present invention.may al so he a.suppl enental

o1 Do umiet Bt i, MRy BDE . st I ol s SRR “or s
non- f ungs boBY MBnIFOHREdiad FunSE) attividll IdBwh iHGE @ BhdGn by sddpRdtfegebher Wi th
revascul ari zation inproves nyocardi al perfornmance nore than

revascul ari zati on (bypass surgery) alone. Transplantation of reconbi nant
connexin cells in conjunction w provides for additive treatnent

during surgery by preventing the continued nyocardial renodeling by
reduci ng wal Thefollewingaramplexcinepit forthxorad drprovidelthpseofatdisagy gkilt &l ther ocedur es

to liver .the re i nant cel,l s.i.nto.the cardium 25 e oi ded by

i nplidnt iaﬁdm%cop@ieg%%%tgme aB‘g fgsgripo oﬁéo it?:’néaf?fm ﬁ@%ﬂrf%g{rllﬁ%nh X’s essnent
of Ther apy arbhiet Bfch@s!6 liRit thd WROFRIVL wharBe tivadork eoghtfias irirtiodatiaf ndrfaee | nvent i on
can be nonitored in a variety of ways. Generally for heart block

di sor dertksy iniendstl ée reprsecat Birighe amprrimenty bedew prsiallor the oBlyi KBFTMESyt j | | zed to
determ narﬁt»rrr‘r?adeﬁ%ﬁé"‘ﬁ%fz Béentlﬁ%@rtd@ﬁﬁre agéﬁ?acg%%'i%?édt fffbelshGed @ t 30 occurs

due to electrical T npulses that are gener thin the heart;” an ECGis a
measur e anfountt,tempeeatorne, atd)/ v seneexperithentdl riromiand devidtionsshodlt bs aomted a very

effegtivye npn:inyasive way to determne if therapy.has..nmproved or
mai rt'ai %@d@“ﬁ?@?@ﬁ?@%?%ﬁws:‘?%ﬁ%am&é&? %I%’F’igg mo%gulghvgm@l ésc"f“:ag']%tglp conduct i on
in a subj&sde Mol bweight) EentRRindé isan Bépréed Contfiphadepind plesiRé isabbenctcG

atmospheric.

‘While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various changes

25  may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
situation, méterial, composition of matter, process, process step or steps, to the objective,

 spirit and scope of the present invention. All such modifications are intended to be within
the scope of the claims appended hereto. |
30
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of time to nonitor heart abnormalities, arrhythnia disorderS, "% he
like, is also a reliable nmethod to assess the effectiveness of therapy.
El ect r oply 83/3bnagy tests which invol ve percutaneous plpegosntsegdf catheters
within the heart to assess the conduction properties of the heart, can
al so be_used to_assess t.herapy.. .5 ere th di tion.toshe f.reated is
congest EFUNNE 4y LNARLIEHZAIO0N G, et myoblasisimy, S rtec ¥ Xélen be used to
det er m ggdiagEspy¥enrent in ventricul ar function; Conparison of
echocardiograns prior to and after the grafti,gﬁgté)f reconmhi_nant connexin

I

cel s into hydespgipering fechnigues pregffactiyy alfegaft copyention aPHB 1% eat nent .

The aboyg BLRAISE i ktadSHaS e bitEcRihdtieA ahnodthalliRer eaVirakslatidon exenpl ary
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synchr onffizs thequomise pfxestoring fynctiopyo paigits.or i ng cardi ac function) are well
known in thepart. f IE?AM%{AE : OW ng
exanpl es ar eB%B%le(f%%eﬁa?glgp%%g%gQ%?agt\?ic és,%iﬁa;festaé f ord?’nhéc-rﬁﬁ%(b?ﬂo in the 15
art wit divedecadpluliipty. dSketeta syyoblasisiditidBg expirgss Ca43. dlowmyer, eotheadlls and use the
present inventjgp, .and are nqgt jntended.to.lim.t. the sco at the
i nvent o%@%@r‘gﬁggnqafﬁp Wm?@ﬁﬂ baﬁ’ﬁr“mzﬂvg“clhtl"??g@wi ?%oﬁﬁg‘%ﬁ? %%%%r esent
that t hepe¥ RSB eRsbsEioRS! MWlcasten Ak kkeiialnidondesd.y experinents perfor ned.
Efforts haVe been made to ensure accuracy with respect to ,nqtjrrbers used
Srnlisiplogp

(e.d0 ampunBleletal arioblests aademyaittes havs diffagnteclaiassler ors and
devial | oh3a AR CAErBEAAMBA BNE R botehhl mg@gzﬁ%ta@ G SMfREAPebES, part s

are parts by wel ght, ecular weig average nol ecul ar wei ght,
t enper abfimgoblasts diffetenfiati o toGayrtibygs wee detarmingsd. atkeletab miyeblagts were frolpfed

at nospheri c. I lL.e the present J.nvention e rihe ' ref erence
to the Eﬁ@’&yf’qa ¢ dispASIoR ﬁ@ﬂ?&ew&%%?l}mcfet O@hg%liﬂl}& ?‘E%E%gﬁtgler?@t %I(fgb %/{St hose
;ki X gd veft diﬂ%eﬁiaﬁe#tiﬁta&%lﬂt@{uicﬁgtsd @]Igaumsn cltrdimyrepiecingitie ggmnh quihm?I ent s may

e substituted w thout departing fromthe true spirit and, scope of the
nvaht | oith difrentel men (MO ROV £ e seymitviione. pcllingy o
particul i ' ] rdiah, hid QPtRes IREbREE in PV 883 Slayddr OCESS
step or Is %/sti?ﬁdfjég}ekﬁgwg‘gﬁggﬁ@i& w@gﬁ%??&da’ﬁg" sc?gpe of tmhe pres¢n¥
i nvent i @Rre sidieds WWioleredtl donfigiritionof pateh dlmbyetedigdqueovas msadito ricord actien scope of
t hre ¢! alpgt%nt?a?s}?%g%ﬁlo%gelggésw%%eég Wgrcl\c/)%}/ain%gzo racsting membrane potential (RMP),

action potential amplitude (APA), action potential duration at 50 %(APDso) repolarization
20 (Table 1). '
Myoblasts began to differentiate into multinucleated myotubes in 4 days and form a

network of spontaneously contractile fibers by 10-14 days.

Table 1. Change of action potential parameters during different days in DM
25

group RMP APA (mV) | Vmax (V/s) | Threshold | APDsy (ms)
(mV) (na)
DM 2(@=10) | -27.4+2.9 | 60.115.8 27.444.2 31.146.5 15.1£1.7
DM 4 (=4) |-38.343.6 |94.446.5 72.246.7 23.842.39 8.110.1
DM 6(n=8) |-50.6%3.0 |113.9434 102.9£9.0 18.1%0.9 74+0.5
DM 8 (n=11) | -52.8%1.8 | 123.744.3 123.546.4 17.221.9 7.4£0.4
DM 10 (n=7) |-53,1+2.5 | 133.1¥2.7 153.448.9 29.245.3 74305

DM 11 (n=10) | -53£1.7 133.543.1 1464429 |3342.8 5.120.5
DM 12 (@=9) |-52.443.2 | 1274829 |142.7464 |30.716.8 5.4+0.7
DM 13 (0=9) | -48.843.1 |120.643.0 129.3+6.8 | 304+4.9 7.530.6

| DM 14 (0=9) |-46.840.9 [120.2+54 {114.6+3.9 143.344.3 6.430.6
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nmyobl ast s/ nyotubes ability to electrically excite cardiac t 2009 ssue
engi neering techniques are attractive alternatives to conventi onal :
t her api agobmesessihe treatnent of end stage heart di seapergggipenduction
abnormalities. Cell transplantation 5 offers the prom se of restoring
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differentiate_jint ot ubes .(t he_hasic unit i ¢ch | ead ntractile
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Skel et al nyolpas tsitpihe RIVOSHBRRLE BYRnfd here@Bfativs thrﬁi_gfﬂlévelc]:(pment, the

el ectrophysi ol ogi cal characteristics. Characterization of the action

pot eht i alpliadeofeckonpaientiplrisodnareasedand repehedda g pedi vaingabl bk a8l £ f er enti ati on
to nyot S r r. M) . i;&? v%é; s oLk, by enzymatic
di sper s:fg%’ ron@?%ggeﬁi]ﬂr%ﬁ?%%%ﬁﬁ%ygé%wg acanto %dg(é)nat alﬁgdr ats.

Myobl asbetwesniag 1@iahd dxyel) iyt d. {FRG.AlBYul t i nucl eat ed nyot ubes in cul ture, by
replacing th row b dium 15 wi.t h di.f [ fum (DM . (98% DVEM 2%
horse serum ?’P&fﬁ Yy © e HoHe %%&@ﬁﬁ.&ﬁg}.gﬁ?ept onycin 100g/ ).

Myobl ast's angppyotiubesiniuicdhabeAPDs obiMridd 441 1dHyduys sirthensheretisetl.  \Wol e cel |

configuration of patch clanp technique S record action
pot &t i %@?Wﬁ@?1&1ﬁW?@°%W@W@t%%ﬁﬁg&med: resting nenbrane

potential ( ugb?{g%%g%@hr B ﬁﬁ&érééhaﬁmﬁi%lgq(ﬁfe&eﬁl?ﬁédo)cl%ﬁﬂ;ﬁma@@t enti al

duration at ol arization Table 1). Myobl asts began to
di f f er ediffemn8ationttomyotubésnucl eat ed myot ubes in. 4 days and forma network of

spont aneousl.y coptractil e, fiber. 1Q- : : f action
pot enti al paﬁgﬂ’é‘{}%rﬂg’" i) g%{f h&ﬁ’f]é%t?élﬁtraaﬁa\é‘/ése ijﬁ%ﬁ&a\}g%h%rﬂ?% B%g&g% ( mV) Vimax
(VI's) Thueshaks tHRDADyS. MhY implidatiddk 3 these results is that transplanted skeletal

(n7-10)-27.42.960. 15. 827. 44. 231. 16.515. 11. 7. DM 4 :
( n71%) - syolastymyotubesyll nolproppgatgan deriricphimpugugless there is enhanced
1

(ne11) - 3By ophls 13 ditincilis]) 12 50’ 67 0.4 owi 10
(n=7)-53.12.5133. 12. 7153. 48. 929. 25. 37.40. 5
| Computer modeling was used to assess cell to cell electrical excitation between
skeletal myoblasts and myofibers with cardiac myocardial cells (Lee R et al., Annals of
20 Biomedical Engineering 28-1:854, 2000). The modeling was performed by incorportating
measured cellular parameters of each cell's type. The computer modeling results determined

that the action potential duration (APD) of skeletal cells is short (1.6 ms and 2.8 ms for

-
e

myoblast and myofiber, respectively), as compared to the cardiac cell, and is the major
limitation of skeletal-to-skeletal and skeletal-to-cardiac excitation. A high degree of |
25  intercellular coupling was required for skeletal cells to excite their downstream neighbors
quickly enough, within 2.5 ms, prior to their own repolarization. The cardiac APD is long
(178 ms) and there was a long length of time for cardiac cells to charge their downstream
neighbor, before the charging cell repolarizes. Decreasing interceltular coupling increased
the time necessary to charge adjoining cells. The ratio of intercellular coupling reduction to
30 still allow cell-to-cell excitation in homogeneous strands was 45:5:1 for the ventricular,
skeletél myoblast, and skeletal myofiber cell types, respectively. In mixed strands, the
limiting factor in excitation was any instance that the skeletal cell was the source cell.
R  These results demonstrate that: 1) the short skeletal action potenﬁal limits skeletal to
cardiac conduction by limiting the capacity to provide a sufficient excitation charge to
' 25
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20 To determine whether skeletal muscle transplantation alters conduction on AV nodal
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1}

electrophysiologic properties, a rat model for AV node injections was utilized (Lee et al.
1698 J Appl Physiol. 85(2): 758-763). Animals were chemically denervated (using atropine
- and propranolol to inhibit the influence of autonomic nervous system) and studied with right
atrial overdrive pacing and atrial prograrmomed extrastimulation, both pre-injection and at the
25  time of sacrifice. Surface ECG PR intervals were measured, together with AV nodal block
éycle length (AVBCL) (the rate at which AV conduction becomes sequentially longer, then
fails to conduct) and effective refractory period (ERP) (the coupling interval at which an
afrial extrastimulus fails to conduct through the AV node). A single injection of skeletal
myoblasts (1 x 10°, 15 ul) or vehicle was injected into the AVN of rats (n=8).
30 Electrophysiologic properties of the AV junction were significantly gltered in
animals with transplantation of skeletal myoblasts. Significant alterations in the Wenkebach
cycle length (70.0 + 4.4 vs 57.0 + 5.0 msec;p < (.01) and AV nodal refractory period (113.8
- + 56 vs87.0 + 6.2 msec; p < 0.005) were recorded in the skeletal myoblast injected rats as
compared to control animals. Histological examination of the AVN revealed that
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cultures achieved 75% confluency (day 0), the myoblasts were cultured in either GM
medium or changed to differential medium (DM) (98% DMEM, 2% horse serum (HyClone),

25  penicillin G 100U/ml and streptomycin 100ug/ml). Myoblasts cultured in DM were
incubated in humidified 95% air and 10% COQ,. Myoblasts were collected on day 0, day 2,
day 4, day 7, respectively for extraction of RNA and protein. '

Production of Connexin 43
30 The rat connexin 43 (Cx43) cDNA was cloned into the MFG retroviral vector; and

transduced into murine myoblasts as previously described (Springer ML, Chen AS, Kraft
PE, Bednarski M, Blan HM., Molecular Cell. 1998, 2:549-558). This vector has been

" shown to be stably expressed in muscle (Dhawan J, Pan LC, Pavlath GK, Travis MA,
Lanctot AM, Blau HM, Science 1991 :254,1509-1512). Primary myobiasts already
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, TGG-3°
GAPDH 5- 5%
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£N 3
20 Detection of protein expression with Western blotting

The total soluble protein was extracted from the cultured cells and was quantified by
Bradford method. The soluble proteins (40pg) were separated via SDS-PAGE using a 10-
20% resolving gel for connexin 43, MHC, P21 detection. Proteins were electroblotted to

HYBOND™-ECL nitrocellulose membrane and immunoreactions were carried out as
' 28



day 4, day 7, respectively for extraction of RNA and protein gﬂ%Flon of
Connexin 43 30 The rat connexin 43 (Cx43) cDNA was cl oned in

retroviral vector; and transduced into nurine nyobl asts as preV|oust
descri begohsppsaoer M., Chen AS, Kraft PE, Bednar sl cpeMysdlzgyd, HM ,

Mol ecul ar Cell. 1998, 2: 549 558). This vector has been shown to be stably

| LC. Pavlath oK .1 tot AM
B bu. riv desemauaing e ol Moopsingf af Skt Al 87 5 ey
2006 WD ﬁB&O Wﬁ%b&%ﬁﬁ@&&b@mmﬁgm 0g.) (hE00B). gbsin Kedvpalaact osi dase

((3- gal) ne (TR ed as control nyoblasts (Springer, M L., and
Bl au, em %rﬁetea@fli‘“%ﬁfs 20gpibedy @9@5@ g %4 %04 nati on of NRNA
| evel s U@m@&sﬂﬁ%ﬁ%ﬁl%ﬁ‘o &[u%h)t @1§f&élﬂwde@&{émm1%myed using the
Q agen Kit, Q-agen, In uantified by spectrophotonetry (A260 and

A280 ﬁea@hﬁ@mnmmatmﬂ Eﬂlct@})(éﬁf)@ drionyanpl e was reverse-transcribed for 1
hour at 37C using Aig-dT and the sane anmount of = eDNA was anplified for
connexi n 43, myogenin, nmyoD, desm n and GAPDH, respectively. The different
primers used] mmtmbﬂmr&,‘emém_nME described in Table 2. After denaturing at
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m nut es. deId&ﬁ;e@Bjr rraﬁbklaMt; ICBeng 19, FoahiA; Kamgsﬁchtamldi\@o RJ O&llTibsub Res, GAPDH and
connexi n 43 we d for ogenin, nyoD and. desmi n_were 22 The PCR
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AR SV S SRR

TACCA S AR EE?
CCT TAAAWE&M TR 2ntibbdyat rddroiemperature for 1
TTCTTCACCACACCTCTGACA- GCCGTGAGAGTCGICTTAA
15 hour. After washing with PBS three times, FITC-conjugated secondary antibody were used
for incubation 1 hour. The dilution for Desmin antibody (Sigma, St. Louis, Mo), connexin
43 (Zymed Laboratories,Inc. Ca.) and MF-20 (Developmental studies hybridoma bank,

University of Iowa) were 1:100, 1:100 and 1: 50, respectively.

20 Microinjection technique
Gap junctions were evaluated by microinjecting cells with the gap junction

permeable dye, Lucifer yellow (Molecular Probes, Or.). Microinjection was performed in:
1) control(TR/Z) and CX43 myoblasts at 70-80% confluency, 2) TR/Z and CX43 myotubes
and 3) co-cultured adult rat cardiomyocytes (ARC) and adult skeletal myoblasts or

25 myotubes. The dye solution was composed of 2% Lucifer yellow (gap junction permeable)
and 1% tetramethylthodamine-dextran (gap junction impermeable; Molecular Probes) in
sterile distilled water. Microinjection was performed with Micromanipulator 5171,
FemtoJet, Eppendorf by a pulse pressure of 80hpa of 0.3 second of duration through a
0.5+0.2um tip micropipette (Femtotips, Eppendorf). Cultured cells were washed and the

30 medium was replaced with phosphate-buffered saline (PBS) containing 10% FBS.
Injections were done with Nikon TE300 Microscope with phase and fluorescence optics.
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croi nj ection technique junctijons were gva e m ¢r of nj.ecting
cel 11§ wiaprﬁbovgﬁrﬁﬂ}l%m%wpﬁ B’Xﬁ%kﬂaﬁwﬁﬁ& . %l}’fﬁowygfﬁ%%fﬂ‘f‘r\}bwga ar
Probes, ;0TR)Z cdfte6T @iPinSfobh Q) sihstal RGobBESWHlle iR contrast, the Cx43-modified
cells exhibited no significant difference in Cx43 mRNA expression between day 0 and day
7, indicating that retroviral transduction with the connexin 43 gene was accomplished and

Cx43 was expressed in mature myotubes unlike control myotubes (Day 7).

20 Figures 2C and 2D show the Cx43 protein levels associated with the same cells
analyzed for Cx43 mRNA depicted in FIG. 2A and 2B. Figure 2C is a photograph of a
westetn blot for Cx43 protein, which indicates the relative amounts of Cx43 protein present
in control cells and recombinant Cx43-expressing cells at day 0, 2, 4 and 7. Figure2Disa
graphical representation of Cx43 western blotting experiments to determine the relative

25  amount of Cx43 profein in three control cell samples and three Cx43 expressing cell samples
at day 0, 2,4 and 7. Protein expression results were consistent with the RT-PCR results
confirming ti1at expression of recombinant Cx43 can rescue connexin 43 loss in control cells
at day 7 (FIG. 2C and 2D). The RT-PCR results shown in Figure 2A and 2B, demonstrate
that Cx43 mRNA levels as expected, in control cells were gradually down and almost absent

30  at day 7 while the level of Cx43 mRNA for recombinant CX43 expressing cells was
unchanged through day 0 to day 7. GAPDH was utilized as an internal control in these RT-
PCR studies. Western blotting with antibodies for Cx43, m control cells showed that CX43

. expréssion was downregulated at day 2 and almost absent after day 4 (during myotube
formation) while recornbinent Cx43-expressing cells did not show any downregulation, and.
' 30
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(untr ansf or nq‘i%se%ﬁ@xlo & ot MAdiE 185w Wk 118kcbiBtald) Hla%%metﬂ%ﬁsf@ﬁﬁclmd' fied = -

cells exhibited no significant difference in expressi on between

day 0 arxliorycouid beiabeireestin hefhicpritol (B ZbandCGy43 myablegtsRIGAn 1o A 2pfhe connexi n

cont 7 of 1 V6L Ea hible DN T 183, URLRS A WO RBRM B IHAINP D T el

asfi oci atfegned fidin édm&osmmlase | FIS; 3, ﬁma’}@{ﬂeﬁb tfamsfe@eﬁéﬁsteﬁmmlsmmaded n FIG 2A
and 2B. Fig I s .a_phot Qgraph .0 f.or Cx43 protein,
whi G sl e page g clerep B Bied rg%daéﬁ?é - R SUERED fhese

microinjection experiments showed that dye transfer occured in Cx43 transduced skeletal

myoblasts placed in differentiation media and not in control myotubes.

_ Example 4 : Gap Junction Function and co-culture experiments

25 To evaluate gap junction formation between myoblasts and cultured adult rat
cardiomyocytes (ARC), single adult rat cardiac ventricular myocytes were enzymatically
isolated from female Sprague-Dawley rats weighing 200-250g by standard methods.

Briefly, following intraperitoneal anesthesia (pentobarbtal 100mg/kg), the rat heart was
rapidly excised and perfused retrogradely via the aorta using the Langendorff technique.

30  The perfusion was performed at 37° C vsing solution A (norminal Ca”* free solution, NaCl
134 mM, KCI 5.4 mM, Hepes 10 mM, glucose 10mM, MgCl; 1 mM, NaH2P04 0.33 mM,
fitrated to pH 7.4 with NaOHL) for 5 min, solution A, 0.1 mM CaCl, with 1 mg/ml

= | collﬁgenase (Type B, Bochringer Mannheim, Germany) for about 15 min consequently, then
washout with solution A and CaCl2 0.2 mM for 5 min. Afterwards the left ventricle was
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3 row A js. hot ogr aph of cantrql obl ast | ch .expr - _
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to &43_Pé%%g@ﬁ§mybﬂ%§0m&(m@§)rol nyot ube (no Cx43 expression) to
control ‘nyotube and row 15 D shows phot ographs,  of ,Cx43 ot,ube to Cx43

myot ubes. Tha¥israinieetion siudies todAvestigns the fosmatpn offenctiopal g@PIMACHPNS, op) asts, dye
transfer | £ e I ' lwifhlR Z) and
a3 myoPechHign it it or el BSARSRI Bfobils BRE By Ry @ e Y 7D
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being capable of transfer from one cell to another through functional gap junctions. The
black arrow in Figure 4 indicates the injected cell in each set of experiments, In co-culture
experiments, dye transfer could be observed between adult rat cardiomyocytes (ARC) and

25 .control myoblast (which express Cx43, FIG. 4, row A) or with Cx43'myoblasts (FIG. 4, row
B). Even after 7 days in differentiation culture, Cx43 cells were capable of dye transfer with
ARC, indicating fonctional gap junctions(FIG 4, row D). In contrast, there was no dye
transfer between control skeletal myotubes and ARC as shown in Figure 4, row C. In

summaty, these experiments indicate the unique and novel features of the present invention

30 by demonstrating that it is possible to form functional gap junctions between two different
cell types by expressing a recombinant connexin in one of the cells. In particular, that
functional gap junctions can be formed between adult skeletal muscle cells modified to over
express Cx43 and cardiomyocytes. '
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shape an di sintegration and subsequent spreadi ng, and
r eoriganiapatt] led corsistiént cloogdsmmong thescagspups avdiwas Wrregidgtedgraduplly omeday

e T

obser vedpedit ®hs swieh®] ®DMn of differentiation/redifferentiation, skeletal
nyobl asts (104/cnR) were added to, the ARC cul tures. Th re kept in the
HAM F- 12/ ML9o 3o defgriine Whethes (e expigrsiongf gecombipapl cgugy @@llﬁm erformed next

day to dufid YAER ﬁaffaﬂhaﬁlt Fbhs® R myotdisi dkelee myot ubes
formati Oﬁhﬁ%&l?éﬁg%&l\%&é&%ﬁa . DM and m cr ol nj ECFI on was_perforned
af t @ mustoblasts adidmpwttbes weferapsipetyd with a replication-deficient adenovirus with the

Cx43 gene (Ad Cx43). Myoblasts transfected with Ad Cx43 and transferred to

differentiation media had impaired myotube formation. In contrast, fully differentiated

myotubes transfected with Ad Cx43 remained normal appearing and aligned themselves in
an orderly array analogous to control myotubes. Transfection with control adenovirus '

25  without Cx43 developed normally.

Example 6: Cx 43 expression in skeletal muscle improves electrical conduction in the AV

node,
To determine whether the forced expression of connexins improve cardiac

30 = conduction, skeletal muscle cells were transduced with Cx 43 (same cells as used in in vitro
experiments) and injected into the AV node of immunodeﬁcient rats (Lee etal. 1998 J Appl
Physiol. 85(2): 758-763). Animlals injected with Cx 43 transduced skeletal myoblasts (2.5 x
108 cells/ 25 pl; n= 8) were compared to animals injected with contvol skeletal myoblasts
(2.5 x 10 cells/ 25 pl; n=5). Surface ECG PR intervals were measured, together with AV
' 33 ' '




M croinjection studies to investigate the formation of functiigal2 p
junctions between cardionyocte cells and control cells (skeFet®f %obl ast
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into multinucl eated nyotubes after incubation wth DM for days. In the

Connbki neelig vehidduip furnpiotidtpeevids far begier dlesirmeshenicalfsyahrony befaigsn tha attil  Cl ear | vy,
expressi&gtheo‘;enﬁ,l%%onbi nant Cx43 prevented nyoblasts from form ng nyot ubes.
| mmunof | Uorescence” 10 studi es shown in Figure 5 denonstrate that M- 20
(MHC) and Desmin, two strong markers for nyoblast differentiation into g
myot ubes, were present 3 day 7.in grl sanpl.es .and, - absent in the CX 43
expr essi ¥ agtologous Lsgpeplaniation of Lx43-Lxpressing Colls 1 patients with.a, o upper and

| ower pamedisusivdeh@ial Mfarc8sPect i vel y. NW 20 expression from western
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these grguRs ittt FrodPpdu i Wb fle Bk AR Rlel Yt iGM 2 or inferior wall

myocardial infarction and may or may not be a patient that requires coronary artery bypass
graft (CABG) surgery. The skeletal muscle cells gathered from the biopsy are culiured ex

vivo and genetically modified to express a human connexin (such as Cx43) by the methods

2\
)

25  described above. The modified skeletal muscles are analyzed for recombinant connexin
expression by immunofluorescence assay for connexin protein. In certain instances, the cells
are analyzed\ for the ability to form functional gap junctions with cardiomyocyte cells by the
in vitro Lucifer dye assays described above.

After analysis of the modified muscle cells, a therapeutically effective amount of the

30  modified muscle cells are implanted into the patients heart tissue. In certain instances when
the patients own skeletal muscle cells cannot be used for cardiac treatment, a recombinant

‘muscle cell line which expresses recombinant human Cx43 is utilized in conjunction with
the appropriate use of immunosuprression drugs known to those skilled in the art. The Cx43

expressing muscle cells are then implanted endovascularly with a injection catheter, which

34
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p<0 1 my@gler%@mﬁetlemc}elm&re%lmﬂsm@bm ﬂomheﬂmh@mmﬂa‘ragws nj ect ed

wth Cx4 gagﬂ ﬁpg I nj ected
with con?ir(# é’@ﬁf a%(@ q%]l]a ?’E g’aresuﬁ&ﬁ%%gﬁn%n%?dr 3(?1:, dgt t he

el ectri cedntanﬂnmngtfasnmﬂdmmagimptyhe AV junction was significantly inproved
in animals injected with Cx43 transduced s ohl asts as conpared to
control skel MM@WWWW %"relﬂ @‘fii'“g%' PHEHR r econbi nant
cells pmefbraeﬁhl&ﬂfectedfefettmgﬁaimsm%haem@%gmm@b&ams&a&umghcel I's and

adj 0| n| ngl myocar di al
e soft tissue and fascia and the quadriceps vastus lateralis will be identified and exposed.

A segment of muscle is resected longitudinally along the long axis of the muscle fiber and
placed into a container of transport medium.

Gastrocnemius- An incision is longitudinally in the posterolateral gastrocnemius

area in the mid calf. Dissection is made through to the deep fascia to expose the
25 gastrocnemius muscle, A segment of muscle is resected longitudinaily along the long axis of

the muscle fiber and placed into a container of transport medium.

Ex vivo propagation and genetic modification of autologou& cells
The methods and protocols used for the isolation, expansion and transduction of the
30 autologous skeletal muscle cells with a human connexin construct ex vivo are as described
above. For example, human connexin (¢.g., Cx43) cDNA is cloned into the MFG retroviral
construct and transduced into the autologous skeletal mucsice cells in a similar manner as
 described by Springer ML et. al., Molecular Cell. 1998, 2:549-558. This construct is
generally stably expressed in the autologous muscle cells.
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15 cells, which in turn would prdvi de for better el ectrorrechg%c?ég
synchrony between the atria and the ventricle. Exanple 7: Al % 865
Transpl antati on of Cx43-Expressing Cells in Patients with a Previous
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catheters can rom'a variety sou g., injectable
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noni toregkllaf ter surgery to evaluate the efficacy of treatnent. 5 Patients
The Pftients re m es and femal es_generally between 18 and 75 years of age

wi t hi he di aghisdmisctions s sdtrigd ut by advaneing foe nagdls throush thg endihgle pkibpieni ¢

car di onyopgkd L OB ?@ : | | ' within a
few Week;ﬂigmeﬁ.E %; aﬂlgd% V\eekg)zﬁg'f ﬁ%ﬂpﬁd?ﬁkb%g?%cﬁ%eﬁs&@%&%%ﬁss for

pati ent tshwingertient eetuains the repembiamtt eell suspansibo gbfier adsquategositionnscl e cel | s
(nmyobl ast s. u are isolated from t.he skel etal .muscl e hiopsy.
Under ot iRt bR Rl R, W BB SR Bl T Y et 1o

exci se sksdnab@limaging guidance, the needle is advanced into the myocardium and the cell

20  suspension is injected. Upon completion of the injection, the needle is withdrawn into the
catheter. This method is repeated in the target region until transfer of the cells is complete.
An atfempt is made to cover the entire area of the scar, including its periphery. If the cellular
therapy is delivered during 2 CABG, then a needle and syringe are used to epicardially
deliver the cells to the akinetic region as described above.
25
Monitoring and Evaluation of Treatment
Clinical status, adverse events, 12-lead electrocardiogram, 24 hour ambulatory
electrocardiogram, and routine clinical laboratory tests are carried out by methods and
technigues known to those skilled in the art for the evaluation of regional left ventricular
30  wall function. Follow-up can be performed and compared to baseline (i.e., prior to
treatment) at selected periods post-implantation (e.g,. 1, 2, 3, 4, 6, and 12 months). In certain
instances, evaluation of treatment may include Dobutamine stress echocardiographic
| evaluation of regional wall motion and wall thickness in region of implantation (infracted
region), contrast ventriculography or magnetic resonance imaging. The monitoring and
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15 nmuscle fromthe nuscle belly. The biopsy is obtained frong;d?e iﬂ{&' gh
(Quadriceps-vastus lateralis) or the mid-calf (Gastrocneni uS)“f ﬁe
patient. An attenpt is nmade to exclude contam nating fascia fromthe

bi opsy. H@shbsgPs-vastus lateralis- An incision is ”FéiﬂUéo%%Bi udi nal l'y
wer thi

along the anterolateral as pect of the thigh in the o rd of the
thigh. Dissecgtion, js carried thtou 20 the soft tissue d.fascia and the
quadr | copAie Bt heERemtbeystd SR idrel e gront o
muscl e i suk@sS@lspabhrdival ltdirdiadchimicdl &dudtion Widhothanifgctof. the nmuscle fi ber

and placed into a container of transport medium Gastrocnem us- An
incisionis longitudinally in the posterolateral gastrocnemus area in the

md cal f gylh38 §CAdiN0pdu THRASalt S Reddbidkit éﬂ%@ﬁ@%ﬁ(}%@s BPRGSE the 25
gast rocnem us nuscl e. Segnent of muscle IS resected fongrtudinally al ong
t he | Hngwithicardia¢ condhefiomgisehss. f i ber and placed into a contai ner of transport
medi um EX vi}gagie%opagati on and genetic nodification of autologous cells
The net hods and protocols used for the isolation, expansion and

transduct i on THe piatients 20 males ahdgmeaks bitwtat ladnd 90 Sedre ofge mdthuhd diagnokisiman
connexin gonstruct ex yivo are as descrjbed bqve. .For exanpl e, human
connexi nO’%CQF AC CO 9“%‘5&2@ '1'§"ETa&piin}'r#%%F%ﬁﬁ)§@ﬁné’PF8’%ﬁe +  construct and
t r ansducgguirst, b ..,Iaggeaﬁ%l&hﬁhﬁifwm 6r Gflckes ablRtich) &1 pord GFr _manner
as descﬁabefig’by. pr(i%gtgg(e)r M et. al., I\/t‘)’I e_cigflrgr Cell. 1998, 2@%49- 558. This
consl® uctheingrmaljagieg pippsgs. sUHliAing thy methadsedesqribed nExampls g o0 milliere cells. 35
8 May 2006 ;- ) . %ﬂﬁ# dimfed cells are
culture g%%%&?{%g%a%éﬁﬁggf@gﬁ@gﬁﬁgiﬁﬁﬁgﬁ on o éS%%—gts nghliOQCel ls/m.
The nodi fecambinak tamery célks cat be ddiverad argicdlyrnvige2agdnge syringeiaid the AVound  0C)
prior to transplantation into e patjent. Cell wviabil.it il a.Jrypan Bl ue
By Exc thlAR AT aapeatuareas dsteal Pl £y Ut LA N, BONRTE < Bant i e
via the detection of Cx43 5 expression by inmunofl uorescence and/ or by the
functional gap junction assays described above. Inplantation of

r ecolbi nant déeiesirgurnddynlugionnf Teastmes! vi a a per cut aneous appr oach

| npl anting t r&gﬁ{mi PRAL 3 n?ﬁ:ﬁﬁ I ftdefdl By Lidgcdryocar di um
invol ves 10 ;ﬁglﬁidnl Sterl ng tb&gﬁr%é%%%%t ceP?rse %}J usi ng )é cat“ﬂ!e/ter

del i ver yEGEs ErerviscHivessitestiogyhpltea mtonitariziglos arnelectriopliysivlogyt sfudy are aleanadileé net i ¢
nyocardi al scar .at. the site of a previous infarct. Depending on the size
of the t%@@?@@l?ﬁpé‘?@e@h}%‘?ybet ween 400 nillion and 1 billion cells are
injected as a suspension. Miultiple injections can be used to deliver the
reconbi nant cells.
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15 The injections are carried out by advancing the needl e thggﬁgn%ﬁge end
hole of the catheter to a predeterm ned depth. The proxi nal t he
needl e lunen is attached to a calibrated syringe that contains the
reconmbi nant cell suspension. After adequate positioning against the
endocardi al surface by fluoroscopic, intracardi ac echocardi ography or
magneti c resonance i nagi ng gui dance, the needle is advanced into the
nyocardi um and the cell 20 suspenSLAHMSS i njected. Upon conpletion of the
injection, the needle is withdrawn into the catheter. This nethod is
repeated in the target region until transfer of the cells is conplete. An
attenpt is npde tQsEONVEredol®i®Rl hafindiBa el g&ﬁ'&%eﬁgﬁﬁpdﬂﬁ@@ 't%'oﬁﬂcé ts
periphery. If the cellular therapy 1s delivered during a BG then a
needl e anpehnsyin prgin fer th@p)&p@reti@pé’z@médiaam?nt fae¢stabbiehing en elsttricak o t he
akinetic regio iﬁ dggcribe . above. 23 quingfing an ]EVﬁLuation of

Tr eat meRUOEFH Y BAF oLty (REOMBHPET VammpEAT & 4% 3 WLOFRAY RS0 Ar di ogram 24
hour an@pj@tory el ectrocardiogram and routine clinical |aboratory tests
are carried out by nethods and techniques known to those skilled in the
art for the evaluation of regional left ventricular 30 wall function.
Fol l ow-up ¢ be r r | ] | . & i to
reatment) ot sol S o ey SRERY, Fiesth APFEokhabl ot E4E 00 o
12 nont fis.th¢ groopcomdistingiof atskeletebmuslateiRaistm cfll, tndatardiat calhy 1 ncl ude
Dobut am ne stress echocardi ographic evaluation of regional wall notion and
-wall thickness in region of inplantation (infracted region), contrast
yentricul oot 4phy Phe ERAAGKIIR, !5 SANATCRNEARIE oooBhalPAIIOL sRe@Nd 36 8 My
2006 WO 03/ 039344 PCT/ US02 3%932 eval uation post treatment can be used to
det er mi mesdheell.evel of regeneration of functional nmnuscle and synchronized
el ectronechani cal conduction within the infarct. . Exanple 8: Autol ogous
Transpl antati on of Reconbi nant Cx43-Expressing Cells in Patients 5 with
cardi ac condgct i onhhiRRRERinEAS LIaRh 3, whERinPRE kN8l MiRIJRI1gsand fenal es
between | and 90 years of age with t he di agnosis of cardiac conduction

di seaseadult skeletahgmiselegelbck) . The heart bl ock can be congenital, acquired,
iatrogenic (e.g., as a conplication of valve surgery or catheter ablation)
or part of 10 the normal aging process. Uilizing the nethods described in
Exanpl e 7, 15100 Tihé dde@bcord@dgditd tiain 8 eWwhéreiithe Blecldtalj iBgdcRekellis A he AV node
region in a volume of 0.2-0.5 m. The reconbinant connexin cells can be
del i verwyollastgeltal |y via a 25 gauge syringe, via the AV nodal artery or
via a percutaneous delivery system (see, e.g., U S. Patent No. 6,059, 726.

6. The use according to any of claims 1- 5, wherein the connexin protein

is a connexin 43 protein.

7. The use according to any of claims 1-6, wherein said medicament is

suitable for implantation into myocardial tissue of a subject.
8.  Theuse according to any of claims 1-7, wherein after the electrical
. connection between the recombinant cell and the myocardial cell is established, the

recombinant cell has conductive characteristics similar to the myocardial cell.

9. Use of a recombinant skeletal muscle cell genetically modified to

express a connexin protein, for the preparation of a medicament for establishing an
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15 Monitoring and Eval uation of Treatnent The detection of hgﬂat éblogck (and
its treatnent) can be readily detected by surface ECG ExerC i §d Stress
testing, holter nmonitoring or an el ectrophysiology study are alternative -
suppl enmental tests to assess therapy. 37 8 May 2006 CLAIMS 1. Use of a
reconbi nant manmmal i an cell genetically nodified to produce a connexin
protein, for the preparation of a nedicanent for establishing an electrical
connect ¢lectribd tomamaetiombetme e arbdconbinanbskekdtal amisclel dell andl a myogadaal dethl cel | in
a subject..2. The use according to claim1l, wherein the reconbinant cell

i s sel et ¥tom the group consisting of a skeletal nuscle cell, a stem
cell, and a cardiac cell. 3. The use according to claim1l1, wherein the
reconbi nant cell is a skeletal nuscle cell. 4. The use according to claim

3, wherein tHe skdhevsg agepsingtocdaim 9, svherein theskelewkaivedlerelhisssl e cel | . 5.
The use cordi im3, wherein the skeletal nuscle cell is a

myobl as%(ﬁlgtegf%g{aggm%‘ﬁ%g%ge according to any of clains 1- 5, wherein the
connexin protein is a connexin 43 protein. 7. The use according to any of
clainms 1-6, wherein said nedicament is_ suitable for inplantation into
nyocar di al t1ssue The use acgpidang to ofaimh wheeein e skelgiahmusde gelliséf cl ai ms 1-7,
wher ei ngafd8ndoBBisElefCt ri cal  connection between the reconbinant cell and
t he rryocardilﬁéll?}tocgdﬁe e:ﬁ's established, the reconbinant cell has conductive
characteristics simlar to the myocardial cell. 9. Use of a reconbi nant

skel etal nusgle cell genetically nodifijed expr ess connexj n protein,
e Chal oresi o e i it e bR o et ) Dy R agor e S B Rhy 5006
el ect ri &RheGRAMREIdAMORENEERaR c%ﬁ%_ﬂi_ﬂ’ﬁieﬂﬁ%ca&ﬁﬁ'c@ﬂ% es%m}:le%, gell and a

myocardial cell in a subject. 10. The use according to claim9, wherein
t he skeleeernbinpnisell bat epnductveicharagtieristics lsinibar 4 theusydcerdiaicell. 11. The use
raccording to claim9, wherein the skeletal nuscle cell is a

13. Use of arecombinant skeletal myoblast cell genetically modified to
express a recombinant connexin 43 protein, for the preparation of a medicaments for
estéblishing an electrical connection between a recombinant skeletal muscle cell and a
myocardial cell;

wherein an electrical connection between the recombinant skeletal myoblast
cell and the myocardial cell is established so that the recombinant skeletal myoblast

cell has conductive characteristics similar to the myocardial cell.

14. Use of a therapeutically effective amount of a recombinant mammalian
cell, which recombinant cell is genetically modified to express a connexin protein, for
the preparation of a medicament for the treatment of a cardiac conduction disturbance

in a host.

15.  The use according to claim 14, wherein the recombinant cell is selected

from the group consisting of a skeletal muscle cell, a stem cell, and a cardiac cell.

16. The use according to claim 14, wherein the recombinant cell is a

skeletal muscle cell.
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skel etal myoblast cell. 12. The use according to any of clai giﬁgécloi]
wherein after the electrical connection between the reconbi it PI and
the nyocardial cell is established, the reconbinant cell has conductive -
characteristics simlar to the myocardial cell. 13. Use of a reconbi nant
skel etal myobl ast cell genetically nodified to express a reconbi nant
connexin 43 protein, for the preparation of a nmedicanents for establishing
an electri call’/'conﬂ"hcui;mcbeﬁwmmlaémrlécwhbﬁehmﬂlbsbéid:hhhatclemﬂk:ibencel | and a
nyocar dl&l %‘6” whe el an electrical connection between the reconbi nant
skel et aPily eédgtmuscq, ICIe and the nyocardial cell is established so that the
reconbi nant skel etal nyoblast cell has conductive characteristics simlar
to the myocardial cell. 14. Use of a therapeutically effective anmount of a
reconbi nant A&mmalTherise sedordingn dint & ovksreiathe seletal mnsglesell Iscal |y nodi fi ed
to exprg@%bg CQpnexin protein, for the preparation of a nedicanment for the
a

treatne cardi ac conductlon di sturbance in a host. 15. The use
according to claim 14, wherein the reconbinant cell is selected fromthe
group conS|st|ng of a skeletal nuscle cell, a stemcell, and a cardi ac
cel I . 16. Th&%useThenssageordingdo anuphrlaims Lthis. avherein ghe conpasn pitincel | is a
skel et a}q 9 8 May 2006 17. The use according to claim 16,
mhereln t %ﬁPg§?Fnﬁ§scle cell is an adult skeletal nuscle cell. 18. The
use accordlng to claim 16, wherein the skeletal nuscle cell is a nyoblast

cell. 19. Thg use_according to an C 18, in the connexin
protein ZO "con E%‘(Psr‘i’ %%01'8}1’&*8 Og@am’lszlgnﬁ%éé%‘}&%%?ﬂ Hbe%{"@m&ﬂvsof cl ai ms
14-19, Wﬁﬁbﬁ:‘fﬂr i1 ehe IR BBtk & reg%HﬁBﬁEHr@ia& HEsub%Tthérﬁo‘%‘f' on into an
infarct region of cardiac tissue of the host. 21. The use according to any

of clainms 14-20, wherein the reconbinant cell is autol ogus to the host.
22. Use of her eut| cal | ffect eI et e cell
genetical |y frodi f us[ &089{8%538%3'8%%1 rﬁuﬂ%“%reﬁet‘% re‘foél?%nfl"’rr\r’g gh eparation
of a ng%m@@ttoﬁ@moghe treatnent of a cardi ac conductl on disturbance in a
manmmal i an  host.
22.  Use of a therapeutically effective amount of a skeletal muscle cell
genetically modified to express a connexin 43 protein, for the preparation of a
medicament for the treatment of a cardiac conduction disturbance in a mammalian

‘host.

23.  The use according to claim 22, wherein the skeletal muscle cell is an

adult skeletal muscle cell.

24,  The use according to claim 22, wherein the skeletal muscle cell is a

myoblast cell.

25.  The use according to claim 22 wherein said medicament is suitable for

implantation into an infarct region of cardiac tissue of the mammalian host.

26,  The use according to any of claims 22-25, wherein the recombinant

skeletal muscle cell is autologus to the host.
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23. The use according to claim 22, wherein the skel etal wscg%%do is an
adult skeletal nuscle cell. 24. The use according to claim 22, rgi n the
skeletal muscle cell is a nyoblast cell. 25. The use according to claim22
wherein said nedicanment is suitable for inplantation into an infarct
region of cardiac tissue of the mammalian host. 26. The use according to
any of clains 22-25, wherein the reconbi nant skeletal nuscle cell is

aut ol ogus to021.he Timstse a¢CorBinky a2pO6bcl2ihs IBRE), 32 and @6,0xltkreig shid any of cl ai ns
13-19, 22 and 26, wherein.sajd contacti conprises i.njecting the

r econmbi HIFRCUBEFPIPHES TRCH g Y ECOPBHBH U It drsieh o1 BE g of

subj ect cardide tidfa@ o¥aQusie@or ding to any of clainms 14-21, wherein after the

el ectrical connection between the reconbinant cell and the nyocardial cell |
is established, the reconbinant cell has conductive characteristics

simlar tot nyacardial cell. 29 .The according t | ai.m,13, wherein
t he reconbi n%fit sk & & 4reon 56?5%3{0%%?1@8;&2@%%‘”%{%?% %ﬁ@e%ﬁ%’b‘? st cell. 30.
The usecdmeaionibigvicd tAdpecombinaal JoH add tROmyydredigl dellad tiblishel, @leect ri cal
connecti on between the reconbinant cell and the nyocardial cell is

est abl | SreBbinapfcellhas epndugtiva chasacterigties simparn tathewierediphegllchar act eri sti cs
simlar to the nyocardial cell. 31. The use according to claim 22, wherein
t he reconbi nant myobl ast cell is an autol ogous nyoblast cell. 32. A
reconbi nant Xamelheuseaetdrdiggnetiznall B ywherdinfthedcombipanditeletah connexi n

i f . Call ; . h
glroce)::ie:c ?@31%16#_%gui?ssanaaugcﬁgglo%%rﬁney%ialastséje I-stantl ally as described in the

30.  Theuse according to any of claims 22-26, wherein after the electrical
connection between the recombinant cell and the myocardial cell is established, the

recombinant cell has similar conductive characteristics similar to the myocardial cell.

31.  The use according to claim 22, wherein the recombinant myoblast cell

is an autologous myoblast cell.

32. A recombinant mammalian cell genetically modified to produce a

connexin protein for use as a medicament, substantially as described in the

specification.
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