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WO 2004/ 045709 PCT/ US2003/ 034729 TITLE OF THE

| NVENTI ON CARDI AC STI MULATI ON SYSTEM AND METHOD
WOEROSS4REFERENCE TO RELATED APPLI CATI ONS 5 Thi BCT/US2003/034729

application is a continuation of U S. application

serial nunmber 10/374,899 filed on February 24, 2003,
which clainms prioritytE QFHRINVENTEAN application

whi ch i s horaRpIRC STIRIEATIOR S TSI AREPMEOBP02

reference thereto. 10 STATEMENT REGARDI NG FEDERALLY

SPONSORED RESEARCH ~OR DEVEL OPMENT_ Not A%DI icabl e

REFERENCE G308 b ritRNGIROERARERAPERDARPLAGATHINS

t o TS dpficaib e 8 teneiafof U Hbatdn, sBhgt e 101374800
filddbon Februdrgtd4n @083 hwalch clings padrite itd U.SO0pidvistonal application serial

specifically, jt is a stinmulation device assenhly and L.
nugeharf/436 A0 dilad priNavesberdély 2088, Whioh iafereip| ingrragrated in its

] L Fnel urn coupled with a conductive

e”@géémb?’rrreﬁ}gﬁ‘t’%g“%r%% the region of the heart to be

stinmulated. 2. Description of the Background Art

o sc BYATRVERT AL BRI FERERAL LY O RRRREP RO ARCH

order to influence hea P@péi@p great many of
such systens and net hogjsR ave lIE)eeP{lEg\ilscl osed for the

particul ar purpose of trNeitApgicable ous types of
cardi ac arrhythm as, including for exanple
fibrillation, tachycardia, bradycardia, or other
arrhyt hmr@éFEﬁ@q@Eg@ "BowPUTER BROGIRXMAPPENDIX
met hods previously disclose or 30 energy coupling
to cardiac tissue, variouNotdhplicablet types of energy
coupling have also been enpl oyed. One type of energy
coupl i ng having significant inpact over the years in
-1 WD 2004/ 045708 \BKTHRERAMNIS B4 FRINVERTIORY car di ac
arrhythm as delivers energy into targeted regions of
1.car diield afitkg irventiohng energy enitters in or around the
hear'Ithis }éa\llreln 108 | ées\{/%t%lflr? IaXd Or|7|1estf‘\||08 grd st%@lgﬁlns 2 heartof a patient.

More specifically, it is a stimulation device assembly and method using a stimulator

coupled with an implantable emitter that is in turn coupled with a conductive agent
injected into the region of the heart to be stimulated.

2. Description of the Background Art

Various medical device systems and methods have been disclosed for
coupling energy to cardiac tissue in order to influence heart function. A great many
of such systems and methods have been disclosed for the particular purpose of
treating various types of cardiac arrhythmias, including for example fibrillation,
tachycardia, bradycardia, or other arrhythmias.

Among the many different devices and methods previously disclosed for
energy coupling to cardiac tissue, various different types of energy coupling have
also been employed.

One type of energy coupling having significant impact over the years in
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of energy delivery systens and nethods of this type
i ncl ude devices using: emtters of electrical energy,
we2@4/0¢d7ext r odes for delivering direct or altePCHUSI093/034729
current, such 5 as radi ofrequency (RF) current;
emtters such as crystals or transducers for
treating erdiag agbyihenias eljyerseengrayinte iargated) regians efgagdiac tissue

us@’\%seé%eiﬁé ghﬁﬁéﬁg n:dsl”%?ourjicf @%er? rV%rchkaﬁr]ek/io%gé/l dlsclosed examples

of ehefy détivery sysems; ar@rme&ftﬁisg)f thisi type ireciude Ggwces usmg emitters

m crowave couplin . I nduction Anot her type of
of elestiigal epafay Bg- tq%%ﬁtrqc% foe gnliveringsdiresh PEdltemating current, such

c r t Hé%gl%
asﬁ%ﬁ@’wﬁggﬁﬁé’g c?lilrg%eth?@%o& \%lsgeé%?én{?’ggtg%dd re Qs for
deWémg?sdnﬂU@ﬁe Lﬂtrasdnmdal emittergsoeh als flbtelnepacs lenses, or

devices include regions that are coole

otheslight gtsghagge(elemm%e golasar diegdral f@gd@ﬂwmg light (e.g. laser); or
enbfPEintats GhirkimitolBve bBRRRRY (U ihddeftin | om 20

achifmotingr typé of bratgyt caupihgthat haeubéere investigated Ifer treating certain
i ntended change in the affected 15 tlssHe structure

cafdipe arhthnaias mquw%hﬁmla&r G¥P9RINe ABYies fjended o reduce
tlsgﬁe Féﬁ]@éf@ﬁre DULRvEY PR p@ﬁ&‘a@ th8YPHEDReS HAES rddions that are

ermal energy fromt’he surrounding tissue so
coaBedt to Iowdemperata t&si‘u(rdlahve ¢s sarreundingibdelydempeeatyye) so as to

naby sl heof fioread Eeidick, Medanieigtue 1 swiowing BSsue oBy
achreﬁ/ﬂ{g;@r%p%ﬁ%ﬁé@é { srhff?élgﬁf Ig(/@lsagﬁﬁ}ﬁteﬁél‘é@ cﬁﬁH%% fiStHelaffected

er ent 2 I nten resu For exa
tissiee strctuseloh fuletion eeltlmrdenmdna:dy ogqaeemahdanytl)h efe rtlme extent that
ferred to as ares

sugf paliartic edmioddeRiee o Ruiles diepalienRBkiromage slrrounding
‘usEué?or rrs;tgc,%%l JtOs 1M @é\ﬂcéé‘gréb&%f@’ereamn%r GR¥olsling devices.

per for exa e In order to termnatea ocal
ori gihe désigns ayd feataresomf the viaoious ajlfterautuemergm coupting devices for

mna 5 har nf ul 459 du 0 within th
caidipf et aLdRe NBDUB BRI P AR At ies 1 dafhie dfferent
int@Rhad iresuideVvi ces have al so been di scl osed for the
purpose of form ng passageways through tissue or
ot héﬁormmple.l cartagmsech deviees aadpaeiheds gesgrllydierey referred to

as PERRBD RS e sBC AI TR o O BTy P8 with cardiac

’usgﬁé 's@ea% tosdtMate3IRe &RSHEY Tﬁ@ﬂa}y% pa¥SRRERr example in order to
specifically adapted to stinmulate cardi ac tissue,

termainate a fecal origh efarshdhmia, ardeifens aigpseisiction bh}@géo terminate a

v BT TR oA S5 VB OB i

t 0 tOihgs ablafitn devites e 446 Hetn skl d&s0RB kB fdifdse of forming
arrhythm a in order to diagnose cardi ac conductj on

passageyways Heough fissugatethek &paterial located within a patient, such as for
recanalization of occluded lumens and vessels.

Other previously disclosed examples of cardiac treatment devices using
energy coupling have been specifically adapted to stimulate cardiac tissue, rather
than to ablate it. Various types of these cardiac stimulation systems include:

devices adapted to couple energy to cardiac tissue in a manner so as to trigger an
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assenbl i es and net hods adapted to provide artificial

paci ng of the cardiac cycle in order to cure an
w@eeohpsdmd a; and defibrillator assenblies and PEr/OsmE3/034729

wherein the heart is "shocked" out of an arrhythm a

and back into sinus rhythm 5 Because the cardiac
arhytiioiztin @nderytol diagsosh candiawccmdhcitmn ithnoughythe diearte pacemaker

I
asspEplign &y e Bosadabis MV HingL Paing &y e Gorplge cyele in
ore{:r‘t%QﬁIré ﬂar hl‘?ﬁ:h a‘?fg @é‘fdrfﬂéﬁdr'a@%bﬁwmé‘%ﬁd%@@fe@l%'\lvherem the

ectrica upl 1 ng devi ces that deliver electrical
hearigs shdakea eU’eoi amdehytrexia and kadkhstesisus skythmed t o
or aced ainst the qs%‘(ﬁtsue t be,. st

Pac  chitac Pond Ll o8 Skl du8 i Bfmately peiated to
elé}ﬁﬁ?‘al%ﬂehgﬁbﬂ\’tﬁr&dﬁbéﬁﬁaé A5 1d, the pravio IR Hbel 0Bt uRird4c

excl usi ve desi gns appr Oprl ate to suit one or the
stlmMomde\tleeqafﬂfémggQﬂngo Paningent defilyélating pareigeneralby alegtrical

cofBliig Gtuies WREdsuer Sleblita) &% sftim SARE S Bbatheters
seEﬁFé%iW |8¥&d ggamvsﬂmelmue 18 ST @ ataRS SPaB Makdband defibrillator

a acenaker coupled to an electrical |ead
asgerré]llas Ih;ave &ach been anapiet it vasied (and Theomepregardgpmetually

oxglyshE B30, ATEERIE I clRshR srsop Aiaet SaafPRd grpeppanent
us@eedQPeﬁdthUp@h)é particLfar prrwEfos eitidreadute et entonic ﬂNﬂYm
coupled to one end of the electrical |ead. The other

manrpesnent, eespiestivelycal lead is in turn coupled to the

ancibEeablal S5 ihel pRbbffiket EfkupitRdfivhile  pddinBorbemoly

witH & céﬁﬂa‘k@r aoghled toay diectribsl Iéé@gbhéfh&lymalledrﬂi “pacemaker lead”.
e trer itself. In recent years, .an increasi ng anount

Ther impletedla or permanant NacaTEkar t&fnwélwp%@hes apevelsanree, such as

t
o S5 A BB R 1 RSN PR30 Bhyep i clectrialy
cotplstirt orinend of tetleotridahlesdc ﬁl'm‘ﬂdﬂhbr edd offhe electrical Iead is in
structures. Certain such efforts have be?n di rected

turboRRIed & Reesardipcinsuadeibrestimelaiad: sstiailebyyse of an anchor such
g%édl‘enwlg(/\?%gﬁﬂﬁ @'fasggre e?@awhlcmﬁo?ﬂﬁj Bé'ﬂﬁé’ e'c?rode current
of necrosls h

om Seé eas ese e
erhmmeltb@len i ntended to i ncrease the cardi ac functl on
in such areas. Such cells deliver

be f
pr efBrEEeRt SR S A INCIaASIg 6’F‘°PHE°€'Q¢@@§? ¢ cf\%rﬁegéi r%de

SN 8 S S Ko, cAbfar i 8 crce
tissakisteickdes @l bxlerdy eahancéeardiamcicdndrcction ar feractiosy intsuch modified

enhance their contractile function or conductivity,
StEGiUres. WD 2004/ 045709 PCT/ US2003/ 034729

Certain such efforts have been directed toward delivering conductive,
contractile muscle cells into regions of the heart where contraction is compromised,
such as areas of necrosis. These efforts have been intended to increase the cardiac
function in such areas. Such cells delivered may be for example prepared from
cultures of the patient’s oWn cells, which may be cardiac cells for example, but may
also be skeletal cells, fibroblasts or stem cells. The delivered cells may also be

modified in a manner to enhance their contractile function or conductivity, and
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i ncluding to enhance their expression of certain
factor(s), such as for exanple to enhance expression
w@boogosmTexi n 43, a protein known to enhance caPdi/ag82003/034729
signal conduction. Connexins are found in connexons
gap junctions. Gap junctions regulate 5
lndﬂdmgcfel ¢nhancegheis eypresisiardiecartais fadtor(s)) siioky as for example to
ic i0 eco messen thu achi ev
PR et S o Pt 2 Proteir Rhivn i Bliface cardiad signai
cdrugbyhn proteins are the major gap junction protein
involved in the electrical coupling of cells. For
exanfpPrn@inmase fpung In§onnexmq of ga@junictions.i Gapduncéons regulate

il 5 STHRTBE A el SR e B messenger,

thadehaley ed@icAPESUplingof c@ﬂé‘%a ga Juﬁncﬁéﬁé ecnh@¥intoteins are
structural, regulatory, or biochenmical functions

thaduaier aapdunation Riaiein inwolveshis the ¢leatécsl mueh:lmnf cells For

oS54 Hhp GIEEN 15, A oA AU LB Rypparums
rebpandible fox gap fjertctioh ifketSelliddf sddmminicaBoRs BRmine xR 43 r&Jbrewated

i nventjon providing for agent deli verél into specif
Qfg'{n(ﬁ%(p)ﬂisﬁ@ Peipipriaving sicuciuesd, reotiaterr ar b@chemlcal functlons

S L B ARSI o FoBABHR e«

whd?e Gzt of Blot8ing, m'éﬁléégeé‘iﬁé%ﬁnemgmﬁﬂ&@u% rts of the heart.
AAA52131) nmouse Cx43 (Genbank Accession Nos

Exapppies %@o@efulméimaspws MvaemmM@qmgrfqr agent delivery

B R e e T PR A

papebtidd 33QhenCesisech as hamidry Cixas '(G@nbézﬁldASM@@SWh Alos. XP_027460,
alrl ous

Xi3 iarABo. S8 NBrdeh B47308 AR CENRATSRS, NI (il 156 and
AKRESHSA)] ) AibusgCx A ‘{@é'}(ﬁnﬁnﬁg%%g%ﬁr@% P%é%&{ By 260138802,

tissue’are genera an t _
A3BE23 O, 03441 8| @M@tmoaanembmm@ycswwacés for R&@V@x43 are found

At COHRE ACccebiog Nesk o s, e Yo B _GRaEhEoRRR7 g 04 and

14JOQQGQJAY S LRT il ecﬂb%a'r(ﬁ\BQa&‘?.L ysfegﬁ}jrgcﬁlfrl‘é]%é. Bx589€cx40,

target cardiac t|s ue structure
OCda, IGxdar function in-vivo, such as by altering the
genejic materi al thin cells to ephance . .
dondbuE e ishices hei & Gamas Sl aepigmaligpnduction, or
IBEALLE ¢ !
o ot 7 P el Ay I AR D Hiean this
prm@tlml relajed taageseltipg esstractile wavesthraugir eslkilantissle, including
or ..ot her such conpounds). There is yet to be a
V'as%'?élfﬂ HP treat nent met hod devel oped that conbines -4

Other examples have been disclosed for locally delivering agents into cells
resident in the target cardiac tissue structure that modify the cellular function in-vivo,
such as by altering the genetic material within cells to enhance
conduction/contraction, such as for example by enhancing cellular expression of
certain compounds or agents that cause the intended effect (e.g. DNA material to
cause expression or over expression of Cx43 or other such compounds).

There is yet to be a system or treatment method developed that combines
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WO 2004/ 045709 PCT/ US2003/ 034729 cardi ac stinul ation
systens, such as pacemakers or defibrillators, with
waledoswer7yo of conductive agents, such as cell PEEDSIIYP3/034729
gene therapy, other nodes of tissue engineering, or
ot her conductive agents such as conducting pol yners,
cardiagl fimwation- sysiems: suels as paceotakesuchdefibrillajars] with elelivery of

e 258, U938 o e i O 0 o o

er?ﬁ SEHIRE of behar'donduetivd agéﬁtb'@dn'cﬁtds%nﬂﬂn‘éhng%o%?ér'égm%rtals, or
efibri . ent

illating of cardiaC tissue structures. I'n rec
capaipations theneef (suchasdripctableselutions er suspensionsh atg. ypid,

oo PG s B8l B A g BT B P S Bt
stipaulaiionibach &s patinigsor ABRANSShAS SarBictids\s SIRRAAIES. for

the conpl ex and 10 dqnlalgrous condi tions of _
bl odR reeeny yeaimdiiersricips jeptatipacing issan acea thatthas received

. ' j tivat, f the .

e LA RS GEhefHblat) eBlhSS and rscaron n rocens

yelarph partictlarmid it & iaterideanad deufdtivesmessisre bt ASmblex and
atrial actjvity passed through the AV node, followed

dapngeiis sondiions efdaundie blnek (siee busdte ofcdishend amn'geaiti\'rhe)heart
i NG| L0l i ts (typically. in the
RIS o NAHIE el G oot by o as
foltmps. uBledtrizal impulae dhitianéd filoen thesthas @bdbl RaBIHELI dtflal activity
t he ?etu higher on the left side of the septum _
pagapd d%'p OHEE the 4v: nods, fallpwed by ¥esirisularactivation| Theyentricular

AL i . i ion of the . .
B 0 R 8 R Sy S
Depd)aActhattionrof dhe tefeséptuaT dlie Y@bfa}rmﬁe‘sh? _’tH\@bh?dltehof His entering

ol arization o e

icle: and 20 D) Late LV d _
bace \ie SRl gtanrain (i lsfaide of ecerimmaepnthe naht;

el - . "t _ VNS o
ohas) Afies defbiaicfioh follods i) WebblBEUATHE H R depolarization
parti cofithe R\ oncansmickly dué dal thefHintessdd fethlbrl?&\v\);h bl ock

" ~). LBBB. alt t t ventricul ar

éebg%gP%E%l?r%ﬁ'og’a?%éﬁpeE@%l ﬁr?f?tf'ﬁtlﬁ%ﬁegv@ﬁ;@r\dr om t he
"1 98) SO \OobAriAGB IR P 0Ur esses touar d the

eft front of i cal depol ari zation then
occ Yeasiousidiftarent distase ptatésigr denoroead canditivat ladsaffey ¢his

' h ) |y intended t .
veBEE rEBVAEE RAPELofthe ol £y Bl 4006 ot Ryes olparticular
cottbérh 8 caéd ek burRA prand Biakk 1 WEB'R. | BBE SitdlSdné Enflre

left ventricle) pacing l'ead. 30 Further exanples o
verljistlangepdlevizatien pathwvayet Depslagzatiindstags i theright side of the

sefB s S8 SarpSadt Bl she Tl Gt Ganad VL Aefeabdegalerization then
ocAig! i cation Publications: US 2002/ 0035388 to Li ndemans

et al.; and US .
Biventricular pacing devices and methods have been disclosed that are

generally intended to resynchronize LV contractility by activating the LV with a pacing
lead, typically via a left-sided (e.g. left ventricle) pacing lead.

Further examples of systems, devices, and methods providing additional
background related to the present invention are variously disclosed in the following
U.S. Patent Application Publications: US 2002/0035388 to Lindemans et al.; and US
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-5 WD 2004/ 045709 PCT/ US2003/ 034729 2002/0087089 to
Ben-Haim O her such exanples are variously discl osed

w0 poothes70d ol  owi ng U. S. Patents: 4,399,818 to mﬁm003/034729
5,103,821 to King; 5,683,447 to Bush et al.

gy AT -
foﬂoWFnlg 525 Rateifey Maaggmelto Mé\r%i/ 5, ﬂ?ﬁsﬁf ggnq\’%r ¢<§3’V‘4h% to Bush

5 Still other exang es ‘are di'sc
etf%{ %W%%@rsam ehal. /q;@ﬁ abitoheeratizl.; 624010480 toNPanescu et al.;

6 33?%‘%&% I\PIQarjé gﬁ o S@ﬁﬁ%ﬁg oy Oewfjg ;,0ke7@,§{3§%§§r¢o Ngrkowitz et al..

Siﬁllld)maBé)GaMpldél ai‘ecﬂlséf@s&ﬂnzt%%%llé\ﬁan@CT Fﬂéignt}/)%? jcation
1495 to | deker et al. The disClosures o
tﬁ lealions s WQR0LL04 7 stacldingn W © 198402t tgr Sfotkearat aheVe0198/28039 to

PRGN, B0\ pOL/S L Rbhd el B aRalVE 62152206 to Lee;

anct W 0a{054H 9Stotl deeratchl ThBAfiSolos FBS of ol hébe Refdhdrcks listed in
a need to i rove conduction within cardiac tissu

thisiRaregi@PBarg diaraig ipaeiomated in theiaentiety T eeferdrsei thereto.

t I i i cul ar t al
BET mhifee & ot s hioeB BPRibrbRkd Raflid€ Bl o sy 3EHE and methods.
bi v élifteré tualao smﬂta meed tidiprove CobAgSctiopr wﬁlﬁnh'édr&b@'tlssu?

15 stiqul ation in conbination with delivery
strggfw EPUEQSS A slimulationr to enhance the stinmulation

ef f r need for
CEo e ks 801 kbl 3 ARG AL B 8558 et svotom
and metliwdaamlahs febiventitulse paaing; tres weovides fordsrtifidlal cardiac
vide biventricular pacing in the setti

S“Bﬁ'*%m'r' Oé“ ination,with deliveryreficopdyetive agelsaunfer@ym%hance the

stiffoldildr dFPAEENTI ON One obj ect of the invention is to
affect cardiac tissue response to stinulation froma

car dihere istalswistl acpartimuanﬁe@dedT septdl SHALAARILEYREM and method
obj ect of the |nvent|on isto

efibrillato

thagfcﬁgc%apé%ﬁtq ﬁ%?ﬁtﬁ‘{‘{"%] repiopRf Feptal Sissup 1 gHah as iy @rglebto pfovide
biveAlrituddr Jdchi' thB sl . '

obj ect oé the | n\%e% hﬁ%{)f rSn%Itlgfl’ea%?tt lﬁm f%@[llﬁé?ﬁ

septal f unct i orBREEFaSHBLVIARYOOFT B NRENTISNt her ;

obj ect t.h nvention.is t rovide for inprove

del ?)3‘ r J%‘Ft Cg &b%u"bV@“t'Qf‘ |'$rf9 agﬁgwﬂr%%lsah@f@?rpcags@rtwtlmulatlon
froaf & eatdiad® sEAURtRA FRidd ﬁ%H Pd’aﬁéé

ventricular septum 30 Anot ?%)Iraﬁgbﬂna\c; @ntion

i s poiheswbiest oaths mvestiomis tataftm:t tontracttitity br conduction within a
reg[?d?ﬁ b?@érdlac tissue in a heart of a patlent.

Another object of the invention is to affect ventricular septal function in a heart
of a patient.

Another object of the invention is to provide for improved delivery of cardiac
stimulation leads and/or agents affecting cardiac contraction or conduction into a
ventricular septum.

Another object of the invention is to provide cardiac stimulation to a heart in a
patient.

Another object of the invention is to provide cardiac stimulation to a ventricular
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Anot her object of the invention is to provide cardiac

stinmulation to a ventricular -6 WO 2004/ 045709 .
WEODANE2003/ 034729  septum of a patient. Anot heCT/08j0e8034729

of the invention is to pace a heart of a patient.

Anot her object of the invention is to defibrillate a
sepsamtofer patiqndt i ent . Anot her obj ect of the invention

vor |G eL SHERCONRR ihusilion is 18 Paae ediaar afe pREEN; cct
of tmfbthew@abbpér the iheriov 46 dQﬂ{ama% %fr%farﬁg#ég)%@é%

roved tissue response to rver

and
dur |Afg)ngalr ehject oftthmihwarntion. is taachieee bigntddulaf padiRg or
dellver cells into a region of cardiac

detf'%ﬁ%gqoaf %‘S‘ﬁaﬁﬂ? agpatientat i ent. 10 One aspect of the
i nveamdm@r éﬂgééﬁﬁfqhé .mfﬁerﬁloﬁ% g& Broyidd Byﬂh%r}é%agﬁgﬁg%ﬁ?and

cardi ac stinmulation Ice asse
imﬁg@md ftﬁ@lule\réspommﬁbﬂeydel“beed:ameiggadurmgIdaudhat:Is@imulatlon

I d
and ATPEREHEECCLRE Royeionds ESHas <ol filo & regipriohearaiac tissue

in adigair ofes patiergner gy source and is adapted to couple
ener gy frgmthe energy source to the energy emtter.

The agpRect of th%mVthIQF{o thataforeds aazabﬂaoeﬂnﬂla:tmﬂsystem with a
ot Sfimbifiof Hey ek oSt tBtN 8 HeueniHRIikeSiEssHeblg e cardiac
stlnlmllétmrde\ﬁ&ﬁéﬁéﬁrMbI{ﬁco%%&da ESrdfisd ﬁ}fﬁula ?ect vfc@eand an energy

region of cardiac tissue an agent that a
engﬁerﬁuTm eardiacsginulation device ¢agprisestan eherg@/mdureel and is adapted

T A
adaptaxddorbﬂlpoélﬂ‘tﬁwéifWitMmffheC;ﬁilBﬁi §bod? s8 a%"JEbCBrﬁﬁ eﬂ%hj))’lﬁfé' a region

cat heter. anot her enbodi ment
of eardiag fé‘?suie@epev%fﬁﬁuﬂlaéﬁd déhe agent deltm assemhly is mdapted to deliver
AR kol 8L A host s PG Bl 8t dlS a S e fsPrpse in the

regmmlto tl'ieeerag’@dtenh?gyvery assenbl y corrpri ses a needl e.
ne odi nent of this node, the needle is a
sur @n@dma%egbms aﬁﬁe%bﬁmené%MWﬁsszmmeMS a delivery
e r
c e S S A thert 1 B R BRIRES I8 A GriiaBidetivpy catheter. 1n

an@iher pm’dndonemf thehdeliladry catheternit Revaiculdr i eftenyV@ithalet 8t is
iment, the delivery catheter is a

ad%'%i?ﬂ t%&'eH\éﬁn t8@ Ageshinte kg regien ¥isoa hisodwaesset extendinghwthin the

very catheter is adapted to be positioned within a
Se[%lat)dod vessel extending 30 within the septum such t hat

t helnraredher inedadagagent deliveng bssemblyrconabriddsen REeR. In one
embodiment of this mode, the needle is a surgical needle. In another embodiment,
the agent delivery assembly further comprises a delivery catheter, and the needle is
located along the distal end portion of the delivery catheter. In one variation of this
embodiment, the delivery catheter is a cardiac delivery catheter. In another variation,
the delivery catheter is adapted to be positioned within a blood vessel extending
within the septum such that the needle is adapted to puncture through the blood
vessel wall and into cardiac tissue of the septum.

Another aspect of the invention is a cardiac stimulation system with a cardiac
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vessel wall and into cardiac tissue of the septum

Anot her aspect of the invention is a cardiac
w@rioass09 on systemwith a cardiac -7 WO 2004POHBF193/034729

PCT/ US2003/ 034729 stimnul ati on device assenbly in
conbi nation wth an agent. The cardiac stinulation
stiayiatien ﬁ@y@ﬁtﬂsﬁemlﬁpm eaypbipatian dithcars agent, aThebadiyg Smulation

di t | ati on device
A&yt ASRBPOrTES L baik stiUBUOR dayicbanthan Sapray mitter. The

cafdacg;jmim@mn b@vl@@ ebaprisey ra?)eeﬁé??g QSu@é o4 |seéHéptt&5 6 Qouple
as to activate the energy 5
enargy frem the enpipy squias ﬁ@ethpmelrgy)earnttem stdlasntd betlvate the energy

erﬁ@tﬁa&?%e%n&@@é er?@tegjg t el?pnsgzisc%{ %}&ﬁlg&r{ f{%gel ;;)ar)uentc s body so

asﬁotemmtanergyf intom tré@oﬁaif@la?dia&lb%’é &} bOBiRRYALES i in T&g}onse to
s adapted to be | ocated thin the reg
acgg?'gqf’affom f@@u@r@lﬁa Sttlmtdaucm:dewcat Thala@eau i mamee &oib@ located

wﬁH‘&‘?tH@ﬂ#ﬁ?&E BPC ac Sfﬁg ag{?q @)naeii%%acé a%c{)rdl B tﬁgmotnh% region to

thel emiitted eaes;.ynbl Accordi ng to anot h_er node, the _
tlnula¥ion device is a defibrillation device

gg ; %t?BPKFﬁ”Q\HbPH% megsydbe cerdiag etimn{eéinnidawdasaa paséraBker device
oop s With a
B GRS AR Bl B saiat Pl iian devicd s a
deﬁbnlialioatdewce assohalolgr di ng to one node, the cell

t rises a volune connexin 43 and a
E:Ele%ag’ﬁT RS ecn’qt:%ftotggt'@Yeﬁtm lSlasS)éi@%mﬂ”amng)a «terdlaepatdamaker that

di .1
C°§%%a?§§%bdé‘ttﬁepa§3’e%’.sg‘%“‘ 10 LR TS i ERlat Sydttaton.
t he Acparging tmomes rm)dreatlmb esll tHorapy ajystem c%fﬁbﬁé‘@é"é VBlufine connexin

cardi ac, ,stinmul n asserrbl that is adapte

43 fi 3 67 dlivegy C? r4habigi ade Pé$d tq deliver tihe honnexmzm lgto a region
e region, an
of g@rg(f)écvﬁs#@g@{%}fg Sgﬁrr‘gu%%oag%g%cﬁ@eméa[g%%n%? i s adapted
t o Apotheriaspeetdbfithe mﬂdﬁon&gaa{]ar?lﬁd shmlféthﬁﬂe It(\a/@rv(\élt a cardiac
e
R bl tet 1§ AEPlashtodeiben Ppe ok ot aregion ef Gaeue within a
hemtd@f @baﬁéht%oaéspﬁﬁén &l%?e Ry :‘Qﬁgoﬁrbsaﬁqdﬁl%cﬁhg gflﬁﬁgqbo%’conduct.ve

further includes a e Ivery
agend thadis adapfaddo dedidivatectinto fie tagioh didto eﬂﬁahée stimulation of

BRSBTSt
el eAécfdeiﬁgaté %‘h@brhbéé of %F%ggébtn %%Nbéﬂafé{‘ﬁ éﬁl?lg l%la @%gg@ bly further

nenber and that each inc
inglydas a delivprysnember with @(D@anaﬁamcbdnen deid & € rsYaI@iHJ&Bmon that

s oo o B Udeeline s leot Biiea bebiatpatianti and miso

inoledBsoan afral/iof @ndable electrode assemblies cooperating with the delivery

member and that each includes a stimulation electrode that is adjustable to extend

from the delivery member at the location and into a unique location relative to the

other extendable electrode assemblies within the region of tissue.

In one embodiment of this mode, each of the array of extendable electrode

assemblies includes an extendable needle that is adjustable to extend from the distal
end portion of the delivery assembly and into cardiac tissue so as to position the
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30 I n one enbodi nent of this node, each of the array

of extendabl e el ectrode assenblies includes an
we@zioend e needl e that i s adjustable to extenplCT/D82003/034729

the distal end portion of the delivery assenbly and

into cardiac tissue so as to position the -8 WO
respectivesdinugatarelesrode/ad 34 pRiquedepatidn.ve sti nul ati on

S;?f@{cﬁgﬁingﬁo:oﬂgs\}éﬁ §'§i | C?feir@ 0 @%ﬁﬁhﬁé{s‘ lgfgx?at%r}leelectrode of
eatleektardiabif elegiole %é&%@ﬁh%ﬁ%@g?&éﬁ Wlth AR SREAY. ir??ﬂ%ther

integrated with the needl €. not her vari ati on,
vagatial, dee shimelationrelaeirede ebescreaxtendablesclettende asgsmbly is

i ' ble ta extend fromthe respective
aBESEIEIe Yo eRien T 3 Pl DSl o niiua Espaciivs location.
t o Adeerdigtd dtherVariatibes, 1RE HeldtARada YRS ﬁé&ﬁ%r Ry be
may be constructed froma superelastic or shape
cq,@%mc;tecﬂ,@pg] agupeielastisrorshapeninekdry métaballaynsudhl @sy/a nickel-
tiﬂaﬂiﬁﬁ%‘il r enbodi nent, each of the array of extendable
el ec " assenblies 10 has a relatively pliable

t ubih anoﬂmﬁ)em\ki)ddiméht,idmfofﬂhg%ﬁnag%%x?@rﬁﬁb?é %ef@éltr‘aﬁb%semblies
el ectrode is |ocated al ong the tubul ar body of the

hag agetatively rliable-iyaslas hedy aithoaie inres demehyand\eaoh stimylation

- ' ' i abl e tub
olpurbd - REIRE) ERD in EBRRETIRN Ut Bro e Seiiaslim olectrode
asgdeenblygiAmconding te thie eatbodimbat, RbeR Sellifely PRABROUbYRI body is
el ectrode at the respective uni que

ti myl
a‘f%‘@s itgﬁ?l.eo lectedopnd sigered through she tegion of tissue so as to place the
' t [ S, ted t
repReld SihulaRoR RIS At the Fospdntf Widife b8aiSh e ast

onelrobné ffiertherariatioh ofitteis eptbatimeht saiovehblehRylbtRUEpted to be

body, t o ext egd g Oﬂjl t he del i ver{ member and advance -
mPH?%tEJéjﬁ’ngtaﬂ% Madinbhednner kismen elieteastbene aktheduputaribodies so as

(i AL i j Ik the respective

SABURD 16018} 853 69550 0E) AR B SERBELANS thouor
thetrggien ofdissbe saoh thatthdedspadtive atiprtetiorréleeRddO® pbsifioned at
tha_nd a ﬁhaped di [Sot a{j enfl ?rtl on that is torquable

Wi PRSI NIGH R IOCRTIRRN rbg wrihefifeatyre nbepnoxeakle stylet may be

providet AtHPA Yo KRal én&'ﬂ)@rticﬁ‘?“a‘ﬁﬁ?{sh%% gfs% g&;ﬁwrﬁ{n& @?ac{yls

so as to deflect and steer t
torapiabis wibintthe iherdumenieby tequingdithg ptoximabehe bortion proximally and

XS RBM AF Hecto il PoRY s Br defis? and st the ubdbboanin ordor to

plaéssthd eleBiloge@r tion at the |ocation such that the
array of extendable el ectrode assenblies is adapted to

be Agesydingdiestnaiiber ¢rabodismets av @anohogjsgrobvided isbidss extendable
In one  benefici al

e region of tigsue. ! .
fr&&ﬁ%%f’%@‘??%f‘%ﬂs%r %ﬁéaﬁﬁfﬁﬂt@ aN¢BOE Hisdistal endrrartiorat the
locdtem siehahst tHEAddy 8fextendable electrode assemblies is adapted to be

positioned at the respective unique locations along the region of tissue. In one

beneficial variation of this embodiment, the anchor is provided also as a stimulation
electrode.

According to another embodiment, another stimulation electrode is located at
the distal tip of the delivery member.

In a further mode, the cardiac stimulation assembly is a cardiac pacemaker,
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el ectrode. 30 According to another enbodi nent, another
stinmul ation electrode is located at the distal tip of
wo be4ded7overy nmenber. In a further node, the cReTUS2D03/034729
stinmulation assenbly is a cardi ac pacenmaker, -9 WO
2004/ 045%09 PCT/ US2003/ 034729 and in a further
aaq @i THeher emboditpantibe sacdinapacemaker ks a beventriculbatardiac
pSéémbREr, Pacemeker. According to another node of the
present aspect, the conductive agent includes |iving
cel lAxcoadidgitn ahbthdrenodatephiemekent Asheid! the doﬂ‘ahh‘ﬁf‘e Bhent
cell's:

. Ilegtst .qne O[I 5 nyobl asts, fibroblasts, or stem
Inglydes, living ce %g%\’%'n fuen embadintents shacelloincludeystdeast one of

m)jﬁdlﬁésté,r fordUpRIE q)rtsgerﬁ XRIIS, F Anaiidy ge):(gie{}g S{r@gl%g e¢llssare of a type

unctions Wwth 'cardi ac cel

thatrade iadapbed tpexpriess baonberiel dtajz juviefio i WitR caF&ac cells in the
adapi?d to express connexin 43 at the gap Junc?l ons,
e OL LIFp1ie.rand RaPoks kambewar beneficigl vasiadioncarklagapted to express

= e - lon qf cannexin 43. .
o e, e A eriss 8 R Al g antri aesetisally modified
to pygreexpibbe ppodystiatdf conpéxia 43conduct i ve non- 1 i vi ng

mat erial,, that d’s adapted to enhance el ectri cal
conBLRTPERT MPas; the peRdusiiveagent includasoantinjestablenrephration of a

coeleiefivk RBNLIR; t.al _perforataqr .
del i_\}er y gslﬁs}!e I bnﬂa | Fﬁr?gﬁ%aéﬁ | ntgterq@'lagggtezgﬁ?g% Gogduction in
the de@iopdsuch esaptandubtive aratalac sti nul ati on assenbly to

th [ f ti ' t | t t al
ren b5t Qs S0 oSt oo bt ot
in GGyt Bn@ BeAd afted § Eofifie]tRE c\élr(g?\ﬁé Eﬁw@iaet!o%ggstse?nrﬁy to the

septal perforator vess n-ano

regiparf digsue ain ableastone septhabpeiforaerondsder dnaralsetd Heiver the
and conductive agent via

i mul ation,assenbl, |
vogfrré%?og ?8@%‘1[‘@ e:ntéqj}@ %"%/’hlé'a the atilepst onersepial perforator
vedeelf her aspect of the invention is a cardiac
stinmulation systemw th a cardiac stinulator assenbly

wi tIR aneteermggesa l‘ﬁffalﬂega'diat ?;eﬁvememmm i tp%via%@toﬁdki)anvery of
. £ 0 oupl.ed to the energy source and to be _
th%g@%%g'ﬁbaa%%ﬁ?ﬁq% it cogHuciver agenieda a cgrdiac chambentsuah as the
rightatsiumul at ed, and that al so includes neans for
enhancing stiml ation of 25 the region with the
endMBther aspediof heinygntion ist @ cardimo straulatiopeybtedh withea cardiac
systemw th a

SO, B0y L8 LY A RSP kit s adeptcd
be soupleel tofthe@mbingy bygrcadmittodtpasitioned within a region of a heart of a
patient to be stimulated, and that also includes means for enhancing stimulation of
the region with the energy from the energy emitter.

Another aspect of the invention is a cardiac stimulation system with a
conductive agent delivery system that includes a source of conductive agent and a
delivery assembly that is adapted to deliver a volume of conductive agent from the
source and into a region of a heart in a patient, and also with a means for delivering
energy to at least a portion of the region. The volume of conductive agent is
adapted to enhance stimulation of the region with the energy from the means for

delivering energy.
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delivery assenbly that is adapted to deliver a volune
of conductive agent fromthe source and into a region

w@booa/okiseat in a patient, and al so with a neanBCT/U082003/034729

delivering 30 energy to at least a portion of the
region. The volune of conductive agent is adapted to

enhaiethet aspécttaf tine dfventien isg lcardlac stimutatiopnsssgynly aith an
deliveri energ 0 WO 2004/ 045709

el BPBE 003 r¥inez proKoehhd RapiR asfistehend Rodian WAt issadapted to
bd pb%'itﬁjn@a éttlégétl |ﬁtda?tnataa3fﬁﬁﬂﬁ$ﬁ( \A)M’l (ﬁ' P?ﬂedﬁg?éléﬁ?rﬁoﬁd a delivery

having a proxi mal 'end portion,
lurpen exte atle¢asbin nzasrt pbsgtthedalalaénd pastioni nrm@ass@mbly further

n%ld haéb? 0, ftr% 'dg |\?qrg1gsqnqrgy ptaartglgég{bof ﬁ,{s%@ia\gglgk tl@q}laeart of the
patiiit, 88 wellds$ a FeSHEHor ehHéﬁ&iﬁg 31‘]1 idHIEFtHR. H%ﬁﬁi?as fft%%ue from

del i vering energy into a regi tissue Wt
en@@ytdinefe@fropaﬁhleerneanaﬁ)rmm/emg enelggtnS:drﬂTermore the means for

t | ation,of he re ssue from
NG el b ethid aohaBhE Siuglion ois pigpleadp gpoperate
wﬁhrth@@[dﬁg’aqe bblg, means for deli ver| ng energy and
means for enhancing stinulation are adapted to

coopeiodher aspaah of the iBveniipn is woaigliad stinolatibarasaembbi with an

o hoRTEhORL Bk b Ry tiet 187 distalcs Artin dndid adapted to
ba pdsitioakbdendeaiin pan dtkdbcatforrfaRines hbart o*P% ppé%?{ﬁ,gémeé* lumen

at least in part at a location wthin a heart _
exendingtat laast in paralang the distal egdzportiemsand alspavith ah engrgy

oRBry 535S e o BTl ks 2 By assermbly
hd$henenergy edvttérvhayisaspe tv the ékl)%\‘ggété BRI 18Hd Eds@%ble to

that is coupled to the elongate and i's adjus
extgnd &xora e distzhangpartian andew@ eptﬁgnoramf tissue thblnathe heart when

t he dist
EEAEGRY LY MDA, Bl S bl b aceprcs
tol ezanple: tathd snexdapintitter 10d alzotbe é@kb%f@h@?@yal%ﬁpttﬁ@broximal
source of energy al ong the proxima

'ﬁngt?&{???o‘wtﬁéh E‘i%n%fﬂarewﬁém&m dhe jsecond pﬁéltlgec ding volume of
TR BoeR® AP BASHES AR 0T B RBY Frouon e

Ium&m mtmttmnreguﬂmot fiesusaghamthef disias end pdtten st tHe $écdtion and the
por.ti on at the Iocat| on and the energy emtter
er?%rQYﬁ”i'ﬁ@r‘:?éEi'Pl%lsﬁ%%‘?q Pesitiomnot her aspect of the

i NVARLIHSG d@eéT SethEliAentioh 5 (ﬁrgﬁ\gﬁfﬁtﬁ%#ﬂ %)Z‘s,t?@ With a cardiac

cardiac stimulation device an
Stmmldah@adaemetandw/ eolumqaohﬂlsctbahane adaptéd 43 ovdheéxpress connexin

bod h
467 e FRrdah At imgla05, fouieahas ah oAy Positioarimal end

pcta6sl A8istdlidRY FEriBR, §r‘1c?5tc"ai’cﬂ§c liteatidhCeldbHod aﬁ)'ﬁg the distal end

portion. The cardiac stimulation device and volume of cells are adapted to

cooperate so as to stimulate a region of tissue within a heart of a patient.

Another aspect of the invention is a cardiac stimulation assembly with an
elongate body, an energy delivery assembly, and a volume of conductive agent.
The elongate body has a proximal end portion, a distal end portion that is adapted

to be positioned at least in part at a location within a heart of a patient, and a lumen
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portion. The cardiac stimnulation device and vol une of
cells are adapted to cooperate so as to stinulate a

WO eguoss7ef tissue within a heart of a patient.PEIUS1963/034729

aspect of the invention is a cardiac stimnulation
assenbly with an 30 el ongate body, an energy delivery
extanging gt leaatiinaparbblomg thé distaldered partioag eftie endigy deliverg/ assembly

. ) ' d i on, di |
B Tl aMEP el ESIo toyhepelbnpplsaiehaend Batiusible to
R o B S by TSI oo
the distalendiporiian is at iedocatiordi hialassembboalsodras dhenergy lead that

: L nbl h ' h
e T R
peostirearend pBHIJHEWHES tad eﬁ@%yﬁfg%@?ﬁ%ﬂgpg% l%tg rtll’élg % dibn of tissue.

of tissue within the heart
Thervolne iof canduelivel agentiis oouplad $o Hees kmbéry ant soadasted o be

SRR Sy oS kbt ot
end pottion isetdh® (sdation é&fdeﬂhetéi%rﬁy‘éﬁﬁﬁeﬁgiet)&ﬁduéﬁd;ing% the region of

.extended into the region of tiSsue. The v
tigYi®ducti ve agent is coupled to the lumen and is

R R B o
eloogateobodyg amtemé]gyld@q@éﬁy%samlby,%d@&}%e&h&m Tﬁé%élo'ngg%e body

extended into the region of ti ssue. Anot her asp

has aikeximal endi ratier apd @xdligiah end montiorathiabis adaptetity be positioned

e . del | nb] v.,
atfeSt fbarf 08 WoR 3itin AN pifieh e 3GH Ualibery
agseEmblyhasraiplaralitg bhbneny amitierNEbBRenkRyEARI? % ESuREd to the

posi tion | east in part at a location within a

elpagrte Qﬂdeygamfgt@ﬂ' ablefrexieaddioradhe distsl ersl periontsing into a
uRigie fedPdbiith 'g%ftf?)fn t%féefitﬁlgéoﬂg% éﬁg{;tse e@é%mﬁtﬂ%rs Within a region of

emtter is c ed to
tisedjeusitib ltiee hearwheardthier distal brd gosticH is%ﬂdh@‘l&ddti@ﬁh H¢h energy
t he

i r{%o.a uni gue respective position relative to
CIBURE S @ﬁ@r%{épg%’ fq ePupIGite BispusCe ehpperayfwhen theurespective energy
t.ha-:di : |on,. ]S at the
orfilen 14 8 SO Bl DURRL il 132 PoatS 81§95 o T 3pBhor R Bdapte

tocnghbe thedistal @mdgeortion et #regipcatienwithin thesieet.i ve

ener, 20 emtter is in the second position within the
r egﬁgﬁﬂlﬂf %SPﬁg{J%{ thefdaveltionds ajcardagstienlatien ageenablywwith an
. I . . L hin g
chm o Aerer e b 054, R i A crery
sareeull heiatongate dodyyhasia proximaledrzhpaettienbadiistabend periav that is

o B BB o Sk B3 S A S oS e, and
@ Boiry mep oAt B8l oA 90 B REponion. The eneroy
deliyant assienzblp figis enpluraditylof energy emitters. Each energy emitter is coupled
to the elongate body and adjustable to extend from the distal end portion and into a
unique respective position relative to the other energy emitters within a region of
tissue within the heart when the distal end portion is at the location. Each energy
emitter is also adapted to couple to a source of energy via the proximal end portion

when the respective energy emitter is extended into the region of tissue. The
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a delivery lumen extending at least in part along the
di stal end portion. The energy delivery assenbly has

wa2pkssbd ty of energy emtters. Each energy ePeT/U82003/634729

coupled to the elongate body and adjustable to extend
fromthe distal end portion and into a unique

caedipe stimukatiposinergy soatcetls \selapted toecaupieto 8a€t 8Ythe energy
tters, wWithin,a region of 30 tissue within the heart
oS! 1 neiPiza Apchmnaran oralttar S Be tp 6Ealt Posrdy o region of

tiSEEE. A ceSidghE thé %n@?@?eﬁﬂf’e% %ﬁj eh8h ﬁﬂmeeretsﬁe%\geoﬂosfon within

of energy via t e pro ortion
theeeggion Oltissteeargyadarted éo shmueaté ¢l ebyiom bptisdiee. r egi on

' 003/ 034729
car AN asRcL of fie Gyentan Som pasling smulatien deviosouh an
elong@fs Body, 4 ReeBEARY aneéﬁetré)? Bt 'ﬁ% Sﬁﬁhg{ezg%ﬁﬁ?ﬁg%la proximal

enérgy em'tter so as to em?t’ energy In
end porigon, Acdjsiad:l englpgrtlmmearmiwpgss@ewa)elbsawd aa@bst in part along

”ﬁ %‘gtj?i eaﬁfﬁ EBQOSI : l ; Waisgla?lhéﬂt"&g@ hge%éﬁ?p gnégnénner lumen.
ﬁ&@ﬁ%@?renﬂﬁéﬁﬂiat‘igaéé‘ U%%téd?{géétogtcﬁaﬁ%ggﬂﬁsougpe Further to

stimulation device with an
tMﬁasraecteﬁh@rcgytaéand tportiormokthel ejoggate Hoalyyis ladapmd to be positioned

aba S8BT et 8 pBuSHT PR 55F NeRflerb 2ckiediiodbepoupled to
trensassgbiven an'ﬂhg a‘@i‘jiﬁs%ﬁleﬂ%?w@eﬁ ARt %‘le‘orﬂld@a?éc%t kBt in part

and an inner |lunmen. The energy emt
W&a@ﬂh@@aﬁaawabapd eajseaﬁ)nairpcm’rmrgv\ai; extenes aﬁu:easlhm phrt from the
end t|on f the e

By 2kaave0E 3 3rus Bk tha e uisito cistersne portion
lsaatltls@ldcaqbna Fedthiefibre, 3R e‘h@?g Eptte? i éo?@@@ttgqhé ﬂﬁé‘? lumen of

coupled to the passageway an I s adj ust
the; G%Qd|§)€§dtl$ adius talegtenddeam the npadle inta thiei negtdmeof tlssue

h t end
P BB o DSSELE R L0 Aoy 85 syt
thiat Bellelesi drhairay be stivdldtionhadctidiresdi BhcH el%ﬁoﬂero‘i‘ 'tl%‘aﬂ'éy is

is at the location. Furthernore, the energy emtter Is
adanigd &ybe &Oﬁﬁ@nedraéra unigea leationivelative do Q’lmntha@tlmulatlon

el@?ﬂr@é&?\nltﬁn :v:’léjrgs%lggi §%ﬁuﬁﬁ§fd a ﬁggﬁtq? %ueh that the

armay uﬁpﬁmmmﬁcﬁelec’ﬁbdegm &daptod 26 feth 8)patem H’ﬂsﬂtdeflnes a region of
i ncludes an array of stinulation el ectrodes.

“Sé#@ew%'a Eheb?el@tﬁ@ aF veernaorea theppatternanskreginsi defomutrmeby

I tinul ati on
AR o SR %N #E SR PlRast piBiensr 1o septum,
artdsmlrﬂthbér empatiiments ragy betsufficiéitao proviay a@ﬂ‘f.dw%twﬂm to at
es is adapted to forma pattern that defines

' S%tééjriﬁﬂ?w orgVes #s mwh.aﬁ enechalé pr maremitheseptone, t he
pat hRbiheRRd é&%ﬁﬁew nrﬁSH |§ Qet{a‘??éc s?ﬂﬂ]ié@%egys%gr%hwﬁh a bi-

suf fi1clent r ea so as
vanuttmwﬂrarardlaccﬁtlmmatl@eehemy so@nﬂ@b and busdpiglrstiphinaomeBYise with an

elg‘@gate%o?jvfhfalvfnlgeg tprctngmgli 81\1/5 %%rt%nt elirfu% gld?étalsérllcrirglo?t}olnovr\;ltftm gn array
of extendable cardiac stimulation electrodes. The distal end portion is adapted to
be positioned at a location within a heart of a patient associated with a ventricular
septum. Each of the extendable cardiac stimulation electrodes is adjustable to

extend from the distal end portion so as to be positioned at a unique respective
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25 | east one-third or even as nmuch as one-half or nore
of the septum Another aspect of the invention is a
w@200diogsoost | mul ati on systemwith a bi- ventri cRCHIS2003/034729
cardi ac stimul ation energy source and a septal
stinulation device with an elongate body having a
lquadion melatiea tb the dihen eatehdabld saraiaccstination efectiddesalithin a
array_.of extendable cardiac stinulation electrodes. _
regien of ssye \é’HG'“ptSPtVue@Ff iGularsepiued Earhsef the exéendakle stimulation
oficfRaz8 Eals0idkipkel B Be e88bleib Ao BRUA by BT RARRE Stmuiation
energy suuree. Actardirgly db\epositioisiag itise didital srapation of the elongate
eat S?ﬂl?fn'r@o% he di,stal end portion so as to be )
bag¥i gatign. pagitianipg pashet ihe extendablogasdias stmsitatpn
oo o eon bt O Ui oaibh WRnEHIEBoRt B tosue, and
cogplingreadh extendablei candiactstimulativrr ¢levtrade sefiteubi-vdrdbular cardiac
f the extendable stinmulation electrodes is also )
stltEn SsPe sy e poay RECclogns 18 adARPd 4a ubsiantially
S B o P Y SR Erau g Rkhbfedtrodelof the srmaywith the
epery surcato emianinemt fioos its respecvelgcimiqfe lolsation within the region.

ext endabl e cardi ac sti | ation electrodes at each

" espBINYERIPN ries Makdas olhenasReeis PrAVIdiBgimatheds of reatment
astfoBsws, and coupling each extendabl e cardi ac

stimulation electrode to the bi-ventricul ar cardi ac

st i nothermaspestofihesiovention isrematihed campebiagt deliiesingsa volume of

ooft i & sbur e 3P Rl add slfPwBiBoghS rr@oaal spraine ssue with

a ddrdiabGtipMastbh 8eUES @sbemdfy.t current fromits
respectively unique |locati'on within the region. The

i nvé&Mms Buthenmads off this askact somprisasppatimgptheHedirinof the patient
ods. . e nt as fallows. ot her aspect of
fmﬁ{e&l‘ %@gﬁ{ P%%arﬁ&a%gh EHEABIG NEV] .m%é’l? FGering a
vol metiedr meed b thishepact @pherisedf [ravidinfthe! AT agé&dition

stimulating the region of cardiac tissue wt
wheseigicanexinds istexpresrad.ce assenbly. One further node

f i ' : ' the heart .of ,th .
pat {oluitneF BEEedRERLOnER wPaG B Re! Bl ieirelisly the
cohdition suhehaticonglekin 4 R ROEVEexpRsscll mbRd thansie8ilent cardiac cells in
conprises: providing the cells in a condition wherein

the Bagi@%i n 43 is expressed. 20 A further enbodinent of

hi [ S80S i di lls.in the.
on LT SRERYOFER 1B Y Bt BEivarng acvoume o
celiswithiness veletritulaasdptuen ot higatient sufficichB Sfharfitdiddgbnse of the

aspect of the invention is a nethod conprising:
seafélfr)rp {estimylug ftasm @raggmaker or defibrillator. i °

Another aspect is a method comprising: using the vasculature of a ventricular
septum in a patient to deliver a volume of an agent into the septum that enhances
the response of the tissue in the septum to stimulus from a cardiac stimulation
device.

Another aspect of the invention is a method comprising: using the vasculature
of a ventricular septum in a patient to deliver a volume of an agent into the septum

that enhances the cardiac contraction or conduction along the septum.
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cells within a ventricular septum of a patient

sufficient to enhance response of the 25 septumto
w@rioakared from a pacenmaker or defibrillator. ApOL/082003/034729

aspect is a nethod conprising: using the vascul ature

of a ventricular septumin a patient to deliver a

vol uhmotber aspedeifithe iMventibe isa phetiod lkainprizi e@g thesvasculature

eS8 qns of the tissue in the septumto stinulus from
of g YEEIFdar sepii B4 Baticnicipi dalivencariias Himulaideadsinto the septum
fof, e 4RI SRS P ERIRIG TP hEBl M el S, ¢

del iArther aspectef tie mveatiemls & Mathod eorpiisiig: ehfifting stimulating
enhaErces the car di a%%contracti on or conduction al on

CNHQY Jept Areneidy spissoxeoasrbstantel pesdign = ha ventricular septum.
AnotAvdthasasisdct of tH ﬁvbﬂﬁ@r‘i‘ﬁa%%étﬁo cH%?igﬂmﬂ: implanting an array of

conprising: using t he vascu ure or a ven
ensegy emitters at paidueniocatiordeWithiera ventdtalar séptumt af afpatient such that

| eads into t septum for use in either pacing or
anGrchcCaich By SR8 hBsray omilamouipbann Sstatdiel portion of the
sepfppct of the invention is a method conprising:

emtting stinulating 5 energy froman energy enitter
overOre Bgiet efithisanethmdt fucthep tompesesreimultahesusig pimitting energy

h t the i i i t hod
frog 3P of A FrniaRledt Shmol TP Ry of energy emitters at
uni iR thACGAbHE RS thi MétRod fY@R ¢ blgé%sg ﬁﬁél‘éﬁﬂiﬂé ah anchor into the
g y such ener gy

patient such that an area boun
sephanp; and extengingsfeemdhe dnshanat labspome obinecdndrhyg emitters.
met hod further i se

o b TughE RS rittod i Cierindsh PRGN Snchor into the
septuph;canieexteRdingyfrétiithe @hthoPBAEK8F tHEDsker ehmtﬁresfmt hod

further conprises: inplanting an anchor to t
sepAnetheiimods pkthis methed further comprisesatcouplisg the implanted

' ot her node of this nethod
e”%@%@ﬁ@%@ﬂ%@%@%@?&m ng an anchor into the 15
sepAmsthetto@s betHis Rietho @ Mt c@h@éﬁ%ﬂes?%ﬂpgﬁg Wi@'ﬁnplanted
0 er

energy. emtters. Another node of this neth urt

engegyRitiess with refifyilleter. i npl anted energy enitters

W t : f this nmethod furthe

corpyPURR TAOBEEF i RS ORI Birrkied; Gyl ¢ 1EFioal current
from eaclaofittal driergl @htitters20 Anot her node of this method

further conprises: emtting electrical current from

eachngtharieods et s fthed futhessomsisesb dieliveringheach of the energy
e”ﬁ“ﬁé’?gg thé' UhRftle I60H FFSugHi§!ekdld N9 each of the

Another mode of this method further comprises: advancing an array of
needles into the septum; and delivering each energy emitter to its respective unique
location within the septum through a unique one of the needles

Another mode of this method further comprises: positioning multiple ones of
the array of energy emitters on a delivery member; advancing the delivery member
into the septum such that each of the energy emitters positioned on the delivery
member is located at its respective unique location.

Another aspect of the invention is a method for stimulating a region of a heart

in a patient by providing a cardiac stimulation assembly, providing a conductive
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enmitters to the unique location through a needle.

Anot her node of this nethod further conprises:
waodwakei7ny an array of 25 needles into the sepPCIPSZNGI034729

delivering each energy emtter to its respective

uni que location within the septumthrough a uni que

agaat déliveing systed, eleliveriridienengyde adbcatiorsas@sdigtddivitt ﬂ'\%r region of
nul ti pl e ones of the array

i BB TE hegr el g Ui appedideionauetan @dtdﬂ;llverlng ]
vERIme 8f YorRIBHGE ag'eﬂf floh cgﬁ\tdt& |\§é18 eﬁth@%}lvggf @rto the region

energy emtters 03|t|one rve
of the beart.e Huether tosthisempéitdd sspaot) tﬂlegldflmﬂ@tdtf@ﬁnld&et@iét ‘Edent

t of t ntion is_a netho or stimulatin
eﬁ@ﬁr?%% gtfm E‘ﬁ@%r‘)}( ﬁ“‘? rPaiorpaf theneasy withdbe @nﬁggsab@agdie!wered to
tHd logHtigyyi on assenbly, providing a conductive -15 WD

2004/ 045709 PCT/ US2003/ 034729 agent delivery system
del iAnatheraspest of thecinsehtinraisi @ medissd toratrevidiMd Bi-veiericular

S0 ot PER et BEmouRNgAm Al of pardsas simuiation
eleefddes, pusitRafiy aldiga) éﬂrik? Pﬁﬂl?)‘i'l“&ft% H@IHS&?}?ﬂ" ?Jell %ﬁélﬁst a portion of

systemto t he region e hear
amtrﬁ;ue@tglggkar sep’ﬂu@n vbthenkeart, armhelxtending thg@mtay>of cardiac

sURRRE RIS e G tne cistal o ordlan st siherrymember and into
th@eﬁﬁéiveﬁfndl.ﬂ@r Séﬁ)\t@ﬂtsju‘éﬂ thét 8adtaemhd &fm@ra%h %?erbqrode is

bi -ventricular stimulation to a he
positionschat @ ungquealﬁcatmral;elaifvectartbe authesrt Gardiaetstmulatlon electrodes

a d| end ortion of a
Wi RO or e IRk &t BhficRlon SEHED. an
nt { @it fist R
e R 0 b A o
CE&P'@LCaﬂtm@Hatl%syst@m for provading bilventricotaristimuatibri m a) heart of a
h th each card

pét[é rr{ﬁg S?fg\é I(%%lé(g@)éngpgygg;g(?\#&gg@d a‘fe rlg}H%WUlatlon device
hd\mgian @forigltabods with 4 proxdhBEENE PHRIGH anlétﬁPéﬁa WBftion that is
rodes within a region of tissue of _
acfarﬂ?‘?‘im/ baPostionag %@dpgaﬂomwnmca ventriglep acstinuilatidre electrode
R84 PSR 0 gy R W L0 ety coupld o
regioovofdissge loif a\fsmitt?] mg)ﬂtlﬂé h%b]ttfwﬁéifj tH¥di %ﬁarl g\r)ll‘.lgﬂrﬁoﬁ’fs & the
rme
lo %7‘:%?.%8%%3@%%9@"5% @gma@é alqar@vfgagnstal endpgetiom. This
d d ti
8 b, AR CRE B0 e 3 She BRSAGR A4 oo -

veatnmllarrstn:mtdatlm dmnmaj whein tHeecdlisaste 2fpied & S%ﬁéxﬁ’ess
distal end portion so as to be

Cogﬁé%'ﬁ“:r‘?{a%ﬁn f?@eéeﬂvail\/&. of bigllegicalfequivalent thereof.
SepAHé‘ﬂ"l%F abPEctF S infaRfloh N albhathodM8r RN I?urlng a cardiac

stlmulatlon system for providing cardiac stimulation to a heart of a patient. This

method includes providing a cardiac stimulation device having an elongate body
with a proximal end portion, a distal end portion that is adapted to be positioned at a
location within the heart, an array of extendable cardiac stimulation electrodes that
are each adapted to be extended from the distal end portion at the location so as to

be positioned at a unique location relative to the other extendable cardiac
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| ocati on, and a passageway extending at | east al ong
the distal end portion. This nethod further includes:
wo cadiosgoa vol ume of cells within the passageweyT/o820031€34729
bi- ventricular stimulation device, wherein the cells
are adapted to over-express 25 connexin-43 or an
stimdladion eleeiradas withing ragian ofjtissale wijhinthe dweart; had @ofassageway

Lt e T -
logiing divetura@oficalis withilthatyaR8a &Néy,hﬁl?éﬂeirpfhe?cé?\@;étrléo@r?‘apted to

This nethod includes providing a cardiac stimu
ephancaelegiioa stimulation pittke beglgn ofitissuefronothierarrayeaiiextendable
el%%’frbb%" a distal end portion that is adapted to be

positroned at a 30 location within the heart, an array

of wictheedspect af tHerinvehtidhisad hdth&d fstistipifatind'8lregidhtorf a
each adapted to be extended fromthe distal end

SERIHM 2 Aeatties a palient by: deliveringat lsashoré tartiazistimukation

SR 1852 80 Al ekl S B SRR St soptm
ofsthierhaaat, idefivertieg arvollefe Wf EOhdudiveaeit tOh bhRRUS tissue within the
wiithin the heart, and a passageway extendi hg at | east

sentyRyassreiated wiih s eeptalinestoratprivessait aAod, dftarithevolume of

- . . ' ) f . Lthin the . .
cOIcH8 Sgent RCINAr D el Stifusinditnd febfon of tissue with the
atdeast one abrdidag stirhalation efdctidae. r egi on of tissue from

the array of extfendable 5 el ectrodes. Anot her aspect

of HOthenAspechar the Iaventianda & methad failpsevidiggdivegiriaular

; e ] ent : iveri at .
Bt 584 et /oy PGl st i
leaskoeuattepef therintepventriesitdr saiptdrnnasad in Burlth_er modes at least one-

elivering a

thl tra-ventricul ar eBt um of the heart,
8] 852V obeihistfe a1 EPdg etk miieh A Algidhé sepiUES e
W t WnBtHé?eastcﬁgf&th\?rﬁ@ﬂiQtaergﬁ’t’HJohfo? I%ﬂm%fﬁfn%] a region of a heart

_perforator vess er the volume o
In@opaticrtibyedaliyering iasvofiehe of cells intd thé Fegio® thairare adapted to over-

stinmulating the region of tissue with the at [|east
eSS 8?’&%‘%?3“'&3 ShATRRBRIdrMatiNacor Rinlpgieawvalest thereof, and

prbbi@m Hﬁ’é‘écﬁl’kdl%tlﬁﬂuﬂ?stlla)otﬁefr@ IOH[ ovi di ng bi -ventricul ar

stimulation to a heart in a patient by stinulating a
r egil b vefious espectshaiodespembedimentts, vdridtioast and features just

de i Fieiter Ginstlased fo heudensndenty dengroabuhawasAHIg
cordBhatiBntvitiRtheBthBrathatidh lﬁ@(jﬁ?@ntﬁﬁpﬁj%}er %%@Ia@%ﬂﬁ&tbeneﬁts
od for stimulating d regi on

of the invention is a mnet
frogx thgirtvesious combinationiseas may betetiniade riynaneaof/oidimery gkill based upon

i he, region that are adapted to over-

the&?t%l&gpgg%ﬁggkoﬁy% or an anal og, derivative, or

bi oF a@hér GisjBLisrRNAdANRE R of ABINVhtInAWHI HeroBBht out in the

el ectrical 'stimulus to the region.
following portions of the specification, wherein the detailed description is for the
purpose of fully disclosing preferred embodiments of the invention without placing
limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more fully understood by reference to the following

drawings which are for illustrative purposes only:
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The vari ous aspects, nodes, enbodi nents, variations,
and features just described are considered to be
w0 pabepesToent | y beneficial without requiring  PCT/US2003/034729
conbination with the others, though the invention
further contenplates the benefits fromtheir various
corrtﬁ IGatli shrowvsaa cnaegs-Sectiohdst diyeanh evithf maltiglensegyorsskof Ieft bundle

25 the totality of this di closure
%&ﬁ%ma@%@fa&ﬁﬁa aqcoidiay o sy Samgiand methods of
th@‘g)r@ééfﬂqmerﬂféh inthe follow ng portions of the

cification, wherein the detailed description is for
t he Figu2psieavsé simildrycrdsseéctiomof thediesrt with emidtiplemegioss of left

bRl Shou ot G hewsiokh RedS atdhe TOBRIPG I & delivery
ca‘fhétbr b8sifBh&d %blnlét Héd%c:ﬁﬁgﬁg tﬁé right GERIER. t o the

 owm ng draw ngs whi or 1llustrative
pur |chGe§ shdws a sindilandragn dé cithiroRtheGRaiSStHe 0B8RI, 1 and 2, and
ss; sect i on. of rt with multipl .
showt o AuBSRa et riodiS & B0 i nvenfielpdio ol i pga afecting cardiac
cdﬁ@ﬁ@f éh 19 GEhVERSY IS aQiabing t"s@ué 'F(%gléﬁsrél%’c@d &ﬁfﬂ\erﬂ%fﬁﬁﬂﬁleﬁ bundle
of the present invention. simlar
bleeksss- section of the heart W|th mul tiple regions of

rod 6% 4B 2 ST v Rt Derpartshdie B FIGS. 1-3, except

Eh@@\ﬁhd bﬁﬁﬂférﬁhg@dé"ﬁﬁ plaAthP SR WY oF dritgfgy bﬁmer%%‘tbré 84fdiac tissue

3 shows a si m | ar cross-Section of the heart
regmmlatadmmnmltmleﬁtbmdieb@m a subsequent node

car F1GES iR AT FeLifB et nAR el by siiar to that
shio@@i lﬂFFIG?Habﬁée;StOstv\ﬁng&Hé héérevdnﬁfé [dedliEd e suig?e Pb Q16K BF left

FIG 4 shows a simlar cross-section of the heart
busklésnalock as|indicatedsby are@siow. showi ng anot her node

1500 e A Sl G fESodbrieh b e i ofk R region of
lefobanlie bI6EICshowR e WG 25, Camb Shaes bhemede af traihtemtidwith a
| eft bundle block simlar to that 15 shown in FIG 1,

deliyersiatBpighipagitioned meainst e sertunviedheigt ventiigles
regll-_qg ¢ sHo?/vsta sWﬂ?%‘?oQ 96KiS ftﬂg' %ﬁfﬁ&%}@n l{ﬁ%ﬁ”ﬁnd 6, and

FI G Cr 0Ss- sect I on

shos 4 Sabéecafai\t hegeoof wding thes inventich evhersin |9rﬁz§g>dm affecting cardiac
FIG .5, and shows one nmpde of the invention wth

copghEtian i deliveERbinta sardian d8sue Eeeian relnteciodheriett Rungle block.

M 9leicY 8 k€ a side view, including some internal structures, of a distal end

portion of an extendable electrode array assembly according to the invention.

FIG. 8B shows a transverse cross-section taken along lines B-B in FIG. 8A.

FIG. 8C shows a schematic partially cross-sectioned view of a particular
embodiment for delivering an electrode such as according to the array assembly
shown in FIGS. 8A-B.

FIG. 9 shows a partially segmented view of another extendable electrode
assembly according to the invention.

FIG. 10 shows a cross-sectioned view of a heart with another extendable

electrode assembly of the invention using a screw anchor and multiple electrode
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20 FIG 7 shows a simlar cross-section of the heart

shown in FIGS. 5 and 6, and shows a subsequent node
W@B00usi3TgY t he i nvention wherein an agent affeckPCTyS2003/034729

cardiac conduction is delivered into a cardiac tissue

region related to the |left bundle block. FIG 8A shows
leads deployed wyithim el veitniayl arseptimt anchedupled te ayaesmaker éshown

' | dabl I d
bl dor BRETHEUE st on. 25 F1 G a5 shovs

atr P ' € | Bk i
. A AT s

B.gespectyely, imfd. 10.ew of a particular enbodiment for
! ) 5 0 A VAR 0 S
eloetrdderhd SerilsIg BT ih & thvshavh @Eir@@ga‘éﬂm SéHdtday & single lead with

el ectrode 30 assenbly according to the inventiorm.
myifiple elgcispdrgsdeployed withircaiventrigulsreeptiimarnidezoupled tcha

PoRRNaREF (G S Pt e e aR B e BhPecBoect 1 ode
- 18 FIG. 20B8%4HAR7 9 DaRfally drafiIS AithedViel A%H SeohOUAS electrode

within a ventricular septum and coupled to a pacenaker
asggRbihnhadapirdfar vsepEggrding tothe embodinneat sbewnan FIG. 12A.

acighg. - B _show transverse Cross-sectjone
D eun; 1w g Ciieattloi Vil bF SRRt i Ajotreh croctrode
assbm@blylOsing aHikglelidhacdioim 18a€ depfoyeadiitin@se Ve/calar 8eptum in a
heart wi th anot her extendable electrode assenbly of

firgtROsitiofent i on using a screw anchor and a single |ead

vent 150 P8 SMolsts SRR ety RFRISYE5A Bk Wi e siggippde leads
implzintechat fist Bpd seeondipositibhs uthi tHeewsitticlac sagunt! G

12B sho a partially cross-sectioned view of an _
ext @E@aﬁ%@ shoxts a fyther 1aoge stitgbing anialectical lnad@leng a region of

(OE=Tng ' enbodi nrent shown in FIG 12A. FI G
mt%gzgétﬁgg%r%eg{rdgﬁs-secti oned view of a heart with

anof@r 14Aestionsdz perspeetive yviewusofieg pacisgeésirode system using a

i nt di ac. | ead depl.oyed within the ventricul ar )
ol b 3 B s e o ycgerdi
sopUYl el yibE8 (Rl SIS BRI i vifhae

venFilGeldBrshewstaiperspe@ivel G@nstfaws agerituddlivery sitem using the

stitchi n% an eée trical ltetﬁd al ong a region of.
t

COTHIALY SRt PHIRIOHelveh agRt tptenhacesgiag Gandyptien inje
mydcavdial tissuBasHtRE vBhERLIRLBpEY WalThUdhAh vessel wall of a septal

perforator blood vessel.

FIG. 15 shows a schematic view of a combined cardiac stimulation system
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring more specifically to the drawings, for illustrative purposes the
present invention is embodied in the embodiments generally shown in FIGS.1
through 15. It will be appreciated that the apparatus may vary as to configuration
and as to details of the parts, and that the method may vary as to the specific steps

and sequence, without departing from the basic concepts as disclosed herein.
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coronary sinus delivery systemfor delivering pacing
el ectrodes into nyocardial 20 septum of the
woensivbes through vessel walls of septal perP@r/Es903/034729
bl ood vessels. FIG 14B shows a perspective view of an
agent delivery systemusing the coronary sinus route
to delnalientsayihimpaired enhdnctizn viatil bondlerstanthes (dspegially left

btmﬁi’% gwcﬂgwﬁggé’@gbf‘%@%ﬁﬁﬁé b{éjrlgfc{f ﬂgé gtfag{l.ﬁmwg}itlhungwme leads
couptscbvith 2h ifffeletable coRAUBtoRWIFESARE inSoré! cff“lhé’fsegu{na tq ke activated

conbi ned cardi ac stinulation system accordin
theraiengi eratlingfdepatanizationtdf dine LM intidoDESER ERroaIatbN.

' i fi I ] th
or e ER Y phfeabiSissatious eRerdashesdchisving the
e, 1o eaorn R pRftidular SEURY TR UBIAERE derks into regions
of crEdiag Fissugipeeraien to affgchithe\condutiiorcand iephaaté oespanad to electrical

: LI's of the parts, and that the nethod may
St'\@lét%ggﬁ]{egé't he specific steps and sequence, w thout

depan bnege§a@INahleydinshat is @Gﬁ?f@cﬁto%f@rﬁ%lé&%ﬁcﬁ@ﬁ St ﬁ'cardiac
-19 WD 2004/ 045709 PCT/ US2003/ 034729 I n patients w

signah die- diplegiralieendister, éonﬁmtb@nnetal&rmheﬁré% golymers, etc) is

. Y b h b K } ") :
oc RSN b oo BB ARG e R bR ocod via o
pecautphestsiittamsaardiag appriakh steR HscdHwn ikl a ﬁ’Q@%ﬂeﬁdféBro%livery

f th,ere tumto_be activated therefore enabling
caa‘@g@,q igy ,|c,;_;§ﬁ. N7 . t\arioug @ﬁwenhmai\@é@tlw‘ydﬂlwem systeme.may be

N ' | 1 ous

suladoPEGSF AL SIchL R BR VLAY stbetes an svstoms:
therfNogat sysibar deelohey by abhhsor & JbbinsBA! thed MA@RAHP deWc® and

reqgions  of cardiac tissue in order to affect the
syeigutievaoned b Blpaaseincsdpp fSdlte’ eatbeter dexice and system
ceSHRH SRS OB IR g 288 D'l i
andisyetenb comoggsrcilly developedrhy ‘tm%wlen@né”ngdrr?t ?I Si )

[ , et ivered into e

myo Phep e Easnn Hagemaket fese Sitarprreapichgla dplverefeatures,

' j c S .
o i RIS Sugh R BC BRI 1 e, wat s

paeemalter [vadinoa requinesintieasel poofilotth eccoitimotty apysderlelivery
such, delive such as for

'”"g%grP%%éﬁf%uiiBE@‘%l&gf‘;\%bﬁy%ﬁﬂ%@fﬁ r%kaowir?g thet thel eondustor agent is
colnsein oAV 0B e AR eI PO caton
| ncln addition & tHe specificambetrnernts \heteinahdwsysit éBeribed, other

ag?@;@ﬁ%ﬁ&@%ﬁg?%p&f%&%gﬁl égt%%ﬁé’ ’?or gctxlzoor’rrllp;)lis%nt%ee}gtended objects
of the invention as herein contemplated, as is apparent to one of ordinary skill based
at least in part upon this disclosure.

Notwithstanding other embodiments elsewhere herein shown and described,
and variations and modifications as would be apparent to one of ordinary skill, the
following embodiments are considered highly beneficial in particular respect, though
not limited to, biventricular pacing: delivering a substance or agent affecting cardiac

conduction through a delivery system; delivering a substance or agent affecting
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and system comercially devel oped by "BioCardia”". In

anot her regard, a pacenaker |ead system nmay include
waledouwer7yo f eat ures, 20 e.g. |unens, through wTOSHO®084729

agent may be delivered. In this regard, while such

acemaker | ead may require increased profile to
cdiasranguctionthragae praemaliey lead)remd, prowiciig xtendabledsiectrode

i.al fit. of knowing that th duct
sthRBRERARL e RERIthEt Bl STRbA%h $Pah aiubsETiAarad of the
veridoudar septemi fonniare émcﬁ@hﬁsé&ﬁ%'tme. In addition to the

specific enbodi nents herein shown or described, other
25 diféhtresractie theiewiendsbler elaetrodeiaspest didhe invieatibe, 4ccording to

' Ny bj ec of the, inveption as
orf e BHloldl RribinBhE Mg Rl Sarererialbinh does o patend apa
inaeabé thaekdtrode suefa ' i |
v L hot ao ot o o areaalune PORNRS el dfiodf Kifinulate the

MGARRIUEhd TR §8¢ 0 dae extended alectradenwillaliowniod lf greatdramount of
f di. Kill, the 30 )
R S STGN AT T TR

of tie heatti Jhbatovetsleetbdetdiiydhd fllatetMar@dc sBmulation system is
delivering a substance or ager%

bi ventricul ar paci ng:. i )
COHWSE%C[ Ha#'%faé?é@ef on @atientsiwithbendja baanieh bloekysuch as illustrated

n EBR 0 RS pchrldotBag S8 BeRGRa et s,

t hr degbrdingipcewilkies sbenthatanid inventiof mey Bet e Zjarticular
ctures with nultiple | eads that ar

| ectrod
beﬁaﬁ%brég"f @{9; eveflinaylansertimasueh es is Hlestratadt by taference to
ceft8Rl pHRiEWAr, ﬁgfs?raﬁ% leiSoHimBRtd iﬂgﬂa% %Lﬁpﬁ\évslttﬂuéﬁgf’gﬁt

to the extendabl'e el'ectrode aspe _
acc Bydjemgralsefence ththreFigaied, agtdeti ieshown in various cross-
1crofi.lanments are generally used to extend and

Y ) !
seplianiegadent fe ndjuda 2 BBt ventriblec?. dicusniel \atee Bniofiniestridio 4, inter-
' [ L t j The use of the
Vo BGEL P cANCRRE i o RPELhYEL 1Y, el o an
apex8. myocardi umto be stinulated thus synchronizing

el egtro-nechanical ¢ ni:r %ti on of the heart. The
nover sE'_PlQ’E't yolazéerg!npg&o r@ r dréatRaiepts avirg bepravdthi ronltiple
o entn el Bonsioee BRIy Roe e bftne present

inveptieme Fi gures, as well as patients suffering from
it will be

: ' heart (|l ure. ccordi ngl
As SHICRIR B B I%'%@htﬁéﬁe ﬁ‘%@'@@ 5\5%@%0?@905&25 ldull@are shown

d) rm . . : . . . | K h
berehs s AsSIa TSI O BsOREHH A SO s
appropghit Particylar i ofersing the preseRt gubedinentiafithigMBveritfn in this

oAt Bl i e e BB Do e &

LI gf\)én frg?\ph i FIG. Z, albhgehEdIfeKPEAReter 3085 ShEGAIF hroximal
end portion 32 and distal end portion 36 that includes a distal tip 38. Distal end
portion 36 is delivered into the right ventricle 2 by manipulating proximal end portion
32 externally of the body via a percutaneous, translumenal approach through the
venous system, and then into the ventricle across the right atrium via the bicuspid
valve 3. The distal tip 38 of the distal end portion 36 of the delivery catheter 30 is

then positioned within the right ventricle 2 against the septum 6. A source of agent
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ventricular septum 6 that includes right and | eft
bundl es 8,10, respectively, and an apex 9. As shown
whyooneivrence to FIGS. 1-4, patients havi ng heBCT/BES203/084729
multiple 20 regions of left bundle block are -
particularly well treated by use of the present
4Q lsxmmplemto Aproxichiat ané@ou}oraoftm&iehneﬁd éathater! &€ shown

chuﬁléfiqlf@lﬁ F?C?s f R’lo P| ﬁ@%@%‘%%&é?ﬁg}%%ﬁrm the source is then
déli%?"é?f‘fh' a o@lug&yguﬁieﬁg@bgﬁ@%v&ﬁ‘mﬁmﬁcl dheﬂ{/éllycééltﬁ‘éter 30,

modes of I ng t rese ment
througina dtsmall port locatezbomihe distas tipeda ofdhed:i@véhp@itheter 30 and into a

regionsof hsiat tape sspgoiatad itk inssimultiols it aindlerpiasks, as shown in
FIBY, @i TRs m&n8e B@&ér‘n?ﬁ?&?d Gﬁﬂgﬁrﬁﬁjre%@QﬁSm rrggeréaén beneficial
al end pottion

that includes a d tip 3
embodinignie(ed. desaibeddalowha needte fip, eith2r integral with the delivery

AR D BEREH TS yFB5ER V80, S b e,
WhBfe Hgéh hhepafhty %Qbéra%‘%: r?éBdlé‘fédu%bG rt‘ht‘?1 mt%rr{ah Bore of the needle

ventricle across the ri atriumvia t i cusp
will Heveoupledrpeoximaliyawith |tlpe Seurske afragedtt, sasa\MIIebmlfwmer |d®neloped
b(%i()i of the delivery catheter 30 is then positioned
Whin the ri ght ventricle 2 against the septum6. A

SOUNWth Gés@éetﬂ i) sept%\l e\é@tn%@@”ds%@@?so& tﬁ@Tﬁ&é‘?ﬁBﬁ%%@&%neous

40 is cou proxi mal end portion of
translurengl aalivaet @thef@s 3Ohoem alsgcb@ rraed forl dqhvery &fi schacardiac

SeyHEHE bl SO B4 4 s89E0L19 B HRIAEE, 8HhGiy W ric. o

Algb showntih ehate1Gv ar % pﬂ@*’e\'ﬂ@l &Fel8&rodddeneiera 58 realelivered through

port | ocated on the distal tip 38 of the delivery
th@ﬁ‘@ﬂ\é@@rca@l@teéa@ Which elegiradagi memiters 80dnay beisplines, filaments, or

otﬁ‘%ﬁ&ﬁb?%}?%‘ﬂ'&t&gﬁa@n@é%ﬁ@&@@ g\@'ﬁ%iﬂ%%dﬁ.ﬁg@@@hﬁﬁdato an electrical

en@rrg;ﬁsolureealmmxwﬁﬂ R elattiGedl carenbemifsici fbm members 50 into the
odi nent.s escri bed bel ow) a needle tip,

sepfalHispue- nBé/gRrQV'%WQ thesndearls pQ b gn aggyvétreelesirodes positioned to
spah! éjgfi\*ﬁ Pénﬂi/ W@%Sfjeat Wh%\,%@turﬁ é’ésﬁ-‘fjovstlrg tbgillr ;?érotnqgted current

agen re suc

em199|perailbmg‘oﬂ paptosed stishstiort d\erianfegfidiabf teyue $Pariniey a wide:

needle 1o will be coupled proximally with the source
arga wellsyitedfer piaviding praparikardige gendpelion fsemauchgn area of

mulﬁél%e(% kD sﬁ@ﬁ%@'l%lgél&cfé ofe 13 sg'n%ﬁr?m%e |Iia1fsnnlat@|\llg%ﬁ)%glent in

ercu aheous rans Unehal el'ivery c
FI&lL 40 be used for dellvery of such cardiac stimnulation
as

Shouifia dlepFede Fads0may laslalin flamena: spines of otget typos of
su?hl?l%ﬁ%h&o‘t’ur‘é@ t@ 'p?ﬂl&@gg&lmcﬁaﬁﬁaﬁfpm foFefidery and also
conduct signals to the electrodes. The leads 50 may be advanced through the
cardiac tissue according to various techniques and tools as would be apparent to
one of ordinary skill. In one example, the distal tips of the leads are sharpened
allowing the leads to be advanced simply as needles mechanically pushing through
tissue. In another example, a separate extendable delivery device such as

deployable needle is extended from the anchor point to the location to deliver the
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the delivery catheter 30, which el ectroded nenbers 50

may be splines, filanments, or other types of | eads
weowploexios o el ect rodes, which are further coupP@USIHOX0B4729

electrical energy source 46 proximally for -electri-cal

current em ssion frommnenbers 50 into the septal

lead santheBpadriodelivargd th éisat Ibeatidvm theough that aceadk. Wnidiher
el ectrodes positioned to 20 span_a sufficiently w de

aligraativer o ¢MBIsd Areawles fint showe - ar gblative snemyc seureatmay be
coglgﬂét?bé’ﬂwﬂﬂ ALSeh Q¢ ahmdé’i’gﬁjeséuéﬂ"iiﬁi EFE’(-‘TO e%glgfoafsp'ilﬁgé 3Blate their

tiIssue spanning a w area we

Waytbwodgmm@cmeactEBwlfacdepWMOn from such an area
&Ir’]rlg(l: ? ch as blocks 12, 14, 16 shown
. h (SN $RDSIERR0 IS B IRSIPYEANPITG thei dbctderbleadianembers 50 with

I
Sk iapiats S o, B 4SO LATEEIq, 4 ST B or o

a pm&makereorrrﬁﬂhnﬂiatmj whichpoay be@f pdaeﬂlowgrtypeml stjle to meet the

pe T heSIERE sTRURion atihg aeatioraib 8o Reas: shosgniar the therapy
ac\ééfdlﬁg'%il'?e?mbﬁ‘d@ﬁ Frﬁwet%&cﬁlcﬂ?eﬂéﬁékéi ’sgﬁ@[’c& S?ﬁre%cﬁgs

one of ordinary sKi one exanpl e
embodlmntse’écusstlmmatsﬁgaa septuin Jtheadriergy sgutdeetd rmyshe a Beentricular

PRl SoBh BB harirale SEEMAR 670 BBl Norvorated theroin
prwiasrm@%l Er&pﬁldté‘ %Elbhuﬂﬁ;vﬂh%?e SHGRh8PMORE eb@ﬂ@e'&aﬂﬁéé 8f such

i's extende fromthe anchor point to the locatio
engsgly seurcen e:onmmatezbfmmawmtheqmmmem ielude without

. the | ead del t |

i A RSl SAE bl GH8 o e

#p@magm )eﬁntéa&trdlaambnnétar ﬁ@'[%tdn\d%r ﬁﬂsebﬂidu%PHéﬁr% m/rqbsz DR”
oug bet ween the | eads and the tissue such that the

# T@743panchbisvenirieular tG@uundev\/dye pmddoghamhé‘lnsyndn@a (model

#Wioaﬁ\of%‘?ﬁ@%?ﬁsﬁ%%h%5@5*"1‘:@53 RPUBE GejpPiptidh: Shd Guidant

DBDWriier #he §t'dd’(ld:|t Al nwgmgy (rﬁ@delaiﬁ 2398&) Oa’ oM urder théproduct
4, ThIS may be for exa pacemaker or

Nageg | %msmllbt(eg nafet #1&69) @@d(ﬁ-‘uugant B?b(%@nevy@:enmdel #H135), all
cofirtefeiaiy AERbple Fora bbbt CREERS, the therapy

accxglgisgwherd hereimdesdriba, ahrartdicorsslesirddsd Rnsherei5d may also
settl ng of the present lo enbodi ments for stinul ati ng

cAelupremhubsrausné iy pelerss ot s lianpons vithodeliveny of @g@rgtm 8 for
enﬂ%ﬁﬁ@@nﬁ%ﬁgﬂdgk M}e\’\é& rF%I%PéH 8 thﬂe@cﬁ? f ?é@%ﬁaﬁﬂ% the embodiment

re I ncorporate ereln ovi d

of #HE 60 Prarml 4 weluldrbe eonibiesd. [rFhid highlyssresfided dkttd, the wide area
exanpl es of such energy sources contenplated for use

stlmmﬁlqm@omtggéﬁfay ¢fheleetreded memkars &t is duither combined with the
en'h'am:ééjl bﬂ&u%tg)dfj&?é t&ﬁ]%rgtféntﬁ%clﬁrthé' D084 td §%e It results.

nanme " Kapp
In another regard, the embodiments elsewhere herein described are also

useful for other arrhythmic conditions in the septum or elsewhere, such as for
example in the setting of a more focal region of local left bundle block as shown by
reference to block 12 for illustration according to the agent 18 delivery embodiment
in FIGS. 5-7.

A further highly beneficial embodiment for a cardiac stimulation assembly to
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15 #KDROO1), intracardiac defibrillator (1CD) under
the product nane "Marquez DR' (nodel # 7274), and
whpreowest7od cul ar | CD under the product nanme "I nBGRTS10QEN34729
(rmodel  #7272), all commercially available from
Medtroni ¢ Device Corporation; and Gui dant DDD under
bet bsedaocsrding@tae invisitioniie Showade IFIGS288)C. MMorepecifically,
inder the product nane "PrismlIIl" (e.g. nodel # 8_61?; _
deilﬁar&@ﬁtbstﬁr 36 mclupes aiarraneidemenspassageways 34, including
C : r
refpaafedo s el iR SRUTLOARITHAR0) AARER TehRBllS. The

cinceniferentially spiiced Rimerize34iebth tibades alegd veatrespective electroded
before, or sinmultaneous with delivery of agent 18 for
membgr SPnYhemasibei centiaf lumen 3¢ iheusas eaothaselectrasigiddaad 60 that

o e B gy s
dedivery d%arst thenl arichoring it thb septurayrespeétivey.r ®igthermore, the

.menmhers 50 is further conbined with the enhanced )
C'rEHEgﬁ@ﬁt'@ﬁy dRacaGelerkode® menbersdq A shawn ascyiding to a still more

SeplaTIneE A 10, RO BN Ry 2, whic
may beyhadé of nickei-titaniusn aloy beothepsupemiastics ehbiss eneraosh or other
suRbleoateTabhabisiiapte BeRe BoUsRo MY S Esperiye hituo 34 during
Slor o bl 31 5 Bk OB i s o

advane¢ intbdhe epptad ivalintF uiritbler shownds ao/eadtémﬂdtm btm:;rgdebmember 56
|y t - WO 2004/ 045709 PCT/ US2003/,034 e

th%@%ﬁﬁ%%f&(ﬁvﬁta%ﬁ*o{ntw 9@@%6&?@ MSTaHRI e, Hokh fafther ring

elétirdde NERWHPAT 3% f%f lbéliverﬁl %bth‘é@é%@,éﬁm@@gﬁaﬁge used to assist in

i ncl udes an array UMENS or passagewa
mapihgdo figd the opticial placerdesplanement of the stimitilatienelexdtioges, and/or

fol B Hftnd e hrSS ot imil2ion 28 RustfintBtah Eleiadk v o
el eqtHou@Mahe speoine rcoﬁﬁgur‘ét’ﬁ?h@ %ﬁoWHQrP] ;F:PGB“ BA-C WB RoRbidered

houses another el ectroded | ead 60 t forms a
besefieiat, $he yatdous faaturesdjuchtasohembaer, platementobr spedific types of

oieifiBhlsire RS AroeFs e skbsitiBsmag vaiade. Hor exampl,
otiter fuHIb&rseirid @éﬂrdsmw?liébéﬁfern@éjﬁﬁ the ehel r%fe'?gnﬁélﬁ/t spiarg:ed

shown accor di nggto a sti [ I me

more detail ed enbo
elentrgdeganembens PQdeaybe used hagreraly dasidng@hdremos electroded

meffhef of APt iolRe st difog et wihuherdlly Batyeen 210 4
eletioeledahenidens 50%%%@69%@@&@@%&?&%{5%83! 1% another

respective |unmen 34 durin delivery of tip 38 to abut
example, shpwidn FIGadd meyveable sliies BBds Maveablmwithina passageway of

anit%%%(grg%ci @Fegrﬂtse%fsrogtggi ﬁig}%@érsl % 8,i:éiglg Iyﬁ%nﬁ I%%\A\'/rv]itﬁ an%lectrode b4 at its

tip. The moveable stylet 58 is adapted to assist shank 52 during advancement

through septal wall tissue to the desired location for positioning electrode 54 for
stimulation. Such features may be provided instead of use of the needle assembly
shown and described by reference to FIG. 8C, or various modifications may be made
to combine various aspects between those two approaches, including for example

for a particular electroded assembly 50, or by providing one such assembly with one

-24-



10

15

20

25

30

that is further adjustable in and out of needl e nenber

52. Yet a further ring 15 electrode is shown at tip 38
wo@RoodekiTvery cat heter 30, which may be used t oPE@EEREN3/034729

in mapping to find the optimal place for placenent of

the stinulation el ectrodes, and/or for additional

desigrf ane ok rhore @ctdomuhgttd)ﬂﬁb athed deksignul at i on
el ectrode. Though the specific configurations shown in

FI G3n agx-qasgy a fudhen srhespticpdeawial the foquésl%ﬁ‘f$ fran arrayed

elee! SonRt AR RS mpR L I b <CincR I 0L P array of
elesthrigd mieatbera50tis shewa.in Bagukx amzngement bdthima tizgissersely cross-

and correspondi ng pl acenents for the circunferentially
sengala@a heartder HysEatian Pyt theysnapsharra plangr qjientatign, such as in a

pI%ﬁes{réhQ\ger%?% tﬁ@é%n%' o QAELLidNE: %ﬁge%‘%}{:?r 'cE&rgﬁﬁbly,

resent enbo and  genera tween 2

arﬂ:heceremdmt 6fﬁmbecate5®wtmy abegoptofmptélwvalmwsyxe that is bound by
circunst ances. I n anot her 25 exag g‘aﬁlag shown in FIG

el%ptrﬁfl?éiamp@tm P8thgghave herr pesit @t Hn&usar%a@@wocaﬂons
argﬁgI SU%@'c@ﬁfré%o?%@bﬁro@g%p@r{]gh&‘?l?%\{l@lxﬁﬂgh%‘o@rs 50, 60, and

an el ectrode
tipn38 aalstimuatidre¢lebBodeas eolgped do beoasse of stirhalatiob Znergy (not

shauy)r g Y0 RHHOP DY RSHTRUS R ihele B0oitey BF yuptantially
stivdu |5t Paghmasggpavgmﬁwkféaﬁé be provi ded |nst ead of

use o e needl e assenb hown and descri bed by
r ef drarrfughenillast@ticd@)f the orieniation ofcslichi eletctroaded elendrds are

S g ANt platisdn EiCEo 1 TRRE Hhereab a1 11818 fulfiet provided with

aﬁllé?fcfvﬁédjﬁ‘é*eﬁb?ﬁ%”f@'tbfe %ﬁﬂs@br bl octﬂé t25G& being stimulated.
assenbly wth one - 2004/ 04 709 PCT/ US2003/ 034729

Howevgn thmtlronmfemnhalrafrangemmentr@mm such a3 ek lGlekiByn.
sche

coxtgsBRraBaP rafion: e.gey Beameatirgan oot SRt iag,pircuter, with

diffsretitngtiiof H\@n#lﬁ#s 58, ft@Aniple FiwitH the d&Yera aréy chf;h as at
el ect roded members 50 is shown in angul ar arrangenent

anghoh bl aifset mrtbmeﬂw@doqundrreg@na &edniomegegheshithe vigw of FIG. 11B

sholys RaRichat viel of b HanaleaRLE fiefetcd Bplin S Efth8hdioRs.
HOWesRs; ey b'éftﬁ\modnﬂéd Beiahtatibn t0%ieqn diiffbMt plafBs BAth that a
el ement 60 is | ocated V\nthlnarglono septal wal l

thrgesdimensienal voluseriatisestal tigsuetis aedmﬁbegeglont [l further, the

et eEhel o Lp hindlnE el AR brtReugSghiggmutated

re§iodVi Slisiastdaaigoorroretdlscratslrddiond, is¥artaer Abfei dastried.
el ectrodes coupled to a source of stimul ati on energ
g@u@érrgglon by

(notlt isspdwngppreniated thahdeppit thalbeyeflis of stimgtaiin
ool 50 HPRe 2 Al Bdotroc 3 A6t 6l 8l it s not

necessary to provide all such elements as stimulation electrodes, and removal of any
one or more of them and such resulting combination arrays are further contemplated
embodiments hereof. For example, central screw electrode 60 may instead merely
be provided as an anchor without electrical stimulation capability. Or, it may instead
be a simple electrical lead and not necessary of the screw anchor configuration. In

further examples of modifications that are contemplated, discrete electrodes may be
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For further illustration of the orientation of such

el ectroded el enents are shown in different planes in
WO-R@BH0470A- B, whereas FIG 11 B is further prorCTEs2003/034729

with 15 a shadowed reference to the region 18

corresponding to the tissue being stinulated.

posiiapedrat vahigus issaiohs aisid fle rﬂéhﬂﬁ%&ﬁ@ncﬁ\h@hﬁ régioh 85 as shown
in FIG 11 B corres gondl ng to region

at pipatrodes, 55t FH G .1 2éy-BntOsthepthe elﬁstﬂoeetﬁ @tﬂraents\/dq may be

oofiat i Brarm el it Sim AR canaRing Alos BEPishotls obf e

bdundalies ofirégien a8, 18. 1 n one regard, the view of FIG
11 B 20 shows av\g]artl cul ar view of a pl anar array

rrenﬁe!ogemjar_tlwla astiment stamgnérp FI Ghel3d aégelgﬁtroded
R 55% R S0KVIRR H0ebl 544 BSEE P 13y booran o

thd ebedkdorstylebemtrgiirsnts3fifIGS. 8C 6e9, re‘sbectl\miy apuitfple such
menbers 50 may be further .nodified such that the
eleragntst Ay betplacedinethis Magnen assshawn A5k Kaid! 3Bvdn @h affngement

su@h %ﬁé 8 Jo‘?r%lﬂﬂﬁo stn'{u:jﬂ éfl@‘grec%ﬁ‘ékiﬁgﬂ%ﬁfé ?@?nd 25? ddrrespond to

preci at ed espite ene

thebwetdlla‘egram oftissuceld iat mstlmmlamr@zﬁy BResealdneents 50,57 may
Iectro e . 38 E? t he sep wa, surface,

b%@?ge‘i§€@§‘@5 \2'4 "i‘t@t @@PE?A "“cﬂ"I6 élﬂ@'hllegpgl%ﬁﬁrgdl%geparately
thSfefoM astdcﬁrbseé fG. drieQYH m‘é& H ' JonPWith Yhe same

nore of them an suc resul’ting conbination arrays are
intracardimc dedinepngatheted SOmTtBaxplalm;etdellhenednéwcémrAﬁalamabement as

ShEPBVINGUG: 1355 e oS ToLEIBMANS P SreceaUnled 1a,Aaenergy source,
suﬁ:gga%b%hgéé{ma%r of aeﬁBWIa{d?Stlﬁ@‘?urtﬁér é’orﬁéﬁ?}eﬁe& hiesitthé eRlivery

not necessary of e SCrew anc
catletér §disatermaoved afterf plachmenémﬁlepdeﬁocﬂ’? andibefaratarafter couplmg to

i85 e £ Tl 5 o

SCall i'F?&bc n% iyt hi n
an‘rGZéqééjéédlf dhOIBﬁgﬂét‘Pﬁglsgngt r odgs SOZQ| n FIGS. 12A-B.

a tAnmrtrtemén@dhﬁcatmmecSI'@annrﬁI@ EIGO;m;hetneln aamodieuveashanical

SHRGH %%Hva“pfs?% ot SR ot thé sal dad 36 df deiygyy catheter
30and hadprd tBlﬁ‘t't&‘rﬁé sﬁgdl@@aa&ﬁbwﬁié@m overfd Iehgt ionPéf septal
el ectroded nenb 50 is threaded into a region o

wall § §asue.nExamplas cheﬁuchanegmmnsmspramdmgifmgucb stitaed lead

dI «
PIRGERRR Mo bR T Al pRvideeirenRyRiRg refessnge; Fiexivie
MichdledXRsHEEArrags Veitl® Miegiatéd (Asetidh Devicas ”@yf@’mi%ﬁemawd P.,

such that the combi nation of multiple el ectroded

Nighelgeht Bicharcrand:Allers MMarkdon yaripualy of ke Sebeallof Elegfrigal and
Chaleh el 5o 34 FUEHE B 18RSy BHRTRe oot o Medioie
atFERoF UMblsitd; bothtin Atents, Gedrgidi Tihe SkRdsUres ¥f this reference is
herein incorporated in its entirety by reference thereto.

Various modifications of the preceding embodiments may be made without
departing from the scope of the invention, in particular in so far as modified in order
to achieve certain particular desired results consistent with the objects of the

invention.
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therefrom such as shown in FIG 13B, and such may be
done with the sane intracardiac delivery catheter 30

woroogepanat e delivery devices. After placenentP@sUS2003/034729

shown in FIG 13B, the leads for elenments 50,57 are
coupled to an energy source, 15 such as a pacenaker or

def i Pf'nn examnple, ohé desiréd réel ofthetagept dekvery al dxdiendable
del i catheter 30,is renoved after placenent of
elpgl é“\@fy §beQ§£!’F1§FES isrto prcethe Heprti %@V@roa large region of the

oG54 351680 06c BRI LU Mol RE A o0 i
effants)of bum!lestfho@othelré T heréfelmﬁmﬂmtamtml’i aga. ofﬁthélyebhﬁﬁ 6 generally

di f [ h FIG 13 wherein a reno
mABEH 2hEest OBe TR aldhe SGPIRLUAMASHTAIbE SNBBMOrdbeneficially one-

foBFt ér‘?c?gtllﬁg'ncirg%eﬂbﬁ&%h ﬁ{&e%ﬁarﬁ)ﬁngghlw %év&@yﬂgtrﬁﬁf oftfle septum
aape to stitc asmgle ead nenber OVEr a
(ideaﬂgt%pt;mngd@ec&ntmé sepiuna). Invhislregatd, suﬁh(;siliinaignbﬁ’sisdferein
itched | ea

iR e moa 1 Eovan el danoTietrastPriieaE ovlaban, suahes either by
thé@lé&ﬁ%élgjlécﬁfa‘? & af8atly fr bﬁ?‘ér@%ﬁcﬁdﬂoﬁ%@é@c&é ein y%@ﬁ ed

I ntegrated |Insertion Devices
prppagatmﬂ\ihemmsvla ﬁrtlﬂalailyaiaiﬁvemdobdlddwtlye sekt. preover, deploying

' d
UGB pY ptentd BB SEROTSR Ay eeoh s Vs Arer Sgy BAYENE ndn any
ev%‘h'ﬂCtﬁbug’rﬁ sﬁﬁ@u!é&ld@esucﬁnts@%%r}tlawég@ﬁ@sw hiy éf%e‘ﬁ&al in many

At | anta, Ceorgia.” The disclosures of th s'reference is
applications ofctbedgovention, itris notrespineddén prdsr toedftil aehave many of the

ot fii s EBOIRH B e Elirm BRecraing \Bdfiions Sbadimests
dé’s@ﬂ@@dﬁ%réme invention, in particular in so far as

nmodified in order to achl eve certain particul ar
desi thedinvestion is mgulgtlmeswﬂbed hhr@lquretst%wm atﬁwemaker as an

570 82003/ 729
el T BhRR 46 O FoHAIG e et 3N niom gSsiiped, which
catvbeintisiahbid @ﬁtérﬁﬁ@raﬁ@dn‘d&hﬁy%@%@h@%écbﬁnﬁ&cf@ﬂyévallable or,
the heart 1 over a |arge region of septum 6

e.g.
SU@thﬁcemk@r arayabe mocbib%dwfqrn@es/uth ﬂ'tﬂ @ﬁctred@arrafv assemblies 50

i o?ob%glge%{rgﬁ[eg’e éﬁgf%gggggr{llﬁeeab é ¢ hrﬁpl% for a given

ore

nL@ﬁb@Tcﬁljd)Meé naoBimally ased eaphc® aehdarf 1 Nizothet StpteRIB asing
wal |, and may be even nore benefi ci al I%ﬁone fourth

cogvgntignal |eleﬁéﬁ0éieﬂeﬁé$,u sgichl anergy fese may ba dividad ameng the many

eI@th regrlg éﬂ?lafrﬁa?/quttﬂg hr?\@e%é&tp%'r&@ﬁq@cﬁ%{éﬁ%ﬁ !&%pglty at the

eld?tﬁrodes themiselvdsd [hanatasr reyard; ﬁmr@l]omlbgtmé},xb@ﬁ'eﬁm@a inan
fICI al stinmulation, such as either by

'm@P freradhe @?§§Hﬁk§éOUﬁ?rrf@@tﬂpﬁquf(ﬁﬂ@@FPd@Sdﬂttb@ iagiay before reaching
th@ Is I89§I| Ei‘t%{nf%{ né BI'%@ c e g?ergﬁlééoé'&ﬂ/te'n?@ u%}{[)\g %%(/le&al systems.

C|a |vere ve  agen
depl@ihengreas of the heart 1 may also be stimulated using the embodiments

herein described, which may be modified as appropriate for such use according to
one of ordinary skill.

In addition, other stimulation energy modalities may be used, e.g. ultrasound
or microwave, though electrical stimulus is considered highly beneficial and

efficacious according to prior experience in the industry. Moreover, to the extent
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such agent or extendable el ectrodes may reach to the

apex 9 or beyond. In any event, though stinulating
w@amh/0sThst anti al regions is highly benefici al PCTUSZING/034729

applications of the invention, it is not required in
,order to still achieve many of the other benefits

stimutatinn] in deseribadwith respec to thelembotliments, i & gensrally intended

' 15 .d i,bed h in. The in '
BRI Ry S8R el bttt Ao Bersoes e
actdrding t6RABEYY GSINEPP n%ésﬁhgﬁal%%e?%ﬂyl %ﬁ-‘éﬁlative.
CT 1 bed, i C canh be

el ectroded arrays 50 herein des

i npl @l awiures anddmparticular exmessign be ovérexpeessigeof Cx43 or
er may be

' ilblable. O h k .
oBATEE B4 i AL s S B B Bl accoring
toEmBAdinRMOUSIAG&HendS to BhIPH RCELIRRR TondBctisH ﬁ'wte heart, In
descri bed. For exanple, for a given nun%er 0 Jouef es
PatHeytar assagiation: withy gg@u(taﬂwadevidew sach Bgestsparerth6refsiegonsidered

DRI ARRn TN i s v b1 3RS RErdif smpiasiio gnelectrode)
byi virte@'of the lochity ehbar@stisbictiBa —"t‘ﬁ%%’ﬂhﬂﬁﬂﬁdr ébéjag%rl éerléﬁs of the

el ectrodes thensel ves. |In another regar
heggly glectrode @indi hioelecrade stinnutase flarger ateas) avitigatirey deficits for

c%?ﬁln I es in.the array before
Syﬁé@@ﬁ?%g’ t g.cgér&@eﬁ&ééfﬂhe[ VeJﬂQCISﬁe el ectrode

ot hétes ageletsithian ¢tiodRIcRadesMSH haimel bérié??c?eﬁ%ﬁec@iﬂesrimilar uses
areatsﬁ of the heart 1 may al so be stinulated using the

are coRiamRIated. Heoreprararlec pihes gubsiances may b injected ios dtlarwise

; e ; .

anpfied RO eFuclsBl? EXRIRE B E Bine? syfSGmgra ictidd Folymers,

whictdalaytbeesomaucting inone, A Lo LESHNR
L}Sg%;ll ar)]/t eﬁ%t ri cIaIg Igﬂﬂnurleggmi (sejd(;:o%cg?ggfﬁe’)d drﬁ{ngmy g (e.0.

P ai"&‘?"aiﬂ Casfd theyt may 1 enated sueh @sgth eonguative metal; hydrogels,

' e I Mar eove t he extent
o S04 AR By Bt il 5 el 45 R s v
cadgingrgdie dr uthen coadpetive netdllparksidodi gt s, it is
gengrally infended  that such stinulation is done to
exc%lt'@f ut§ \xenlien {yriher sppteraplatass earabinatines or blends of the

di j . ner.al |
forRBORE P 59 aBfaidig RFond BlohiBeeTcldl Baffe BERRIANY tels, o.g.
overeppeassing Cid 3, ovith exqulyaer delivety et (thaﬁrn@?/fméd\fbé €onductive, or
m gquegem_r& hgve.b‘ien specified herein as highly

PORSCONAUND)- according to embodi ments using

ageyhfioli® cOMBHUBNS HYtWbah e Bf@éﬁf)ﬁ? %sisgmtbﬂg% %garctal}ghgtive

particul ar associ at ion wt h stinulation dev
agenfedrliyenr aretaiso describerbaboviebyp tefetdriceebaht indesitive embodiments,
ch of the energy emtter

o B8 BB S S cB Ao  Bea hecate, may be
maglen Fitdxample,! SB1SwIb RO RS Mdy BeStdpteWiAS: REIAW fumen and
used for the agent delivery. In another example, whereas FIGS. 14A-B show highly
beneficial transvascular delivery of electrodes and conductive agent, respectively,
into the ventricular septum, these may be combined. Alternatively, each may also be
accomplished in combination with a transcardiac approach of the other. Still further,
whereas some agent and/or electrodes may be delivered via a transcardiac delivery

modality, other agent and/or electrodes may also be delivered via the transvascular
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lo heart. The el ectrode and bioel ectrode stinulate
| arger areas, mtigating deficits for synchronized

w@oemdei’don between the ventricles. O her agenPGT/URZN3/034729

"bi oel ectrodes” al so having beneficial effects in
simlar uses are contenplated. For exanple, other

sepidisperforator mpprdechi -jgach eaqbpmsacbt imay wrevide fproemiethded stimulation at
i ssue Ies such ot her subst ances

l.he r
diffeeg @égasp%{tﬁﬁeﬁe@u"ﬂs geankigakRit MaygPreMidgrzcomplete
arfoegbﬂ; ﬁ{lo(’@ m%neﬁlﬁé%l@éﬂtﬂ’:%{laﬁgécﬁg NeSAR 946 BB 15k franscardiac

case coated such as w

anmodchnts generaliyaherdiry dhogrland desogbedfalstthe righbaeart system is often
i i onj r sol utjons or

preflrtath &F akCesst cHOweVEE, 6t ySivgioy B irapposician delbisayief sifker or both
of tRé @lgeRabhi étﬁhﬁﬁls‘lfevidé'g% ng%tléd boﬁtBHg‘ﬁEfj eﬁ"l fedc?éﬂ%ﬂi 'irPg%mblnatlon

furtRer cont errp at es I nati ons
withothegidghiyentrictfteraappoach cbniganavaeadahagpﬂcmcb)a nAﬁy Coalbination or

o B AR RSRO IS Sl S L TR G one o

ama@lygr(u asefupoR@Niskiisd8 onductive). Various
o |nalt :boﬁg ug?weeﬁ t%e gelf%ctrode assenbli es and

cond@lffereré vohuees otiagénte apd alifferehtounibers; isizes, pbtbemsband/or

oS o Biuiliceleatn SRS Lt (hBR auresiclannaed. " one regard, a
pri@@'légrfb%hb %'hél)fsféerhaﬁ/%e B féedé’féﬁﬁrne"_tﬁé SASHTTf ?lP]e ebhéiflon,

el ectrodes nmay be adapted with a hollow I unen
logaiion ofdhecoadidigener m@IICDuBealyatomncalrwnbmheraimmfethe patient which

e Ao EEHS st i VP Y etaE oY pIst0s clrdidnatsgy 1 Q6 @ real time
di ic dppFeeEsH nglanow ﬂoﬁ%ﬁnﬁmﬁs SREULE k& BE ﬁ‘ﬁorﬁﬁﬁé& ”%ucfbthat the

these may be conbined. Alternatively, each may al so
ar@wr@t&f@\@snt SHiglistapce,glitsiatiani ennwinbear ef eleairedadeplyment, is

maBREd 80l s, colfosRotilide Ashlpved” TreRbtore dOfPEAROR e ectrodes

of sushspaictiimentieiay Veyretriettillé bid RVAREcAIE Mroaf/tRkue so that
el ectrodes may al so be delivered via the transvascul ar

differgntrangementsmvey betriod2otbswrATonzatizpisachieved.
ennd e theriafphied B nBPEET HENERY aRiRicqode bmbodments,

thcsng’( highlw%mam| irhedbmbireitionneith eactireihap! 4r¢l if@ePendently beneficial
and still nore beneficial bi ventr| cul ar

a”ﬁa{B?M Eerl@@@ tp preydehenciinial raswiswithesit sequinrg theppthesch

oo YOl BotahalE B o, AadIEREr bBRAR VAol k88Ambly s

shbahtin \Fé@t 15cMere dpesificatly, dardiadstimgatorndystemnBI0 Rr'shown to

‘3 ent or stinmulus device(s) 1s also
in %ﬁsﬁ ér?&“&%’ocatg 448 teat eroneratesdpipriide for bathilelivery of a

3

blcgéggélgoad%%(ﬁ Rn'%e‘?l %&ﬁg@%@ﬁn%?écﬁ&c%@%\éﬁgg ? anchpr 140 as follows.
Delln&ye cathetero‘rrmalmd; atprdxineed epld@driiornd 12 it £ proximabdéupler 114,
dls?al end portion 116, and distal tip 118, and is an intracardiac delivery catheter
adapted to deliver its contents toward the inter-ventricular septum from the right
ventricle. Extendable from delivery catheter 110 is an inner catheter 120 with an
extendable screw anchor 140, and multiple spaced extendable electroded members

130 spaced about screw anchor 140. All or only some of central anchor 140,
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ordinary skill based upon this disclosure. 10

Di fferent volunmes of agent, and different nunbers,
wGermes4spat t erns, and/or | engths of stinul atiPeT/UsA3034729

may be used to suit a particular need. In one regard,

a prior diagnostic analysis may be used to determ ne
extemadﬁ)de ehctaidedhraenbeds 1 80nand thectyp obmenhber20 may be provided as
306 oS ou e B AU g g i S 120
M@%‘vbroéll@ﬂ@rﬂ %BFH% &Y dehitr. 901‘&?149%@@@&5 e?éfd%d%%i members

di agnosti ¢ approach may a or 'sti us effects
136k ombipi afonenhbes 220, magtbet fuethenadapteddd cm\ljeent a volume of

di,st ,_di ti nber of el
biGRIRERGHE o] B ool Al toupféseby. fie Simtiatien tegtiode sections,
FSHY f )ﬁgﬁgl
@ such ngreog-{&r]r'e%}? ég:r%f hbéegr \r“gt r act pl&ﬁ%cﬁb&%dg% %i’&(%t shown) that
arefudbeghceupiedito asoune of slidhf agenit78r (shogersshematianllye

fur 1S ORISR S R ad Bty Bene gl or gimulating
su@s%ﬁfa@ Srtﬁﬁ@,(tﬁ'tﬁé mtér-ver‘itheulgh sBp@inh ys&ﬁgé”sf fof 'bﬁ}en‘tr“bular pacing

onbi nation with each other, are I ndepen
amlelna@arbctdar traa’mgr’a?BBe As athay sqhoww ldeF IGeﬁéfand ilustrative of other

er R B g S o b 6 e AR R0T 1 as i he
septaiardll, v fupthep BBVIBe 180Th&y béRouREtoSRRH éés“eﬂ%ly fchat is an actuator
cardi ac stimulation system 100 is showm to 25 include

that ejithenadioywsdar avtomated Erimanual extensiaresf th@ rpspecctd/@ édendable
elgr?lgﬁiﬁd el%y%lﬁéryqlgﬁ'keﬁbsd@g?%a [ ggcgllj] eacﬂ%%q o!g@"ggstem such as that

shoOlr iIVEIG. B8 VIO of attaterhbddifhehds hardh, qncmaé n%wltonng sensors
portion 112 with a proxi mal coupl er 114, distal end

anguielated heréwaemnandips saitware, suel asdneprperatad into or otherwise

oo Sn AL A5 e 5 Rl BB diing ror

exanghé: O menélectrical h&xt eimaly for disgnodat ugeny detdrhfihiag the

110 is an inner catheter 120 with an extendabl e screw

stigndalion magle; and/anfeedhack eonied relateddadhe isiimsllatian sigeal itself,
e aced about screw anchor 140. All or
S”%F'IQ% ées‘rPe"]"%g e ral anchor 140, -29 WO 2004/ 045709

PCT/ US2003/ 03472 L ordxin<Erthan cihgC o ndective ngents 130,
and the tip of menpber, 120 may be, provi ded as
st r{heapre@ﬁnélné!em*%é@ the east@né G§MQ&PWX%@¥F§?S§'BQ cgllular agents
f
fo'lﬁiﬂ%c;ﬁ%ﬁ cent6 Ffaél'cﬂ'g g?ém‘% {%%%deg(c’t'@} ggﬁ@ 'ec': r odgg; p¥>l|cat|on Serial

Noretr®29 $,202 3fled dMovenpba 7, rm)mebyitlﬁ@samyinbentbm hekewf, the disclosure
el ectrode agent

adapted to.deliver a volune of
o i %ilaerﬁggansﬁrp.gre@ dautﬁmlr%fyshwqr@?%r@nﬁmhgfela uch aspect of the
. r n
ol 8 8588 he B8R Bbeh LAl up N diymace
méteriafseand metheds, tthateconbacting a myoealdialgwsiitwilly 8 résdvabinant cell,

h ti
su%ﬁ aesngn a ullt s\légletal muscle cell, which is modified to express a recombinant

connexin 43 (e.g., in the presence or absence of endogenous connexin 43
expression) allows for electrical coupling of the modified skeletal muscle cell to the
myocardial cell. The present invention according to the present embodiments thus

provides methods for using a recombinant cell genetically modified to produce a
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Thi s conbi nation device is considered highly
beneficial for stimulating substantial portions of
WO b@4iomizey - ventri cul ar septum such as for PCT/US2003/034729
bi ventricul ar pacing 10 and in particular treating
LBBB. As further shown in FIG 15 and illustrative of

copinegin Erobsiditoprddude parsibitdie fanctrRithbap Jlﬁhcﬂmmhet\b/eelbme
driven intg tissue such as in the septa) wall

regombinant ¢ell iane cesdiompCyie f@cﬁnia@dele@tr@awra%@mﬂ?nn between
théé‘é‘beflsS ?He %L@tr&ﬁom;)fn?ht Sélg'@&?kée 3 rgggﬁgamﬂ@ (or other

manual enS|on 0
coeinemfnbr@telﬁ)l inchedses! @ftemiatntaing tthaepnimu rmcambrd bdtweenathe
overaII system such as that 15 shown in FIG 15 at

regembinsnt gefe and mayrkardiat eellse Hisiprovising, apiayee @ grprdinated
elé&ﬂﬁglr&)uﬁﬂg V&Iﬁ'{ i%?é%ls@?re‘?ﬁ@é il c%araféi EWrgct I@H;ﬂhé‘ﬁresent

I nNCor por 0 or otherw operatl

ineardiogyprevidesemethosasf t@apaeanmmmfdmaéd by transplanting or
[ [ p electrical heart

gréﬂ%l:gg[glgggﬁl 5 tg@ﬂ%gchﬁqi@ @gprggg @rqgnﬁ\ieﬁ@ Ip%cardlac tissue to effect
thé%\'b‘ﬂh‘¥ ﬁﬁ’lc@i’l %tmﬂf‘&%%gn%ﬁﬁ%?%c%?& f&’ysfﬂﬁétﬂirre% EJQrtlcular in the

at1on signal such as set
sedting oﬂntnaeveninﬁﬂhkasmptagstmmmmm | stsh/aewith p'ﬁkrenmkessamt
iaventio e extent _u exi n- expressin
aefDifioss. SusbrasfoT eSAMPR (o B ANRGUB GAcid % duraiis measure for
hd<ff Bibed t o co- pendi ng U S. patent application Serial
No. 10/291, 202, filed Novenber 7, 2002, by the sane
i nvdﬁeihnltimrseﬁélatedhdaoQMeosmuEafnﬁédnﬂem ch is herein

iag gg@{)o t A g?mﬁ?ﬂe%n%rlﬁr l?l@lrg{}é R ep Yo %%Eiﬁngnts olf?frn]e present
inGarRtRN Lﬁ@ﬁé %'iol@@éﬁlrd/raéé"@%’r nRRSAS é@@i&e%tr%@ éﬁé‘?‘ﬁs and in particular

mat eri al s~ and Tet hod s, t hat contactlng nyocar
withetaspeict to ambedimnenits aelatagbia Qonramh43§r@mraalu:lhtagents related to

tn SRofionrR Siitian IndiSof org he Bieph 85¢h ufifu8isdunere herein
us@@&ﬁi‘ﬂﬁ? FesPect i8I 6BRA @HHOMNBALS pﬂo@@]ea%é?ém %ﬁélh @éﬁns shall be given
lows for electrical coupling of the nodif

thgle erdinary, eustonearygneaniag @geordndtseen af or;hmaary SRHk;n the art related

toREl Ehhpodiril leRE SR s setta g tiemies SRl dgTRRn bith
re§g8eittb Galchfespstitiveesmbedipiepduce a - 30 WO 2004/ 045709
PCT/ US2003/ 034729 connexin protein to produce

per sPolyewclealidet ps wgrpd dgpein ualters tmanisdigapesleptide, nucleotide, and

frdgl AR inaredh RSN R Bk BB ice (i), raoments.

parfioni€epahiiserye meldcaldsithtredf b to DRPOGIRNANG gerbinic@r synthetic
ot her connexin proteln i ncreases and naintai ns the

orighmithcean ba shdlowe@idquile-strasdedanthirpreggntdhe sgnse or antisense
st{%@f yﬂ%@é BﬁJnluggato? Bg’g Q{:s%\éi' ﬂ r@%r thhsopVeﬁ:?lrcgﬁéigrchleotlde sequence
(eqf.fd earmexin 48 pohaeptide- en@Odingcﬁolj/nUdeot'E@, pobsrieieotide” is meant
to encompass polynucleotides that encode a polypeptide that is functionally
equivalent to the recited polypeptide, e.g., polynucleotides that are degenerate
variants (i.e., polynucleotides that encode the same amino acid sequence but differ
in polynucleotide sequence due to the degeneracy of the genetic code), or

polynucleotides that encode biologically active variants or fragments of the recited
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i nvention provides methods of treatnent of cardiac
di sease by transplanting or grafting reconbi nant
weedtosm43todi fied to express a connexin into carBPCHUS2003/034729
tissue to effect the ability to artificially
stimul ate regions of nyocardi al dysfunction, in
pohrantidel mcluding pelybucleetitiés gamhgIsmbsmmlehséqwdﬂo%rsxmllanty or.

h k
soBEBNEY 19 ot b endeness s acbhoin v Siarbuaolypeptide”

t 0C " "
as&%&?&nlﬁ?r;%?n?f%tg tgtéeﬁé&tl Hﬁgxﬁ%’cgﬁ%‘?'&otgl there "polypeptide" is

re¢itad b&ﬁeﬂfthanfeniq aaming acidriegeade o aamtlisally@ccurring protein

mBRE, iy estieh AFlke Tabe arenobennb @ ki fogiamino acid
segdents to ﬂfﬂﬁcdrﬂpﬁ?é tda‘fl%%r W&cﬁi 5 chPe?ﬁ:’e éé%o%’g?%ﬁj W%é recited

rel ated to connexi n- or suc agents re
preteén moleiude,i an lm‘teedpsr mnbtv alseremcbmpEsstbislogicalybictive variants

or B e B eRHe RS Ge dah i subSiSial stegurﬁgg%géﬁllatr%eor
sequaree idenfy re‘l’ét%r’tértbfe aPMd QRS é/eci[%ﬁ‘i?:b %r%&?& ﬂbﬂé}

one of ordinary skill in the art o' 'Sueh
enb 6@ Urad herei, & polypeptidetrafersaicearoaminovasie sequence of a

reRIGHRER: hé BecdREEREL b lupo P RSkl Reramino exbssauence of ) a
native pbiypeptigé antd M@logf&éﬂ}/ detivél fraghiadht of éﬁgﬁ?}ﬂfe?)tl% i), biologically

ortions theréof, as we as to peptide
ac mylyppp@@en@n@lggs o@ampodm}ep(bldeant v artielogiziatly atthge variant of an

pobBEBEAL. PAIDbIACA B Bk SRS B RIS o 5 spoces

e.g. ,emamaliart bEnQ@Mnﬁfahéﬁt(é@er}‘éﬁtlle%t éﬁ‘ib%blé(ﬁf l#vian (e.g.,
nucl eotide" is used to refer to a spec
Ch'ﬁg %M’E’@W?Ht‘ %&M@@, incliding bumannmdamtlé(é g., murine or rat),

| eot. d poI nucl eoti de’
e L
whpﬁieypmhﬁnaﬂ&yhﬁtﬂtlcl %ﬁh@%th@f@bf bbc%%blﬁéhlerlfoﬁ@(a‘rﬁ}ﬁe "Human
reC| t pept i de, ynucl eoti des that ar
ggéﬁygﬁwﬂds r%fﬂt%toghe@mlnp@qmaeqwqweﬁ lscHated human

t di.f f.er
CXﬁ%?’%ﬂ’?’ePEQ? Pt ag o 8Pl SN ol e el Bppiraly-
occgﬂ,rneg atlelimdm]antsrandoisInot use e tto At mbeﬁmi‘hﬁfé&@ seq uence to the
caII active variants or fragnents of

CO'PB%’“% tive AnRo-anid seausnee mpp@a@@amdbemglted proteln molecule.
I
LA Aot A el BRI S5 bh Wiipd A Sequanga that s
alterredeluw aree bomohe amamml acidege .y deletibr) &dditiodiinséribh Yand/or
p dher inrefers to an
S“Qﬁ%&@ﬁ@pﬁ%@m@ t’eon dﬁe B de aiugleolirleras anpopasichiasitires added
to drend 8f tHe o'ﬂé’du?é Whif ‘ir’féce‘f'ﬁo ”q'e?é}gqmnpgleﬁfgg of BHIRG BRid

of a naturally-occurring protern
reanglelsqu‘weed eésndtnels bf & eatiraliE-oecwrringtmoleaile. tThd vafidnt can have

{
conserva{r\]/e changes wherein a substituted amino acid has similar structural or

chemical properties, e.g., replacement of leucine with isoleucine. More rarely, a
variant can have “nonconservative” changes, e.g., replacement of a glycine with a
tryptophan. Similar minor variations can also include amino acid deletions or

insertions, or both. Guidance in determining which and how many amino acid
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sequence to the conplete, native am no acid sequence
associated with the recited protein nolecule, but
WO p@ie#iod s neant to al so enconpass bi ol ogi cal PGT/HS100¥/@34729
variants or fragnents, including polypeptides having
substanti al sequence simlarity or sequence identify
resldlms invay be substitaited) cadaleddlrseﬁtee e elelgted withedt Bbokshing biological
sed herei.n, eptide"” refers to an am no

or d’c’f‘i”?zl-’ QRieAlRCtity gan ,b@c Q}élgﬂ MSIRg ePMRAYier Pee@pisweall known in the
arB 3oy &b féeljmb(ﬂ‘:fégs@ﬂw?% no acid sequence of i) a

native pol ypepti a biologically active fragnent
of ady freicigie priddef, intarest” ks mieapt any hucleicacid €e.g., DNA) which

BRSPSl BN S o5 S or maimaing
elEQliyAIIUpIRG beaRbeh célib t i?negédé\fﬁlnﬂ?é)ﬁuaél% 54 %béﬁér%ﬁgelx linked to

from any species, 15 e.qg. an or non- manma
otiger. @equan@ps iwhigh aempaed)echfm' itseregalation .amd, exginesdiem,)uch as a

i an, including human, rodenti
pr E‘OEFF ar}fﬁpqugaqgwggme MS-hovine, ovine, porcine,

nur iTH tein %%lb@@allyoé&fv%‘” W?l'e)‘ hefeifusBY Wﬁ?aﬁf%ﬁp r@QPfect to
source whether  nat'ural, synthetic, sem -synthetic or

conaexinbPhhivlogicaroreeluiar sateriairffectingmresictiotthereof, refers to, for

e Lo bruEia Sl el e e EPRER i functions of a

naffiuray océ\m'lnp?cdm%&h pAlypéptided 9aﬁ|dulé“r&1 Wt Hzéb‘ect to facxlltatlng the
lelic variants, and i s not neant

OCCUTT |
esﬁatélsamemg ok &n¢lectpahestcalconhectionbptwearn acatl mmilﬁed tmexpress a

' d d eI
o P g R el Sl ABgt FeuES il such human
COARERIM pwy;%ptﬂeseqmmge t'hﬂfndn%log%él@fe&,‘ilveydéf"l‘?eé3fhe'EHp%blllty of
amno acids (e.g., by deletion, addition, insertion

the palusal, pecasnbivent o syheticanmenl copnexindenlypeptide; of enss

ol BofHle s, B IFRE A4 LGN ToURL i oMt ammats o

ceflisiah€ad ibiiel withancditheddr Spedifisantisdypet ween resi dues of
a natural |l y-occurring nol ecul e. The variant can have

" corl$@rieEM| "derivativen gedisegareinyeiersip dhe chemica morification of a
nuﬂfélc?j?&ﬂ%rﬁfomﬂgé Ip%b{o‘éﬂl&é A en | Soﬁ@&e%}t@d’ | gﬁ‘atlve of such

euci ne w t

mogifieationsav@@d \ber repldcep@antiof drdgynﬂwlaﬁraw lat:@! or amino group. A
change repl acenent o ycine with a
nuel%fpggarﬁeﬁﬁlvangoaﬂd pGRAe @my@ﬁpaﬁ@ wireh atainisiassential biological

ch?@g@&,ﬁﬁg%f%eﬁg[%é}g% )gfegtlﬁgse”' ons, or both. Guidance

etermnin ow many amino acid -32 WD

ZOOASOAEBZDBerB@iI' tHéSé@r&Sls@Mé’ét’le rmeantlioatestrle Recompound of
) sub titut e% d, |nserted or del eted w t hout
intgFRs) .(%sr, @ra yrugleotige erﬁrﬂﬂ'cypse’!'@%)l thakisiipjanyerydrenment

W e:
O848 3 ST R ) I b ror
inafide nd)mpeands rtlmtrafemltrmm;anmptdselhet arg sbt&sialguallthed for the
Whi

compound of interest and/or in which the compound of interest is partially or
substantially purified.

As used herein, the term “substantially purified” refers to a compound (e.g.,
either a polynucleotide or a polypeptide) that is removed from its natural environment

and is at least 60% free, preferably 75% free, and most preferably 90% free from
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5 encodes a protein or other nolecule which is
desirable for inducing or maintaining electrical
weowphiste bet ween cell's. In general, the nucl ePCT/E81003/034729
is operatively linked to other sequences which are
ul ati on and expression, such as a

Otﬁpgﬁﬁrﬁgfpﬁéwétvﬁgé@%m; {p Raturaliyassoginted.er m
" bi %Pﬁfér@féh‘né’tﬁri”V‘Qran‘é’ﬂﬁ&ﬁ%r{*ec{rafrgnéﬂ%‘éﬁoﬁ' lgeﬁé%z@tféjpermanent or

respect to lo connexi n or c
tl’mg’m%neéc]‘chengegpmf@dbtyta perma@élﬁcg‘enetlefdhbﬁ?éOmdf.l@éd in a cell
avi ng structural d%lél a

fo@q\gﬁﬁém%pr mcql#nr@x{g nHPIegz acid ,ﬁggurl%[NAyor er@qoggnous to the cell).
GePRAE ¥han§e ¥R MR 4 dHm ;f@ﬁ ?F by uY&otré(l)r{g??B &gm &.Ngw, nucleic acid

facilitating the est
infodhegenonte oethedwrst zet edi bymdnatxemdort stablepinalifiedance of the new

di al [ d
DAL Er R '”}yf@fafqtfb%ﬁa?nguihnﬁﬂﬁgﬁ 15 connexin
pol YRemtdndfsimdd JS@IW ?tl%ns c@@ﬂ%‘ﬁ@lﬁ”%‘ “Fr@l’ulséfu@e‘a #;%Im%mea&t a cell into

defi nes the capabil natura reco
W@%(dei%amanaestoooﬁwhm) pab)ueeptmtwl@duwd dYY¥means of recombinant

fic imune
DIFALEORERI, 5. DR Blecule sh NG acuroteiart iemasty o bi nc
Wi t [Byetconsihget’ s ﬁl@@ﬁt é'récc‘}”}ﬂBinQ F'Mucléri&ez%cﬁ(?ri%]neral ly recombinant

"deri'vative" as used herein re ersto
Dddihet bas bean gengrated f@m’rdnlee)wpase df thecexpragsien of a specific

nuBROHIE RELHENRY oL 2 1S REBEGPH Th e Episttiotoniof ther recombinant
nubledtiog eBqb¥nces. aCkbtruds YisefuPin fHE iRPe K Bre mﬁosﬁ%@# Eomprise

acid derivative would encode a pol ypepti de
coppexnencedivgrgens sqqlmr@@mrablymakadt@ aipFomuéeroihigh will allow for

SR RERL 5o o 54 Roba sl Beemplory consucs

useﬁmﬂ ﬁ)‘rebé ekpregsioreof Mehan apdl raD el s ™ !a%‘or‘é"ap?e with th? invention are
ide) that is in an environnent erent

de ‘Ff edi ﬁt%n@wae he eé@hpélhlﬁ@lrmr or 3996 MayoR4(5):839-45 and SUZUkI et

de_ co nds that are
al, Arﬁﬁ!‘l’ﬁb@%ﬁﬁ&g% Z? 7??5%5#%‘?1?9%%9 Yenriched for the
conBylpbrodternis enesiit eRtviaial b@qM‘éﬁ@sﬁfﬂ&eﬁPfH’&l?&?{ t%mscnption in
est is partially or substantially purif

ar ﬁgomél@anhee ki Y romeder'ds ﬁisos"uﬁﬁﬂfaﬁﬁ’t¢rmdnypqﬂ$rﬂ1bseelements

Su SRR oA oy RIEBAEkE 2 e spect,

tisstrerspemificeort mdamdle by akteres Sigrlsof é?énts?é@ér?éﬁ%é’ntg P4y be
rom

no preferably 90% free
'OCE{ﬁSﬁ'}“Gﬁ%%ogr %cf? @S0y 3he Bative gese ., cQﬂ’f‘;ﬁmfenekamwnth)
vvh| " alyl v, » tran el

"t rggsd) U%Htaﬁwmk% bt %Iﬁeg?ec I ﬁ\ged ?g %eaei'ﬂ? li %gﬁq%nce and

a regulatorysedusTicegearsi connleategiin mﬁfﬂa9 2% ta ﬁé?ﬁfﬁé?@)?éssmn when
enetic chan duced in a cell
thegappropnate mol culesr}e g., transcriptional activator proteins) are bound to the
regulatory sequence(s).
By “connexin gene” is meant the open reading frame encoding a connexin

polypeptide, or introns, or biologically active fragment thereof. “Connexin gene”
includes 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
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foll owi ng incorporation of new nucleic acid (e.g., DNA

or RNA exogenous to the cell). 5 CGenetic change can be
wa@ewengd7dshed eit her by incorporation of the nROI/US2003/034729

nucleic acid into the genone of the host cell, or by

transi ent or stable maintenance of the new DNA as an
furtherdo eitheetiesation. Bye DNAsasduenoes ensoding 4 coaneXiadoaybe cDNA

or Gapomis BNAOEA BTNt SRereht o AyS peberiay Be et dthadintd gn
apﬁgcfﬂ? (/eét%P LA2hrom8séihAl inafiehsiteSer %r fM¥gration into the host.

e enco ng a prot ein of Interest.
cofmerte:m ‘cDNAfaantsed hwembnmtandedttmirmluﬂeaail oucleic acids that
ener at ed

eSS el e BB ORI apecis
wH@r‘é sequéntc él%ﬁ#éﬁ% afS bxols (d.§., %@qbéné@se&ﬁédﬂlﬁ@@pen reading

construction of other reconblnant nucl eoti de
frasrmmbeanccdadmlmtldeband 3 and @nowedtngor@gmre Normally

mi R RS RSB UBHR &100D, Wep Ranrayeifodfifiins removed by
nu@'e‘a?‘Rl\fA’ rspndm@ t@@ém QBnMudd%%rfé?ﬂré%&irfg mmteeéﬁcddmgathe
transt orned . Exenplary constructs useful for th

pobopppbéelobmt@feshurran and rat Cx43 in accordance wth

e P ER 8o 536) 859l SRR ol vufon Y & candiac
mlﬁmne cdiNoMCeardidnlyocy?d 8l mal: B/ dbtaldd ahdwtatdd/ R vitro 2P be part

‘pronoter” is neant a mnimal sequence sufficient
Ofthﬁ myoeatdiumaischogiti on in a reconbinant cell.

PSP hid S8 5B el TR 8 BREBLR O i

incl@aéd B dtllienifer toahlbblb¥iee npashdd snd ntansm@tecnfuscle cells.
or inducible by external signals or agents; such

el efynrecaralingat celp dameant & ealecomprisingnueleis asid net normally

asggg gfegfo\Wﬁ E@Ih(ee @? a, coeglgpﬁieﬁﬁm%,Q%{%ﬁgEed or t@)ﬁs{ected with a

cohb’@ﬂct&arﬂ&ﬁnf@eﬂ Bpé@:ﬁc @m‘telrﬂ g.¢.gtlovhaeyingeratemyg e ( s) are
connected in suc as to pernjt expressjo

t he Byppiengpiegtad ﬁ‘ﬂl”é% m%aenf @eceyl. whigh 5\@§me@tmﬁﬁavcecf into a host so
asA6ldeAldY) tz§Ht %@ﬁ\' :Q%éu Wltﬂjrpg gt t Ieort Q%m%l%galréﬁ&hlﬁmant cell or cells

sequence nexi n gene"
mayﬂ:&ﬁgl’@@eﬂramgorerrmmmlgllatmemdlac tisugof aﬂmstl de, or
introns, or biologica active fra t her eof
" Cort¥e Mneragentioally;aftactiy ewrﬁ@ﬁ[ﬂe%mg% nghe present
erpBS Rt fr Beatfeht Shca R RRRCON BltFhapEeg Ximeqnt g amount
effectivertp degiease aBymptoss obéardis@iconduziion detdbaace and/or to

PCT/ US2003/ 034729 further in eith di rection. The
lmeﬁwes@maﬁ:&@@deﬁwr{e ReRSKIR |CH“§H9“Q§B cDNA  or

igﬁtnr ) OverEx n(.tfzsoﬁré T FIBRBlexbREISRAT of BNGerREPRJITRY (R2h 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 expression from endogenous and recombinant
genes or essentially protein expression from a recombinant gene. Overexpression of

a connexin (e.g., Cx43) is meant to refer to the expression of connexin protein within
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appropriate vector for extrachronosomal naintenance or
for integration into the host. The term "cDNA" as used
whereioss70s | ntended to include all nucl ei ¢ aci BET/URRD3/634729
share the arrangenent of sequence elenents found in
native mature nRNA species, where sequence el enents
a particelaoosll (Mhich is abeyedhe @onaakiadexpressien lewz diongpally associated
Jrames of th ncod ol ypepti d and 3 and. 5’ .
il FEgA Y WA RRce N AR Fo reraa S pleccizgn. For cells which
no?ﬁﬁny] ABHEE KPR sidhitianttt dbSEBRMAMBuhBIJAAS cORRBXAYe.g. as
by uclear RNA splficing, to create a continuous open
withe@r4 31 in adultrekelatad diusgle bellslommyotupeshtaveeexpiression of connexin
I nteres By "cardi.o te" is nmeant a cardiac ..
prbfBit MBEL mehealny, COtRFERTS SXeretSel ol confedn and Berticuiarly a level of
expRESHiCHY Qe F&bﬂon‘i@% RRabIEPhRERGf aRGIS&td cHeM cAconnection
vitro or be part’ of the myocardi um of a host. By
betwken ¢hareanmtrinaniozsll in whichnsannexin exptessinmig glevated and a
skel et al scle which 15 includes but .not limted.to
coffBERaEve Rysr AL he TRap G SR e siP fl ceMeRd Greant an
inéfdasé ff exrbreBsoh 3R FactbSoM@ashstaaticth 2 BRI bHet@mbodiments at
nucl ei ¢ acid not "nornmal | associated wth the cell

y
leqss abgut § feldl and yetrinfstill wtgr embodimants ajleastabouedOdald.

Wit nstruct..encoedi ad Spbeci f.l c. ot.ei n, e.q.

Conidh (eFRREbubECt "RERENPO-RctEsd ihan 8k Hr8 usBdnterthangeably
hepihltowbfet fto BAg M@ mdliah subist forl Whemaliigsdsis Br thiftapy is desired,

to be in contact with a cell wthin a host. For o

ashiciignehumans c &ibenawieets mapyindede eattigagees, gats, sinea pigs,

p
[ ' C ' ' .
raB, Fatsl, (o i Se A 4 Gn° SRt fcuip it a, itfeoss Réving o
mydvargiabasstciatedtistraenttait ivamenablen®ritesinene (sl 'ft/s’:,lQo mitigate
conduction di sturbances is neant an anpunt effective

symptemsasaseiated yith toedisorden by dee dignaplentaion of cells which express
o BOHBRANSESPR s . 0c3as) P 360 5, CRIMRLRRREn of

reCemBInaxp censexin expfessirgeee| iatdamecsubpéacm vigo,2or®y/grafting cells

protein) is nmeant an increased | evel of protein

expiassing:a 6anBoxR (8- dhordi skalelal mypblasisisien cellp (edsimmasenchymal,
f ie: | d

nel oo RTEL A0S Lol 631, o Bt AR Wy °

embddinrenty that hosts wilhbe éwh@ns. | nst ances, over expr essi ng

30 can be a cunu| ative effect of protein exEression

f r orhNEN@EHEnBIesTrieAt CowRlBieh WitesPeeliednisr-celulaniunsfipgs are
. ] .

36818 R RRaC b ERR AN BHAFs for sy
corhanichtiot b/etvee@m eslis sn/wsto provigefor qdmclti@ilrcowﬂ:ubiiam bﬁween the
-35_ WD 2004/ 045709 PCT/ US2003/ 034729 a particul ar ce .
cellpi Elgcirga wuﬁmewé vefcﬂqwexmséﬁﬁ ifop and,is|gansrally agcompanied

byt &RRtoRidtanical coupling, in which electrical excitation of cells through gap
junctions in the muscle leads to muscle contraction.

By “cardiac conduction disturbance” is meant a disturbance in the normal
generation and transmission of the electrical activity that initiates myocardial
contraction. Cardiac arrhythmias resulting from electrical conduction disturbances

can lead to life threatening ventricular tachyarrhythmias, hemodynamically
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with a normal or wild-type cell at a particul ar stage

of differentiation. For cells which nornmally do not
wezpressosi gni ficant or detectable anounts of PEEUS2003/034729

connexin (e.g. as wth Cx43 in adult skeletal nuscle

cel I's or nyotubes), overexpression of connexin 5
ComnfpmlwnMadywdﬁSaaw beaddiled). e expreSS| on of

con rticularly a | eyel [ €ss,.0

Sof P iBneteh: BRbTY B3P contiliion pisEiBArEs” I8 heant a
coﬁbﬂ@nf Qy‘ﬁﬂbf@rﬁfﬂr BEBII8CASIEiatB8 WIBEERHRR doteRehbn 6fétturbance

cell in which connexin expression Is el evated and

Exaanries of sepdisions felatad tai cardisismgindention dlséturbapcegs&: trregular heart

ool (BB s SEF Bredf, 2bd AR SyhCo i Cindimiibnt

coatratfion.east about 5 fold and yet in still other
errbodl nments at | east abou“t 10 fold. The terns
" sutf¥edteatmephy (teaating”,"arotreat” ammeant hatiatleast aar amebieraton of the

n I Jan
o I S AR P e
anpelicration & lsedinrmboad@dive tBUbferad %t g6t Bebuétfon in the magnitude

cattle, dogs, cats, guinea pigs, abbits, rats, mce,

of grayagiet %‘h@ & Syawptony (spsh @sduipawlar heartmat fetiguaighesiness of
bré‘aér’rt‘}g'hgg?&p]e'scéw 8%&@@?&@%%88&@{&%@& ggbg&&@lﬂ@%y@ances as heart

blacks venticathriachycahdiasios aesi@duéteuwtmeomg@mslrmtrﬁbnm (i.e. lack of
of cells which express , a reconbi nant connexin (e
sypgrenized: oniractien Jaéépmetedgw'th e renditien beingireated. As such,
tre%ﬁﬁ@ﬁpélger?ﬁclg%‘é‘gfﬁfého‘?’?é%ﬁ 'the g%ﬁ%lo@ﬁépc&rnﬁlow@r%ﬁﬁeast
ra S —expressin

n vivo a conn

syfnptoms aasdoblatesj(ﬁieee\aith rarelﬁoaqjletelysmmbll@d esy. (pPedented from
oletic), fi brobl asts, cardiac

mesenchyny to
haBBBIG0. B StoPRA: 8.0 BRITEBBIPECSUSh At hoshsbisneensaers from the
coh!ﬁ!i"ﬁohoélt &t I‘é"a!sfhth g)ﬁ‘éﬁftaﬁfs thérf‘awér‘égf%‘ﬁge%g%ﬁaﬁl?h In another

coupl i ng to rnter ul-ar junctions
regardead@dtarmsrmaludemhlant:mlgatbe|aiu|1|ty:m manlat@ at kashiaabgion of the
he allows for intracellular comunication between cells
G as to provide for electrical conduction between the

25 Wth%ds%@ét%bﬁ%hwf#’ﬂ&dtﬁ@al ﬁoﬁh&etlghc%%ﬂ@e?eﬁ R€Connexin-

basis for I's generally acconpani e
eI eamenprmalng|6eiballpd |arMyocardMal Cellel ectri cal

Sar8 B3 efBniunt® Bbhe BEEnudn Py delifods for establishing
an@é&Héél'éﬁhn@bﬁéNbBﬂV% alrécdrmBmantcél ?J([Wegélﬂ % béhﬁe@fn and a

nor nal gieneratl on and transm ssion of the e ectrl
mygeardiak gelk, pad lmdudlmgtleaddyoﬁakmmdles B0fucthet canpllrtmmth an artificial
rdigac arrhythm as resul-tin rom el ect
caigfibBnBlio D SabER. s ReliclR dorirely Fipivaccomtagging 2
col@EMin IrésbrAbinaAt BYIR(E. %bfﬁﬁe?étal MASBIERANL IR b (36., Widsenchymal,
2004/ 045709 PCT/ US2003/ 034729 conpr o si ng
hemedenesticdi filroblast asediae cbll,crik.) with a myocardial cell in a manner that

provides for production of an electrical connection between the myocardial cell and
the recombinant cell. The cell is recombinant, e.g., it is genetically modified to
produce a biologically active connexin protein, e.g., connexin 43 (Cx43) protein.
Production of connexin in the recombinant cell provides for an electrical connection,

and thus an electromechanical connection, between the recombinant cell and the
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By "condition related to a cardi ac conduction
di sturbance" is neant a condition, synptom or
waele@endan associ ated wi th cardi ac conduction PCT/US2003/034729
di sturbance. Exanples of conditions related to
cardi ac conduction di sturbance are irregular heart 5
mpecardiaf aeilgue shortness of breath, and Iack of
sync roni zed_heart traction.

"t r eaPHRRY -Enf:pgmgn@clelgﬂcc: Teat" is maant that at
| eashs 3mARBHZACRT SRR, He ﬁﬁ%odi%‘ﬁ’th@rﬁe %%&m eMtd Bf the

the condition afflicting the host iIs eve ere
inventlonautiize mudleic asisdcaompesitiors dncleding gecmonuc @ndtadDMA nucleic acid

e AR e DA S S b R i lotogicaty
adtibe ffl‘d@?ﬁént@f hor‘ﬁbﬁfyshor aMA660Es AidtebPs UM Rifexpression in a
associated with conduction di sturbances as heart

reppmbinant eetl which aell cae Bybsequiently dorm aslectrechemicahconnection with
ag% estllve heart failure (i.e. lack of synchronized
a‘(“:eﬂ on)) associated with the condition being

trea fbonﬁ‘éxﬁ%tem’t I'%Qﬂéémrﬁ Pﬂitélﬁ ftatalthé ?émﬁ* bﬂﬁbﬂn@ﬂfgous
vvhere t he pat hol ogi cal condition, or at |eas

pretpifg fowundds esngxies of igapdunetionsaschemap peheteyohexamenc arrays.

M bR By AR B, e R BORHiyetin 2 BRRGo

cd‘uﬁﬁﬁg bheells OG@EtJUﬂdftlor@fregmat@ m3érceglab paERS Y of idlecules,
aracterize the condition. In another regard, such

ingluging inpraanirioasiendsasgndimaessangers; thus echieving: elegirical coupling

of 1, ek 18 b byt Bos BB vinedp e prween

at@u@QSX«Deesﬁd 60 KIxd bnd@nardily drsing Rlur patdtivélteansnesabtane O-
enbodi nents of the invention provide nethods for

hedseltnansersg Diffarent eennexing aresmnestic for vadeveparta of the heart.
Cérﬁ%ﬁﬁ@w efcﬁ%lhs%@{ %a?dﬁ%&ﬁffdéﬁys?ém lﬁ%g%sé Cx37, Cx40,

myocar In a 1"onal

Ci43; taindrCxAfi plandesn,tAA a!araleeri IV 20 pof CHI, Badiovascular Research
stl | at | ga)ener% ource. The met hods general |y

200 Ag 4. BofR- eveisn Nex RethasyorbPHRAR, (,Eelqu’(p@ngSR Yeh, Hi;
| | |
(ﬂ‘ Y%‘%st%lhlgs'ﬁ @%r 5 5£RH lc?@dﬁﬁc?” Mi ér%s?c[);?y gtﬁgc??r%&y%@ Technique

enat opoet bl’as
200y deety dj 52(3)B0N1-22y Kaworegyér; Sdhafessier oRB(ISseénrKG; Lalng, JG;

on of | ectr| . conpection between t
B‘%%d'g&d Bincgey IPa SaitenlE RS AORReSeaRh TOPAMBLER, 52(5):604-
3econb|nant e.g., it is genetically nodified to 30

roduce a bi ol ogi cal | y active connexin protein, e.g.,
c on nPswsethth@hélQeablyherem “(ermxm 4@landf"CxdBh eafentd the amino

ac ReruiaIces, of B0 CtS aPbbePbfiechang Siredilemautaton. or
bl%iﬁﬁggls@ggu%@%?%%%‘%%%m g%@ﬁu%cﬁaﬁs and f¥dtromechanical coupling,
obtained from any species, particularly mammalian, including human, rodenti (e.g.,
murine or rat), bovine, ovine, porcine, murine, or equine, preferably human, and may
be natural, synthetic, semi-synthetic or recombinant, 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. Cx43 encompasses biologically active Cx43 fragments. Examples of
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nyocardi al cell. Connexin-Encodi ng Nucleic Acids As
sunmari zed above, the nethods of the present

wepdemistent s of the invention utilize nucl ei cP@DUS2003/034729
conposi tions, including genom c and cDNA nucl eic acid
5 conpositions, that encode biologically active

C&‘b%' de hmpncﬁxflaw@enbarmmd:msm Ngs.aXPi 027460, XP_027459,

X QOIRAY B A, AR LP_BRBASECARTSIGH. bSas, anc

AANBS 3HE Mdusé QK43 PGBhBSEHK REDSITIGANOS 0P23212 P 82461 AR802,

cardi ac_ cel By "connexin protelin' Is neant

A36643, tNFé_Q?éMﬂSy NM G266 70 b O 11288, @M%éf(ljtamﬂ naltl Cx43 are found

o BRI ERTSOATHE SRR S AR s

1404(3!39An involved in the electrical coupling of cells.
Gap unctions regulate intercellular passage of
GPBReXIN igeaPmic sgauerneyefiinteresirmorapiisesethembicleic acid present

S T e
particylaniaterass Ilﬂcﬂuc’ﬂiﬂg\wftﬂ thd htrRUhalarektsimad) nﬁ/r[gr%sgﬁﬁn a native

and generally having four putative transme
chrampgames JhAtayrfyrther mbﬂai?necﬁoandﬁ ‘mgtranslaterd cagions faund in the

f f m | tei.n
B8 AHRNACTL e BB snsP R4 o
reGuidtory s€gddnces)duck4s [irbﬁfbtéf%e@nh%ergaé\tcR'nhéi[ldmb'\ébout 10 kb,
Cardi ovascul ar Research 2001

PP§§'Eb/1"P'DQ&3 of flgarimggenamic A @t githe: thg@cmt%’ efid of the

SRR . e et e P 0

kbbcmlnﬁ@b ot as@ér&hll&ﬂﬁag&ﬂent@mnﬂéﬂ ﬂ%“é‘@lieﬁeﬁikﬁg cli¥8mosomal

G een, er, EC BOI neau,

sequEncd.,In Jpother ErBoAMEnt, His baaxin OG e GDRIA, which lacks

5 A S B DGR N 30 iy
opseahly hnle@d trf a promstdrahatis Gofdalp bsmﬁéﬂedlfamtm?\é 66hnexin sequence
unct i ons

bi och |
(o G GbRIcthals" anAHOBE BribeicondednARne) or Hadids ietrolagous to the
coRRERA 's’éﬁuené‘@gﬁé ”Q:ﬁ)rérﬁBfBr?fo’n 3 SO r& Ptrfé?‘rtﬁéﬁ 'tﬂ@[:!ﬁ%neggn

manmal 1 an [ud uman
sequaenge)bovi ne ovi ne, porci ne murine, or equine,

bl al nt heti c,
gé?ntf?'éa 8(‘9% Oth'Png%gm #&gi,é? 5sum§‘\éﬁﬁmt86qusae¢eoﬁj@nd 3
doﬁ)n'str@@nﬁé’éc%ﬂeﬂcle% 191%\ LHer utﬂ&ealfé)reﬂ) otat bl%%&@aiﬂ?wdﬁwg enhancer
not neant he am no acha sequénce
bingingpbiéess thatapmvwlea‘m ampmssnnsed;samwaewmeﬂt@dw@dm Polypeptide is
nol ecul e. Cx43 enconpasses

ol g EruEE Pt B OneSHS SeEheR1Isod ERAH Bases on fae nudleotide

sequences of any species (e.g., mammalian or non-mammalian (e.g., reptiles,
amphibians, avian (e.g., chicken)), particularly mammalian, including human, rodent
(e.g., murine or rat), bovine, ovine, porcine, murine, or equine, preferably rat or
human) and can be isolated or produced from any source whether natural, synthetic,
semi-synthetic or recombinant. Where the recombinant cell is a human cell, or

where the cardiac tissue into which the cell is to be implanted is human, the connexin
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WO 2004/ 045709 PCT/ US2003/ 034729 (Cx43 include human
Cx43 (CGenbank Accession Nos. XP_027460, XP_027459,
WOXR0904s89., P17302, AAD37802, A35853, NP_00015BCT/BS2003/034729
151980, Mp5188, and AAA52131), npuse Cx43 (Genbank
Accessi on Nos. P23242, P18246, A39802, A36623,
is Rrefesably 8, humain ceBBexin MVidetioad &’,onCAAMﬁdIrO):omméb(m at

k AcG No
o0 RyB R o8 gR AL AR 150 Bheso cmbadimaste of the
ingstiom Paf endeas alldr d &éﬁf@sﬂang A Reest Eébéc}gﬁt@l%élfr?‘i the connexin

acid present between the initiation co
polypsplidecrsraPripprate. domgeents ataygemebiaetjobthe DNA sequence by

AL hor S S ek Bt e
byf @étrlwbnlelﬂlzl/m@@dlgéﬁld’n %@bﬁ arﬁgﬁffc?fléh akfd Frd?%g'?r?ost part, DNA

found in th ur e urther inclu
fragreents ivdll be £f &¢ lagst about 1%donmgumjsa1ucmmidesc aguhlit atrigast about

200 R ouBtiet ABsLRSOR A B BB of 11 anki ng

gendmeCchM;xRt g@méshéfe isBRit&d afd o%’calﬁtlé‘é{1| IrP%uMiEn ial purity generally
ion. The genomc d

transcrl bed r
aspthar ha nf%@ﬁ@rgitm@ﬂ"]&l@nmrQersomerrdﬂsyalkyr tl'asDNA WI” be obtained

subantgty e 9PBHordilbtie Ahihantiel S8 s dlaaRkinCiide a sequence
encodingxd Gx4&Blar lf@gmaﬁl’th’erew dg@he'rélﬁ‘@elng At e %bout §0%, usually at

h be f t he genom c
'eac%%ﬁenc? t Uit@r?é’l‘%@le;ypggﬂ)éd egon‘@lrmnbnmeeﬂamk@d by sne or more
t. conn xLn se
PR FAF SRt RS R

chrwnmcnhegous to the 20 connexin sequence (i.e.,

progpter froma _source other than the connexin
seql8RSSAVEnsR of i epnnexit prateln, mcluding Bankingprémotérargions

and COHE‘@I Fegﬁﬁ De ﬁ’g.lrt%fr%gtlé rvagﬁ@%&g %@Hviﬁﬂgﬁﬁ @rts to generate

targaiealmtmngeblmn @rmotértsﬁ%ngtm geqnenye éﬁtﬁeoén&%ﬁ kR, etc. The
e the connexin pol ypeptide is

DN ssiianfanaddetor o1sd & ovisaiomilbefevosantaly satio one or

mo?é%? the8e Jber]dé%ﬁjrSVHbg %-errr% ﬁ%’;‘? r\ﬁ'ﬂ% @érgtgpé{tr Iégﬁ: q)ré% nucleotide or

arrmtpac:lkil, m&cﬂwlamdcéntay,dlﬁén b}ka’ﬂbe)ast g, tor oyl #Nbast about ten or
i ncl ydi ngldhuman rodent (e.g., murine or

mor%pyc’eeﬁaﬁ 8r agine,8tidse g iggeerahiheriequence ghanges may be

n
o851 Aot o A" B Aot oo
chawese ﬁueh;gatdewlomsmf a domain oreeton. VBecte nidiified connexins

| h I where the
sec&ﬁr ecqoﬁ:gg'&%ﬁ ce 4 ﬁ@ée%mgﬁa?q]éee@@]aﬁg ;r:gns’eta—lqi% foripiragduetion into

cellssfohtﬁéiﬂurpbgé o?%?&%{iﬁ‘g pré’tﬁjctlon 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).

The encoded connexin is biologically active, e.g., when produced in a skeletal

muscle cell, a biologically active Cx43 polypeptide facilitates establishment of a
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WO 2004/ 045709 PCT/ US2003/034729 is preferably a
human connexin or derived froma human connexin. The
woemkeisoaci d conpositions used in the presentPCT/US2003/034729
enbodi nents of the invention may encode all or a
part, usually at |east substantially all, of the
conoroton betvmérymemhedmalamuem@rmrarm Qmﬁo@ﬁdﬁﬁﬂééﬂ MPNthBAt being

d of the DNA sequence 5 chem cal |
hei@?fﬁge%%.th@ CQPP@’GHLR!P@%@ (@185 dlw3é¢$:©mr§ﬁ§@g @t the cell surface and

 PRYER LIV TR A8 Spoihd 5 61 BB AT, Tosgpaier
elgetrical dONAling batywesrt selig, chnhexmfmlaét He?ﬂmbtlﬁmlgapljﬂﬂctlons to form

| b
95\%’3%{%@? hggggllﬁl%'pgﬁé%ﬁg%@%@@t@ %t%sétlegai%gitﬁtloam an electrical

cobhectldiebe Eé?%e(éngrgﬁx#ﬁgé ?E ol 2{5&? Uggle'déll and a

substantial purity, ge
myodaadial celjoan barreadmbodmteanmedLlsyuﬁidsys skillee IEMe wrtl |G§|§ junctions

cag i TR ated i MO PR Sela e & gab ddonGRTBEANE dve, e.0.,
Lu@?fé?’ fowf }MSI@EGI%\ P'F@é(—?s"fo ap%ﬂﬁ{)rﬁis tYad%?/érrF@d font gﬂétcgll to another
t 4t about

ab ou usual y a ure an
wheypﬁLmatld)lyal gapqunthormmre present. fA amkﬁdlnjm,ctlon fprotocobfog detecting
\{m ich it is not por associ at ed
fufen2hnd fnallphs dee Hnehones S S gbigndndee Examples

seéfiolt Belgwennexin protein, including fl ank| ng pronoter
regions and coding regions, may be nmutated in various
way 9 henesambinartteelis tan @pgenelnabe geheatigatiyerlodified ¢e@ express other

ooy S5 GRS Rt
moMified B6 o846 Hvar éd’dhhdn& 'd@n'eﬁ& nh&hi V\ﬂ]l%tlSﬁ Pf@né"ﬁél?to%e t3Rsplanted.

sequences provided herein,
Fu r@wmwﬂeth@ucp@mbimt ocell n&ad mmt bei dodified e «axpmsyor camiexpress

] Bl A0 e Sl B eSS b o5,
intRRIlicen & réb@ﬂgﬁféng?)toﬁﬁex@%ﬁtﬁér%%e E#&é‘éﬁbblﬁr'a‘%én e of

insertions or deletions. Deletions nay further inc
expegsgion ofchefdogenoun cesnexingis sufiicient.a domai n or

5.sequences can be
3223:0'%?‘%%%83?%?’6’4@4?%{%% 6‘2§9r ucts for
i nt Camgerlicercomprising ebhsexie hutlefc ALEE 286 wall mfowmh'tgs art. For
production of el ectrochem cal connecti ons.

eX@@D#ﬁatC@astrH%tfs contaieingdhg conpexsordegene gendesasibed mcEkQakley, et

o, 355 S 20097295208 Gh SRk i cdfigencocing
nutleir 42idS agentiizzedoerseiorn,ardhsidn oPibhsdudd spbsific cells of interest
encoded connexin is blologlcally active, e.g., whe

to gl irrdheiaxpessian ef an intragsicpd C@énBXInaendemg;hudeicyamd molecule
m?ﬁ%‘ﬁ’dpdlf%%gelf?o' ypeptide facilitates establishnent of a

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 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 containing the DNA or the RNA sequence of interest. Such constructs can

-41-



10

15

20

25

30

WO 2004/ 045709 PCT/ US2003/ 034729 connection between
the skeletal nuscle cell and a nyocardial cell.
waaohow7o0bei ng held to theory, the connexin pPOL/ESIW03/034729
(e.g., Cx43) is expressed at the cell surface and is
inserted into the plasma nenbrane as part of gap
inglude niucteic adid of st plasimithor eirslcjonistratt @yRideno mgd virus,

adEBioiis AT Tenikemb Al SPnde sesuan or egr e esabI NS construct s
ca@@ﬁlec%f re§h€%ddiilelﬂtéJk'aﬁ%tic eﬁo%r @%kgl'}%(ﬁtcrmo G, Suitable constructs are

onnect i et ween two Ce€ as an
knekuei iatthe anmmd ara:emmrrwnd ially anyitalbde.dTak ddhlstrbwtarcdmbe prepared

R Gl b Lo v
ex%‘%#é"&‘v“ Ohl e%@S\%%‘F%F!?@?fW% SpE¥fipeEints gepbtiEly ltprep host ool

ar¢ koowaorie teelrt. t o anot her 1o when functional gap
tions a A mcr ect]on rotocol for.

ot Qe ONRPPORBIETBriie R GomsEUPLhETRIS S DIOGRRIET iptaltate
exE?‘é!;’sﬁﬁ?bP!heQﬁN%:fﬁte@st% al RakiralB ﬁé%?l' eﬁ‘be 5T may be a

el ow. The reconbi nant cells can optio
strgegqrroawitenthabiilinciiens tromexmmaban oellssisuch rastepmnoteufrbm

ovatSaiangs (% ghouds mERRER turaer a6 AMEVS Rous sarcoma virus
(R8YU] lehfiVaus @R 2elehbyiftd)| Mé'ré‘ts 86l @ﬁeﬁﬂé%ﬁ?ﬁﬁ&rﬁ include the

transpl anted. Furthernore, e reconbi na
preysotasdraro dine immedmt@ﬁprlymnerofdmm PV ¢Bosharbdhalr,i ©ell 41:521-

s 488, A B Gl R 8P 5 5 orman

al.{ Prdd)Nati. Acble Ser. e ¢9: 67‘778@75@110@8@5 Aﬁéﬁ{aﬁﬁélyofhéﬁromoter

any endogenous connexin) is sufficient
useday betasstrang Qﬁ?ﬁf@k@lﬂkaﬂw@ﬂlcepmmmedsumastthejechn gene promoter.

InifHE SirpoBiag B dribet Bk Pl BifolEispabTiiomdter. For

exapié|aké Prédotrsedlin tiesenstArst iy Bb aQBdiRY ceitspedliic promoter,
Ann. Thorac. Surg., 2001, 71:1724-33. Constructs

a rpyaklastsRReificopromatar enen@dulj skalstalanyscleicel speeific promoter (Luo,

o PR SR8 BP0, P BB SUCRNEPIGH. Bur 1009

Jul, 1 8pthes:d, disoission 3480 Priraryusdreiae %%/té@fréﬁﬂrh&)ndtal rats
the nodi fied cell. Wiere the nucl ei ¢ aci

hayg heesdeansfectesiwith-mienasies copstrusidrives by ther® prerspter of rat acyl-

cobffie SPGB fénd [ o YRHAPOLoddy 20BEATEION ) a e
as @hmth-iand b\ﬁaboarelablnwosﬁ heavy Ohélht?m@ monidteri(Jeméseet. al.,

0 se or the correspondi ng RNA sequence)
C'R?&H.Nﬁaé'fi’ Pru§13<(j1q1|€143)c4%ﬁiaﬂ1bg with the invention

may Thﬁ cﬁ‘{}t‘%tr@e lr(ﬁstﬁég ose? }ﬁ%m&ﬂté %ﬁh‘é |I1\9g{r];c§?1§ﬂa{) afso include
seqleenc&ama aufditiont torgremoteigobhich esihance sindasgulate connexin
expression in modified cells. For example the serum response factor (SRF) gene
has been shown to regulate transcription of numerous muscle and growth factor-
inducible genes. Because SRF is not muscle specific, it has been postulated to
activate muscle genes by recruiting myogenic accessory factors. Myocardin is a

member of a class of muscle transcription factors, provides a mechanism whereby
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-41 WD 2004/ 045709 PCT/ US2003/ 034729 include nucleic
acid of a plasmd or viral construct (e.g. adeno
wa@s®eoisved virus, adenovirus, and the |iked)PEnuSmas034729
be circular or linear. Preferably the construct is
capabl e of replication in eukaryotic and/or
SIRF @earcomvey nivasgenic SCvitgRb PnGuls hEHES SVRaRy, dthAWTCEIN 2001 Jun
th t and are commercially available. The constructs
2%3&@&8§ﬂ&%red 5 using techniques well known in the

art ..l | ' | ni i on of. .
R HE o 8P L PO 0 2 i
prafrotedsuthsas adélracyalinekeguatddipionsotar, texpkdssidtefrom which can be
the DNA construct contains a pronoter to

enbodj nent §
reg'a'@?ﬁ by e¥PORBriR £} ¥PasNoUR SUDRIRNGE (Bret clebrecyelinei Anether

[ : . .
o BNIIB o 1yl BB R SRt 3o o
oqmrammreprefssongené mm%atbm/ésywém(tﬁwgulat@H&g{rér{m/i)al‘l@ﬁlplvbmoters
unor Vi ru . Rous sarcoma Virus ,
(CED: s oBPS R SO0 olin o B L1002 |y
i ncl .
TR 0 SOOI Bt 4 inimum o

eukahyoti¢ Jpréabters@izrahydmked o at DR Asfdnterest, whivh is e turargperably

inkg 1 Bponipdinationgio T%gggné%%g%%dgy%ﬁbh signal sequence
I i r .

) BBl 1o SRR ot EIRIEER Gl Gfrces nown i
the adnAre exembptary pelyadisoyliatien tsjgrtsh s e queme isr‘thﬁmmearlybe

tj ssuye-specific pronoter. For, exanple, the pronoter
pofiedgnyRtpRG | SEANEECE ) N GoRSIEUFINAK 250 incligane & more
intRSHETRIRITe appropifitt ashichReM! ihtreaBEISRISH Ef( 12 igﬂ%ftthe DNA of
_ skeletal nuscle cel | specific pronpter E u%, 3 et.
intgrest, pRrtictlagywyitere dioa DN of inkaes) is4beDBI (eLge cortainsano introns of

J. Thor, Card. Sur, 1999 Jul . 118(1).:26-4 .
theyBiurdBro g sediibesy yansoth kel A ians kngwn in the art may
bengriiRdedd., friet ﬁumaﬁ\iglo{bﬁgiﬁgbh?ﬁvﬁf&ﬂ%fh‘i’?é/ﬁrc{%“ingt&é/l%_%ﬂéfrﬁét ata

construct driven by pronoter o
positiendy e the PiNfeobiptergehle (Kanda, et al. Heart Vessels

20000 AR loARE ShoRTRST thedfuctuR i 20 ehS & 6 G478 an RNA
en€bdingl AEOREXEPBFLEIRY. |hhisEMbddinchf hadiNA hi§_ B;@aptedtf_or expression

.constructs of the present enbodi nents of the invention
(i.enyranskasionrefi the RNAkiguetarget ¢ell. ddeathadsrfor prastustion ef RNA (e.g.,

i)y B EAORA 0Nty ot Safist oE T Kol b5 2Rk BNsBnde readiy
appfigtFio gRNgrodaesoRRIA Sivddihg SorirSdh ateful [rﬁﬂh%cﬁrlglﬁ’%ﬁﬂﬁvention.

of nunmerous nuscle and growth factor 30 induci
gen&¥odgetian-Q@f Becombinant GossexsinGellsfic, it has been

e IS8 ol gl B BB any co
capable of coupling with a cardiomyocyte via connexin-mediated gap junctions,
including skeletal muscle cells, stem cells (e.g., mesenchymal, hematopoietic),
fibroblasts, cardiac cells, and the like, following genetic modification to provide for
expression of a recombinant connexin (e.g., Cx43) in the cell. In one embodiment of
particular interest, the cells are skeletal muscle cells.

Cells may be obtained from the host (e.g., endogenous cells) or from
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menber of a class of nuscle transcription factors,

provi des a nmechani sm whereby -42 WO 2004/ 045709
weEROnANE2003/ 034729 SRF can convey nyogeni c ackCmiUs23003/a34729

nmuscl e genes. (Wang, et. al., Cell. 2001 Jun 29;

105(7):851-62). In another enbodi nent, the pronoter is
apaprbpmtbanﬂdreﬂ oaiblimgs. ( €elis mayrizhiautolagousy al’mgmelc, aruehogeneic

(e BHBIEn Pl ot vatoapeet 6y he TpbulrLo AR oo aigos the cell

ar%t&?l{eate 85rdif-tHe su FetcEBFééﬂéﬁﬁ% Pi@b%ﬂé %ﬁgab%lé’ésy This latter

regu prormter system use oY he present
embudintént mllowstfbealimtogousdrartsplantaiioreebracogeieant connexin-

regul atory s tore ulate manmal i an pronoters
e%m%%?\'ﬂ%?ei? FX%J”' St RYRER ESEU 2001 Jun 15,

15( ]éélis]éﬂgqhou? LFéér to%’rb@ﬁé‘é’?‘édbn%Héﬁ@édrﬁ{exﬂ-aﬁpressmg cells

construct d Contain at a mnimma 10 eukaryoti C
inpiudeskeletalreustieycells nparticulern abib skéletalreusale celihistem cells (e.g.,

[ t bl.y.. I Lk | | at i
mes e il heResPoite iR Bt g CaTE T tsenc an
%ﬁésﬁ@n %Sh%tﬁ@c%éf vaft(é‘é fof ﬂ)dﬂ%ﬂbﬁb}’c@ﬁnexm (eg Cx43 is then
ol yadenyl ati on si gnal sequences known in the art

intredugedingo ﬂm galtiewhichtmay beingopagated @adcaliused frevilgodfore and/or

el e e G B AR ES of FRranEin g oot Ehpressing
célBFHv‘éﬂébI@thr trafsSIBn BN iRG" rﬂ?é@arlj%\\rﬂb@@f expr essi on
of interest, particularly where the DNA of

| nt dne;me inore spenific embpdimest the eell i rsoa iskeletal selimusd cell or cell

S SR R SR h B8 B bression oo

coHHBRh ( e?' TUB). ThESE reddthisiRahBcoriesdn efpriedsingecells are cultured in
construct at a position 5 to the DNA of interest

vitro and uiitized tf@rrhﬁ@nsn}enteh@@mtﬁmocatrwérm ulsy @@heeemb)odlment the

ver o) a connexin
%qurglc ﬁslo& fﬁes& é‘ﬁ[ﬂgal %@ﬁ{?e mercg%i a‘m’g‘aapt ed for
exprigstHads fot intAducii@esr ixirporitrudieintha) mamnsalizar gsitinclude
cell. Methods for production of RNA (e.g., rrRNA)

standai prgtecqls khewn tefhose eillest indhe afkl | known in t he

art

o oER e GRARE o 3 oRIRBHEA PR BBl Gleslo B eguiatory
elBramhtis bperably insegtetdimtodhe coastresti contieiiding el tenrexibgene used to

nodi fied to express a_reconbi nant connexin include an

trwducectasaa@@ﬂad celzgPiheg mthﬂdeotmlﬁwr@ﬂn axpregswn may
inGRIS @ ﬁ?qeaﬁlgﬁrﬁ@e¢gﬂ%té%§enoh§% Hgi @oﬁmhgﬁﬁlells or by the

MUSCl

adigitiat opoedbipoahds tihiatomodtiilats eonrrmmﬂeanreselbhs(e caheitherat the time of
l'ike, follow ng net|c rmdlflﬁ%&lonto provi de for 30
O'eﬁ@H@‘é@Q igtplanting ntegh$réxin (e.g., Cx43) in

the éShheX|hrex%Péass%ﬁ’ﬁ’1dﬂhg'?ﬂ6dlﬂéd cells can be detected by such techniques
as western blotting, utilizing antibodies specific for the recombinant connexin. Other
methods for confirming the expression of a recombinant connexin in transformed
cells may involve RT-PCR utilizing primers specific for connexin mRNA or
immunofluorescence techniques on transformed cells in culture. The ability of a
connexin polypeptide, to facilitate production of an electrical connection between a

recombinant cell and a cardiomyocyte can be tested in an in vivo model.
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particular interest, the cells are skeletal nuscle

cells. Cells nmay be obtained fromthe host (e.g.,
wenwegestous cells) or from -43 WO 2004/ 045709PCT/US2003/034729

PCT/ US2003/ 034729 appropriate cultured cell Ilines.

Cell s may be autol ogous, allogeneic, or xenogeneic

( e. gProqudtion Of Fingtional. Gamuunctleegdintme@m econhinant

In certain,e t he cel are collected from

t he Sgppexin ggﬁﬁf‘%‘%rqoé"lﬁ? ¥ (e.g., nuscle

bi 0pHa recomiSinhAt ESinex@iBREicEBIMg @Ilh@dﬁ Berbulaitbate @xpand the
transpl antation of reconbinant Connexin 5 expressing

numbesof calls in cwfro mjfernadiasired Demberaiireegmeinesit calizareobtained,

3 e IAeEtaBta EVSRRAT SR O (e tEelchin alioh’
reBeaifart@ohpexinl &iis&d Hybeardial ceﬂ@éﬁ!‘é&%ﬁﬂured in vitro and then
hemat opoi etic), fibroblasSts, cardiac cells, and the

tramggdantad. expressi on construct that provides for

TN S e
cdcibR Bithm b&él@lél%feﬂé Qleﬁgﬁé’d Rinctigihd.eDukrtansé affferbhesin the

to I ncrease he nunber of Treconbi nant
celbtarearichelegiephydielggicab propesties ofapyecargial cells and non-myocardial

5o 56 Sl 3 maiticerPHESRE RbRirabodRiffy eoll BTEaREE for
syREPEdFIzE6@ blecicat ebmmliniBgtior Phe @edsmt mmlbﬁ&ﬁs‘n@d&rﬁmﬁbtes a
with an appropriate vector for the expreSS| on of

ugigia@admquel titeracliar petwerrs Bvo difierentralit y%ﬁw@mmallows for the
uE R S o So gl eabls Shb fedtids L “*°

eﬂbOMemdSkﬂs ofﬂ'eeatmglcsamiat Cehlitioxis a fresh primary
culture or a frozen culture. Mthods for introducin

connbhe Presss embadimentsotthadRyantion Prewide mathagedor correction of
c%?&[}ﬂ@&r@u@ﬂ ﬁ%k%%@gmnﬁ%éﬁ%ﬁg férkfréétﬁ%cbé}dge{leccﬁ{&mons related

ere U 10 connexi n expressi

toag cardihd edil@dhdil@nrtﬂswmm oTbeseedlaJ’eus of ihegprebemt invention
inserted into the construct conpr|3|nggthe connexi n .

ingerroratesAn advancementyer standse celidacieansplarighen by increasing
ARl Qe d?'ﬁn{uf&léltl%' scélf&(kﬁﬂﬁefbéerﬁd?rre i cﬁFbrﬂ?é(d cORFAMURR. The

genom ¢ regul atory’ el ement 0geno
meﬂelwdmgetmrallyc imvbb/ectortigctirigea carttiad tissueodf & hopowitil s recombinant

o8l gt KPres305 A GANN B EIAp st 51 Rt it 1 RapRexT protein

| &
e brRRSFEN 3 1 BEEARLP IR AL S, R col and
thet ¢ardicinmgpcyte.i Dheliceansptinni faciitdtes cotrectian ofrbicastiac conduc‘uon
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irirggéN%\Lgﬁe Fledibindht E&IPisNPsREIEERFRusSREGAIN T ¢ for connexin

The various therapeutic uses of connexin and related biologically active
compounds or cells include uses in the treatment of a variety of different conditions
in which an increase coordinated conduction of cardiomyocytes is desired.
Exemplary diseases amenable to treatment by such methods include, but are not
limited to, complete heart block, reentrant arrhythmias (e.g., ventricular tachycardia)

congestive heart failure, and the like. Any cardiac disease or disorder that would
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in culture. The ability of a connexin polypeptide, to

wo 20iloid7ed e production of an el ectrical connecP¢DNS2003/034729
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tested in an in vivo nodel. -44 WO 2004/ 045709
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sujéciwani e WaIekndwe SURgIoAI t@ﬁl%t}b@é amgraftingureaedrri/or isolated
di seases and disorders. 15 Methods of Treating Cardiac

ceflsriatora bﬂ@ﬂTHbggﬂ@r@éﬁhem@jwemeﬂms fonintiodusing e recombinant
c@%qm‘odtﬁg %@E%g% heak et tﬁs%%s ) S Iu?gﬂ?@gg|r%@trl@fg?g?lio&dél)céérgﬂltaneous

stur

teclmidués aslesetibe flUSt IBal@nCNodEBﬂ)BQ;m(LCéd afd Lesh, “Method for
di sturbance. These aspects of the present i nvent i on

locafing iherAY danctienfibe hearrandiniactiss astive gubsianges therein”).
trangpl Péyo%lﬂlﬁélnlﬁyus n%%[ne@élsme ﬁﬁéllanfe% ?IEC% %R area of the heart

conmuni cat1 on ow n or nore sync

wlw'etcrcmmiuctmn diBgrbanetd bdse @eownredi | ¥he ramd;mﬁ cfftmt:@mbinwt cells to
carél ac tissue Qf%ﬁ@){ ost with a reconbi nant cell
[

bg fraps %5@9& detarminer byithe pia @ heartdigeaseheing treaied, the overall
dérﬂé%? Bjr"?n 't%sﬂé A the 1674 oF b@ﬁﬁ&an %&ﬁjg#‘r‘?anrffﬁct@hcells to be

connectlon ef ween the reco
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In$$ﬁ;ioiﬁi$@?9@%rem£$“ frethinia TGNt Heariisug R Sirgilated, or to

APl TS SRS IELORG Pihted e npr
verr!bﬂmuban sepduich mﬂjhaasaﬁ)rmIsel ingeptdl paciagt |A,(E:orat|ng1yowh\ese tdamaged”
hchﬂ #%plgﬁg lr@ gﬁ%#c?q%g rs'.gch td}éscrlptlon |there|n lnf%n\c/i%a to fEllrther apply to such
regions of tissue fo be stiimulated, though those particular regions may not
themselves be damaged (but the stimulation thereof will be effective in treating
conditions related to other damage).

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 cells can be injected directly into the damaged myocardial

-46-



10

15

20

25

30

in which an increase coordi nated conduction of

cardi omyocytes is desired. 30 Exenplary di seases
w@e@naki7ed t o treat nent by such net hods i ncl udepCbus20as/@34729

not limted to, conplete heart block, reentrant

arrhyt hm as . ventri cul ar tachycardl a)
tlSéUﬁd.éér[g g%nepr(@gp'%ﬂfcgjq ior Pereitaneous injeationaytoccardiaganuscle well
' 45 WD 2004 7
BB st R T ERep Mot o e p G ceag il e
erobodineesits provideciheredhl The ané@fioTREEoMbinANt BEXEnecessary to be
hancenent or delivery of connexins,

th%ﬂa%ug%'g' %Hzfﬁc%élﬁdv' XPBhwih the\tupecaf diserdar being traated asrwell as the

ex@Si Reconbi nant Connexi n
Cel IdSTWSé%T %%@S“tﬂa‘i C%Pr(?g(scrl ption of exenplary

i rrpllammosmpprmslantsqm Beoused mwmﬁuﬁbt@hﬂﬁﬁﬁéﬁéb%ntatlon of Cx43-
be

whi ch descr is not intended to
OVPT%W ?mng Chlls B%W‘?&ﬂdat?omﬁh@ hest tenménitizss thet peasibility of graft
to ot her
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connexi n cel ocardi um O

tregt @eﬁ@lnltymmﬁcmlm@tloaldanB canbesadranigeaid inrtlﬁbrhblﬁéﬁén with
I n genera t here

mERRAEG e GEn ARt ?@f?ef'*%ﬁﬁ PRl i the farmaged AaysariI: 6.0 prior o
dufing entifs aﬁﬂébllrﬂgFa il @érb%%‘b‘igé% el'?cﬂragé SAltabid' P Gle in

i nj ection per cut aneous ni gques” as
com@g@tpnetherawswﬂat:QMem or 6flEs Yapanéticreeninghdetdnt methods
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heart ere conductlon di st urbances have ‘occurre
anftfnsofémag@mt%motr@@mmmﬁa,tamatmaogemcm@mammagmmg beta-

0oL, BN AetES B afy SER b Goidlatem, Frombont

agéretg etardfacoglpessides, @BDRERS Odhtivik I
transpl arﬁ%g o partl cul ar int SE gg?r?t\% Jtaﬁtlfhﬂggleacqeqts agents that

inhbit Rro ogmrsngmtgarrlnﬁh@gbmrﬁs Gisechfor tiemrasnht Ohverttﬁeular
e A R e M A S R s e

natﬂUre’mI pﬂptlde (BNR)| amnmplﬁstwgérﬁy'éérd@s ta‘h% thBURE,
ventricul ar septum such as for use in séeptal paclng.

AccePEedn @r ofties @P‘J@Hﬁmﬂnhammmmay |amge gssupplemental
S i n ended to
oS S S AL LT SRR NGRS  on
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. _thensel vesﬁdgﬂe damaged (but the stinmulation t
IMPFPYSS myoea tge\t;f@rmﬁnpe &arerdhan revascularization (bypass surgery)

alone. Transplantation of recombinant connexin cells in conjunction with CABG
provides for additive treatment during surgery by preventing the continued

myocardial remodeling by reducing wall stress and ischemic burden. Additional
surgical procedures to deliver the recombinant cells into the myocardium can be

avoided by implanting the recombinant cells at the time of CABG surgery.
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conditions related to other damage). In certain
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eﬁg’béeé}{ é{]‘t?eéotrrﬂﬁga fr'l'th% F‘d?ﬁanaﬁégh?rﬁg){f ﬂﬁaagé%@gaﬁgwe%gi.d’@fd el@étricBFimpulses
thatarengengrptebwithindhedneabte an 6CIGI is acueasuretdfdhe dieart rhythms and

transpl ant ati opn of 43- overexpressing cells not .
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By REEPIAR e Bt SRR s of
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aﬁérgﬁﬁhié BidoPddlst YRE helike 3 disotd RliaBRf RetfoF®adiss the
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effeativebessiof thevapyexi n cells into the damaged nyocardi um
(e.g rior.to during .,and/pr after inplantation).
Car dEgetrap oy tests whtelT Vgl Respitangolin lagementof catheters
wERIARh8 Helafttolda8EaPha\tdit LRBBAFOPeries &F s h8ar, can also be used to
junction enhancenent nethods 'include, but are not

agsegistteerapy, growth factors, pol ynucl eotides encodi ng

fact s ' [ t | Cj | .
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oA RO nE R0 e R AR s o myocerdil tsue
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ni t r i@ aboupgieiieds o assrsaingitig cEisagief terapy are only exemplary
B bbEirBer PP Sumiels HaFL sheRiale Bt s cetectng
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The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the
present embodiments of the invention, and are not intended to limit the scope of
what is regarded as the invention nor are they intended to represent that the
experiments below are all or the only experiments performed, or that they are the

only methods or treatments that are capable of being performed based upon this
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al'so a reliable method to assess the effectiveness of
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condition t eat connexin or re
théxiapéest fov éhatreatmentadfienar stages heartgtiséaseeams sohdlictionwormalities.

Cltefanaistiaeiir dhe Bomeaiat reslaling THastan @rpationts.
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ch%?acterlstlcs Qlt, eadra](c:tcc)arlzafs ion of the action potential parameters during different
periods of myoblasts differentiation to myotubes were determined. Skeletal
myoblasts were isolated by enzymatic dispersion from the hind limb muscle of 2-5
day old neonatal rats. Myoblasts were differentiated into multinucleated myotubes in
culture by replacing the growth medium with differential medium (DM). (98% DMEM,
2% horse serum (HyClone), penicillin G 100U/ml and streptomycin 100ug/ml).
Myoblasts and myotubes incubated in DM 2-14 days were studied. Whole cell

configuration of patch clamp technique was used to record action potentials. The
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Vmax: similar changes were noticed as that of APA.

APDsp: The minium value of APDs; occurred at 11-12 days and then
increased. There was no significant among each group except day 2.
Thus, action potential parameters change during different periods of

myoblasts differentiation to myotubes.

The patch clamping data highlights the relative electrical inexcitability of
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contractile bers by 10-1 ays
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wasdheaesoatcel€ellll days. Then, APA decreased in parall el
unt LIJhe%g _rééulgaggrhorl}gtrate that: 1) the short skeletal action potential limits

skeletal to cardiac conduction by limiting the capacity to provide a sufficient
excitation charge to cardiac cells; 2) skeletal myoblast differentiation into myofibers
further limits excitation capacity; 3) very high levels of gap-junction coupling are
needed for successful skeletal to cardiac conduction.

Thus, conditions which decrease intercellular coupling will markedly decrease
electrical transmission between transplanted skeletal cells and the adjoining
myocardium. Electrical conduction slowing or block can lead to potential life

threatening arrhythmias.

-51-



10

15

20

25

30

significant difference was found between day 10 and

day 8, day 11-14. Vmax: simlar changes were noticed
w@goothet7oof APA. APD50: The minium val ue of APESBDUS2003/034729

occurred at 11-12 days and then increased. There was

no significant anong each group except day 2. 20 Thus,

act i Brampleat:i BlectrspiiRiisloyic kengeqtentas oq“sfk%gétai‘h[;hscle
periods of nyoblasts ‘differentiation to myotubes. e
pat ch cl anpi ngtraasplastationghts the rel ative el ectri cal

per TRaftr L Aecopnddis Senseiieites qfistpletatayscle
travesphartation irdo tihe a®yocasdilins antih IVeRhaated s86ek8aldiac conduction

nyobl ast s/ myot ubes generally wi |l not propagate
wagppedi i feasiilityiof lenedtanséerstotspecificraiaas of the cardiac conduction

sygg%rfl {nagfdéceg'nl u@{ey&b%ﬁ&@éﬂg%st?%ﬁi{fg% %E faF g'%g%g@g?f ﬂll: 606;
Gallidghouwep el Noedmiber 4996 ¥sm ¢-fddrt ASsee! U. S Patbnt K8l 6,059,726).

excitation between skeletal myoblasts and nyofibers _
Feli e4anle dingcdhighly aificient ard specifically lecalized xpressierbgrecombinant

i i . [ i : The .
N N
acoeracyl and repradedibility of A¥aodatpidctivns hae-beBrevalicata b the

delin esults determ ned that the action potentia
pragdisiane AMIgcloin rels Gies alrali 1998 J Anpk Physiot B6(2) 768-763). As an
i ; [ Mel v).
88 cdn Bl oSN B Aot BSRAESBF, Jhum and e
venitnidle dhe vV condiketicat akis iinsk elrateglc pawttion for the study of cardiac

ls%{(_el (?{yal -to-cardi ac excitation. A high degree of
eleGireRysIaloMYar coupling was required for skel et al

cel Ity 8&6%&1%] \ﬁg;ég%rrskg%w.%lﬁmrﬁﬁé@?ngg\h@n%ﬂe% e¥nduction on AV

enough, W t ms, prior tot
nadap elestrophysiologicTrepediat, acat\Riddiesfdr #0g n6d& dnjesliorandlas utilized

(-5 % AlrRRecApe! dothiat PALZ b gkl ARletigmsrergaomioaly
dePleA LA QuSiRY |atﬂb§ﬁ? ahd BFsprafsiel RARKIDR th?til‘ﬁftﬁe?'lée%fae(utonomic
i ng the tine 0 charge

coupl I ncrease necessary
nefdyus siisteme end studiae witht fight @ftrial mverdralel pacing ead @tiigiprogrammed

okl 55§ e o e
intslelieivle MEARUAS, togBthe? kaﬁith%\%'noaxp@ggﬁFygnﬁ'tlelér}%ﬁgg\g@ocru (the

1o
respectively. In 20" m xed strands,
rateratexhich &\ eendugiicariedomesasequentially tamgeskibknatfails toeddnduct) and

S ce ce hese resul t.s, de strate that:
ot s B LS oD T i 3 i
extrslimuRs falls fREGhdt Q%@Pﬁ_tthé’ A\DYode)T A 5itgId fMection of skeletal
capaci t¥ to.provide a sufficient eXcitation arge to
myabiantac! ¥€10°s 15 2) enusthiclamasyijectest inth tHeeA¥ht ofaatsom=8).

I nt %I%%ﬂf@gfo?ogic properties of the AV junction were significantly altered 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 < 0.01) and AV nodal
refractory period (113.8 * 5.6 vs 87.0 + 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 approximately 10% of the AVN was involved

with minimal to no inflammation. Histologically the AV conduction axis appeared
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| evel s of gap junction coupling are needed for
wGaamensysiul skeletal to cardiac conduction. TheGT/US2003/034729

condi ti ons which decrease intercellular coupling wll

mar kedl y decrease electrical transm ssion between
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pro#?ti% 04/ 045709 PCT/ US2003/ 034729 Exanple 2 :
ectrophysi ol ogi ¢ consequences of skeletal nuscle
t r diregsleaesalis add Tortkersaddendeethat tansplphiesi skedgliat myoblasts (even
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are?Q B¢ Q@W EhdirtBRDreDRductldl b]{pﬁﬁ‘ﬁ ipekéfoYe s ®@$keletal myoblasts

ransfer to specific areas of the cardiac conduction =
diffsnestieta ints myetubes and sel theid abiitys to farmdogp_pctions i the ability to

1198 PACE ,21-11: 606; @Gallinghouse et al. Novenber
PTOE@@%‘%W%@S?E'W‘?G%?@?&Patent No. 6,059, 726). For

eXFRARMPLES 3WQNMhSH]§i£i&%téiﬂéisSpeCi fically

| ocal i zed expression of reconbinant beta

gal B fediowingnmateridie any meitiods fweratusilized fri igamples bddn
desgribed. Th 0 accuracy and reproducibility of AV
no 9’?4%?86’9#’2%%’%?2@% alg‘éflai'r&at ed by the production

of Ths Pr@ekol Ras ékgrdvba%%ee(t@mﬂrﬁ@@e SnAiiaPResatch, University
85(2): 758-763). an ée€lectrically insulated conduit

of Galiforsiaat Sap dAraneises and sioodudiediie @scorangerwithiagesaligwidelines.

ol h v q . A . . _

Negiilel siiCteb mpriast BRfE e\ B stetilnal sRlibal §Y pymatic

dispérsith fA6eZ-Bi dis/sVhle OBM nedrdtal Miceaind taltured as previously
transpl antation alters conduction on

AV d
dessribed (BaNgei bl 6addBlpHobeM: (£994)ads Gell Rirlel 26012761 28he After

sl R S oM el N8R 28T rpatum (cisco
BRE!E oy FES (HySlone Latboedtbries,dnd.) psericitinoG ol 00Ul ahdtteptomycin
the influence of autonom ¢ nervous sys

d
10Gglen BEGH 2ngiroleuman: Blorsead Gorhis. Suelevg) mAdbiasieiwere
maftiii T by P AL ARl e it BYEOCH, oo frelitures

achieverl TBSseorfidient g géayney, the hyoblastodere bllhaleddy dither GM medium
| ength (AVBCL) (the rate iéﬁh AY conducti on

or efnaeedo SURTRtiE LIRS AU (98 oMM £ 915 80T YHyClone),
vt GBS A ot e o a8 poa o vor

incabadddh huhtidified 95% a\anmbtied. CO,.s Myalblasts were icotlectéd on day 0,
skel etal 25 nyoblasts 1 x 10 vehi cl e was

day B o A olaMERAY (9 Sieston SRNA and protein.

Production of Connexin 43

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, Blau 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 myoblasts
already expressing the E. coli f-galactosidase (-gal) gene (TR/Z) was used as
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significantly altered in animals wth transplantation
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Wenkebach cycle length (70.0 4.4 vs 57.0 5.0 nsec;p
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PCT/,US2003/ 034729
CAy FFd AERBHTeS PN DPetPrhapIeB 2R Fit 28 mdasuraments). RNA
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certajpsyeles 494%13 fare3QBnb5E fori 3’ and B2°Ghtas 3N foltoveed V2 cycles for

h I
an@bt Kokl R B3t AHA LS s ol RudRly tidaliuetios GAPDH anc
convieixirndis \Aﬁﬁé ZMibﬂdlf@i fnyé@eﬁ' henfy@U aNdl B8s %\’@QQ e PCR
met hods were utilized for Exanples 3-7. Skel et al

progiists wete r%@lvgduwlaﬁfdomrealsem 2% @grpsetg@t anhd waslyzed by

coRRIRIEEN SR, 7B 8183 BhoB50 58, Fipgonin. myoD, nd

desmlndam&dslonﬂ wats poeaaliediot theflewst oG ARDEE bha eBe level of day 0
Neonat al skel etal nyobl asts were isol ated as

wagselasilsl y described by enzymatic 15 dispersion from

2-5 days ol d C3H neonatal mce and cultured as

previ ousl descri bed &Rando T., and Blau, H M

( 19%ke 2: ﬂlmm@m of Brigprs ulifzsd in Expegimepty jtudiet t er
| Slobeel ON, ¢ @hmer(MEkadl UT T UT ed] PlichdFraiardg)n medium (
( 8086nhexiP43redium (3 BCO BRL), | 0% FBS (Hyd one
Labor at or i eg TACOACECCREOACEEE T NGECAPPOY GG CEEEGTCAG
st{rept onmyci ncct@d®g/ m , bFG- 2. begAads( human, Pronega
Coriopenirtskell 8t al nmyobl asts werge520 mai ntalned in
mgdi um i n hURCIATAAMEGCABSGAGCA an@GEAGT TEIRACEDARAATREG
cultures achPewed 75% confl uensy’ (day 0), the
mydioRst s webe cultured in eith& GM nedium or
changed to ¢ilTPEFEAMIGARAGEEETGN] ?WT(&Q@%DEEWT'@%C
hdrse serum AR one) peni ci -4_G 1000/ and

st r%f“ﬁhym 1}’%’00u3/ m% obl as®s cultured in DM wefe

i rlcubat ed i n Jai rg@HT%%%@ETQWTaSt s
ro ol r*la\/ ﬂ -
WeF R oct B on—day 5-
AAAGTGGAGATTGTTGC | TTGACTGTGCCGTTGAATT-3’
CAT-3’

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 (40ug) were separated via
SDS-PAGE using a 10-20% resolving gel for connexin 43, MHC, P21 detection.
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RNA and protein. Production of Connexin 43 The rat
w@ewnexi7Tm 43 (Cx43) cDNA was cloned into the MMA/US2003/034729

retroviral vector; and transduced into nurine

nyobl asts as previously described (Springer M, Chen
Prsteinkivedre dRéGtrdkdaolibed WHYIEOMDME]GM nitidoebwlos@amdrablane and

ASaRogachaR SEb ok Heabel THEER ELL i
%em 4?“*{%%5&%%%@?.%@%@@ fl?%ﬁl?l? Eole(clonal antibody

(Zyrpedckahorgtartes,Bc. Cai)l(1R099) aM)«nswdlaewy((EhagaIp}oigmas detected

-53 WO 2004/ 7
WA B S AR HIRRe Gl Shiias IO, paRkgdnivetsty of lowa)
rgfg]h I
(1203- Zog&on tpgr1m nat i gf}é%o(#etérgﬁm @e?g %@?éggg&h%@ﬁfon
intexpationah llnbeCZl)l(ﬂLﬁ%tﬂlhﬂlbh$ was prepared usi ng tbhe
| 5 CA d tifi
S B RAAATRSHIER aB8Sna A2Bo" meacur erent o). RNA
(1 Ugl)mrﬁﬁn@ﬁifche%éﬁ&ém‘é‘ﬁ%d %Y?bﬁﬁeilhal@‘ﬁ)ﬂll@eﬁ)e%ﬁﬁ? JveBhRerformed

hour at 37C using Aig sanme anbunt
asvdesetieidi by edmadidi Polﬁl‘anngA}Sohm déempasch iz BlonkesAj Gell Tissue

R?ﬂd%@%%g?g%s grl%tydThfpb #%f%%egt I fralg o Shamber slldes with

GNERRIIL N A\t FO-804% dofluenée, r’chQﬁedlaﬁ‘PJvéé leRALY %ll’ﬁ@ﬁled in GM or
performed for 10 certain cycles for 30"

switchegiia DMdC Gells gere) collestd dawa dayaydaw amn‘ day 7 After

B A B DR R P B 5 e it wit
0.2o% triv® XeT00/PBY, @BlIgnéré %&fﬂk@d\&/ﬁﬂ%%sﬁf@r P&3ur and incubated
products were resol ved by el ectrophoresis on 2% agr ose

wile prienedly antipgdieat topm trynperasiretfoy 1 koun After washingvéth PBS three

B, RS SRR o BRSSO o 1w The

dila#iBRHor Basmirmantilsod) ( Si]égmdast Lo MEE confiedin 4B3Zyfed
Summary of Prinmers utilized in Exp erimental studies:

L@Qﬂ@@flﬁmlwér(%mlamérl\ilf 26 D@e{mm@bﬁud@m@rmmbaﬂk

Uy e o0 O K Ry
COANTITESIABEAAT AT

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 myotubes. The dye solution was composed of 2% Lucifer
yellow (gap junction permeable) and 1% tetramethylrhodamine-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 medium was replaced with

phosphate-buffered saline (PBS) containing 10% FBS. Injections were done with
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TCC-3' A3 MoD 5 - 5 - TTCTTCACCACACCTCTG

GCCGTGAGAGTCGTCTTAAC ACA-3' TT-3' Desnin 5'- 5'-
WEBBEMEET TGECGTC CTGTTCCTGAAGCTGEECCT G CT- 3PCTEEEB03/034729

GAPDH 5' - 5'- AAAGTGGAGATTGITGC TTGACTGTGCCGTITGAATT- 3!

CAT-3" 20 Detection of protein expression with Wstern
NIRbATEIND WiPosHR wiie |p%6‘s§ aPdFIRIr8soreetpticact ed from

the cultured cells and was quantified by Bradford

met Hﬁ:elamplaamscﬁxm‘essmmoéﬁw Junefjonreteidpar at ed vi a

SO EAFeMR uA% ok AR R WA bl da HREEER Hliscle cells

aé’@&édﬂ@%@%&%m forritioh b fuedtR el §ap jundtiohs ®dtween recombinant
HYBONDTM ECL ni trocel | ul ose nenbrane and

Cx4drenpiesaingi royieblagiseorggeembinant Cd3-expsessing ypdilagis which have

alterieed FE YR b g ot BRs aRY ST

evalsiedl N t&rol |(11R/Z)Gﬂy&)bléét délDQ\)hch\/hsa@neesé@MMmaany and then
prote| n was_detected 5 with -20 anti body

Rgubpies o3 exiaseen Mmgdijfiﬁ@reﬁaﬂuon 0 odukes wes utilized as
a l:8¥‘€3lggﬁﬁu£%98ﬁalgd/e{d@h§%%% 5&& d%ﬁaﬁ{a r‘gﬁgpﬂﬁf)fsﬁﬁlsglzas but not in

cdntrob @fyotibed.i on) . | nTrunofI uor esence anal ysi s
Innunofluorescence d for connexin 43

wer e %W@B%@NM@% 8é‘s@id B ang pratsimkhangss, (Fdﬁén%C and D) in

%@@gi&ﬁ%‘; @ggq%gs V@I‘:Er ie I%;i\% d Aﬁ%llé%t@p\f\'é ngS'S 59?" ose gel of RT-

PCﬁwﬂwrdlnﬁntd mdmtelrj] th&mhREA ®m3d|@vel§bf8mﬁmbnéll$(§rﬁ§/€) and

the nediu was either i ntain in r swi tche

remrnb@@n XASr@XREeF$IRg 8 sah 8 4@%" b Ta%@vgr%qed'evel of Cx43
I I

mERA fras ;@'L"yb%?‘/per%%%F?f‘*i%??%ﬁ“&é'{%"‘@@*%?‘*Mré%%mbmam

Cx43-exrpreXsingdiBamples lad d\ayroe 2bhariced WheltodteBaAl3 mRNA levels

WG aRAERR dorn-eaualed Y Hay TAT AFaRToh insnefaed) skeletal
miybiiERs v LORIARE 158 RSB LBIS RAHBISE T igfloant

or 1 ncubation
difference in Cx43 mRNA expression between day 0 and day 7, indicating that

retroviral tfransduction with the connexin 43 gene was accomplished and Cx43 was
expressed in mature myotubes unlike control myotubes (Day 7).

The Cx43 protein levels associated with the same cells analyzed for Cx43
mRNA were also observed. A western blot for Cx43 protein indicated the relative
amounts of Cx43 protein present in control cells and recombinant Cx43-expressing
cells atday 0, 2,4 and 7. Cx43 western blotting experiments were used to
determine the relative amount of Cx43 protein 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 that expression of recombinant Cx43
can rescue connexin 43 loss in control cells at day 7. The RT-PCR results
demonstrate Cx43 mRNA levels as expected, in control cells were gradually down
and almost absent 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
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dilution for Desmin antibody (Sigma, St. Louis, M),

connexin 43 (Zymed Laboratories, Inc. Ca.) and M-20
W@ Devesopnent al st udi es hybridonma bank, 20 Uni RET/BB2093/034729

of lowa) were 1:100, 1:100 and 1:50, respectively.

M croinjection technique Gap junctions were eval uated :
inteynal econtiahjretiteiseREACR shidids.t edem H)Ibﬂmgl with antibodies for Cx43,

' bes, O.).
InRPERG e Bt ted it AT Srpreasion-was dowmeasla(awat ok ziand
| = 8004 ) T
o O s (ORISR Dl oS vt
expaessingzelly tiesndtAROW amddawntdgulstio, ehdl eveyalpragtiation could be

[ d of 2% Lucif
d%&%ﬁ%%@?fwgﬁﬁ%%lngt@ Oﬁgl‘}%a%h%gigpd%%?\% and prgtegjnctlexpgerression levels
t , b ARk i On.
W?%p%?@&@%‘éélaﬁ/%@ul aérigérbg esér [ nrgé erlgb@éh(ﬂns'ti Il ed
vat dvlicraihjectionjstudiésto inaestigate ftioe farehationtof functional gap junctions

T T T T AT
oy B3 (SIS GR B QUAESY RIGE FPOBREBE o i

rhefamingdedmmaend butifer Yellava| Liuvifef PEIRw beingatapabie dDfansfer from
wth -55 WO Ig004/ 045709

ons AR QB e netonss copesaeni T Ramels
indibgtekl tH@ﬁgé@@@C@éllqméa‘éﬁ-se@é@@?b@rirﬁgn@fpA ﬁﬁ?ﬂgﬁge&ion%mdy

Junction Proteins Connexin 43-encodi ng nuc acid
befineen skeletal ceybhlasts os keyatulés indicsted thed tedativestransfer of Rhodamine

TN R T
miﬁmbpgtaﬁdcépdqrf@?%t’éiff&@ﬁésc@%@‘ilﬁﬁﬁfn@ﬁéﬁ S M'F@rﬁi}o‘%mine or Lucifer

whi ch have erentiated into nmyotubes wth other
yellgwdiosgsappbpyest Observajiona arewaadetagardingc:ontrol myoblasts which

PGS, el RV G ortRl oy dliedS G388 BB Guled to Cxd
mybblasts; aihd Eentealtnpétube (ho CXABVEHIESSoNPD dd)tngﬂoil ARd1@S; and Cx43

a contral for functional gap junctions and dye
myqtabe @ CxA3 raweftbes. nyobl ast but not in 1o control

Chanese e e fon Bilde toy e el oo yBb:R Gve transfer

(Lucifer yellewpcolld yevaiskerdsd B Bsthroaipive ngﬁia/z&@@narm BffobRists. After
- PCR experinents indicated the NA Cx43 |evel s of
7 ng'ﬁ't'F‘ Sultpeg with Oiemgdiango dye diamsfermoulttkas obgervedsn myyotubes

forfd e 3 chtocts S Bl rap iR SRR PGV 35 PlaieRe et
celispiaiced imdifferontstionanediai f@&l’ltda%/l?ﬂﬁsﬁhﬂh_ﬁﬁé tHeseCildroinjection
e

I t day 0, 2, 4 and 7. connexi n 43 nmRNA
exS%%ggfs ghowe that dye transfer occurred in Cx43 transduced skeletal

myoblasts placed in differentiation media and not in control myotubes.

Example 4: Gap Junction Function and co-culture experiments

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 retrogradedly via the aorta
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were significantly down-regulated by day 7 in TR Z
control (untransforned) skeletal nyotubes while in
w@eoninesdy the Cx43-nodi fied cells exhibited nPCT/US2003/034729
significant difference in Cx43 nRNA expressi on between
day 0 and day 7, indicating that 20 retroviral
ummgﬁmﬂhangmmfttechmqueoﬁhemeﬁu{k&)rgwas pegermed at 37° C using
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the relative anpunt of protelnlnt ee contro
chogipedsatepsrasll pieteshwbich \Geresineuipated siithg2@ el sodidionl Asnd 0.1 mM

35St g 537 e SR T AR T 2 Sispensior
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| oss in control | s”at day PCR results 0
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ASAIIOWEIS 0% FBS, BBATRRATI e 001 /A Hhddabefloing ciheb00fg/ml in
PDH was utilized as an 56 WO 2004/ 04570

laparintosated dishes 26 denaities 0kl 0¢ mst-slapachcelisese RT- PCR
Crﬁ&udl es. Western blotting with anti bodies for Cx43,
n"control cells showed that CX43 expression was

dowrhegiliat éshtainitiedilndARE mrg@@mﬁiprﬁlé%(almn@e
(during s%é)t ube formation) while reconbi nant

43-
de@@ﬁb@@ﬁ diéenestigtion/rrslifferestiation, hetwarked byithe inss«wefdhe rod

BN S SELEEA BBl gpomzon

oflthe eostraviieeappaatdsi OrsHay 6} aj/to%ﬁ@térabtr@umfdy de (B uM) was added
after differentiation. Mcroinjection studies to

toj e wnt flhehlapiseovasgrath oMast of the ARShwere serifferentiatagsby day 7

C and
arfFEERIRS LA ARaL BB 060 DR OKIIARST 2001 | &
dnﬁemiubﬁenlseaxﬁdremmtmh &aaeleﬂahmobla@ts:ﬁlw&nmrveeﬁeadw@uto the ARC
with 10 rhodan ne dextron and lLucifer Yellow, Lucifer

cufigresw! bey were &pabindheHAMamnd ey 199 mﬁdlwne‘oa evernight and

conHé%gt pane‘?&f M%)lt cat EH(? yqﬁ% V{amégéltdgg§ r“pfﬁﬁget\évggn myoblast

arsEAR. 'éoz frechu ceemni/stubAs foenation], dee medivmhuys cieigezbto DM and
skel et obl asts o ot ube di cat ed t he reI ative
MGFARRC P” %‘%{Z‘H %?Lafggr TM@F@@P%'&T‘@W dy@ays)The
Ce' ' lﬁlc?(f)mjcer(‘;ttﬁﬁ%ﬁﬁddl% T(?ln%ét‘ﬁéf@?hé‘ mﬁ{atma&%ﬁ&mr{aﬁ‘ﬁhp junctions
m cr oscopy and appropri l'uor escenc
betWIeemoaadlomyoth callst dret ctitonl zells 6kmletlaUmybblast and myotubes) or
with recombinant Cx43-expressing cells (skeletal myoblasts and myotubes) were
completed. Injected cells were labeled with rhodamine dextron and Lucifer Yellow,
Lucifer yellow being capable of transfer from one cell to another through functional
gap junctions. The injected cell in each set of experiments were observed. In co-

culture experiments, dye transfer could be observed between adult rat

-58-



10

15

20

25

30

yel l ow fl uorescent dyes. Qbservations were nade

regardi ng control nyobl asts which express Cx43,
w@oviael7ding ot her control nyobl asts; Cx43 nyobP@wUS2003/034729

coupled to Cx43 nyoblasts; and control nyotube (no

Cx43 expression) to control nyotube; and Cx43 nyotube

cardioBybtytge(ARE} and Gortresmyoblasbivhichadxppass CdiB @3 with Cx43
reveal edEt hat i n_skel etal_ nyobl asts, dye transfer

mypblastse rEVRN aBia) 7 days in SiffepyiAtioBEUlte doH Tomls were capable of

oL, PR g, T IAAE oro wes
dyw/whndfes befwsaredoritral skelztdlmyotapebbadt/ARCPYR sUhﬂﬁaﬁyethese

rsisted i.n Cx 43 transduced skeletal cells placed
efn?rmntér'@w@t&tthewm anq pevel faatuses Pﬁt%mﬁgﬂ invgatien by

CHERSHARFHERL 8PS fBRh L RHRIE oSSt LRl e
differehit CEE types lay iampresemgaa mmdnrbuhantrccxrmakmlh cmeomfttheszells. In
-cul ture

PERGRT 1ot WneRoR HApL B> Garhbe FOmed pttas st skalatal muscle
t
cPRAR AL (I Pef HipeSs S%ﬁ?a“%réﬁ T, Ty oyt es

wer eEsimehe Pk ffects| of Cephexiadl3 exprdsmiah ®n skeletal myoblasts

Spr ague- Dawl e at s hi ng 200-250g by standard
net hods. Bri e%‘l‘@e W?'&% ng i ntraperitoneal anesthesia

( pe”T@Eéfé?hﬁ‘ﬁe tHOSHBASTIGX 4D Bxp %st'i‘ﬁ\aéﬁ t ffb?d%t%ﬁ%n of skeletal

exci sed and perfused retrogradedly via t aorta -
mynblasm;e@p@m@rﬂevelssﬁ@tummom wessd agatyhed An

GRS el AR e T Tariel 411800 e BRtsRS B dRVels of MHC
ad\dﬁ@esm tWMsti@l &aﬂké?ykomﬂ/?@ﬁaépdlﬁMent&lnHﬁ‘?ﬁt% rﬁ%@i’é{bes in control

titrated pH
r%@xﬂ& Cﬂtbfﬁ C@nﬁbh$keieﬂa|hmy@blasts differemfiatacirto wnultinucleated

mithes Hter RSN WREPEMor 3R, il hs SARERM A b, myotubes
ditMnioR f&ri eVePaftdr 18dySaibR.OCkamY, ésapsre'ésmnrbf recombinant Cx43

Afterwards the |eft ventrlcle was renoved and chopped
preverted mayoblgsisdeem formiss nygtubesic Immtm@ﬂumascgocefstudles

oo APy e o) R Tethin’ 38 StbRd s ol Sfyoblast

diffeentintib® irtd ry®lbss cuered presént byt éd)r’aﬂrdl %bmm% and absent in
sedimented for 5 mn. The Ca 2+ 10 concentrati on

theKeX 43 Rxipressing saaples: dMbi40 gxpressieadeamwastern bimtmg study was
cSRRIRTINTIG BB SCor o S2TMbIBlon anartes ot ol mitosis

arseeﬂph@dreohﬁdtem bhaﬂ@éé ElBlSng nﬁ@s;e:gidups dadlAas/uptregthted gradually
strept omycin m_ni n- coat ed di shes at

frora slayQ tosday 71wm|qhd@ﬂgﬁt§5a@{t Q@hﬁﬁ/@rﬁmﬂ Cx43 cells withdraw from
dividing when medium was switched to DM.

To determine whether the expression of recombinant connexin 43 is harmful
to myotubes or is only deleterious during differentiation from myoblasts to myotubes,
skeletal myoblasts and myotubes were transfected 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
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15 I'n serum contai ni ng nedi um ARC undergo a
nor phol ogi cal change described as

walewuoizoenti ation/redi fferentiation, hall mar kedr/bg20031¢34729
| oss of the rod shape and nyofibrillar disintegration
and subsequent spreadi ng, and reorgani zation of the

arfPalidiriset thlehsepRsy fr\tétﬁoro@?ly% g%neﬂdé&% fd)econtrol myotubes.
ar abi nouranoside (5 M wa$S ad to prevent

Trensfastipayith eandraj edanpyiramwithotlt €xv3 daeslaped normally.
r Ed' %)érbf) %gatfge? t4§ye ﬁ.ﬁ%lgﬁoigﬁs IGEAT Em‘rilgctzllel ueh}?r%tves elzctrlcal

d| ffer enti at i gphdadtiohgnanki &Y nede. skel etal nyobl asts
(104/cn?) were added to the ARC cultures. They were

kept To determinguwhether/tve dorcad exprassian ofeannaxins iampfove cardiac

oA S AR SR Y Y s usea

lnfvttrm’ékp@’imeﬁt@ aﬁﬂdnjéméﬁﬁtwﬂh%rlw&oﬂ@ di‘)ﬁﬁnﬁﬂﬂwcﬁﬁ}flment rats (Lee et
mcrmgectlon was g) fornmed after nyotubes formation

al( o9y App! Rhypisl-f562): i768- 1 3diAnimeals injaséed WihiCx ¢ dransduced

sl@(‘:eggrtgﬁtrlkfy?@g?fs @“?%21'02% 'Ils/g%’ff’;fd ﬁncéglvf’é@(cq?@é%ﬁg% animals injected

witty obhiesltskefedarmgoblag) (206 x 10 bblls/a‘éo;mbhﬁ&i')t Surface ECG PR

Cx43-expressing cells (skeleta obl asts an
infopéala ey W%‘fe@!oﬁ?spﬂ‘teédwth AY ccabbloskIcycladpaaiepMBL) (the
L BRAIEORAENT 60 cs LUGLAEIY A 1 Y51 Bénducy anc

A\ﬂN(Hffwtlve hﬂéfm@bryf pmdnd AN ERR(theloetiplingsinteral at which an atrial
set of experinents were
@ggw&ﬁ t‘é@”é%"ﬂbf%‘%@ﬁ%@ﬁﬂ@) dye t r ansf er

e SRR SRRl g I IEETATABR e

wiﬂyﬁhna?;rtanwuc%d ek@e@sn}?fb%tswaswoh’rpﬁéfo tlm'obht&sltékeletal muscle
t 7 rent]atlion culture
cell gy qﬂe@eré%%sé s 8 m@sﬁmgf?e? -t AH001, bared T-test).
t t
THé’]AVB@L no ngf hﬁr@ 1 g{]@ rhg.:?oori?r ’o‘?é“é{e?}g?%? and AVN

there wa etran et weel
ERI?(QBOI@es Qa'awmsAm 00.6 ﬁmﬁﬂany, p101@@e paipd Ertest) e S|gn|ficantly

iR el Bl Ml RS tatticBur efsalmpBlogh 26 compared
tofa%"rﬁhfsllﬁj%btéiﬂﬁlth%Htrb“él&élét@f‘ﬁn 88 nf{%’. ween two different

cell types by expressing a re nant connexin in one
of tlesegkbults damqmatrate:thmlahthe ¢lratrichliconduntieh thaqugh the AV

bR S Bior iy B ed AR gclastniih 533 tsduGed skeletal
%IQS@W&éred]@ c%’h%’@ip‘sl@elétal FiyoBfsts. Oﬁ'h@%aﬁﬁéﬁnﬁoduction in

expression on skeletal nyoblasts di fferentiation
the seeombinant eellseprioyideddor e&ectrB:aégtmeMIombeiweehethe recombinant

ceﬂ%%&ﬁéa%@élhﬁg:,@po%rg{ag CﬁE |g%€.\r§ %ﬁfld Eﬁ?vric?g %rqbnetter
electromechanical synchrony between the atria and the ventricle.
Example 7 : Autologous Transplantation of Cx43-Expressing Cells in
Patients with a Previous Myocardial Infarction
The treatment of cardiomyopathy in humans is carried out as follows. A
muscle biopsy is obtained from patients who have experienced anterior, lateral or

inferior wall myocardial infarction and may or may not be a patient that requires
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| mmunof | uorescence study was perforned anal yzing the
expression levels of MHC 15 and Desm n, two strong
woreookes0d or myobl ast differentiation into nmyorCES2003/084729
control and Cx43 cells. Control skeletal myoblasts
differentiated into multinucleated nyotubes after

corbfAtyHricpy bW)éd% g?hﬁ éeABb)Ob'w ery! MHeskelstangiseleAcells gathered

group, myot ubes not form éven after 14 days in

frmthabmsywre ecaaﬁu@seb ivefandegenalicaliimadifier tpexreas adhuman

oAt ERUSh S PR MRl Gss B AR & T B e skoletal

mh@@e@)taf@aaalvﬂé&mrsrei:@fnwmlc@ﬁhexuﬁléﬁpeé@m BY iiMmundfi@orescence
nmyot ubes, were present at day 7 in control sanples and

assgieydar comneximprating In eepiaisiistancesnitiecee!lisvre 2malyzed for the ability

o ke ol AR AP Bl b St Yol i Elbter e

advayk elesefibéehbove.t osis arrest, had consistent changes
anong these grou and was up regul ated gradual Iy 25
f r on\iiRRamRlysds eé&wmomflesiﬂnuwleg@llg, a fharapenticatipeffegtive amount

of A TGS ptsHEEIS L horslish B RO RRAALUR ¥ 1o, I certain

swtc ter e expression o

instapea®whant the pratiextsowd skelektdmitisdle céws oxiotirsused for cardlac
only deleterious during differentiation from nyobl ast

treaimabta FREOMbIgRE r@uaplerﬁpdiw|n§§~@cla.¢apfaﬁ§9g FRgomBIngNt human Cx43

oA RECGy ot S50 ARG 61 AL BHEBRA s known
towhode Skill€x #3thanart. TharGt4s em}ewngmﬁdwl@ neilaarmlhemampa?anted
had i npai red myotube formation. | n contrast,

erHJqV@éP'é'ﬁf Véﬂ'f@oa W@ﬁt@@&ath?@ﬁs‘ﬂ@éh sathgters gan @q@@talned from a

4
v B LSR5 555, SIBERING Paineiits SR o5 YohhRGH Johnson's NOGA
systetas BipHearby Myoabthg tﬁijmcardlac 8ostarl Scigatifide stilleto, Transvascular
oSBT RIS BTE0 u  BbSpeure. The
L th

P3Pt & otz %’fé‘%ﬂ?‘*f@*aﬁg?ﬁ%ﬁé% %?E%é%f&%?@%@ﬁ-

of cBafientsns i nprove cardiac conduction, skel et aI

t wth Cx
s oqT e 58ty Are kS anp eREiS Gehehiy Bebiapn 1§ gnirg vears of

W
R e A e g ﬁf‘é@?é@@%"ﬂ'c

cardiondyapadimsduced skel etal nyoblasts (2.5 x 106 cell s/
25 1.,.n= 8) were conpared to animals injected 1o with
cont[?’QPSgkel etal nyoblasts (2.5 x 106 cells/ 25 |; n=

five EReietdrfadeR bioB%? s ShtRineRY \ﬁltﬁﬁ%sf&v\?@eewg@?hg L4 weeks) o
W|th AV nodal bl ock cyc l ength (AVBCL) (the

antteipstedvotanady arteqnb}awmf@s psb@futelmlneralthy nrm@hrrg i$ Wanranted.
Auto'lc;gsoutsosk%?e?glur%h%cle cells (myoblasts and myotubes) are isolated from the
skeletal muscle biopsy. Under sterile surgical conditions, an open biopsy technique
is utilized to excise skeletal muscle from the muscle belly. The biopsy is obtained
from the thigh (Quadriceps-vastus lateralis) or the mid-calf (Gastrocnemius) of the
patient. An attempt is made to exclude contaminating fascia from the biopsy.

Quadriceps-vastus lateralis- An incision is made longitudinally along the

anterolateral aspect of the thigh in the lower third of the thigh. Dissection is carried
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AVN effective refractory period (AVN ERP) (the
coupling interval at which an atrial extrastinulus
WO 2004843709 conduct t hrough the AV node). 15 Si gPCT/US2N03/034729
shortening of the PR interval was observed in the
animals injected wth Cx43 transduced skel et al
thraugh thetsoftiisstiergal fasciacandhthecquudriveps ek tisalbteralic Wil be

&k e G ARl o miscie Boessasasonaibidiadlyabng the
I 1 » - .
oG orthsmisis M P Aeckg s i) i .

T- t daastregnemiysyAinfincigian ig langitudimallyed the pastemalateral

oAb R B RS S S b WDld i
exppebltias yadhesterhias thiiscle e Mossgmhah ot hiatcld .ri‘sere‘éfe%géad;] r'toﬁghudinauy

conduction through the AV junction was signifi
alonghthe/leagiaxisel theinusde dbeeandiplacetkin® & cantainereaf transport
melighetal nyoblasts as conpared to control skeletal
myobl'asts. Thus connexin production in 25 the

r ec dbbvina propeefatisn phe\Gesetc Wdiﬁaglﬁh fﬁ’if aBto/SURESIsON
a

bet m%t ne reconbinant cells and j ol ni g
nmy oddiedngthagisiang pretecats uaed ferthedsdlation,@xpaasioorand transduction

of gﬁjéﬁﬁéo@e@%l{e%{gf&égéﬁgeﬁw&%ﬁgﬁ'@gﬁ%ﬁn%%r% ggns%urgt %x vivo are
asTescspedabaté 0 Fop bx&nbie, Bupifs sbMeyGe l(éég ick43f)’%ﬁjr\9ms§cloned into

WMlgw a Previous Myocardial Infarction The treat nent
they MRG retrovispb pansict mndurenesiuced datorthe dutologaiss skelbtalnucsice

oo T SFBHRRY 420 LA SLTRATLEEA. Y50 RREF co. 1050

2:548:658 dThis ¢orfstiuct IsaermsnailyyeeabRy expr¥s s inttﬁeaa&é!b'gsaé muscle
@gat requi res -60 WO 2004/°045709 PCT/ US2003/ 03472

ronary artery bypass graft (CABG surgery. The
ke r he hio ar e .
oK TR Tor@teah e Ak e Sl B B0 By BLOREY 3 conponiration
of abiowir 0% toTeels/ml.( Themadificd £3)ls mayt e stpédafder refrigeration

descri bed ve, The nodjfied skeletal muscles are
(U%@Vﬁ%‘q @%)8} RIS B thensPlandatinekinto theppatistoCadyviability via Trypan

BIUSTBYO BHLHRIAPEATIEE u3pRIRAY Féﬂiaﬁﬁ@ﬂ%@e PEOERL] s t8hfirmed via

ai n 1 nstances, e cell's are _ (
theatittectign of 6x#3 expfassior by mhmyapfljiorestemssatidifoh by the functional
rdi.omyocyte cells the in vitro Lucifer dye

d
gaéi%@n(fgg%yg, geser V&t er anal ysis of the nodified
mis ﬁlaﬁ%tloﬁ,of?fe&%)ﬁb@gf)r&bﬁﬁé}iﬂ e?ﬁe%%@gvcreer@gﬁ%‘ %;oerco,&taneous

the nodified nuscle s are inplan
pat @gpoacheart tissue. In certain 10 instances when

themg@ti ents own skeletal nuscle cells cannot be used
f or MRAPHINE e TESOmERENt SonnRXihBKRrEssingsls inte the mypaerdium

invelES BAMIMERARG thd REHMBIRERL cdISBY usiid 3 catheter delivery system.
The recombinant cells are injected into the akinetic myocardial scar at the site of a
previous infarct. Depending on the size of the targeted infarct zone, between 400
million and 1 billion cells are injected as a suspension. Multiple injections can be
used to deliver the recombinant cells.

The injections are carried out by advancing the needle through the end hole of

the catheter to a predetermined depth. The proximal end of the needle lumen is
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is utilized in conjunction with the appropriate use of

i mmunosuprressi on drugs known to those skilled in the
W@ea04/0141@9 Cx43 expressing muscle cells are thePCT/US2003/034729

i npl anted endovascularly with a injection catheter,

whi ch catheters can be obtained froma 15 variety of
atenedas J ealibratedyyeingahat mﬁéiﬁt; ehe resophbinantcdinaumpetision. After

Johnson's NOGA system BioHeart's Myocath, Biocardia,
adgsieim ps@ntlenmgfagangstm ené%ardﬁl stisfage by fiyoroscapife irfracardiac

) e f

ecglr%ggf‘cﬂﬁg gpﬁ é?ﬁ%cmettl% r s?ﬁéﬁ?ﬁ%ﬂﬁ% n@&ﬁ}r{é%%esﬁ{eg@?e%% advanced

ineviakUayecdriRing bhddpe geld Sus peradion iy injddted.eWpsn cb@rlﬂbmn of the
patients are nales and fenal es %eneral |y between 18

inigetion Shgamedias wikEaWN(RIo e G8 'a%tl%s .TQISdmeB}Oévﬁ sAReated in the
ta@e‘f‘f@élgh%ntﬂ ﬂéﬁ%ﬁéﬁ' of’ nuéecl‘%ggglbo 1o S n a| neg)ﬁ?é)c?%ﬂycover the

erdiré eveavetire feargincluding iteperphary. Iﬂ&e&rﬁllutarphﬂrady is dellvered
coronary_ artery bypﬁss for patient where the p\r fj
dyring@ clfengnepdgand skboeare useddp enicardially deliver ‘the cels to

| thé%@ﬁ—ggusc e gérmasgqg@%? i solated fromthe

ropsy. Under sterile surgical
condifbhitoring awd EpeloatioropEyreaémbnt que s utilized to
eXCI se ., éel et al scle fro

bi ogs Saivs; Adverse Paﬁﬂishmé&qﬁ?% W@F&'@&ﬁ@ \?24%!?%
a%ﬁﬁl%f&l&'e?éctﬂfca?&]ﬁgfﬁnﬁ’ L&ﬁé%llhﬂ:‘éﬂ ?Bo?‘étbrﬂes@ﬁr@@arned out by

to exclude contam nat
mé’dmdsaan‘dr tmhnlqeeblkopw to tttusej sklﬂeqb:m t}m&mhsﬁon the@valuatlon of

d it I I
reginel s abpel st & QRS o BRepeiEIed fd gompared to
LA RS s S ABIUOATD 12,5
4 aﬁqdandh‘e'z maosnding) cbpsen‘ammstamessreaﬂalwtmnldf tieatment may include
ed. A.s

D EBkian Sfrefg PeiAraIoAA S BISEAtOR o FRpaRs avat mpfign and wal

thmkﬁééguﬁ tfidn 8fnHbAGEen! (mr@cféop@@;'i@}i)neénteést%aﬂmwgtraphy or
dium Gastrocnemus- An incision is ongl t udi na

magne#rmrqs@@aec:enraagmgl T&Ggm@nrtonm@ahdgvah@@onmqshﬁeatrdent can be

ca ssect,jon de thrp he d f
w5 ng4b8 Tetel eletbriateliES! hihglighalifige AR6 Ppbhronized
eIéétrdSr%@ﬁéﬁ@!al'&ﬂﬁjubti&h Qithivthedhfdret.t he [ ong axis of the
muscl e fi ber and EI aced into a contai ner of transport

medi Example 81 Aot al ags plantagioncof Beeombinant Cxh3-
O oo e R CAUE A5 i BaPAE UlRion aisosse.
Patients
The patients are males and females between 1 and 90 years of age with the
diagnosis of cardiac conduction disease (i.e., heart block). The heart block can be
congenital, acquired, iatrogenic (e.g., as a complication of valve surgery or catheter
ablation) or part of the normal aging process. Ultilizing the methods described in
Example 7, 1 — 100 million modified cells can be injected in the AV node region in a
volume of 0.2-0.5 ml. The recombinant connexin cells can be delivered surgically 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.
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of the autol ogous skeletal nuscle cells with a hunman

connexi n construct ex vivo are as described above.
wo-o0040xa0pl e, human connexin (e.g., Cx43) cDNAPGCEHUS2003/034729

cloned into the MFG retroviral construct and

transduced into the autol ogous skeletal nucslce cells

i N aVehitbhig ang FvelusondFTreateshtby Springer M. et.

al.,_Mdlecular Cell. 1998, 15 2:549-558. This

consthe.getecioq of beartibjoalk (@nditscivpataant)icambetreadily detected by

sufeRLI3B, TXhlpb eS8 teing, PSRRI R00 b SR G fhnysiology
stedparnaitarnatve sapplahwttal 186ts 10 Usebbs tdrapyhe nodi fi ed
cells may be stored under refrigeration T{usuall

ar ouNthayigh theidascription abeys epntainsomanyspecifisitipat fhese should not

=Y o B I P YARYA . | usi pn_can.be
b Eatptleac infing) g SobPE B e PhERGoH Bl 85 Rhrbfiind
illusteationb &f dehwcdf the preséthprefdrias ehddients of this invention. Thus
I mmunof | uorescence and/ or by the functional ap .
@pé;e;?clalms and their

the 5rePP 6 this dnyentiga sheulshe dptarmingdrpy She app
oS RTNIRS, THRIGELS IFHBLPRLPRCERL i o Bonpp of g presen

inventioexfully enpompasses ottlel @mbudimeh® Wiiehahgy BBtome obvious to
the reconbi nant cells by using

i nvol] yes . adm ni sterin
thgse akﬁ%g i th?e@ntv%?q/tf@? Hhesroperpiethedueaentiayentian isacgpedingly to
o PS4 B g RS 0% SpRuRaY v 601 PR on

eleraegtindtiei sirigulat iszm intehee¢dvee medd0'oneidrid orly @meé" Lnless explicitly
bi Igé;)g Icqel l?s are inj ect'§§\ as a, suspension. Miltiple

SO Fipteck PYhEAtREh e OrIpoRse Mk Yrudiialshannigals ape fundtiongl

ool 5 e SleRTS B 1 SpERELHLECHIY pieter el BftHoBinbEtnat are

knpnediettbosé 0é drdiegrytskillTihehe moixaneed xpeess|y fndongorateztherein by

re%#nen isd-62.%ﬁ)&0 4/845709 PCT/Q?§083/034729 ) .
Pacthand Ale Yieadehiube ansymPAgeet Ryhe Brrsamhslaime. Moreover, it

is hEERSEIRRR} T el deviels BE REtRH td“éél@(ess%%%ﬁ‘éﬁfde%\g/ery problem sought

positioni ng agai nst the endocardial surface
to bewsivattbyths prasenhinyediiear, foeit ho beraticogipgsisgd dy the present

oldfdn e Tre e Sl r SR of msther Feiis jas dresent
didcfodute &€ IiREndddPRIbE ABRIcEtd P AE duMic Ped iR &Nmééhlég the

needle is withdrawn into the ca_t_heter. Thi s et
elerapahcemponenter melhgdisteris expligitlyi recited instherclaimst hido claim

o phfr 2y L farah Rl s BB (7 G i, s
patdigraph| Lineas thdeleaidntiis edieis ¥ BditedlUEINBENE phARG "rhE&Rs for."

a needl e and syringe are used'to epicardially deliver
the cells to the akinetic region as described above.
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10 Monitoring and Eval uation of Treatnment Cinical
status, adverse events, 12-lead el ectrocardi ogram 24
whewn/043ndul at ory el ectrocardi ogram and rout i PEI/US2003/034729
clinical |aboratory tests are carried out by nethods
and techni ques known to those skilled in the art for
the eval uation of regional ClLaimMSventricul ar wall
Wf upcti on. Foll ow up can be perforned and conpared to
PatisLAIMekisti e, prior to treatnent) at sel ected
riod i :at | e 1.2, 3, 4, 6, and
gg mn?‘hds%g?.afafnﬂ?le@?g@{né n%ls"ar?gg?,n%g\ggl uati on of
t aeardigo stimyatiorcassbenblpdhattia sidaptest toageiver energy into a region of
. echocar di ogr a hfi c evaluation of regional wall notion
tis§iig Wil 2 T ERA patieht Sa:89 BetmuiaipMeteaions end
(] i ’ . _
oS SFCLAMANL gt st a1ERldd BEBRRING fito the region and
toenhhnee istimutatin ofrthetregion witnthecerRgy detivéreddst ibergangiac
t't he lLevel of, regeneration of functional nuscle and
SUMHAYANATSAIAP Vel ect r omechani cal conduction within the
infarct. Exanple 8: Autol ogous Transpl antation of
Reconbi nant Cx43- Expressing Cells in Patients with
cér di athe system pbolaim deadereinhe icardiac 2miitatiopadgsenitsy
are males and fenmal es between 1 and 90 years of age
with t‘f‘%ﬂpﬂ?%ﬁ;nosi s of cardiac conduction disease
(& d@liver?eﬁéﬁnbbl' QGtk)a proximBed P&lti?ﬁkan‘beé‘ dR&al end portion that is
congenital, acquired, iatrogenic (e.g., as a
adeptasl fodee pesitioned at adocatiogewiphina learhef ampatieht; anidon)

o Atk ol s PRetrpda adsBmBlics Soonpating vifiue deiivery
memBef g el dabhandubigs Blutmiliatbn BleciBdYhAGY BRI o extend

in a 30 volume of 0.2 nm . The reconbi nant Connexin
froge thesdeliery earabenat tbe leeatighaand intw aaniquebcgtiomeslative to the

ri i at V. naodal,. art.ery.or via a,percutaneous
otl'zéérléle\i%fdyabiég{eé:ﬁ;?) (es égng)_h&s’w@_l%ﬁhqjﬁgéqﬂ of\ﬁsfsue.
6, 059, 726. -63 WD 2004/ 045709 PCT/ US2003/ 034729

Moni toring and Eval uation of Treatnment The detection
o¥- healhe Byger oielaim Rswheeein anh of thmatray 0f edtenglable electrode

o<§EBELS Sobrop B 6foriie BESUB SR B b & epasom e
distalterrdpdrtivn of timp Helesry alssé@BlysanPinés eafdad HSSAPYo a8 to position
Al t hough the description above contains many

the taspeelive stirulatiopealectaadaatthaatniqurslogstienr ued as
l[imting the scope of the invention but as nerely
providing illustrations of sonme of the presently

pt.ef erTredsystbodofiatains 3pvheRis thestintiation eldttfodd deach
i nvention _shoul d be determ ned by the

Cc of thi
exf}ﬁggﬁ@eﬂeeﬁrgq?%smbtyﬁgiil}tegrated with the needle.

5. The system of claim 3, wherein the stimulation electrode of each
extendable electrode assembly is adjustable to extend from the respective needle to

the unique respective location.

6. The system of claim 3, wherein the needle has a curved shape.
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| egal equivalents. Therefore, it will be appreciated
that the scope of the present 1o invention fully
wep@enpHasses ot her enbodi ments whi ch may beconeCDDS1008/634729
to those skilled in the art, and that the scope of
the present invention is accordingly to be limted by
n@t hi nd hetdyster ludiiclaiime3, appeneietiheaiemdies comprisks @hsuperelastic metal
eference to an elenent in the singular is not
aI[‘Wtended to mean "one and only one" unless explicitly
so stated, but rather "one or nore." Al structural,
chem cal, and functional 15 equivalents to the
eBenmenilhedtystana ddistaie- 3 egherebetheprasidie cenhpeisbs di shape memory
that .are known to those of ordinary skill in the art
Mgl al¥%r essly i ncorporated herein by reference and
are intended to be enconpassed by the present clains.
Moreover, it is not necessary for a device or nethod
t 8. addiTéesystarn oficthimn& rwhererbihermnessilgyhomprised a rickelditanium
d?& the present invention, for it to be enconpassed by
e present 20 clains. Furthernore, no el enent,
conmponent, or nethod step in the present disclosure
is intended to be dedicated to the public regardless
ofl OwhetThersystam of ickaierd, whareiponent , or method step is

CXBENSH M o855t BePebli BHAMTE prbSmll SoRLSCE igitel
plidble fabulakbodyi Wit anivigdumeh; unl ess the elenment is
expressly recited using the phrase "neans for." -64 WO

2e04ah stisubgioncitecisde i logatepoalomy heviebuarhodysofdhairaspective

S, c i gyl atjon system conprising: a
e*é%?%éba{%éﬁcﬂ?ﬁleg%l%ﬁgzs%ﬁol y that is adapted to

delheysin ezichrrelativelydplabletibatardfodyds bidapter! 1o hdt8flécted and

heart of a patient so as to stinulate the region; and

staergsl thrudly thedralasn oliissigan ag ieablare thiganeetive shmulation
oldodeLetlel Bt (818 TGN Lo enhance stimul ation

e region w energy delivered by the cardiac
stinmul ation assenbly. 10 2. The system of claim1,

wherein the cardiac stimulation assenbly conprises: a
déili vedemyatasm ofctaimal § fehergonaprisingr t i on and a

35788 Bt . B8l oERESb AR RGO v
lumenegf atfleasttomedzfithe tebulat bodies assesntol adigstcthegeba@hi bgdy to extend

with the delivery 15 nenber and t hat each includes a
fr%mitﬁmds YJ¥ reeBOEF 88d advance raamgieafﬁgéom 61 Hissugneuch that the

re%&lggﬂue ior@gtla%i(‘({)rﬁ E?éeclrﬁ???\e}é ptﬁgititbﬂgd Lpaad I eRiE LiRigRedocation.
12.  The system of claim 11, wherein:
the moveable stylet has a proximal end portion and a shaped distal end portion
that is torquable within the inner lumen by torquing the proximal end portion
proximally and externally of the tubular body so as to deflect and steer the tubular

body in order to place the electrode.

13.  The system of claim 2, further comprising:

an anchor that is extendable from the delivery member and adapted to anchor
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ot her extendabl e el ectrode assenblies within the
region of tissue. 3. The systemof claim2, wherein
we@2mh/0ef704 he array of extendabl e el ectrode 20PCT/US2003/034729
assenbl i es conprises an extendabl e needle that is
adjustable to extend fromthe distal end portion of
theldistdbéma postionsatehbllgcatiot suthahadth@ @reay obextendablaslédtrode
ositjon the respective stinulation electrode at the
a%%ﬁhb]'@sll%@gﬁpt?ﬁ. tope popgitiaped ahiher respastivesunigue iegationgalong the
' {;an el ectrode of each 25 extendable el ectrode
rengdsrfy%[f%&h?.s integrated with the needle. 5. The system
of claim3, wherein the stinulation electrode of each:
extendabl e e] ectrode assenbly i s adjustable to extend .
£ A ABe SISt of Qe MIarSin the EgHpG GaMPESHS 8rgtiAbiation
e|é§ﬁ;@£?é_on. 30 6. The systemof claim3, wherein the
needl e has a curved shape. -65 WO 2004/ 045709
PCT/ US2003/ 034729 7. The system of claim 3, wherein

t I ' | ast i t al [ . 8.
TS oy ShemERM PLEfTS T AMEIES < he needi e conpr] ses a
frRpgist @HGBfaor@oHIFB? e ncgéll\@‘y membeicot iRy é’fﬂis@élaliq";ngi\d

S
wherein the needl e conprises a nickel-titanium a
16 stiulgtien elgstrede if locatadhatthewlistakiim: each of the
array of extendable el ectrode assenblies conprises a
relatively pliable tubular body with an inner |unen;

eagh sThawyslen?bf BlafAlT, dderéin the GaFAS: alifitht
t ubul ar E})gc}i,y of the respectri ve exten%latlnlci.\J e ectSrS()ecT(]ably

assenmbE@MpHs@s:15 wherein each relatively pliable
t r body is adapted to be deflected and steered
st Bmale

bn of tissue so as to pl ace the
respective stinulation electrode at the respective
uni que | ocation. 11. The system of claim 10, further
cdfpri Shagystem af aleirash wheseinlthe cardiac pscaniageedomprises:

RS 3Py TRl baBael 8, R to adi et the tubular
body to extend fromthe delivery nenber and advance

through the region of tissue such that the respective
s18nul hbe sisteneet elaita 1, whesientthe setiae stimalationmasenidy

uni quecd 4GALLan

a cardiac defibrillator.

19.  The system of claim 1, wherein the conductive agent comprises living
cells.

20.  The system of claim 19, wherein the living cells comprise at least one of
myoblasts, fibroblasts, or stem cells.

21.  The system of claim 19, wherein the living cells are adapted to express a
connexin at gap junctions with cardiac cells in the region of tissue.

22.  The system of claim 21, wherein the living cells are adapted to express

-67-



10

15

20

25

30

25 12. The system of claim 11, wherein: the noveable
stylet has a proximal end portion and a shaped di st al
wepw4pervd on that is torquable within the i nnECT/US2UB31034729
by torquing the proximal end portion proximally and
externally of the tubular body so as to deflect and

comihegin 4hat thelydmjunchiosly, in order to place the
el ectrode. 30 13. The systemof claim2, further

conprising: an anchor that is extendable fromthe

o8 ke R TR PR AR FRRRD S Genetcaly moaio

over-eixpredsquratiuctivreofctorinexin 48e array of extendabl e
el ectrode assenblies is adapted to be positioned at
the respective unique |ocations along the region of

t QﬁsueThé I_g&étenq— BEc )gﬁﬁe%éfrleﬁ'tﬁé i"uaucff\’%eé rgéd%ﬁ%rises an

anchor rises a ation ectr

lnjﬁxcwbdmptépariammbﬂé conbdactdienon-lieinginsataetiakthdt soadapied ¢d enhance
theﬁ%ellver%/ menper conprises a distal tip; and 10 a

elegtigay candystien 8Lted8gias | ocated at the distal tip.
16. The systemof claim1l, wherein the cardiac
stinmul ati on assenbly conprises: a cardi ac paceneker.
13517. Tﬁbesys’gesm efrciaim @4aiwheBeinthe cenductive nen-tiviag material
pacerm er ri ses i -ventr di ac

el meRble gelion e wnaueie matal ent he

card| ac stinulation assenbly 20 conprises: a cardiac

defibrillator. 19. The systemof claim1, wherein the

clﬁducﬂ'heesyammof clnairpr1i sdereinyi ng cells. 25 20. The
st em of t he V) ng cells

214 St uRtoR petrRLBicorpizesERe S SEEHRl loa that is
ad"a?itéé; to Ba- ojs_hi%néb! o8 @ erflt@ileBtAdal cRheirto the rédivh;ehd

I's are adapt ed to express a
the system further comprises a delivery assembly that is adapted to deliver the at
least one electrical lead and also the volume of conductive agent to the region of

tissue.

27.  The system of claim 26, wherein the delivery member comprises:

a septal perforator delivery assembly that is adapted to couple the cardiac
stimulation assembly to the region of tissue via at least one septal perforator vessel,
and also to deliver the volume of conductive agent to the region via the at least one

septal perforator vessel.

28.  The system of claim 26, wherein the delivery assembly comprises:

a transcardiac delivery member.

29. A cardiac stimulation system, comprising:
a cardiac stimulator assembly with an energy source, and an energy emitter that
is adapted to be coupled to the energy source and to be positioned within a region of

a heart of a patient to be stimulated; and
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30 connexin at gap junctions with cardiac cells in the
region of tissue. 22. The systemof claim 21, wherein
w0 b@4loisardng cells are adapted to express -67 REI/US2003/034729
2004/ 045709 PCT/ US2003/ 034729 connexin 43 at the gap
junctions. 23. The system of claim 22, wherein the
| maamg foekhbamcing gémedation dfithewdgibnavith the enargy éropn desenergy
rgroducti on of connexin 43. 5 24. The systemof claim
eMittefiheri en the conductive agent conprises an
i njectabl e preparation of a conductive non-1living
material that is adapted to enhance electrical
cdduciThersystenn loé claégi2®, whtbeinZhe Thearss/firemhahcinigaitimulation of

th24 wherein.the conductive non-1living material
C SRPPNEOIRYIPEShj ect abl e preparation of a conductive

NRicdins fgﬁdeWMi@n%F&mtﬁtivS'ayem o ti“@;a t .H:S:net he cardiac

stinulation assé y conprises at el ectri cal

lead that is 15 adapted to be positioned so as to

egit electrical curre into .t region, and the .

S9bt em TR BT 20, Whedeihi e rari o efverti a conductive
agRMed Bk fQisletomprisédie at | east one electrical |ead

and al so the volunme of conductive agent to the region

oMmeanisgouproREingra crheeXxy soreanaldg cderivatize, ombielogiaal enwivalent
| iv.er, r conprises: a septal perforator
th%%qlf\)ﬁrtbeggé@ﬁbl y that is adapted to couple the
cardiac stinulation assenbly to the region of tissue

via at_| east one septal perforator vessel, and also o
t 32del Thesystea pbriaire 39 wWhereindhe veeanssior predudirg a connexin in

i : [ .at | east one septal perforator vessel.
thégg@gﬂ %%&gt em of claim 26, wherein the delivery :
asrems|for priRIcirResonneXin 43 SreailbGcddtRkative of BTBIBBRYAl equivalent
29. A cardiac stinmulation system conprising: 30 a
ctiedeals instheniggianer assenbly with an energy source, and
an energy emtter that is adapted to be coupled to

the energy source and to be positioned within a region
083. a Mharsysizim af plaim 82} wherdia thé inedrat fod preditind 8oYMexin 43

2004/ 045709 PCT/ US2003/ 034729
comprises:
means for genetically modifying cells that over-express connexin 43, or analog,
derivative, or biological equivalent thereof; and
means for producing the connexin 43 in the region with the genetically modified

cells.

34.  The system of claim 29, further comprising:
means for stimulating the septum of the heart with the cardiac stimulation

assembly and means for enhancing stimulation.
35.  The system of claim 34, wherein the means for stimulating the septum

comprises:

means for pacing the heart from the septum.
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means for enhancing stinulation of the region with the

energy fromthe energy emtter. 30. The system of
web@iu¥209 wherein the neans for enhanci ng stiPCl/a8510031034729

of 5 the region conprises: nmeans for delivering a

conductive agent to the region. 31. Th stemt

@6ai mBE Syﬂh@ne}frdalﬁe%;e&h%feﬂbthed@reﬁv% r%a%tng he heart from the

GO onductive agent to the region conprises: 10 neans
SeRYM KPBRURFH1g a connexin, or anal og, derivative, or

Bhehmafdy roﬁ@lﬂg\ftﬂl\/@hitncmémaiﬁﬁg from thessepdginon. 32. The
system of claim 31, wherein the neans for producing a

connexin in the reglon conprises: 15 neans for

efsggw 3¢ 34’?{‘1'er eid fife m@% LYt ét}fﬁulaﬂh% the septum

oIo In t e region

Coﬁmﬁgggtof cIa|n132 mhereln the means for producing

connexin i ses: 20 neans Ior genetically

n"@ﬁ&ﬂ@f@@&f@ﬂ"@“ﬂ%ﬁt‘e heast viedpe 869WBnnexi n 43, or

anal og, derivative, or biological equivalent thereof;

and neans for producing the connexin 43 in the region

v@g.h tTiee systetn cfadlaiyn Bodwherih theeinesins Z6r Stimulaitiag the septum

system of claim?29, further conprising: neans for
CoRIgBsati ng the septumof the heart with the cardiac

:'%‘. mj% ?(%H Sq’“‘“'%@ﬁ&lﬁ? Xeﬂ[]Fh ﬁgﬁ%efs‘? lbn@"eRsl giiforator vessel.

at'i on. ystem aim 34, wherein the
means for stimulating the septum 30 conprises: means

for pacing the heart fromthe septum -69 WO
23da/ Oﬁwwa@éﬁm&mw’ﬁomggsm%e system of claim

32c H@S&t%%#&?ﬁ d'éﬁ@étz g@gen‘?@\ﬁﬂh@s&%ehﬂ%hdﬁbwe h?@wt and a
sep?um conpri ses roviding bi-ventricu
delverpgséembiytthat septapted o deIWermllgmgt(n‘mqmugtnae agent from the
wherein t e means f.or Str#m“ atg the septum
i

SRR ANsSto agegional @ REATH I3 PRUSThG the heart via the
SHREHEYor delivering energy to at least a portion of the region; and

wherein the volume of conductive agent is adapted to enhance stimulation of the

region with the energy from the means for delivering energy.

40.  The system of claim 39, wherein the means for delivering energy into the
region comprises: "

means for delivering a stimulation electrode into the regi'on.

41.  The system of claim 40, wherein the means for delivering the stimulation
electrode into the region comprises:
means for extending the stimulation electrode from a delivery catheter at a

location within a cardiac chamber adjacent to the region and into the region.

42.  The system of claim 41, wherein the means for extending the stimulation

electrode comprises:
means for positioning the stimulation electrode at a location that is off-axis from
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38. The system of claim 34, wherein the neans for
stinmul ating the septum 1o conprises: neans for
w@rioakso9 ng t he septumvia at | east one sept aPCT/US2003/034729
perforator vessel. 39. A cardiac stinulation system
conprising: a conductive agent delivery systemwth a
thedomgitudiral @xisdivemi the disfahénd pdrtionidf thelcathetyr adjseebt the region.
that is adapted to deliver a volune of conductive
agent fromthe source and into a region of a heart in
agpat i ; [ ; ;
APt on SR BT R, WIRTRARBIRERS {oh lveiish smulation
electinetiecta the ragom carspaskst ed t o enhance stinul ati on of

the regiqn.wth the ener fromthe nmeans, for .

Bt Goutg A Si8h " Sy e B to B gggion.
wherein the neans for delivering energy into the

region conprises: neans for delivering a stinulation
echt r dbie syatesn ohelairagtdp whezsinghe meanssips defivering aiamay of

4 ergei he ans for deli.vering the stinulation
St%’%‘@@%’bS@&ﬂ@??@%reeéql%cgg\%'??%es: nmeans for

exicindi foB pbéifioningBHcht dftRe SLiRAARICIEERGISS HEA UNRJUS respective

catheter at a location within a cardiac chanber
pasifjaichativedotthe otk slimulation sltestrodes walgirothe BgiaR. The

system of claim4l, wherein the neans for extending

the stinmulation electrode conprises: means for

pasj ti wnbgstém o8 tlaiful 4L, viHereinethb maskn Afor ok RidAligPBach of the
that is off-axis from -70 WO 2004/ 045709

stirwtatimp elpeiroday gomprises] ongi t udi nal axis fromthe

s B RRRGL ol r SRS ASRERE hrobT csliugry member

for delivering a stinmulation electrode to the region
conprises: 5 neans for_delivering an array

f
stPnul dbpsysiene ef elaims3S wvhereintaginpeansaior dweﬁwéery;g;a stimulation
eIQﬁEtr&d%{.o”ﬂh%?f Wﬁe&ﬁhﬂrié&e nmeans for delivering an array
0 S |nuIaF90n el ectrodes to the region conprises:

masansifor delhv@rinigahe sgineAstioroélettredes intoal sdptalnperforator vessel.
el ectrodes at a unique respective 10 position
relative to the other stinulation electrodes within

7. P8y o N SRR hE TR Pl oy o e
reglomotanoplésesconpr i ses:

means for pacing the heart from the region.

48. The system of claim 47, wherein the means for pacing the heart from the
region comprises:

means for providing bi-ventricular pacing of the heart from the septum.

49. A cardiac stimulation assembly, comprising:

an elongate body having a proximal end portion, a distal end portion that is
adapted to be positioned at least in part at a location within a heart of a patient, and
a delivery lumen extending at least in part along the distal end portion;

means for delivering energy into a region of tissue within the heart of the patient;

-71-



10

15

20

25

30

nmeans for extending a plurality of electroded nenbers

froma delivery nmenber. 15 46. The system of claim
wW@o4k5p®ei N t he means for delivering a stinmulBCT/082003/034729

el ectrode to the region conprises: nmeans for

delivering the stinulation electrode into a septal

PRIdaPisFbPENNSSGIRY stimdthtibh. of ThE reyidhemtiebus fremmed&rgy delivered
wherein the nmeans for delivering energy to the region

frarate maans ferdakvertho §RRI0K@Rte heart from the region.

4 e ' 7 [ : :

ooerF e Mstor Hafleing onglF el inbalfs 7 el simulation are
adaPte®EO¥OEheTateWith ¢ Blonigass beagi ng of the heart from

the septum 49. A cardiac stinulation assenbly,

conprising: an elongate body having a proxinml end

pekKti 0 i . tj . i s (. .

0301 ¢  ShedeRbHHBLof SR 3% WBréi the hieat, BL AR Loy into
theesagion@ondprizaist ent, and a delivery |unen extending at

| east in part along the distal end portion, neans for

daeansfohgelirsingya stimylaionsaieerodss infe tha@ol@n-ni n t he

heart of the patient; -71 WD 2004/045709

PCT/ US2003/ 034729 neans for enhancing stinulation of

t B¢. r eJherasskniblysstielain &0, amergiy thke mearsedr Heliveringethe stimulation
means for delivering energy; and wherein the neans for
elaeredeinto herRUiy CAMAMNEBSNs for enhancing stinul ation

SHeepRSE LR B S e MAa i bt o
locationvwithinga eadiapycharhber adiacerigodhe cegipnianesntarienmsgion.

for delivering a stinmulation electrode into the
region. 10 51. The assenbly of claim50, wherein the

ans ik A8kmbi bﬂ&atn‘?%ﬁWhﬁ\;&%iﬁ%é’%e sk E%dirﬂg} fhe stimulation

t he regli on conprises: means extendi ng the
elettrods edinprises:ectrode froma delivery catheter at a

l ocation within a .cardiac chanpe dj acent .to the. .

- Bigass B BoppEngHES saiaior gessodéRE aakati (afie oft-axds from
th%llét'\n{mu@rnal‘é&%rﬁbrﬂ theglié‘fﬁﬁéﬁd bBFioPdranRdicathétdeadjacent the region.

st ation electrode conprises: neans for

positioning the stimulation electrode at a |ocation

t %%t ! ﬁ'h%fa]lcs's%)r(rllb?y fomr A2im 49, wherein the means for delivering a stimulation
electrode to the region comprises:

means for delivering an array of stimulation electrodes to the region.

54. The assembly of claim 53, wherein the means for delivering an array of
stimulation electrodes to the region comprises:
means for positioning each of the stimulation electrodes at a unique respective

position relative to the other stimulation electrodes within the region.
55. The assembly of claim 54, wherein the means for positioning each of the

stimulation electrodes comprises:

means for extending a plurality of electroded members from a delivery member.
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the longitudinal axis fromthe distal end portion of

the catheter adjacent the region. 20 53. The assenbly
w@Rooghai7me 49, wherein the neans for deliveri ngP@I/US2003/034729

stimulation electrode to the region conprises: neans

for delivering an array of stinulation electrodes to :

t 196. r eJihenasssinblyivé clximetth heavéincthaimeads fordelieenng Aastimulation

means for delivering .an array of 25 stinulation
elgp@eég&a&e f%l%@omgaﬁ%% conprises: neans for

p%éﬁ@ﬁr'&%li@?ﬁ}%m‘e ét%lﬁfié%i%‘tﬂoﬂ@ iﬁfo%%ﬁg@g?ﬁgérﬁor vessel.

uni que respec position relative to t
stinmulation electrodes within the region. 55. The

assenbly of claimb54 .wherein the neans for . .

D2t NGRS ERTHY S D o e g e s elyering energy to the
réefiPEbmpRsedeans for extending a plurality of

el ectroded nenbers froma delivery nmenber. -72 WO

2 e rcfor pacihgithedreoEiraop4iie 9egion. The assenbly of
claim49, wherein the neans for delivering a
stinmulation electrode to the region conprises: neans

f @8, dehineeadRenBIP O f SlairiB 72 WrHeifl t i t
perforator vessel. 5 EI57. The a%lseﬁ%m@%%g@?r?ﬁg@g art from

th@tregieinrcamerisasans for delivering energy to the region

3 RE oGBS tivenP Rt rcg oGP hearEHBdRe Fafum.
pacing the heart from 10 the region conprises: neans

for providing bi-ventricular pacing of the heart from
t B8. segthemssembly ek claing &% Whesgindhaimearss forkeshaneingtstimulation of
f ahanci ng stimulation of the region
th%&%@ﬁnscgcgpsq fmeans for delivering a conductive agent

t enddres foe dieiVerirtPa coRuaetfJBrRto Hatdgi®®, wherein the
nmeans for delivering a conductive agent to the region

conprises: nmeans for producing a connexin, or anal og,

dapi vatd.ve ' i gl j vl t i .

B sy W A2 e ko B P ' Bpgucrve
agarns th@regiowadoniprges connexin in the region

conprises: means for produci ng connexin 43, or anal og,

dEgans oy erodicing aicognexin, eganaiageperivaiye; aebislsigical gquivalent
thbRsof! fi%h8tegion.

.61.  The assembly of claim 60, wherein the means for producing a connexin in
the region comprises:
means for producing connexin 43, or analog, derivative, or biological equivalent

thereof, in the region.

62. The assembly of claim 62, wherein the means for producing connexin 43
comprises:

means for genetically modifying cells that over-express connexin 43, or analog,
derivative, or biological equivalent thereof; and

means for producing connexin 43 in the region with the genetically modified cells.
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62. The assenbly of claim62, wherein the nmeans for
produci ng connexin 43 conprises: neans for

w@emenivad |y nodi fying cells that over-expressPCDOSI®RG/0B4729
43, or analog, 3o derivative, or biological
equi val ent thereof; and nmeans for produci ng connexin
483i n The asseimbly of claim K8, fethetricoatprisingydi fi ed cel | s.

-73 WD 2004/ 045709, PCT/ US 034729 .6
ofiens By sgmolingiap eaffw SR head i Pa T gl
adsBfb n%‘@hél%@énéﬁﬁ Ahtind!difaiorkar di ac stimiation
asse nmeans hanC| ng stinmulation. 5 64. A
cardi ac stimul ation asserrbl y, conprising: an elongate
rtion. a distal end

b h d
gg{l 0 s nﬂ@‘%@ @aﬁ%& @gsr‘]?rﬂ &e%’@?f'?ﬁ”@ned at least in
pahteléﬁ q"bé‘p%)@mél BR&Mortfn, & dital 8AH portith th’at is

urreneten |ng at ast in part along the dlsta end
adapted tmbemsﬁmeg;atdeaastmpgrtaxt@dnbagowwwthlraa] heagofy patient, and

= e Eiendtia PR SR ABra e A R TRY o and
' ﬁh(én%rgy @@h\gér't%/ %fsséh@WItN\fahférfér@}h enfité thataedbuphsd to the

di stal éend ion is at the location, and also with

elamg@aémky an;h@ adjastable tacmqmrwfrom beugistel eod pestiamand jnto a

o lastB 3 ¢ BB 6 Bl B B R A% ocpgn and
als6 WMhchrPefAéigydBad &t id adapiedl torsouple ﬁﬁﬂhétm“tdr%yb efitért and also to a
coupled to the lunmen and that is adapted to

e
saysce pEeaaravraleng the Reoxinaesnd pedionHeher:theopnemoyanditgeis in the

S%\Q%@gg%&ﬁbo% %&ﬁg end_ po_rti on is at the I o_cati on and

tter is in the second position. 65. The

a&&ﬁmhlé dgifcontattineddgentiveupled tbl’theeuﬁﬁeg)ammt #radapted to be
nprises a 20 stinulation el ectrode. 66.

deliyetstbinjoush Hielumen ntafhs woion ﬁfst'%sr‘#@r\gbe@i@ﬁ dista) end portion s at
B 3QGIR ST el e et REaRLA o) ect rode

I es” cou on a body an 25 that
each includes a stinulation el ectrode that is
ad ustable to extend fromthe elongate body at the

Cat i dWeARFEMANY OACIHD Gde WI“@&%PFB% Cneroy eRitar sonpyises a

bl e el ectrode assenblies within the
St%@?g%norécﬁbggue 67. The assenbly of claim 66,

wherei n each of t he array of extendable 30 el ectrode
agﬁu st @%Zésfs(og y Q Ela?rﬂ 6%,)(5\,?1%93]2"(%3 r(131@1(2399'yedélR/aetry !ag’sembly
comprises:
an array of extendable electrode assemblies coupled to the elongate body and
that each includes a stimulation electrode that is adjustable to extend from the
elongate body at the location and into a unique location relative to the other

extendable electrode assemblies within the region of tissue.

67. The assembly of claim 66, wherein each of the array of extendable
electrode assemblies comprises an extendable needle that is adjustable to extend
from the distal end portion of the elongate body and into cardiac tissue so as to

position the respective stimulation electrode at the unique location.!
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fromthe distal end portion of the el ongate body and
into cardiac tissue so as to position the respective
W@ 2oonksTod on el ectrode at the unique | ocati on. PCT7GSAMB/034729
2004/ 045709 PCT/ US2003/ 034729 68. The assenbly of
claim 67, wherein the stinulation electrode of each
ext endabl e el ectrode assenbly is integrated with the

CBBml FTeceseridy pLaeTa e TeuBrronhe sAk i@ Setrads of each
eﬁéﬁﬁm@élé&mﬁﬁ Al id ﬁ’\té@?&@bdwftlﬁ o hB@dFeeS pective

needle to e uni que respectlve ocat | on. . The
assenbl y of cI aim 67, wherein the needl e of at | east

0 of _t he Xt abl e el ect.rode ss |ies has a

By ed TERZRSOA oF ABTR e AT IBANG sFTIAIPN SlRelfans of each
ettBRd ?F@I@ctﬂfdeaésée?ﬁﬁg |é’5&ju§fablé‘ﬁ) eﬁbﬁetffd?ﬁ?he respectlve needle to

assenbl i es conprises a superelastic netal alloy. 15
theniqirerespeetiné Joaationl ai m 67, wherein the needl e of at

| east one of the electrode assenblies conprises a
shape nenory netal alloy. 73. The assenbly of claim

670, WheT@i ébs‘eh@ol? @€ elafin ¥7, dhekEinthe PlRRJRS of MGeast one of the
el ectrode assenblies conprises a nickel-titanium

extendgble HectmdeTassamblioshias atuniedishap®, wherei n: each
of the array of extendabl e el ectrode assenblies
conprises a relatively pliable tubular body with an

| pRer MpedsscAisly o%lamcl'fﬁ’t Wpler&ihaRé nedald 6f dtaeaéteshe of the
along the tubul ar body of the respective 25

clegirecriassemblies compgses savprielasticmetaliadion. each
relatively pliable tubular body is adapted to be
defl ected and steered through the region of tissue so

ag2t 0 Aihecassenebly ©F BRIhi 678 wherdi thé ineRdlccbrst [easteord of the
t he respective unique l'ocation. 30 75. The assenbly of

elertede agsemplieseempeags pshage raemeneanstal aloyl et t hat
is adapted to be noveably engaged within the inner
l umen of at |east one of the tubular bodies so as to

agisust Theeadsemiblaof BRI 670 wihreindhe néedi¥bPAA44SMEST the
PCT/ US2003/ 034729 fromthe distal end portion of the

elerbede eesemilies rampasan adiekal-dtamumiavegi on of
ti ssue such that the respective stinulation el ectrode
is positioned at the respective

74.  The assembly of claim 66, wherein:

each of the array of extendable electrode assemblies comprises a relatively
pliable tubular body with an inner lumen;

each stimulation electrode is located along the tubular body of the respective
extendable electrode assembly; and .

wherein each relatively pliable tubular body is adapted to be deflected and
steered through the region of tissue so as to place the respective stimulation

electrode at the respective unique location.

75. The assembly of claim 74, further comprising:
a moveable stylet that is adapted to be moveably engaged within the inner

lumen of at least one of the tubular bodies so as to adjust the tubular body to extend
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uni que |location. 5 76. The assenbly of claim 75,

wherei n: the noveabl e stylet has a proximal end
w@eooiogitoand a shaped distal end portion thatPCEUS2003/034729

torquable within the inner lumen by torquing the

proxi mal end portion proximally and externally of the

frony i distdlety [Sorties of thalefongate bodly anéadvahee thrbuglathe region of
body in order to place the el ectrod

_body ace the ¢ . .10 77. The ,
tisgue suph yhajithe raspedive stimulaiion %'8&?595% i'ﬁw@‘?s'éﬂn% hisye respective

: .5 ext endabl e fromthe el ongate body and adapt ed
ur{'@a'&?ﬁ%‘?ﬁ(’t he distal end portion at the | ocation such

that the array of extendable el ectrode assenblies is

adapted to be positioned at the respective unique
| 6Bat i bRe agsembply fkclal® /PeWheIeI¥t tissue. 78. The

agse Liai , IR At Bt I i < .
SHREPAYR 0k SUBLIRY B pr RS SRSt Share SR 888y S poron
th@8is tohgeelewithinethdiister lueed potorduing diie praxiriabeagapertion
praNealy e Xea ety bethisn S 1, 08Hiedt aritLstoer the tubular
bo%?iﬁ[%ﬂé!r t%fézjjé&@mg Bfbctryher i n the cardiac stinulation
assenmoly co

nprises: a cardi ac pacenmaker. 81. The
assenbly of claim80, wherein the cardi ac pacenmaker

C rises: a bi-ventricular cardi ac. pacemaker. 30 82.

T%gPasi-E_ﬁiﬁs)?eB%%Pgaﬁir%Eé' &Hﬁl‘e iCR"IHF@P%r di ac

S I ;

peh AHIHh B 55§88 R bl TRIING Songplo bUTY A e e anchor the
distss enth ppriiin af thieroGatjionsunhethat thecartay dfiextendablgesiectrode

as5aTRilka s phbio 55 hiSiame EALnRIRRBRSEE igl) GBbR aong the
re@’mﬁgsﬁe- fibroblasts, or stemcells.

78. The assembly of claim 77, wherein the anchor comprises a stimulation

electrode.

79. The assembly of claim 78, wherein:
the distal end portion of the elongate body comprises a distal tip; and

a stimulation electrode is located at the distal tip.

80. The assembly of claim 64, wherein the cardiac stimulation assembly
comprises:

a cardiac pacemaker.

81. The assembly of claim 80, wherein the cardiac pacemaker comprises:
a bi-ventricular cardiac pacemaker.

82. The assembly of claim 64, wherein the cardiac stimulation assembly
comprises:
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85. The assenbly of claim83, wherein the living cells

are adapted to express 1o a connexin at gap junctions
wowaoh/oesndi ac cells in the region of tissue. 8PCT/Ukm®03/034729

assenbly of claim85, wherein the living cells are

adapted to express connexin 43 at the gap junctions.

15 c8rdiad Hefiviikgo! y of claim 86, wherein the |iving

cells are genetically nodified to over-express

production of connexin 43. 88. The assenbly of claim

64, Wh [ o : ' : i

5 cco 10F aSpmBy AR B AWRERM, tROERARERe et comprises iving
celi@terial that is adapted to enhance 20 electrical

conduction in the region. 89. The assenbly of claim

88, wherein the conductive non-living materia

c ri | r i ;

B! | V58 ofRemRh it oB; R Mg BefiPOSMpHsY 8t least one of
mysbtasts sfivoblests; ardtem callsnul ati on device with an

el ongate body with a proximal end portion, a distal

end portion, and a cardiac stinulation el ectrode al ong

;gg. di ?E?'as@@ﬁlb@%ft &19%h 83, Wﬂ%g&fﬁ \’S\Pkﬁg i lcells BAS adsSted to express

apted To express connexin erelh the cardiac
a ebnmaxirabt gap flmetions witth cavtiaceells it thd regioreobiiggieed t o
30 cooperate so as to stinulate a region of tissue
within a heart of a patient. 91. The systemof claim
98¢ Whehei ' ty a1 h8aptedfo express
VP 2004) 045700 BNEEY e85 WEKIR IS g el aR: beaptod g exp
cdnnexint4&atlihetgdp jeindtipns.t i on and into a region of
tissue within the heart when the distal end portion
is at the location. 92. The system of claim 91,
weer ei hkhRseRIbl 8Cciain B8l Ahkrsin deY iiviRg iceNs BRs gehetically modified
conprises: an array of said cardiac stinulation
toalvecexpoiss productioneofecarnexity 43t abl e to extend from
the el ongate body and into a unique |location relative
to the other cardiac stinulation electrodes within
the,r _eg‘heraas@érﬁtﬂ;féﬂ@awﬁ &4, herslh Ih@ cordactiverddemt comprises an
positioned at a location within the heart associate
injsictable peepasgiionof acogductiveenenivisghnoatesipkihgt soadapted to enhance
wherei n the.volu f.cells are genetically nodified
e'?%"“SQe‘FQ'EQ‘ﬁP%%é“ g%o%l%q%f'on of connexin 43. 94. A
cardi ac stimul ation assenbly, conprising: 15 an

el ongat e body having a proximal end portion, a distal .
eB8. porfhed@sseidly pkclaim 88, wherein the conductive non-living material

comprises an injectable preparation of a conductive metal.

90. A cardiac stimulation system, comprising:

a cardiac stimulation device with an elongate body with a proximal end portion, a
distal end portion, and a cardiac stimulation electrode along the distal end portion;

a volume of cells that are adapted to express connexin 43;

wherein the cardiac stimulation device and volume of cells are adapted to

cooperate so as to stimulate a region of tissue within a heart of a patient.

o1. The system of claim 90, wherein the cardiac stimulation electrode is
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adapted to be positioned at least in part at a

| ocation within a heart of a patient, and a |unen
we@xaoendi7ng at | east in part along the distal epdI/US2003/034729

portion; an energy delivery assenbly with an energy

emtter that is coupled to the elongate body and is
adjuijtabledblextéral feamethe distahend @odict and &l apegidnoof tiesde within the

into a of .tissue within the heart when the

he@rgwggngmdﬁ%qiﬁngrpqrgogfs ahibe18ealin, and al so with

an energy lead that is adapted to coupl e to the energy
emtter and also to a source of energy along the
pH2xi nihe sydtenoof claimWHewheneindhe cgydiacrstimatation devieshurther
second position; and a volunme of conductive agent

COMRIMESd to the lunmen and that is adapted to be 25

dghiafRies s3lid b&dfc stnmRtibn le@rsiiesithat Are@ath adjastabe to extend

region-of tissue when the distal end portion is at
frarhéhé etoaigabe badyl and enteraau pigueridcation retative torike Qﬁwmrdlac

h f,cl wh
stBRIat Bieciode? Ml FEeolor’ et fRslatagh (i 5 Ant Kortion is
dﬁltﬁﬁerdoé*ea lo%&&@wntﬁhﬁth@%@dfpbysd& atéb%fﬁ 2, reyferr ei n

e energy delivery assenbly further conprises: -78
WD 2004/ 045709 PCT/ US2003/ 034729 an array of said

di t | at lect rod h t
adPust AP SYEEet BRI 5 WiePRD P ShuEREEBELP armenatsaly
m@diﬁ@d%%vbﬂéﬁéﬁe@g prédwdtioncoftconineginddier cardi ac
stinmulation electrodes within the region of tissue

V\,hen the distal end portion is positioned at the

o A e O SRy b i o eel s,
9§n erSt‘fgeﬂé%ﬂ?'h)avﬁfg & ped Q¥ enapeFtiin) aldistal exd poriten treat is
are adaBt ed to express 1o connexin. at a gap junction

adgpted & a.p@@lt@eedﬁt ilepst i PREEt @ocation wikina bear|of agatient, and

a B edng BT elif et oG 1€ bl T AlEBA0C 1
] aRGn défvekpassdmplyasitie ahlenevdy ehﬁﬂtm‘ltaét |swlwpmd1to the
the cells are genetically nodified to over-express

elpngaledadyranst s auiiriable o xians from terdistal oad pRHin pes into a
regﬁﬁ\em'iﬁ\é ‘?@ ifé Hgart% & t?%%ét%l QR&’}SOH%\H 8%t Fhe location, and
end portio (? end IS

rroxi ma I 'on that
also with an energy lead that is adapted to couple to the energy emitter and also to a

source of energy along the proximal end portion when the energy emitter is in the
second position; and

a volume of conductive agent coupled to the lumen and that is adapted to be
delivered at least in part through the lumen into the region of tissue when the distal

end portion is at the location and the energy emitter is in the second position.

95. The assembly of claim 94, wherein the energy emitter comprises a

cardiac stimulation electrode.

96. The assembly of claim 95, wherein the energy delivery assembly further

comprises:
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20 adapted to be positioned at least in part at a

| ocation within a heart of a patient; an energy
wa@ledoswer7y9 assenbly having a plurality of ener gpCT/US2003/034729

emtters, each energy emtter being coupled to the

el ongate body and adjustable to extend fromthe distal

ead go@ytofaaidodrdiad stimulation wiectesjesdhat/ arepeadht adjostable to extend

relative to the other, ener mtters, wthin a,.region.
fragh the glangalp bAAK SpHAM AR TRdRCatan wiative 'O dfia Syisitasac
stiful@fior BRctr8aas within #12 ég%rﬁéﬁibs%%%ﬁéfn fi1d disei chaigition is

adapted to couple to a sOurce of energy when the
posimedt atvibe docatign. em tter is in the second position

within the region of tissue; and an anchor that is

adapted to anchor the distal end portion at the

| ggati ?He‘@s%@h{bhﬁ%{‘ﬁaﬂﬁ@ﬂt, whafeih e vAIURRE Bf @nductive agent

stinul ation asse€ , conprising: an el ongate body
comapriges living callsmal end portion, a distal end portion

that is adapted to be positioned at |east in part at

a location within a heart of a patient, and -79 WO

2694/ 04‘5@%%885&95?&9% 034¢A2rein tHEliliKgoslls éF@gdapted to express

extending at least in parf along the distal en
copoekinoat, a gap guremtign vith cardiac eallsanithg régionng a
plurality of energy emtters, each energy emtter
bei ng coupled to the el ongate body and adjustable to
egbend Thesskhmlgbeéialm 98NAheesihithe Iiﬁﬁﬁ dellé arétatapi@deto express
respective position relative to the other energy
preductiasr ef eorviexin 43 at theypap jwictionssue within the heart
when the distal end portion is at the |ocation, and
each energy emtter being adapted to couple to a
sQopceTAE RRehbly ¥f dalim©9, Whexdifthe et 8RY §ematically nodified to
the respective energy emtter is in the second
ovesExpress proguetien ebeennexin#Brul ati on energy source
that is adapted to couple to each of the 1o energy
emtters and to energize each energy enmtter so as to
enot. epesaididcrdtiondlaton bsgemblyptotnpsising: wherein the
energy emtters at each uni que respective position

wanidengate hoayinavindo® Proxeabensd @osiplp eedistabend ipeian tat is
L 3 ; : | | ; .
oo b8 DeBliokt 3 oot 4 2 BRABTR BRI patent
eaf grergy delivery dissérmblyenaling atplomlityeofceriergy eatittgs\vesch energy
| ocated at least in part along the djstal end tgort i on; .
erqities §ING ¢RHAIRY tatherrlRrgAle: brdy and pdlustalie inexigndifrra the distal
o FEfop RS RS el phsiaf LGS [BSpRgt hERy omiters
within tehre gid roabiig stiebwithin itise hdaritvertert ihebdistabsnd iponieah istat the location,
and each energy emitter being adapted to couple to a source of energy when the
respective energy emitter is in the second position within the region of tissue; and
an anchor that is adapted to anchor the distal end portion at the location within

the heart.

102. A cardiac stimulation assembly, comprising:
an elongate body having a proximal end portion, a distal end portion that is

adapted to be positioned at least in part at a location within a heart of a patient, and
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a location within a heart of a patient; wherein the
needl e is adapted to be coupled to the passageway and

WO g00adyires abl e between a first position | ocatRCI/E$2003/034729
| east in part within the passageway and a second
position that extends at least in part fromthe

a gelberg Rwayn artbndingatleasigharbiloh ke distalSend pdrtiont he
heart when the distal end portion_ is at the |qcation;

afd eRREdAaliveny agsemply hﬁwrig amlyralityfinesgy smitiers; aach energy
f
r@ﬁch Qg@& &&Fp@?ﬁﬂ]hg «?\Q@g%t% bﬁ%’@ds g&? h@rfgﬁe eXERBHd R the distal

erld portioh ranelihto a @alqijeaespewnd position eglativento therqihelsem@'gy emitters
3Q an array of stimulation r‘%l@ﬁtrOdeSthat are. ea
W'HH'&&H@S'QWU@SH@M'IH'B hga ihe digahend pertian @ﬁ’f\ﬂée location,

{
ardbactPeibieh! cu?%FBb@épﬁéﬁ%fﬁa&ﬁ@@?tho SYfcZBf eneray via the
prexiatal iemat pdrtien avhrelythe fre pedtive amnelg e baitterdd és thesse@hdiidsition;
2004/ 045709 PCT/ US2003/ 034729 adapted to forma
ttern that defines a region of tissue within the
[
Aaerbe AR E Rl SoRRe (el IRl Ed 10 ColBi Bach of the
ertdngy eerpittem arﬁj tténergizearathaenesgy enlitien s;mas ye eaif energy into the
sin a bi-ventricular cardiac stinulation
re@W@r%ﬁf‘%H rce; a septa) stinulation device with an
d}@aeflh Qh@%ﬂé@a&mﬁe‘é@apém ualqu%w@ss@&twegpbs.wmwﬁmn the region

tal end portion wth an array of exte bl e cardi ac

ofdissua lan¢ indaptadeiot stimidste thetregieinofttissudi st al end
portion is adapted to be positioned at a | ocation
within a 10 heart of a patient associated with a

ve0s! | AdBiteimiTaidNaEALS, @Rfbristhg! he extendabl e

cardiac stimulation electrodes is adjustable to
eanehehdate odyevith 8 peoxiratiend portion, sodiskal eod pertion, and a

osition igue r ectlive io.relative
efgagﬁwaxﬁ%‘t_a&eg)g{ E?‘?@g!ﬂ %a'ggfﬂ\gé[bes({'?tﬁ'ﬁ (ﬁ Oé\ rect r odes
WatrddddldhaFig Wg%nshaﬁk Wﬁﬁéttﬁstm fipaAdtEEinHenfumdn| ar
septum 15 erein each of the extendable stinulation

ea@ﬁ”e@@\egm'tierdbablsaﬂap@eda@ b@ @puel@d to @I GRErgY SOUICE;
WHBFERD the it it B0 in B inly sighfe RBFY adibq o bBHMbsitioned at

a Rlcangaiatitediheait dthephtsrat i on,  positioning each of
t he extendabl e cardiac stinulation el ectrodes at each

r wheeeinitbe Ingedls igaslaptrdchta o capplrdio tihe pasgagaWa)f and is adjustable

. _ ouDL | o
o3P HoBRUB e BEIRARLH IR i 8RBy anc o seconc
paHitioriihat | bﬁtbrﬁl@%’t%aét%f)aﬂ [frorh lise passagerayched intodaggloh of tissue
adapted to substant; al stimul ate the regi on of
withig 4@ hpart when the distal end portion is at the location; and
wherein the energy emitter is coupled to the inner lumen of the needle and is

adjustable to extend from the needle into the region of tissue.

104. A bi-ventricular cardiac stimulation system, comprising:
an array of stimulation electrodes that are each adapted to be positioned at
unique locations relative to the other stimulation electrodes within an intra-ventricular

septum of a heart of a patient and such that the array of positioned electrodes is
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energi zi ng each el ectrode of the array with the energy
source to emt current fromits respectively unique
WO omaniom wi t hin the region. 25 106. A net hod POF/US2003/034729
stinmulating a region of a heart in a patient,
conprising: providing a cardiac stinulation assenbly;
agapded i ﬁynaaqutwmthatemlgeaa reglanvefi tisssigsvithin the septum and

del i veri to a n associated with th
- Sinebsinghe peieri ant Te@iop Heloe theiabyds aroRtatHo St dnigat least
orsd-tHrd @ftthgrge?(%em 30 delivering a vol une of

conductive agent fromthe conductive agent delivery
systemto the region of the heart; and wherein the

me .of cond ctlv a t enhances stimul ati on of the
rjb Farcifas stimylalio Sypamy SERISISRSE US2003/ 034729

haadnlvemﬁdmlérf&}ra%ran‘nm fidteREigy \@upék;t 0 the location.

or provi | ng bi - ventrl cul ar stinulation
t @ sephalatimuatien pevice with arc elomgats body Baping\d phroxgnalrend portion

o L B S B s

PWHer&iR tRE didtal éﬁd portibAns %\UﬁHie@rtoﬂﬁPP@m@ﬁed Beallé@ition within a
and extending the array of cardiac stinulation

hearbet a patient aggaciaied avikt averetndulpo septum;of the

deI ' \,l(l%h{’&a”g“%ﬁkg ﬁgffrﬁjatbgeo ﬁt&ﬁyl\éﬁgé%&#pﬁg §§djumtable to

ex!@ﬁdi fropNib @ikt e%alwrﬁorh 86 %‘s't@'beﬁ%s?ﬂidﬁé% 40 hhl%{u‘étr’égﬁectlve
cardiac stimulation electrodes within a region o

logatipneelative: toctherather @éﬁﬂdabia|card|e©ptlmatm&lemrmmwdhm a region

- ricular cardiac stinulation
°“§§F§Wﬁ‘6‘?%ep{’%@‘?‘8@ﬁ‘g 85&3% ricular stinulation to a
hameteiffeahisitithe RixterkiibRS stirhikation @lddttedi 8 Gdapted to be coupled
bi -ventricular stinmulation device having an el ongate

tobe pi-ventichlar sasdingstimetatiopsenarey sodrag; éndl  end

* POBSHER, Al RoTFBBIA 4, S54B8 1936 gl Pagy e st

pdsﬁttaﬂ%eabh of pras ektiepdableazgdibb etintlilsficH eledttodes bt eacls 0
as t e electrically coupled to a region of tissue of

reap@.@tmemwmueﬂ%atma\whmﬂ@m regien gf §sstie, and gunlingeack extendable

@g&:{%ﬁﬁ flath r# Eféc JBB? t?t por a%ér%zgjc% ﬂH&%uBh energy source,

the@rmyeofﬁle@ted)des isi ddzipted hmummmw mflatelt®e region of tissue be
-ventricular stinmulation device, wherein the cells

ewe'zma?ﬁ%elﬁstred@ of theAEay% With the eneraysseireario amit egrent from its
re8E4tKRYY YfiqulotRInARkiGAhE giyR! ent thereof.

106. A method for stimulating a region of a heart in a patient, comprising:

providing a cardiac stimulation assembly;

providing a conductive agent delivery system;

delivering energy to a location associated with the region of the heart to be
stimulated with the cardiac stimulation system;

delivering a volume of conductive agent from the conductive agent delivery
system to the region of the heart; and

wherein the volume of conductive agent enhances stimulation of the region of the
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25 109. A nethod for manufacturing a cardiac

stinmul ation system for providing cardiac stinulation
W o00a/0kseet of a patient, conprising: providi NBCHUS2003/034729

cardi ac stimul ation device having an el ongate body

with a proximal end portion, a distal end portion
heaihwith $heygaprasubeing iseliperedtto dne tbcation. | ocati on wi t hi n

the heart, an array of extendable cardiac stimnulation

el ectrodes that are each 3o adapted to be extended

fom t ha retiod for prow@ng iiVertricllR® stiffidi 't h@éﬁttd? a patient,

be positioned at a unique location relative to the
CQIRPIESIN&Ext endabl e cardiac stinulation electrodes

ool ALt Sl BtlbchEco " °
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loading a volume of cells within the passageway of the bi-ventricular stimulation
device, wherein the cells are adapted to over-express connexin-43 or an analog,

derivative, or biological equivalent thereof.

109. A method for manufacturing a cardiac stimulation system for providing
cardiac stimulation to a heart of a patient, comprising:

providing a cardiac stimulation device having an elongate body with a proximal
end portion, a distal end portion that is adapted to be positioned at a location within
the heart, an array of extendable cardiac stimulation electrodes that are each
adapted to be extended from the distal end portion at the location so as to be
positioned at a unique location relative to the other extendable cardiac stimulation

electrodes within a region of tissue within the heart, and a passageway extending at
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least along the distal end portion; and
loading a volume of cells within the passageway, wherein the cells are adapted to
enhance electrical stimulation of the region of tissue from the array of extendable

electrodes.

110. A method for stimulating a region of a septum in a heart of a patient,
comprising:

delivering at least one cardiac stimulation electrode into at least one septal
perforator vessel within an intra-ventricular septum of the heart;

delivering a volume of conductive agent to a region of tissue within the septum
associated with the septal perforator vessel; and

after the volume of conductive agent is delivered into the region, stimulating the

region of tissue with the at least one cardiac stimulation electrode.

111. A method for providing bi-ventricular stimulation to a heart in a patient,
comprising:
artificially stimulating a region of tissue that comprises at least one-quarter of the

septum.

112. A method for stimulating a region of a heart in a patient, comprising:
delivering a volume of cells into the region that are adapted to over-express
connexin-43 or an analog, derivative, or biologic equivalent thereof; and

providing an electrical stimulus to the region.
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