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AAABBBSSSTTTRRRAAACCCTTT

Adenoviralvectorshavebeenwidelyusedingenetherapytrialsbecauseof
theirefficiencyingenetransfer.However,theirapplicationislimitedbytheir
requirementforcancercellstoexpressappropriatereceptorssuchascoxsackie
adenovirusreceptor(CAR)invitroandby non-specificviraluptakeinthe
liver.To overcome both limits,in this study adenoviral vectors were
complexedwithcationicliposomes,anon-viralgenecarriernon-specifictocell
typesand then tested in varied cancercelllinesand micecarrying tumor
models.Adenoviralvectors encoding green fluorescence protein (GFP) or
luciferase (Luc)were mixed with O,O'-dimyristyl-glutamyl-lisine (DMKE),
DMKE/cholesterol(Chol),orDMKE/Chol/D-galactosyl-β1-1’ceramide(Gal-Cer)
liposomes to form adenovirus(Ad)-liposome complexes. Cancer cell lines
expressing CAR were effectively infected by adenoviralvectors without
cationic liposomes,which was proved by fluorescence-activated cellsorter
(FACS)analysisofGFPexpression.AdenoviraltransductiontoCAR-deficient
B16BL6 and MCF-7 cancer cells was significantly enhanced by cationic
liposomecomplexationtoadenoviralvectors.Meanwhile,thecationicliposomes
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variably affected in vitro adenoviralgene transduction to CAR-expressing
HeLa,HepG2,andSNU739cells.Invivoadenoviraltransductionofluciferase
genewasimagedbyluminometer(IVISTM).Inordertoevaluatebiodistribution
ofadenoviralvectors,adenovirus or Ad-DMKE liposome complexes were
intravenously administered to C57BL/6 mice bearing CAR-deficientB16BL6
mousemelanomacells.TheadenoviruscomplexedwiththeDMKE liposomes
exhibited200-foldlowerhepatictransductionthanadenovirusalone.Meanwhile,
geneexpressionintumortissueswasinsignificantlyaffectedbythecationic
liposomes.The DMKE/Choland DMKE/Chol/Gal-Cerliposomes were more
effectiveinreductionofadenoviralhepatotropism thantheDMKEliposomesin
thesamemousemodel.AdenovirusandtheAd-liposomecomplexeswerealso
administered to mice carrying CAR-positive tumors. When systemically
administered to BALB/c nu/nu mice carrying CAR-positive HeLa cells,
Ad-vectors were readily accumulated in the mononuclear cellphagocytic
system (MCPS)intheliverandspleen.However,adenoviruscomplexedwith
DMKE/Chol/Gal-Cerliposomesexhibitednotransgeneexpressionintheliver
andspleen.Thisstudysuggeststhatthecationicliposomescomplexedwith
Ad-vectorsenhanceinvitroadenoviraltransductiontoCAR-deficientcellsas
wellasreducehepatotropism ofAd-vectors.

Keyword:adenovirus,genetherapy,cationicliposomes,coxsackieadenovirus

receptor(CAR),MCPS(mononuclearcellphagocyticsystem)
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN
Useofrecombinanthumanadenoviralvectorscontinuestoshow increasing

promiseasgenetherapyvehicles,expeciallyforcancergenetherapy,dueto
severalimportantattributes,suchasitsexcellentgenetransferefficiencyto
numerousdividingandnon-dividingcelltargets.Inaddition,adenoviralvectors
(Ad-vectors)arerarely linked to any severediseasesin immunocompetent
humans,providing arationaleforfurtherdevelopmentofthesevehicles(1).
Entryofadenoviralvectorsintomosttargetcellsismediatedbytheinitial
binding oftheadenoviralfibertothecoxsackieadenovirusreceptor(CAR)on
thecellmembrane(2).CAR expressionandefficiencyofadenoviraltransgene
expression have been correlated in a number ofstudies,suggesting that
adenoviralbinding andentryintotargetcellsisacriticalstepinachieving
successfuladenoviralgene expression (3).However,one of the hurdles
confrontinggenetransferbyadenoviralvectorsistheirinefficienttransduction
totargetcellslackingsufficientexpressionofCAR;suchcellsincludemany
advanced cancercells,skeletalmusclecells,smooth musclecells,peripheral
bloodcells,hematopoieticstem cells,dendriticcells,andsoon(4).A highdose
ofvectorsisrequiredtoachieveefficientgenetransfertothesecelltypes.
This in turn increases unwanted side effects,such as vector-associated
immunogenictoxicities(4).
Another hurdle confronting Ad-vector-mediated gene transfer is their

nonspecificdistributionintissuesafterinvivogenetransferbecauseofthe
relativelybroadexpressionofCAR.Thispropertyimposesanincreasedriskof
toxicity due to vectordissemination to non-targeting cells (4).Also,large
numbersofvirusarestillremovedbythemononuclearcellphagocyticsystem
(MCPS)oftheliveraftersystemicadministration,resulting in reduction of
vectorplasmacirculationtime(5-8).Therefore,afterintravenousinjectionto
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mice,adenoviralvectorsareinvolvedinaccumulationinmouseliver.
Based on a clear understanding of Ad-vector cell recognition, the

developmentofCAR-independentAd-vectors has rationally focused on the
fiberprotein,theprimarydeterminantofAd-vectortropism (1).Strategiesto
eliminate hepatotropism,based on modification of particular viral capsid
proteinssuchasfiberandpentonbase(9)havebeenreported.
Instead of modification of adenoviral vector, surface modification of

Ad-vectorswithnon-viralgene-transferringsystemshasbeenconsideredas
anotheroptionforreductionofadenoviralhepatotropism.Complexingadenoviral
vectorswithcationicliposomesorpolymershasbeenshowntobeeffectivein
increasingadenoviraltransgeneexpressionbyfacilitatingadenovirusbindingto
the cellsurface via rather non-specific charge interaction,expecially on
CAR-deficient celllines (10-13).Ad-liposome complexes also resulted in
reducedimmunogenicityofadenovirus(14).
Numerousstudiesonnon-viralgenetransferutilizingliposomalvectorshave

shown thatlipid composition is importantin determining the efficacy of
liposome-mediatedgenetransfer(15).Thisislikelytobeduetoeffectsonthe
physicalstability,intracellularuptake,endosomalrelease,andnuclearlocalization
ofliposome-plasmidDNA complexes,allofwhichaffecttheultimatetransgene
expression(16).Thecomplexesbetweenliposomesandadenoviralvectorsare
knowntoform cationicliposomescoatingonthenegativelychargedsurfaceof
adenovirus particles by electronic interactions similar to those in
liposome-plasmidDNA complexes(16).Therefore,lipidcompositionsmay be
alsoanimportantparameterdeterminingtransductionefficiencyofAd-liposome
complexes.
Consistent with these considerations, in this study the Ad-liposome

complexeswerepreparedwithDMKE (O,O’-dimyristyl-glutamyl-lisine)-based
liposomesandthenutilizedtoinfectvarioustypesofcancercellswithvaried
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amountofCAR expression.TheAd-liposomecomplexes weresystemically
administeredtoananimalmodeltoevaluatetheeffectofcationicliposomeson
biodistributionandinvivotransductionefficacyofAd-vectors.Thisstudywill
provide importantinformation regarding how to resolve the two hurdles,
inefficienttransductiontoCAR-deficientcellsandhepatotropism ofAd-vectors.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS
111...MMMaaattteeerrriiiaaalllsss

D-galactosyl-β1-1'-ceramide was purchased from Avanti Polar Lipid
(Alabaster,USA).Cholesterolwaspurchased from Sigma(St.Louis,USA).
DMKE werechemically synthesized by Dr.Doo-Ok Jang (Departmentof
Chemistry,YonseiUniversity,Korea).Accupower® RT premixwaspurchased
from Bioneer(Daejeon,Korea).C57BL/6miceand BALB/cnu/numicewere
obtainedfrom OrientBio(Sungnam,Korea).TherecombinantAd-CMV-GFP
(replicationdefectiveadenovirustype5)waskindlyprovidedbyDr.Chae-Ok
Yun (Department of Medicine, Yonsei University, Seoul, Korea). The
recombinantAd-CMV-LucwaskindlyprovidedbyDr.Tae-SubLee(Korea
CancerCenterHospital,Seoul,Korea).Theviralstockwerekeptfrozenat-8
0℃ untiluse.The plasmid,pEGFP-N1 encoding green fluorescentprotein
drivenbytheCMV promoterwaspurchasedfrom ClontechLaboratories(Palo
Alto,USA).



- 5 -

222...CCCeeellllllllliiinnneeesssaaannndddccceeellllllcccuuullltttuuurrreee
  HumanhepatocellularcarcinomaSNU-739waspurchasedfrom KoreanCell
Line Bank (Seoul,Korea).Human breastadenocarcinoma MCF-7,human
cervicaladenocarcinoma HeLa,human hepatocellularcarcinoma HepG2 and
mousemelanomaB16BL6werepurchased from theAmerican TypeCulture
Collection (Manassas,USA).MCF-7 and HepG2 cells were maintained as
monolayerculturesin DMEM (Gibco,Carlsbad,USA).SNU-739cellswere
cultureedinRPMI1640,B16BL6andHeLacellswereculturedinMEM (Gibco,
Carlsbad,USA)medium.Theallmediaweresupplemented with 10% fetal
bovine serum,100 units/㎖ penicillin and 100 ㎍/㎖ streptomycin in a
humidifiedatmosphereof95% airand5% CO2at37℃.

333...PPPrrreeepppaaarrraaatttiiiooonnnooofffcccaaatttiiiooonnniiicccllliiipppooosssooommmeeesss
DMKE and cholesterol(Chol)were mixed ata molar ratio of60:40.

Gal-liposomes consisting ofDMKE,Choland D-galactosyl-β1-1'ceramide
(Gal-Cer)weremixedatamolarratioof60:35:5(Table1).Thelipids(DMKE,
Chol,andGal-Cer)weredissolvedinchloroform andmethanolmixture(2:1,
v/v).Theorganicsolventwasevaporatedunderastream ofN2gas.Vacuum
desiccationfor2hoursensuredremovaloftheresidualorganicsolvent.Then,
dried lipidfilm formedwashydrated in 1㎖ distilledwaterwith vigorous
vortexing.Afterhydration,thedispersionwassonicated.Eachsuspensionwas
extruded through polycarbonatemembranesofa100nm poresizeat60℃
using an extruder (Avanti Polar Lipids, Alabaster, USA). The lipid
concentrationwasadjustedto1㎎/㎖.Allliposomeswerestoredat4℃ until
use.
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TTTaaabbbllleee111...CCCooommmpppooosssiiitttiiiooonnnooofffcccaaatttiiiooonnniiicccllliiipppooosssooommmeeesss

Compositions

Liposomes 
DMKE Cholesterol Gal-Cer

DMKE (100 molar ratio) 100% 0% 0%

DMKE/Chol (60:40 molar ratio) 60% 40% 0%

DMKE/Chol/Gal(60:35:5 molar ratio) 60% 35% 5%
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444...RRRTTT---PPPCCCRRR aaannnaaalllyyysssiiisssfffooorrrCCCAAARRR eeexxxppprrreeessssssiiiooonnnooonnnttthhheeesssuuurrrfffaaaccceee
ooofffcccaaannnccceeerrrccceeellllllsss
  Totalcellular RNA was extracted from cells.The cDNA againstthe
extractedRNA wassynthesizedwitholigo(dT)primersandAccupower® RT
premix(Bioneer,Daejeon,Korea)accordingtothemanufacture'sinstructions,
givingafinalvolumeof50㎕ ofcDNA preparation.ThePCR amplification
wascarriedoutwith2㎕ ofcDNA preparationandaspecificprimerpairof
CAR (Table2).GAPDH wasusedasaninternalstandard(Table2).Twenty
㎕ ofaPCR reactionsolutionwaspreparedusingAccupower® RT premix:1
㎕ (10pmole)ofeachsenseandantisenseprimer,1.5㎕ ofcDNA sampleand
16.5 ㎕ ofdistilled water.The mixture was submitted to 25 cycles of
amplification.In each cycle,denaturation was done at94℃ for 20 sec,
annealing ofprimerstotargetcDNA wascarriedout61℃ for30sec,and
extensionwasdoneat72℃ for1min,followedbyafinal10minelongationat
72℃.The PCR products were visualized by ultravioletillumination after
electrophoresisin1% TBEagarosegelandstainingwithethidium bromide.
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TTTaaabbbllleee222...PPPrrriiimmmeeerrrsssfffooorrrRRRTTT---PPPCCCRRRaaannndddttthhheeeiiirrrPPPCCCRRRppprrroooddduuuccctttsssiiizzzeeesss

Name Type Sequence Product size

CAR

Sense 5’-GCCTTCAGGTCGCAGATGTTAC-3’

567 bpAnti-sense 5’-TCGCACCCATTCGACTTAGA-3’

GAPDH

Sense 5’-GTCAACGGATTTGGTCGTATT-3’

631 bpAnti-sense 5’-AGTCCTTCTGGGTGGCAGTGAT-3’
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555...IIInnnvvviiitttrrroooaaadddeeennnooovvviiirrraaallltttrrraaannnsssddduuuccctttiiiooonnn
TherecombinantadenoviralAd-CMV-GFPwasanE1andE3-deletedtype

5 adenoviralvector(Figure 1).The CMV represents the cytomegalovirus
promoterand arrowsshow theirdirection oftranscription.Thedeleted E1
regionhadaGFPexpressioncassette.Adenoviralvectorswerepropagatedin
293 celllines.Thevectorswerethen diluted to a titerof24.×1012 vp/㎖.
Cancercells were seeded in 24-wellculture plates ata density of5×104

cells/wellandwereusedwhen70-80% confluent.
Complexes ofAd-vectors and cationic liposomes were made by mixing

Ad-CMV-GFP andthepreparedliposomesin100㎕ ofserum freemedium,
followed by incubation for30min atroom temperature.Cancercellswere
washedwithphosphate-bufferedsaline(PBS)andthepreparedAd-liposome
complexeswerethen addedwith 400㎕ ofserum freemedium.After4h
incubationinaCO2 incubatorat37℃,thecellswerewashedwithPBS to
removethecomplexes,and1㎖ offresh10% serum-containingmedium was
addedtothecells.Thetransducedcellswerethenincubatedforanadditional
48hbeforeassessingGFPexpression.
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FFFiiiggguuurrreee 111...GGGeeennnooommmiiiccc ssstttrrruuuccctttuuurrreee ooofff AAAddd---CCCMMMVVV---GGGFFFPPP (((rrreeepppllliiicccaaatttiiiooonnn dddeeefffeeeccctttiiivvveee
aaadddeeennnooovvviiirrruuussstttyyypppeee555)))
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666...AAAnnnaaalllyyysssiiisssooofffiiinnnvvviiitttrrroooGGGFFFPPPeeexxxppprrreeessssssiiiooonnn
ThetransducedcellswerewashedtwicewithPBSandfixedwith300㎕

of2% paraformaldehydefor5minat4℃.Thecellswerewashedtwicewith
PBSagain,harvestedwithatrypsin-EDTA solution,andthenresuspendedin
400㎕ medium with100㎕ FBS.Aftercentrifugationfor5minat1,500rpm
at4℃,thesupernatantwasdiscardedandthefixedcellsresuspendedin500
㎕ PBS.GFPexpressioninthesuspendedcellswasdirectlydeterminedina
FACS Caliburmachine(Beckton Dickinson,San Jose,USA).Ten thousand
fluorescentevents per sample were acquired.Expression ofGFP in the
transduced cells was also viewed with a fluorescence microscopy and
photographed(magnification:×100).

777...CCCyyytttoootttoooxxxiiiccciiitttyyyaaassssssaaayyyooofffcccaaatttiiiooonnniiicccllliiipppooosssooommmeeesss
  CytotoxicityofcationicliposomescomplexedtoAd-vectorswasdetermined
by the MTT assay.Cancer cells were plated in 96-wellplates (1×104

cells/well)in0.1㎖ medium supplementedwith10% FBSandculturedfor24
h. The cells were treated with the various concentrations of cationic
liposomes-adenovirus complexes and then cultured for 24 h.Fity ㎕ of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT)(Sigma,St
Louis,USA)solution (1㎎/㎖)wasaddedtothecells,whichwerefurther
incubatedfor4h.AfterthemediacontainingMTT wereremoved,150㎕ of
DMSO wasaddedtosolubilizetheMTT-formazanproductinthecells.The
absorbanceat540nm wasmeasured with amicroplatesreader(Molecular
Devices,Sunnyvale,USA).
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888...IIInnnvvviiivvvooogggeeennneeetttrrraaannnsssddduuuccctttiiiooonnnaaannndddaaannnaaalllyyysssiiisssoooffftttrrraaannnsssgggeeennneee
eeexxxppprrreeessssssiiiooonnn
A HeLaxenograftmodelwaspreparedbysubcutaneousinoculationof5×106

HeLacellsin100㎕ ofmedium to5-week-oldfemalenudemice.A B16BL6
xenograftmodelwas also prepared by subcutaneous inoculation of5×106

B16BL6cellsin100㎕ ofmedium to5-week-oldfemaleC57BL/6mice.An
individualtumor-bearing mouse in groups was intravenously injected with
3×108 pfu of Ad-CMV-Luc or Ad-CMV-Luc complexed with cationic
liposomes (120 ㎍ oflipids)in a finalvolume of150 ㎕ of2.5% w/v
glucose-saline.At6hand24hpostinjection,themicewereanesthetizedwith
isoflurane.Then,thesamemicewereintraperitoneallyinjectedwithD-luciferin
substratedissolvedinsterilePBS(30㎎/㎖)andimagedwithaluminometer.
Theanimalswereplacedinalight-tightchamberandagray-scalereference

image was obtained underthe low-levelillumination.The florescence and
photonsemittedfrom themice,transmittingthroughthetissues,werecollected
with a cooled charged-coupled device (CCD) camera (Xenogen,Alameda,
USA).Theacquisitiontimewasrangedfor3min.Theresultswereanalyzed
using Living Image® software (Xenogen, Alameda, USA). The body
temperaturewasmaintainedthroughoutimagingusinga37℃ platform inthe
chamber.Afteradministrationofluciferinsubstrate,themicewereimagedfor
aperiodoftimerangingfrom 1secto3min,dependingonsignalintensity.
Raw valuesofluciferaseexpressionwererecodedasphotonsoflightemitted
persecond.
Afterphotographed,theliver,lungs,spleen,hearts,kidney,intestine,stomach

andtumortissueswereharvested.Theharvestedorganswerewashedwith
coldsalinetwiceandhomogenizedinalysisbuffer(0.1M Tris-HCl,2mM
EDTA,and 0.1% Triton X-100,pH 7.8) using a Heidolph tissue tearor
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(ScientificSupport,Hayward,USA).Thetissuemixtureswerecentrifugedat
14,000 rpm for 2 min at4℃.Ten ㎕ ofsupernatantwas subjected to
measurementofluciferase activity in a luminometerwith a luciferase kit
(PropmegaBiosciences,SanLuisObispo,USA).Tocalculatetherelativelight
unit(RLU),theproteinconcentrationofthesamplewasalsomeasuredwith
theDCproteinassaykit(Bio-Rad,Hercules,USA).
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

111...CCCAAARRReeexxxppprrreeessssssiiiooonnnooonnnttthhheeesssuuurrrfffaaaccceeeooofffcccaaannnccceeerrrccceeellllllsss
cDNA wassynthesizedfrom totalRNA extractedfrom variouscelllines

byreversetranscriptase.cDNA sequencesofCARandGAPDH wereamplified
withthedesignatedprimeroligonucleotidesmentionedearlier(Table2).The
sizeofeachPCR productwasasfollow;CAR,567bp;GAPDH,631bp.The
PCR productswereelectrophoresedin1% TBEagarosegelandvisualizedby
ultravioletillunminationafterstainingwithethidium bromide.CARmRNA level
washighinHeLa,HepG2andSNU-739celllines(Figure2).Incontrast,the
receptorwasnotexpressedinB16BL6andMCF-7(Figure2).Hence,HeLa
forCAR-expressing celllineand B16BL6forCAR-deficientcelllinewere
selectedforfurtherinvitroandinvivotrasnductionstudieswithAd-vector
andAd-liposomecomplexesascancermodels.
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FFFiiiggguuurrreee222...DDDeeettteeeccctttiiiooonnn ooofffCCCAAARRR eeexxxppprrreeessssssiiiooonnn iiinnn vvvaaarrriiieeeddd cccaaannnccceeerrrccceeellllllllliiinnneeesssbbbyyy
RRRTTT---PPPCCCRRR...cDNAsofCARandGAPDH (acontrolofsynthesizedRNA quality)
wereamplifiedwiththeirspecificprimers.PCRproductswereseparatedon1%
agarosegelsandstainedwithethidium bromide.Lane1,100bpmarker;lane
2,HeLa;lane3,HepG2;lane4,SNU-739;lane5,B16BL6;lane6,MCF-7.
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222...IIInnnvvviiitttrrroootttrrraaannnsssddduuuccctttiiiooonnnmmmeeedddiiiaaattteeedddbbbyyyaaadddeeennnooovvviiirrraaalllvvveeeccctttooorrr
aaannndddaaadddeeennnooovvviiirrruuusss---llliiipppooosssooommmeeecccooommmpppllleeexxxeeesss
InordertocomparetransductionefficiencyofAd-vectorsandAd-liposome

complexesinCAR-expressingandCAR-deficientcancercells,HeLacellsand
B16BL6cellsweretransducedwiththetwogene-transferringsystems.Firstof
all,the optimalMOI(multiplicity ofinfection)ofadenoviralvectors was
determined for effective gene transduction.After 4 h transduction and
additional48hincubation,GFPexpressioninthetransducedcellswasviewed
with afluorescencemicroscopy andby theFACS analysis.Addition ofthe
higheramountofAd-vectors exhibited the more efficientGFP expression
(Figure3).AccordingtotheresultofGFP expressioninHeLacells(Figure
3A),nearly allcells weretransduced in thepresence ofthe 100 MOIof
Ad-vectors.Meanwhile,CAR-deficient B16BL6 cells were not effectively
transducedwithAd-vectors(Figure3B).Theseresultsclearlyshowedthat
GFP expression mediatedby Ad-vectorswasdependentupon expression of
CAR on the cellsurface and 100 MOI(5×106 pfu)ofAd-vectorwas an
optimaltiterfortransductiontoCAR-expressingcancercells.
Threedifferenttypesofcationicliposomeswerepreparedasdescribedin

Table1:DMKE liposomes,DMKE/Cholliposomes,and DMKE/Chol/Gal-Cer
liposomes.Variedamountofthesecationicliposomeswerecomplexedwitha
fixed amountofAd-vector(100MOI).HeLa cellsand B16BL6cellswere
transduced by Ad-vectors and the prepared Ad-liposome complexes to
investigateeffectsofcationicliposomesonadenoviralgenetransductionandto
determinetheoptimalratioofliposomeandAd-vectorsforefficientinvitro
andinvivotransduction.Liposomecomplexationlittleaffectedthetransduction
efficiencyofAd-vectorsinHeLacells(Figure4A).AccordingtotheFACS
analysis,theGFPexpressionmediatedbyAd-vectorswasslightlyhigherthan



- 17 -

thatby Ad-liposomecomplexes.Among thecationicliposomes,transduction
interferencebyDMKE/Cholliposomeswasslightlyhigherthanthosebythe
otherformulations.
In contrast,adenoviraltransduction in CAR-deficientB16BL6 cells was

enhancedbycomplexationwithcationicliposomes.Especially,theadenovirus
complexedwiththeDMKE liposomes(2㎍ lipid/㎖)wasabletotransduce
26-fold highernumberofcellsthan theadenovirusonly.ThehighestGFP
expressionwasobtainedinthepresenceof0.5∼2㎍/㎖ ofDMKE liposomes.
The highest GFP expression with the DMKE/Chol liposomes and the
DMKE/Chol/Gal-Cerliposomeswasseenat0.5and4lipid㎍/㎖,respectively.
According totransduction resultsin both celllines,theDMKE liposomes

(0.5～1㎍/㎖)insignificantlyaffecttheadenoviraltransductioninCAR-positive
cells,butsignificantlyenhancedthetransductioninCAR-negativecells.
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FFFiiiggguuurrreee333...GGGFFFPPP eeexxxppprrreeessssssiiiooonnn bbbyyy AAAddd---vvveeeccctttooorrrsssiiinnn HHHeeeLLLaaa aaannnddd BBB111666BBBLLL666 CCCeeellllllsss...
VariousMOIsofAd-vectorswereaddedtoHeLacells(A)andB16BL6(B),
transducedfor4h,andincubatedforadditional48h.GFPexpressionofthe
cellswasexaminedunderalightmicroscopy(upperlow)andafluorescence
microscopy(lowerlow).
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FFFiiiggguuurrreee 444...EEEffffffeeeccctttsss ooofff aaammmooouuunnnttt aaannnddd cccooommmpppooosssiiitttiiiooonnn ooofff cccaaatttiiiooonnniiiccc llliiipppooosssooommmeeesss
cccooommmpppllleeexxxeeeddd tttooo AAAddd---vvveeeccctttooorrrsss ooonnn aaadddeeennnooovvviiirrraaalll tttrrraaannnsssddduuuccctttiiiooonnn iiinnn HHHeeeLLLaaa aaannnddd
BBB111666BBBLLL666ccceeellllllsss...NumbersofHeLa(A)andB16BL6(B)cellsexpressingGFP
werecountedbyFACS analysis48hposttransductionwithAd-vectorsor
Ad-liposomecomplexes.



- 21 -

333...CCCyyytttoootttoooxxxiiiccciiitttyyyooofff cccaaatttiiiooonnniiicccllliiipppooosssooommmeeessscccooommmpppllleeexxxeeedddtttooo
AAAddd---vvveeeccctttooorrrsss
   B16BL6cellswereincubatedin thepresenceofvariedconcentrationsof
DMKE,DMKE/Chol,andDMKE/Chol/Gal-Cerliposomestomeasuretheircell
toxicities.Asdescribedelsewhere,thecationicliposomeswerecytotoxicatthe
relatively higherconcentration(>20㎍ lipid/㎖)(Figure5).However,atthe
rangeoftheoptimizedlipidconcentrationforinvitrotransduction(<2㎍ lipid/
㎖),theDMKEliposomesdidnotseverelydamagetheculturedB16BL6cells,
exhibitingover90% cellviability.TheDMKE liposomesappearedtobemore
cytotoxicthantheDMKE/CholandDMKE/Chol/Gal-Cerliposomes.
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FFFiiiggguuurrreee 555...CCCyyytttoootttoooxxxiiiccciiitttyyy ooofffvvvaaarrriiiooouuusss cccaaatttiiiooonnniiiccc llliiipppooosssooommmeeesss cccooommmpppllleeexxxeeeddd wwwiiittthhh
AAAddd---vvveeeccctttooorrrsss...B16BL6 cells seeded in 96-wellplates (1×104 cell/well)were
incubated with varied doses of liposomes pre-complexed with 1×106 pfu
Ad-CMV-GFPfor2h.CellviabilitywasmeasuredbytheMTT assay.
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444... IIInnn vvviiitttrrrooo tttrrraaannnsssfffeeeccctttiiiooonnn bbbyyy cccaaatttiiiooonnniiiccc llliiipppooosssooommmeeesss aaannnddd
tttrrraaannnsssddduuuccctttiiiooonnnbbbyyyAAAddd---llliiipppooosssooommmeeecccooommmpppllleeexxxeeesss
GFPexpressionmediatedbyliposometransfectionwascomparedwiththatby
Ad-liposome complexes.After 4 h transfection or transduction and then
additional24 h or 48 h incubation,GFP expression in HeLa cells was
measured by FACS analysis.Thecellsweretransfected with 1㎍ pDNA
complexed6㎍ ofliposomes(1:6wtratio)ortransducedwith100MOIof
Ad-vectorcomplexed1㎍/㎖ ofliposomes.
Generally GFP expression by lipidic transfection was lowerthan thatby
adenoviraltransduction (Figure6).Asshown previously (Figure4),DMKE,
DMKE/Chol or DMKE/Chol/Gal complexation did not affect transduction
efficiency ofAd-vectors in HeLa cells (91.0±2.57,91.5±1.94,90.4±0.90,and
93.7±1.68%,respectively)(Figure 6A).However,adenoviraltransduction to
B16BL6 cells was significantly elevated by complexation with cationic
liposomes,speciallyDMKE liposomes(Figure6B).Additionofcholesterolor
galactosylceramidetotheDMKEliposomesreducedthetransfectionefficiency
ofthecationicliposomesandtransductionefficiencyofAd-liposomecomplexes.
This resultclearly shows thatcationic liposomes can help Ad-vectors to
transducetoCAR-deficientcells.
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LLLiiipppooosssooommmeeesss AAAddd---llliiipppooosssooommmeeecccooommmpppllleeexxxeeesss
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(((BBB)))BBB111666BBBLLL666
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LLLiiipppooosssooommmeeesss AAAddd---llliiipppooosssooommmeeecccooommmpppllleeexxxeeesss

FFFiiiggguuurrreee666...IIInnnvvviiitttrrroootttrrraaannnsssfffeeeccctttiiiooonnnbbbyyycccaaatttiiiooonnniiicccllliiipppooosssooommmeeesssaaannndddtttrrraaannnsssddduuuccctttiiiooonnnbbbyyy
AAAddd---llliiipppooosssooommmeee cccooommmpppllleeexxxeeesss iiinnn HHHeeeLLLaaa aaannnddd BBB111666BBBLLL666 ccceeellllllsss...One ㎍ ofpDNA
complexedto6㎍ ofDMKE,DMKE/Chol,orDMKE/Chol/Gal-Cerliposomes
at1:6wtratio,or5×106 pfuofAd-vectorcomplexedto1㎍/㎖ ofDMKE,
DMKE/Chol,orDMKE/Chol/Gal-CerliposomeswereaddedtoHeLa(A)and
B16BL6cells(B).Thecellswereincubatedfor4handadditional24hfor
transfection or 48 h for transduction.GFP expression in the cells was
measuredbyFACSanalysis.
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555...IIInnnvvviiitttrrrooogggeeennneeetttrrraaannnsssddduuuccctttiiiooonnnmmmeeedddiiiaaattteeedddbbbyyyAAAddd---llliiipppooosssooommmeee
cccooommmpppllleeexxxeeesssiiinnnvvvaaarrriiieeedddccceeellllllllliiinnneeesss
Liposome-complexedadenoviralvectorshaveshownparticularlyeffectivein

CAR-deficientcelllines (11,14).Thus,in this study,effects ofcationic
liposome complexation on transduction efficiency of Ad-vectors were
investigated in various cancercells,CAR-positive orCAR-negative.After
transduction by Ad-liposome complexes,GFP expression in the cells was
measuredbyFACS analysis.Thecellsweretransducedunderanoptimized
conditionof5×106pfuAd-vectorcomplexedto1㎍/㎖ ofDMKE,DMKE/Chol
orDMKE/Chol/Gal-Cercationicliposomes.
InCAR-deficientB16BL6andMCF-7celllines,approximately3% and11%

ofthe respective cells were transduced with Ad-vectors alone (Figure 7).
DMKEorDMKE/Chol/Gal-Cerliposomecomplexationincreasedtheadenoviral
transduction by 5.5-fold and 27-fold in MCF-7 and B16BL6,respectively.
Generally DMKE liposomes was the most effective in enhancement of
adenoviraltransduction in CAR-deficientcells among the prepared cationic
liposomes.
On the whole,Ad-vectors were able to transduce the GFP gene to

CAR-expressing cells more effectively than CAR-deficientcells.Underthe
sametransductioncondition,thepercentagesofcellstransducedbyAd-vectors
alonewereapproximately25%,44%,and91% inHepG2,SNU-739,andHeLa
cells. As shown previously (Figure 4), cationic lipid complexation to
Ad-vectors little affected the adenoviraltransduction to HeLa cells,but
negatively affected thetransduction to HepG2cells.Interestingly,thesame
formulationenhancedthetransductiontoSNU-739cell,oneofCAR-positive
cells. ComplexationwiththeDMKE liposomesexhibitedapproximately21%,
92%, and 96% of transduction in HepG2, HeLa, and SNU-739 cells,
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respectively. Under the same experimental conditions, the DMKE/Chol
liposomesandDMKE/Chol/Gal-Cerliposomesalsoexhibitedthesimilareffect
withtheDMKEliposomes.
Theseresultsindicatethatcationicliposomecomplexationgenerallyenhances

adenoviralgene transferto CAR-deficientcells and affectadenoviralgene
transfertoCAR-expressing cellspositively ornegatively,depending on cell
types.
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FFFiiiggguuurrreee 777... IIInnn vvviiitttrrrooo tttrrraaannnsssddduuuccctttiiiooonnn bbbyyy AAAddd---vvveeeccctttooorrrsss aaannnddd AAAddd---llliiipppooosssooommmeee
cccooommmpppllleeexxxeeesss iiinnn vvvaaarrriiiooouuusss tttyyypppeeesss ooofff cccaaannnccceeerrr ccceeellllllsss...Ad–vectors (5ⅹ106 pfu)
complexedwith1㎍/㎖ ofDMKE,DMKE/CholandDMKE/Chol/Galliposomes
wereaddedtovarioustypesofcancercells.Thecellswereincubatedfor4h
andthenadditional48h.GFPexpressioninthecellswasmeasuredbyFACS
analysis.
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666...IIInnnvvviiivvvoootttrrraaannnsssddduuuccctttiiiooonnnbbbyyyAAAddd---vvveeeccctttooorrrsssaaannndddAAAddd---llliiipppooosssooommmeee
cccooommmpppllleeexxxeeesss
Inordertoverifyeffectofcationicliposomecomplexationoninvivogene

transduction activities ofadenoviralvectors,Ad-liposome complexes were
intravenouslyadministeredintoB16BL6tumor-bearingC57BL/6miceandHeLa
tumor-bearingBALB/cnc/ncnudemiceviatailvain. Themajororgansof
themononuclearcellphagocyticsystem (MCPS)includingtheliverandspleen
wereexaminedforluciferasetransgeneexpressionfollowingtailvaininjection
of Ad-liposome complexes or Ad-vectors. The transduced mice were
intraperitoneallyinjectedwithD-luciferinsubstratedissolvedinsterilePBS6h
and24hpostinjection,andthenimagedwithaluminometer.Thefluorescence
and photonsemitted from themice,transmitting through thetissues,were
collected with a cooled charge-coupled device (CCD) camera (Xenogen,
Alameda,USA)
As a result,in C57BL/6 mice carrying B16BL6 tumors,the adenoviral

vectorswerepredominantlylocalizedinlivertissues(Figure8).Meanwhile,the
micetreatedwith threedifferenttypesofAd-liposomescomplexes(DMKE,
DMKE/Chol,andDMKE/Chol/Gal-Cerliposomes)exhibitedsignificantlylower
luciferaseexpressionlevelsintheliverandspleenthantheonestreatedwith
Ad-vectors alone (Figure 8).The reduction ofhepatic and splenic gene
expression by cationicliposomecomplexation werenotdirectly related with
enhancementoftransductionintheotherorgans.Onlytumortissuesexhibited
a slightly enhanced transgene expression by the Ad-DMKE liposome
complexes(Figure9).TheDMKE/CholandDMKE/Chol/Gal-Cerliposomesnot
only significantly removedhepatictropism oftheadenoviralvectors,butalso
reducedtransductiontotumortissues(Figure9).
InHeLatumor-bearingnc/ncnudemice,theadenoviralvectorswerealso
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predominantlylocalizedinlivertissues6h,butthetransgeneexpressionfaded
awayin24hpostinjection(Figure10).Thereductionoftransgeneexpression
bycationicliposomecomplexationdidnotyieldenhancedtransductiontoany
otherorgansincludingtumors.
Thetreated miceweresacrificed 24h postinjection and luciferasegene

expression in themajororganswasviewed with aluminometer.Generally
Ad-vectorsexhibitedhigherluciferaseexpressionininternalorgansincluding
theliverandspleen(Figure11).TheDMKE/Chol/Gal-Cerliposomeslowered
the hepatic transduction and transduction to otherorgans as well.These
resultsindicatethathepatictransduction by Ad-vectorscan bereduced by
cationicliposomecomplexation,butthecurrentformulationofthecomplexesis
notgoodenoughtoredistributetheresidualviralcomplexestootherorgans,
speciallytotumortissues.
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666hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn 222444hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn
FFFiiiggguuurrreee 888...IIInnn vvviiivvvooo tttrrraaannnsssddduuuccctttiiiooonnn bbbyyy AAAddd---CCCMMMVVV---LLLuuuccc aaannnddd AAAddd---CCCMMMVVV---LLLuuuccc
cccooommmpppllleeexxxeeeddd wwwiiittthhh cccaaatttiiiooonnniiiccc llliiipppooosssooommmeeesss iiinnn aaa BBB111666BBBLLL666 mmmooouuussseee mmmooodddeeelll...
Ad-CMV-Luc (3×108 pfu)(A)and Ad-CMV-Luc complexed with DMKE
liposomes(mouse1,mouse4),DMKE/Cholliposomes(mouse2,mouse5),or
DMKE/Chol/Gal-Cer(mouse3,mouse6)(120㎍ lipid:3×108pfu)(B)were
intravenouslyinjectedintoB16BL6tumor-bearingC57BL/6miceviatailvein.
ThemicewereintraperitoneallyinjectedwithD-luciferin(3mg/mouse)6h
and24hpostinjection.Sixminutelater,thetreatedmicewereimagedbya
CCDIVISTM system.

BBBB

666hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn 222444hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn
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FFFiiiggguuurrreee 999... IIInnn vvviiivvvooo tttrrraaannnsssgggeeennneee eeexxxppprrreeessssssiiiooonnn bbbyyy AAAddd---CCCMMMVVV---LLLuuuccc aaannnddd
AAAddd---CCCMMMVVV---LLLuuuccccccooommmpppllleeexxxeeedddwwwiiittthhhvvvaaarrriiiooouuusssfffooorrrmmmuuulllaaatttiiiooonnnsssooofffcccaaatttiiiooonnniiicccllliiipppooosssooommmeeesss
iiinnn mmmaaajjjooorrrooorrrgggaaannnsssooofffmmmiiiccceeecccaaarrrrrryyyiiinnnggg BBB111666BBBLLL666tttuuummmooorrrsss...Ad-CMV-Luc(3×108

pfu) or Ad-CMV-Luc with DMKE,DMKE/Choland DMKE/Chol/Gal-Cer
liposomes(120㎍ lipid:3×108 pfu)wereintravenouslyinjectedintoB16BL6
tumor-bearingC57BL/6miceviatailvein.Majororganswerecollected24h
postinjectionandtheluciferaseexpressionintheorganswascalculatedto
RLU ofluciferasepermilligram ofprotein.
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mmmooouuussseee111 mmmooouuussseee222 mmmooouuussseee333 mmmooouuussseee444
666hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn 222444hhhpppooossstttiiinnnjjjeeeccctttiiiooonnn

FFFiiiggguuurrreee 111000...IIInnn vvviiivvvooo tttrrraaannnsssddduuuccctttiiiooonnn bbbyyy AAAddd---CCCMMMVVV---LLLuuuccc aaannnddd AAAddd---CCCMMMVVV---LLLuuuccc
cccooommmpppllleeexxxeeedddwwwiiittthhhcccaaatttiiiooonnniiicccllliiipppooosssooommmeeesssiiinnnaaaHHHeeeLLLaaammmooouuussseeemmmooodddeeelll...
Ad-CMV-Luc (3×108 pfu) (mouse 1, mouse 3) or DMKE/Chol/Gal-Cer
liposomescomplexedwithAd-CMV-Luc(120㎍ lipid:3×108pfu)(mouse2,
mouse4)wereintravenouslyinjectedintoHeLatumor-bearingBALB/cnc/nc
nude mice via tailvein.The mice were intraperitoneally injected with
D-luciferin(3mg/mouse)6hand24hpostinjection.Sixminutelater,the
treatedmicewereimagedbyaCCDIVISTM system.
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FFFiiiggguuurrreee 111111... IIInnn vvviiivvvooo tttrrraaannnsssgggeeennneee eeexxxppprrreeessssssiiiooonnn bbbyyy AAAddd---CCCMMMVVV---LLLuuuccc aaannnddd
DDDMMMKKKEEE///CCChhhooolll///GGGaaalll---CCCeeerrrllliiipppooosssooommmeeessscccooommmpppllleeexxxeeeddd wwwiiittthhh AAAddd---CCCMMMVVV---LLLuuuccciiinnn mmmaaajjjooorrr
ooorrrgggaaannnsssooofffmmmiiiccceeecccaaarrrrrryyyiiinnnggg HHHeeeLLLaaatttuuummmooorrrsss...Ad-CMV-Luc(3×108 pfu)(A)or
Ad-CMV-LucwithDMKE/Chol/Gal-Cerliposomes(120㎍ lipid:3×108 pfu)
(B) wereintravenouslyinjectedintoHeLatumor-bearingBALB/cnu/nunude
miceviatailvein.ThemicewereintraperitoneallyinjectedwithD-luciferin(3
mg/mouse)24hpostinjection.Sixminutelater,thetreatedmicewereimaged
byaCCDIVISTM system.
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN
Despite a variety ofextensive efforts to improve human adenovirus

serotype5asatherapeuticagent,thisvectorexhibitsinnatedrawbacksof
CAR dependency and hepatotropism.Of particular concern is that many
clinically importanttissues,including severalcancertypes,arerefractory to
Ad5infectionduetolow CARexpression.Indeed,down-regulationofCARhas
beenreportedforseveraltumortypes,includingglioma,ovariancancer,lung
cancer,breastcancerandothers(17-19).Asaconsequenceoflimiting CAR
levelsinmanyclinicallyrelevanttargetcells,ahighAd-vectordosageisoften
required forin vivo efficacy.Since over95% ofsystemically administered
adenoviralparticles are sequestered in the liver via hepatic macrophage
(Kupffer cells) (20) and hepatocyte (21) uptake, therapeutically relevant
adenoviraldosesoften resultsin vector-related livertoxicity (22-26).Thus,
Ad-vectors exhibiting CAR-independency with low hepatotropism willbe
helpfulformaximaltransductionoflow-CAR targetsatthelowestpossible
vectordose.
Inthisstudy,Ad-vectorswerecomplexedwithcationicliposomes,resulting

inefficientCAR-independentinvitrotransductionandlow-hepatotropism when
systemically applied.According to the in vitro data with CAR-deficient
B16BL6cells,complexationwiththeDMKE-basedcationicliposomesablated
CAR-dependenttransduction capability ofAd-vectors.Ad-vectorscompelxed
withthecationicliposomeexhibitedsignificantlyelevatedtransgeneexpression
in CAR-deficientB16BL6 cells.This clearly shows thatthe DMKE-based
cationicliposomesareabletoenhanceinvitroinfectivity ofAd-vectorsto
CAR-deficient cancer cells.These results suggest that cationic liposome
complexationprovidesCAR-independenttropism forAd-vectors.
In contrast, in CAR-expressing cells, cationic liposome complexation
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exhibited avariety ofoutcomes,littleeffecton transduction toHeLacells,
inhibitoryeffectontransductiontoHepG2cellsasdescribedelsewhere(16),and
positiveeffectontransductiontoSNU-739cells.Thismayimplythatinitial
interaction modes of the lipid-coated surface of Ad particles with the
CAR-expressingsurfaceofcancercellsarevarieddependingonthenatureof
cancercellsurface,suchasCAR density,electronegativity,andsoon.The
different initial interaction modes may result in varied efficiency of
internalizationofadenoviralparticlesintocytoplasm.
Theamountandcompositionofcationicliposomesweremajorparameters

governing transduction efficiency of Ad-vectors complexed with cationic
liposomes.The concentrations ofcationic liposomes affected the levelof
adenoviral transduction efficiency. In CAR-expressing HeLa cells, while
addition oftheDMKE liposomesupto4㎍/㎖ had noeffecton adenoviral
transduction,DMKE/CholandDMKE/Chol/Gal-Cerliposomesexhibitedsudden
reductionatthesameconcentration.InCAR-deficientB16BL6cells,theDMKE
liposomesenhancedadenoviraltransductionstablyfrom 0.5to2㎍/㎖ oflipid
concentration.Meanwhile,theDMKE/CholandDMKE/Chol/Gal-Cerliposomes
showedmaximalenhancementofadenoviraltransductionat0.5and4㎍/㎖,
respectively.Accordingtotheseresults,theDMKE-liposomeswerethemost
effective in mediating adenoviraltransduction in allcelllines tested.The
optimizedconcentrationofliposomeswas1㎍/㎖ ofliposomesfor5×106pfuof
adenovirus.
IntravenousadministrationofAd-vectorsresultsinaccumulationintheliver,

spleen,heart,lung and kidneys ofmice,although theses tissues may not
necessarily be the highest in CAR expression (27-29).Instead,anatomic
barriers,thestructureofthevasculatureandthedegreeofbloodflow ineach
organ probably contributetotheirbiodistribution,inadditiontonon-specific
viralparticleuptakebymacrophages.Thisistruewithregardtotheliverin
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particular, which sequesters the majority of systemically administered
adenoviralparticleviahepaticmacrophageuptake(20)aswellashepatocyte
transduction(21).Thisprocessleadstocytokinerelease,inflammationandliver
toxicity (22,24,and 30).Thus,the nature of adenovirus-cellinteractions
dictating thefateofsystemically appliedAd-vectorhastobeelucidatedin
detailandindesirableinteractionsshouldbeavoidedoreliminatedtoenhance
transductiontodesiredtargetcells.
Tothisend,attemptstoreducethehepatotropism ofAd5vectorshavebeen

basedon theassumption thatCAR-basedinteractionsarerequiredforliver
uptakein vivo.Complexation with cationicliposomehasbeen attempted to
inhibithepatocyteand/orliverKupffercelluptakeusingAd5vectors.Recent
studiesfocused on Adenoviralvectorbiodistribution havedemonstrated that
KupffercellandhepatocyteuptakeinvivoarelargelyCAR-independent(26,
31).
In thisregard,threedifferentcationicliposomescomplexed to adenoviral

vectors were systemically administered in B16BL6 tumor-bearing C57BL/6
mice.The mice administered with adenoviral vectors alone exhibited a
relativelyhigherluciferaseexpressionintheliverandotherorgansaswell.As
previously reported,thismay beresulted from Kupffercelland hepatocyte
uptake in the liver.Meanwhile,complexation with DMKE-based cationic
liposomes yielded remarkably differentbiodistribution patterns.The hepatic
transduction ofadenoviralvectors was greatly reduced by addition ofthe
DMKE cationicliposomes.Unfortunately,thereductionofhepatictransduction
was notcompensated in any otherorgans including tumors.In fact,the
complexation with the DMKE liposomes showed 200-fold lowertransgene
expressionintheliverwhileonlyslightlyhigherexpressionintumors.Itis
conceivablethatthedifferentsurfacenatureofAd-liposomescomplexesmay
provide a different biodistribution pattern. The adenoviral particles are
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electronegatively charged while the Ad-liposomes complexed are
electropositivelycharged.Therefore,theiropsonizationinbloodwillbedifferent
from eachother,whichwillresultindifferentpatternsofcirculationinthe
body.At least,the in vivo data in this study clearly also show that
complexation with the DMKE-based cationic liposomes can reduce the
hepatotropism.
A numberofstudieshavereportedthatAd-liposomecomplexescanincrease

transduction efficiency in celllinesthatareresistanttoadenoviralinfection
(32-34).To my knowledge,this is the first study to look at in vivo
transduction by Ad-liposome complexes. The DMKE-based liposomes
complexed to Ad-vectors were able to reduce in vivo hepatotropism of
Ad-vectors. In addition, complexation with the cationic liposomes also
displayed CAR-independenttransduction by Ad-vectorsin thetestedcancer
cells resistantto adenoviralinfection.This implied thatthe DMKE-based
cationicliposomalmembranescoating adenoviralparticlesmay providemore
effectiveinteractionswithhostcells.However,atthismomenttheliposomal
formulationpreparedforthisstudyisnotappropriateforsystemicdeliveryof
Ad-vectorstoany intendedorgansortissues,suchastumors.In orderto
developanAd-liposomecomplex system fortarget-specifictransduction,the
liposomalsystem hastobefurtheroptimizedin termsoflipidcomposition,
surfacecharge,andparticlesize.Conjugationoftargetingligands,cell-specific
antibodiesandpeptides,willbealsohelpfultodeliveryadenoviralparticlesto
targetcells.
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체체체내내내 유유유전전전자자자 전전전달달달에에에 미미미치치치는는는 영영영향향향

연세대학교 대학원
임상병리학과

이 연경

아데노바이러스 벡터는 유전자 발현효율이 좋아 유전자 치료에 널리 사용되
고 있다. 하지만 이러한 아데노바이러스 벡터는 세포감염을 위해서 CAR
(coxsackieadenovirusreceptor)의 발현을 필요로 하며,특히 체내에서는 간,비장
등의 장기에 비특이적으로 축적되는 단점을 가지고 있다.따라서 본 논문에서는
이러한 단점을 극복하기 위해,다양한 조성의 양이온성 리포솜과 아데노바이러스
벡터를 결합(complexation)시켜 세포내 그리고 체내 유전자전달(transduction)양상
을 확인하고자 하였다.양이온성 리포솜은 DMKE(O,O’-dimyristyl-glutamyl-
lisine), DMKE/Chol(cholesterol) (60:40 molar ratio), DMKE/Chol/Gal-Cer
(galactosylceramide)(60:35:5,몰비율)세 가지로 제조되었다.일반적으로 CAR를
발현하지 않는 B16BL6세포와 MCF-7세포에서는 양이온성 리포솜이 아데노바이
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러스 벡터의 유전자전달활성을 향상시켰다.반면에 CAR를 발현하여 아데노바이러
스에 의해 유전자전달이 비교적 잘되는 HeLa,HepG2,SNU739세포에서는 다양
한 영향을 주었다.양이온성 리포솜이 HeLa세포에서의 유전자전달에 거의 영향
을 주지 않았거나 HepG2 세포에서는 유전자전달효율을 감소시켰던 반면에
SNU793 세포에서는 유전자전달효율을 향상시켰다. B16BL6 세포가 이식된
C57BL/6동물 모델에 아데노바이러스 벡터만을 투여한 결과 간조직에서 가장 높
은 유전자발현을 볼 수 있었다.반면에 양이온성 리포솜을 결합한 아데노바이러스
복합체를 투여한 경우에는 간에서의 유전자발현이 최고 200배의 이상의 감소하였
다.이러한 간에서 유전자발현 감소에도 불구하고 암조직을 포함한 여타 조직에서
의 유전자발현은 증가되지 않았다.DMKE/Chol,DMKE/Chol/Gal-Cer리포솜 역
시 간에서의 유전자발현을 억제하였을 뿐 아니라 다른 장기에서 유전자발현 또한
감소하였다.또한 HeLa세포가 이식된 누드마우스에서도 아데노바이러스는 간과
비장에서 높은 유전자 발현을 유도하였다.같이 투여된 DMKE/Chol/Gal-Cer리포
솜 역시 간과 비장에서 유전자 발현을 억제하였다.본 연구를 통해 아데노바이러
스 벡터에 양이온성 리포솜을 결합시킴으로써 대상세포의 CAR발현에 상관없이
효과적인 유전자발현을 유도할 수 있으며,생체 내에서는 간과 비장으로의 축적을
감소시킬 수 있었다.

핵심어: 아데노바이러스성 벡터, 유전자 치료, 양이온성 리포솜, coxsackie
adenovirus수용체(CAR),MCPS(mononuclearcellphagocyticsystem)
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수다친구 도완,착한 형엽 오빠,상정,M&D 선생님들,실험실에서 뭐든지 열심인
화연,모두에게 감사드립니다.
동기 없이 시작한 대학원 생활이었지만 외롭지 않고 힘들지만 이겨낼 수 있었던
것은 모두 선배님 후배님들의 관심과 위로 덕분이었습니다.무엇보다도 항상 기도
로 저를 보살펴 주시며 든든한 후원자가 되어주신 저의 부모님과 사랑하는 동생
수진 에게 깊은 감사의 마음을 전하고 싶습니다.
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