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AbstractWereportontheestablishmentofprト
marylivercellculturesfrom medaka,OTyZlaS

latlPeS.Weutilizedserum-freemedia,positively-

chargedPrimariadishes,andcollagenasefordis-
associationofmedakalivercellstoestablishinitia一

cultureconditions.Nearlyhomogenous(about

96%)primaryhepatocytecultureswereinitiated
andremainedviableandproliferativefor30days.

Culturedcellsexhibitedeitheracuboidal/epithe-
1ial-likephenotypeorspindle-shapedphenotype.
Bothcelltypesappearedtohavebeenderived
fromliverepithelia,asverifiedbywesternblottlng
ofcytokeratinsandtransmissionelectronmicro-

scopy.Thepredominatecelltypewasthespindle
cellwhichproliferatedtoconfluenceinprlmary
culture.

Theinitialbehavior,proliferationcharacteris-
tics,andmediarequirementsforattachmentand
spreadingofthesecellsaredescribed.Primary
culturesofmedakalivercellshavethepotentialto
serveasausefulmodelforavarietyofinvestiga-
tionsincluding,butnotlimitedto,livercelldevel-

opment,function,andxenobioticmetabolisminan
establishedfishmodel.

Introduction

TheuseofculturedfishcellsbyinvestlgatOrS

interestedinaquatictoxicologyhasreceived

increasedattentioninrecentyears.Fishcellshave
beenusedforstudiesoftheeffectsofanthrop0-

genicpollutantsimpactlngaquaticenvironments
(e.g.AokiandMatsudaira,1977;Baileyetal.,
1984;BabichandBorenfreund,1987;Sigeoka

al.,1987;Ostranderetal.,1993).Specificall
cellsfromthefishliverhavebeenusedasanin

vitrocellularanalysesmodelformutagenandcar-

cinogenmetabolismandassuch,prlmarylivercell

culturesfromanumberoffishspecieshavebeen
wellestablished(Bisselletal.,1973･,Parkeretal.,

1981;Baileyetall,1982;HightowerandRenfro,
1988;Ostranderetal.,1995;Blairetal.,1995).

Themedaka(0lyZiaslatipes)hasbeenoneofthe

mostcommonlyusedfishmodelsforlaboratory

studiesoffishphysiology,genetics,andtoxicolo-
gy(Egami,1954;Yamamoto,1968;Bunton,
1991;Duetal.,1992;Winkleretal.,1992;Shima

andShimada,1994;Takagietal.,1994)andthe

importanceofthemedakaasaninvivomodelfor
hepatocarcinogenesishasalsobeenestablished
(Haradaetal.,1988;Laurenetal.,1990;Hintonet
al.,1992;Ostranderetal"1992;Aokietal.,1993;

Bunton,1995).

Primarycellculturesandcelllinesfrommeda-
ka embryo and fin have been established

(Wakamatsuetal.,1994;SaitoandShigeoka,
1994;Hon雷andSchartl,1996)andhaveproven
valuableinrecentstudies(Araietal.,1994;Ozato

andWakamatsu,1995).Todate,nostudieshave

beenpublishedoneffortstoestablishprlmary
medakalivercellcultures.Baldwinandcolleagues
(1993)studiedtheabilityofsevenstructurally

diverseperoxisomeproliferatorstoinduceSIPhase
synthesisinculturedmedakahepatocytes.Those
cellsweremaintainedfわronly18-30hoursin
serum-freeconditionsandnodataoncellattach-

ment,spreading,orgrowthwerereported.The
obviouslimitationtoextendingtheseandsimilar
studieshasbeenourinabilitytomaintainmedaka
livercellsinculture.

Blairandco-workers(1990,1995)reportedon

theireffortstoculturevarioustroutlivercellsusing
serum-freemediaandvarioustreatedculturedish-

esdesignedtofacilitateattachmentandgrowthof

cells.Thesameinvestigators(Ostranderetal.,
1995)recentlyachievedlong-tem primarycultures

oftroutlivercellsbyuslngpositivelychargedcul-
turedishedandserum-containlngmedium.Cells

werecharacterizedastoproliferationpotentialand

cytokeratintype.Wehavenowextendedthese
techniques,withmodification,tothemedakaand

reportoursuccessinestablishingprlmaryCellcul-

turesfrommedakaliveronpositivelychargedcul-
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turedishedinthepresenceofserum-freemedia.

Wealsodescribeseverallinesofinvestlgationto

characterizetheorlglnandnovelbehaviorofthese

cellsinprlmaryCultureandtopassageandextend

thecultureperiodofthesecells.

MaterialsandMethods

Materials

Primariatissuecultureplates,flasks,multi-Well

plates,anddisposablesieveswerepurchasedfrom
Falcon-BectonDickinson(FranklinLakes,NJ).

trypslnandgentamiCinwereobtainedfromSigma

ChemicalCo.(St.Louis,MO).Crudecollagenase

(TypeIV,lot84H6804)wasfromSigmaChemical

Co.MinimumEagle'smedium(MEM),fetalcalf
serum,MEMnon-essentialaminoacid(100x),and

glutamine(100x)wereobtainedfromGibco(Grand

Island,NJ).Sodiumdodecylsulfate,acrylamine,

molecularweightstandardsandotherassociated

reagentsforelectrophoresiswerepurchasedfrom
Bio-Rad(Hercules,CA).Themonoclonalanti-

bodiesforwesternblottlngWereanantトPanCytOk-
eratin(PCK-26)from SigmaChemicalCo.and

secondaryrabbitanti-mouseIgG antibodyfrom

PharMingen(SamDiego,CA).Immobilonpoly-

vlnyidenedinuoridemembraneswerepurchased

MilliporeCorp.(Bedford,MA).Alkalinephospha-
taseconjugatedrabbitantimouseIgG specific

polyclonalantibodieswerepurchasedfromPhar-

Mingen(SamDiego,CA).Rainbowtroutserum

waspreparedinourlaboratoryuslngStandard
methods(McLeodetal.,1980).

Experimentalanimals

Medaka(OTγZiaslatipes)Wereobtainedfrom

ourbreedingcolonyatOklahomaStateUniverslty･
FishwerefedTetra-Minmakefoodandlivebrine

shrimptwicedailyandheldat21to24oC.Adults

ofbothsexes,weighing0.2-0･34g,wereusedin

thesestudies.Rainbowtrout(Ohcorhynchusmy-

kiss)Were obtained from the Norfolk Fish

Hatchery(MountainHome,AR).

IsolationandplacementoflivercellsintoprimafT
culture

Isolationofhepatocytesfわllowednon-perfusion

proceduresforfetalrathepatocyteswithminor

modifications(Devirgiliisetal.,1981).Individual

medakawereanesthetizedbyplaclnglnanice
bathfor10minpnortowashing5timeswithster-

ilewater.Thefishweretheneuthanizedbycervi-

caldislocation,emergedin70%ofethanolfor2

min,andwashedtwicewithsterileperfusion

medium (0.154M NaCl,0.154M KCl,0.154M

KH2PO4,0.194MNaHCO3,and0.154MMgSO4).

Asliverswereexcisedtheyweresoakedinperfu-
sionmediumandthen,whenalllivershadbeen

removed,livers(3-5)werewashedtwicewithper
fusionmedia.Tofacilitatethedigestion,livers

wereplacedintoalOO一mm culturedishand

mincedwithasurglCalblade.Perfusionmedium

containlng0.05%collagenasewasusedtodigest

thelivers,atroomtemperaturewithgentleshak-

1ng,OnanOrbitalshakerfor40min.AtlO一min

intervalscellsweregentlyplpettedtodisassociaト

edthecellclumps.LargeresilientpleCeSOfthe

liverwereseparatedfromslnglecellsbysievlng

usingaFalcondisposablesieve(100〃m).The

resultingcellsuspensionwascentrifugedfor5min

at300xg,andthepelletswashedtwicewithperfu-

sionmedium.Thefinalcellpelletswereresus-

pendedin1mlofculturemedialserum-freeMEM
withEarles'saltssupplementedwith10ml/Lof

glutamine(loo又),MEM non-essentialaminoacid
solution(100x),andgentamicin(100FLg/ml)]･The

cellwereresuspendedbymanualpipetting(5-10

times)and0.25mlaliquotsofthesuspensionwere

plpettedontothePrimariatissuecultureplates
(100mm)containing4.75mlsofculturemedia.

TheresultingprlmaryCellculturesweremain-

tainedina24oC,5%CO2:95%airatmosphere.

Initiationofattachmentwasmeasuredbychecking

themovementofcellsaftergentlyshakingplates

underalightmicroscope.

Cellprollferationassay

Toassessproliferationcharacteristicsofmeda-

kahepatocytesinprlmaryCulture,cellswereseed-

edinto6-WellPrimariatissuecultureplatesatthe
densltyOf2･5x105cells/wellinserum-freeMEM
culturemediaina24oC,5%CO2:95%airatmo-

sphere.CellsweretrypslnizedwithO･25%trypsln
andcellnumbersweredeterminedafter2,4,6,8,

10,and12daysinculture.Triplicatemeasure℡

meれtsweremadeateachtimepolnt.ALevenstest

indicatedhomogeneityOfvariances･Therefore,

Significantdifferenceswereassessedbyananaly-

sisofvariance(F=81.2,P<0.01)Withfollow-up

least significantdifferences tests (P<0.05).
Averagevariationofsingledeterminationsfrom
themeanwaslessthan12%.

SensitivityofcellstotTyPSinduringenzymaticdis-
assoclation

Tocomparetheeffectsofenzymesfordissocia-

tionofmedakaliver,perfusionmediacontainlng
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0･05%orO･25%trypslnOrCOllagenase,respective-

ly,wereusedtoisolatethecells.Durationof

digestionwas20minor40minandexamination

forviabilitywasperformedbytrypanblueexclu-

sion.Thefinalcellpelletswereresuspendedin
serum-freeMEM andseededontoPrimariatissue

cultureplates.Platesweremaintainedat24oCina

5%CO2:95%airatmosphereandobservedat20

min,1,4and24hforattachmentandspreading.

Thedegreeofconnuence,cellintegrlty,andover-

allappearancewerefurtherobservedtwicedaily

for7days.

Serum requirementsforattachment,Spreading

andprollferationofcellsinprimaryCulture

Triplicate experiments were performed to

observediftheserum-freemediawasnecessary

forattachment,spreading,Orproliferationof

medakalivercellsinprlmaryCulture.Bothserum-

freeandvarylngconcentrationsofserum-contain-

1ngmediawereused.Afterisolation,cellswere

resuspendedinserum-freeculturemediaand

plpettedontoreplicateplatescontainlngSerum-

freeMEM,MEM complementedwith1%,2%,
5% or10% fetalcalfserum,orrainbow trout

serum.Allplateswereobserveddailyfor10days

andevaluatedfわrattachment,spreading,degreeof

confluence,cellintegrlty,andoverallappearance.

Cellsfailingtoattachorfailingtoremainattached

wereexaminedforviabilitybytrypanblueexclu-
SIOn.

OptimaltemperatureinprlmalyCulture

Todeteminetheoptlmaltemperatureforpr卜

marycultureofhepatocytes,cellcultureswere
maintainedat16oC,24oC,or30oC,examined

dailyor7days,andevaluatedforattachment,

spreading,degreeofconnuence,cellintegrlty,and

overallappearance.

UltrastructureofhepatocytesinprimaryCulture
Aftertheconditionsofisolationandcultureof

medakalivercellswereoptlmized,cellswere

examinedbytransmissionelectronmicroscopy.

cellswereplacedintoprimarycultureinPrimarid
61Welldishesandreachedabout90%confluence

after10daysofculture.CellprocesslngWasiniti-

atedbythree30-secwasheswith3mlofwashing

buffer(0.1M cacodylatewith5.5% sucrose,pH

7.4)followedbyfixing(1.6% glutaraldehydein

0.1Mcacodylate,pH7･4with5.5%sucrose)for2

hatroomtemperature･Thecellswerethenwashed
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withthree20-minwasheswithwashingbufferand

storedat40Covernight.Cellswerepostfixedfわr1

hwithl% osmium in0.1M cacodylatebuffer,
4.2%sucrose,pH7.4.Cellswerethentransferred

intoanethylalcoholdehydrationseries(30%for

30see,50%for30sec,70%for1mln,80%for2

min,95% for3min,100% 4timesfor3min

each).Thefinalethanolbathwasreplacedwith

absolute ethanol: polybed medium (1:2)

(Polysciences,Warrington,PA)for30min.This

solutionwasreplacedwithloo鞄 polybedfor15

min,rinsedandincubatedinloo鞄 polybedat

60oCfor2days.Sampleswerebrokenintosmall

pieces,mountedonstubs,thin-sectioned(approxi-

mately70nm)withanMT6000Sorvallultrami-

crotome,and post-stained with 2･5% uranyl

acetatefor4minandReynold'sleadstainfor5
min.SectionswerethenexaminedwithaJEOL

100CXHscannlngtransmissionelectronmicro-

scopeat80kVacceleratingVOltage.

Visualizationofcytokeratinviawesternblotting

Medakahepatocyteswereplacedinto100-mm

dishesandculturedundertheoptlmizedconditions

foreither0,4,8,12,16,or24days.Cellswere

harvestedbygentlescraplng,Washedtwicewith

isotonicphosphate-bufferedsaline(PBS),and

lysedwith10volumesoflysatebuffer(50mM

Tris-Cl,150mMNaCl,0.02%sodiumazide,0.1%

sodiumdodecylsulfate,100〃g/mlphenylmethyト

sulfonylfluoride,Ipg/mlaprotinin,1% nonidet

p-40,0.5%sodiumdeoxycholate,pH8.0)bydirect

additiontothecellpelletwithgentlepIPettlng･

Resultinghomogenateswerecentrifugedat4,000

xgfor10minandthesupernatantsweresubjected

to lo啄 sodium dodecylsulfate-polyacrylamide

gelelectrophoresis(Laemmli,1970).Proteincon-

centrationsofcellhomogenatesweredetemined

bythemethodofLowryetal.,(1951)withbovine
serum albuminasastandard.Proteinswerethen

transferredtoImmobilonpolyvlnylidenedifluo-

ridemembranes(MilliporeCo咋.,Bedford,MA)

andincubatedwithmonoclonalantトpanCytOkeト

atinantibodies.Cytokeratinswerevisualizedwith

analkalinephosphataseconjugatedrabbitanti-

mouseIgG specificpolyclonalantibodyanda

warm(37oC)visualizationbufferof45mlalkaline

phosphatasebuffer(100mMNaCl,5mMMgC12,

100mMTris,pH9.5),438〃15%NBTin70%di-

methylfomamide,and150〃15%bromochloroin-

dolylphosphatein1OO%dimethylformamiden.
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Subcultureofmedakalivercells

Uponreachingconfluence(approx.8110days),
cellswererinsedtwicewithperfusionmedia,fol-

lowedbydetachmentwith1mlofO･05%typslnOr

O･05% collagenase･Oncecellswerecompletely
disassociated,5mlofserum-freemediawasadded

totheculturedish,gentlymixed,andcellswere

sub-dividedintothreedishes･Alternatively,disas-

sociatedcellswerewashedwithperfusionmedia

twicefonowedbycentrifugationat300xgand

splitintothreedishes.Threeadditionalmlsof

mediawerethenaddedsub-culturedcellsanthey
wereincubatedina24oC,5%CO2:95%airatmo-

sphere.

Results

IsolationandplacementintoprlmaTyCulture

AsshowninFig.1,hepatocytesundergoa

sequenceofeventstypicalforfishlivercellsf01-

lowlng isolation and placementinto prlmary

culture･Initially,aslngle-cellsuspensionwasdis-
tributeduniformlyoverthetissueculturedishes

and clumping/aggregatlng began immediately

(Fig･lA).Cellsbegantoattachtothedishwithin

10minandmostcompletedattachmentwithin8-
10h.Greaterthan99%oftheviablecells,asmea-

suredbytrypanblueexclusion,wereattachedat
24h.Inamannerreminiscentofwhatwehave

previouslyreportedfortroutlivercells(Ostrander

etal.,1995),somecellsformedsmallaggregates

afterplacementintoculturewhichbecamefirmly
attached.Theinitialobservationofindividualcells

Spreadingwasobservedaftertwodays(Fig･lB)

andmostcells,exceptthosecomprlSlngtheaggre-

gates,werespreadingbyfourdays(Fig.1C).

Cellprollferation

Cellproliferationbeganwithin2-4dandwas

relativelyslow.Cellgrowth/proliferationacceler-

atedbeginningaboutDay4(Fig.lC)andthrough

Days7and10(Figs.lD & lE)atwhichtime

disheswereabout90195% percentconfluent.

Duringtheinitialperiodoftherapidproliferation,

ashiftinthecellstoaelongated,spindle-shaped

morphologyoccu汀edwhichwasespeciallyobvi-

ousinthecellsgrowlngOutfromtheperipheryof

theaggregates(Fig.1D).Primaryculturescould

bemaintainedforatleast30daysatwhichtime

plateswereconfluent･Confluentcellsinprlmary

cultureexhibitedoneofthesetwobasicmorpho10-

gleS･ThemajorityOfcellswerespindle-like.

However,about15-20% ofplatescontinuedto

exhibitfociofcuboidalHhepatocyte-1ikeHcells
(Fig･lF).

AsshowninFig.2,cellnumberperwelldid

notchangeslgnificantlyduringtheinitialfour

daysincultureasthecellswereactivelyspread-

1ng.Typically,thenumberofcellsperwellwere

about2･4×105･However,onDay6inculture,a

significantincrease(P<0･05)incellnumberto6

3･9×105cellsperwellwereobserved･Thenum-

berofcellsperdishcontinuedtoincreasesteadily

throughDay10(confluence)reachingabout9×

105cellsperwe11･

Fig.1,Primarycultureofmedakahepatocytes.PanelA,Day0;panelB,Day2;panelC,Day4;panelD,Day7;panelE,Day
10;panelF,Day24.MagnificationofpanelAislOOx,panelsB,DandEare200x,andpanelsCandFare400x.
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Fig.2.ProliferationcuryeofprimaryculttlreOfmedakahepatocytesinaserumjreeMENmeditlrn,Asdetailedin…Materialsand
Methods日,cellsweredisassociatedwithO･05%collagenaseandseededat2･5×105perwellonto6-wellPrimariatissuedishes･Cell
numberwasdeterminedafter2,4,6,8,10,and12daysinculttlrebycountingsuspensionsoftrypsinizedcells.Errorbarsrepresent
onestandarddeviationaboutthemeanasdeterminedfromtnplicateexperiments."* "denotesdaysmeancellnumberwaswhen
statisticallysignificantlyhigherthanmeancellnumberonDay0(㍗<0.05).

Sensitivity ofcellstottypsinduringenzymaticdis-
assoclat10n

Theabilitiesoftwoproteolyticenzymes,com-
monlyusedincellculture,todissociatemedaka
livertissuewereevaltlated.AsevidencedinTable

1,collagenasewasjudgedtobeslightlybetter
thantrypslnatalltheconcentrationsanddurations
evaluated.Inal1situationstestedweobserved

greaterthan90% cellviabilitywithcollagenase.

Withtrypsln,Cellviabilitydroppedaslowat74%
atthehighestconcentrationanddurationtested.

Viabilityneverexceeded89%.

Theabilityofcells,isolatedbytrypslnOrCOlla-

genasedisassociation,toattachandspreadwas

ev.aluatedatvarioustimepintsovertheiTitiチ124ウ
pnmaryculture.Withintheinitial20mュnlnCuト
toreitappearedthathigherpercentageofcellsiso-
1atedwithcollagenasewereattachedwhencom-

paredtocellsisolatedbytrypsln.Ateachtime

polntexaminedslightlymoreofthecollagenase

isolatedcellsappearedtohaveattached.By24

hoursnearlylOO%ofviablecellsisolatedbycol-

1agenasewereattached;whereasonly-80%ofthe

cellsisolatedwithtrypsinhadattachedat24hours
(datanotshown).Nosignificantdifferencesinhe

timetospreading(Day4)wasobservedinthree

independentexperimentsandnodifferenceswere
apparentinside-by-sidecomparisonsofthectll-
turesonDay7.

TableI.Viabilityofmedakalivercellsafterenzymaticdisas-
soclation

Enzyme(concentration)

Percentviableafter

enzym eincubation

20min 40min

Collagenase(0.05%)

Collagenase(0.25%)

Trypsin(0.05%)

Trypsin(0.25%)

%
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5
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SerumrequirementsjTorattachmentandspreading

ofcellsinprimaryCulture
InordertodeterminetheserumrequlrementSOf

medakaliyercellsinprimaryCulttlre,triplicate

experimentswereperformedinwhichthetypeand
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serum concentrationsoftheculturemediawere

varied.Veryfewcells(<5%)resuspendedandcul-

turedinMEM complementedwitheitherlo啄
fetalcalfserum orlO% rainbow troutserum

attached.Consequently,littlespreadingandprolif-

erationwasobservedinprlmaryCulture.However,

cellsplacedintoprlmaryCulturewithserum-fee

MEM attached,spread,andproliferated.Todeter-

minetherelationshipbetweentheconcentrations

ofserum,andattachmentandspreadingofcells,

culturemediacontainlngeither0%,1%,2%,5%
orlO% fetalcalfserum orrainbowtroutserum

wastested･AsshowninFig･3,theabilityofcells

toattachdramaticallydecreasedassemmconcen-

tration,regardlessoftype,wasincreased.Media

containlngeither10%fetalcalfserumorrainbow

troutserum producedlow rates(<5%)ofcell

attachment2daysafterplacement.Decreasing

serum concentration,regardlessoftype,resulted

inaparallelincreaseintheabilityofmedakahep-

atocytestoattachandspreadinprlmaryCulture.

Finally,anadditionalexperimentwasperformed

inwhichprlmaryCulturesestablishedwithserum-
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feemediaweresupplementedwitheither5%rain-
bowtroutorfetalcalfserum.Within24hreduced

cellattachmentwasapparent.Forty-eighthours

afteradditionofserumgreaterthan80%ofprevi-

ouslyattachedcellswereobservedfloatlnglnthe

media.However,examinationofnoatlngCells72

haftermediasupplementationrevealedthatmost

oftheflOatlngandweaklyattachedcellswere
viable.

OptimaltemperatureinprimaryCulture

Threedifferentculturetemperatures,16oC,

24oC,or30oC,wereevaluatedfわroptlmalcell

attachment,spreading,andproliferation.Atall

temperaturescellsreachedconfluence.However,

240Cwasjudgedtobeoptlmal.Cellsculturedat

160Ctooklongertoreach90% confluence,not

achievlngthisuntilaboutDay18.Cellsculturedat

300Creached90%confluenceinabout6daysas

comparedto10daysforthoseat24oC.However,
theseculturescontainedmorecellulardebris,float-

1ngCells,andattachedcellsexhibitedincreased

vacuolizationcomparedtothoseat24oC.

0 1 2 3 4 5 6 7 8 9 10(%)

concentrationsofserasupp一ementedinM≡M

Fig.3.Seruminhibitionofmedakahepatocyteattachmentinpnmaryculture.Asdetailedinthe"MaterialsandMethods",afteriso-
lationcellswereresuspendedinserum-freeMEMandpipettedontoreplicateplatescontainlngSerum-freeMEM,MEMcomple-
mentedwitheither1%,2%,5%,or10%fetalcalfserum,orrainbowtroutserum.Cellattachmentwasdetermined2daysa洗er
placementintopnmaryculture.Thepercentageoftheattachedcellsinserum-freeMEMwasnearlylOO%aJldallexperimentswere
conductedintnplicate.
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Fig.4.Transmissionelectronmicroscopyofmedakalivercells
after10daysinpnmaryculture.PanelA,thereglOnOfcyto-
plasmadjacenttonucleuscontainedaconsiderableamountof
granularendoplasmiCreticulum,mitochondria,andvariable
amountsofglycogenstoragegranules;PanelB,thejunctions
ofthemultiplecellsareevidentincludingoccasionaldesmo-
somes.Inaddition,lipidstoragevacuolesandperoxisomesare
evident.

UltrastructureofcellsinprimaryCulture

AsshowninFig.4A,after10daysinpnmary

culture,medakahepatocytestyplCallydisplayeda

singlesphericaleuchromaticnucleuswithinadis-

tinctcytoplasmiccompartment.ThereglOnOf

cytoplasmadjacenttonucleuscontainedaconsid-

erableamountofgranularendoplasmicreticulum

andvariableamountsofmitochondriaandperoxi-

somes.Storageproductssuchasglycogenwere

seenadjacenttothenucleus(Fig.4A)andfat

dropletswerealsoseendistributedthroughoutthe

cytoplasm(Fig.4,panelsA&B).Gapjunctions

JOlntedthehepatocyteslaterallyandanoccasional

desmosomewasseen(Fig.4B).Theultrastructure

ofhepatocytesatDay10ofprimaryCulturewas

consistentwithnormalhealthyhepatocyteultra-
stucture.

Visualizationofcytokeratinsviawesternblotting

AsshowninFig.5,cytokeratinexpressionin

prlmaryCulturedmedakalivercellswasmain-
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tainedataconsistentlevelthroughoutthetimein

primaryculture(lane3-8)whencomparedtothe

homogenateofintactmedakaliver(lane2).There

werenoslgnificantquantitativedifferencesinthe

patternsofcytokeratinexpressionobservedatdif-

ferenttimepolntSduringtheprlmaryCultureof

medakalivercells.However,aslightqualitative

difference,manifestedasadecreasedinhigher

molecularweightbandsonthewesternblotafter

Day4(lanes5-8),wasobserved･

Subcultureofmedakalivercells

PrimarymedakalivercellculturestyplCally

experiencedagrowthcrisisbeginnlngabout30

daysafterplacementintoprlmaryCulture.Avari-

etyofattemptsweremadetosubculturethese

cells,usuallybetweendays8and10,whenprolif-

erationrateappearedmaximal･Cellsplacedinto
subculturefailedtothrivewithlessthan5%

attachingandonlylimitedspreadingandcelldivi-

sion.Thus,successfulsubculturlnghasnotyet

beenpossible.

Discussion

Thisisthefirstreportoftheestablishmentand

characterizationofprlmaryCulturesofepithelial

cellsfrom medakaliver.Nearlyhomogenous

(about96%)primaryculturesofhepatocyteswere

initiatedandremainedbothviableandprolifera-

tivefわrapproximately30days･Wehavedescried

theisolation,placementintoculture,initialbehav-

iorserum-freemediarequirementsforattachment

andspreading,andourpreliminary-characteriza-
tionofthecellcultures.

Thesmallsizeofthemedakaliverprecluded

cellisolationbytheperfusiontechniqueswehave

successfullyemployedforrainbowtrouthepatoI

cytes(Ostranderetal.,1995)andrainbowtrout
biliarycells(Blairetal" 1995).Nonetheless,

enzymaticdisassociationuslngtwodifferentpro-

teases,trypslnandcollagenase,generateddifferen-

tialyield,viability,andefficiencyofattachment.

Thesmallamountofcellsobtainedpreventedus

fromutilizingtheexhaustivepurificationstepswe

haddevelopedforrainbowtroutliver.Regardless,
culturesofapproximately96% purltyOfmedaka

hepatocyteswasaccomplished.Peakmanetal.,

(1994)reportedthattrypsinprovidedthehighest

yieldofmonodispersedisletcellsandhighestvia-

bility,whereasloweryieldsandviabilitywere

obtainedusingCOllagenase･Yet,ithasbeen

demonstratedthattrypslnizationunderroutine

conditionscanbehighlycytotoxic(McKeehan,
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5678
Fig.5.Westemblotanalysisofcytokeratinexpressioninpnmarylivercellculturesofmedakaatvarioustimeintervalsinpnmary

culture.Lane1,homogenateofrainbowtroutliver;lane2,homogenateofmedakaliver;lane3,Day0;lane4,Day4;lane5,Day

8;lane6,Day12;lane7,Day16;lane8,Day24.MolecularweightstandardsareshowntotheleftoflaneI.

1977;Smetsetal.,1979;andPleskachetal.,

1994)･Inanotherexperimentalsystem,theuseof

collagenasefordisaggregationofculturedhuman

kidneyproximaltubulecellswasrecommended

(Jungetal.,1995)IItisprobablethatmedakaliver

cellshavedifferentsensitivltytOtryPSlnandcolla-

genaseandthisresultsinthedifferencesinviabili-

ty,abilitytoattach,andspreading.Onthebasisof

ourstudies,itwasobviousthatcollagenasewas

superiorasjudgedbycellviabilityandattach-
ment.

Cellattachmentisessentialtoachievesuccess-

fullivercellprlmaryCultures･Serumatthelevelof
5% tolo啄 inthemediahasbeenshownto

improveattachmentofvarioustypesofcellsincul-

ture,includinghepatocytes(BissellandGuzelian,

1981).Conversely,freshlyisolatedadultrathepa-

tocytesinaminimalmedium containlnglnSulin

but,Withoutserum orotherproteinsupplement,

attachedandspreadonstandardtissuecultureplas-
tic(Bisselletal.,1973;BlaauboerandPaine,

1979).Rainbowtrouthepatocyteswerereportedto
attachtoculturedisheseitherinaserum-free

media(Blairetal.,1990)orinaserum-containing

media(Ostranderetal.,1995).Previousworkwith

medakaliverculturessuggestedthatserum-free
conditionscouldfacilitatetheattachmentofisolat-

edmedakalivercellstothesubstrate(Baldwinet
〟.,1993).Fishskinextract-coatedsubstrateshave
alsobeenshownwithrainbow troutlivercells

(Blairetal･,1990)andinpreliminaryexperiments

withmedakahepatocytes(Ostranderetal.,unpub-
1isheddata)tofacilitateattachment･Unfortunately,
undertheseconditionswecouldnotmaintainthe

medakalivercellsinlong-term prlmaryCulture

andproliferationwasneverobserved.Inourpre-

sentstudies,Wehavesuccessfullyemployeda

serum-freemedium andpositively-charged
Primariadishestopromoteattachment.These

modificationsnotonlyallowedfortheinitial

attachmentpreviouslyreported,butalsopromoted

cellproliferationinamannerthatwasorlglnally

reportedforrainbowtrouthepatocytes(Ostrander

etal.,1995).Moreover,itappearsthatbothfetal
calfserumandrainbowtroutseruminhibitattach一

mentandsubsequentspreadingandgrowthof

medakalivercellsinaparallelmanner,suggestlng
acommonmechanism.

Thespecificityofmedakahepatocyteattach-

mentandthemechanism(S)oftheinhibitory
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effectsofserum oncellattachmentremains

unclear.Specificmembraneproteinsand/orglyco-

proteins,whicharenomalsubstratesforprote-

olytlCdigestion,resideinthecellmembrane
(BaumannandDoyle,1979).Disassociationof

medakalivercellswithcollagenasemayreleaseor

"unmaskMspecificcelladhesionmolecules,pep-

tidefragments,orotherfunctionalgroupsonthe

surfaceofthecellsnecessaryforattachmentofthe
cellstothedishes.Serumcontainsanabundance

of, as yet, incompletely defined negatively

chargedproteinsthatmaysaturatecellsurface
bindingsitesonthepositively-chargedculture

dishes,thus,inhibitingtheattachmentofmedaka

hepatocytes.Finally,surfacecompositionofcul-

turedishesisimportanttocellularresponse.

Tissueculturesurfacechemistryeffectsthebind-

1ngOfproteinsandtheattachment,spreading,
shape,andbehaviorofcells(Springeretal.,1976;
Klein-Soyeretal.,1989;Sidhoetal.,1994).The
Primariadishesusedinthesestudiesmimicthe

extra-cellularmatrixandinparticularthestructure

ofattachmentproteinsbyintrinsicallylnCO叩Orat-
1ngamide-andamino-functionalgroups.These

propertiesappeartobenefitmedakahepatocytesas
theyattached,spread,andeventuallyproliferated

inprlmaryCulture.
Ourinitialefforttocharacterizethesemedaka

livercellsinpnmarycultureincludedwestern
blottlngfわrcytokeratinsandtransmissionelectron
microscopy,bothofwhichrevealedcharacteristics
ofcellarchitecture.Cytokeratinsarethemajor

structuralproteinsofintermediatefilamentschar
acteristicofepithelialcells(Franke1987).The

demonstrationofcytoplasmickeratinleaveslittle

doubtthattheproliferatlngSPindle-shapedcells

wereofepithelialorlglnaSOpposedtoafibroblas-
ticorlgln.Moreover,nosignificantdifferences
wereseenbetweenthecytokeratinexpressionin

theculturedcellswhencomparedtointactliver.A
singlequalitativedifferencewasobservedincells
after4daysinculture･Anapparentslightdecrease
inslowermlgratlngbandswasseenwhichco汀e-

1ateswithboththeinitialandcontinuedprolifera-
tionofthesecellsinculture.Thesepotentialdif-

ferences are worthy offuture investigation.

Althoughnodataisavailableonthehalfl1ifeof

cytokeratininmedakahepatocytes,therelatively

stablelevelofcytokeratinfrom Day0through
Day24suggestedaconstantsynthesisofcytoker-
atininmedakalivercellsculturedinserum-free

MEM sincethehalf-lifeofcytokeratininnormal
humancellsis40-80h(Sundstrometal.,1990).
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TheconclusionofanepithelialorlglntOthese
cells,asopposed to fibroblastic,is further

strengthenedwhenthetransmissionelectron

micrographsarereviewed.Asdiscussedabove,
thecellsexhibitedultrastructuralfeaturescharac-

teristicofhepatocytes.
Todatewehavenotbeensuccessfulinsubcul-

turlngmedakalivercellsfrom ourprlmaryCu1-

tures･ThisissomewhatsurprlSlngCOnSideringthe
successwehavehadwiththeestablishmentof

rainbowtroutcelllines(Ostranderetal.,1995,

andunpublisheddata).Nonetheless,theremaybe

cytotoxicorinhibitoryfactorsreleasedduringthe

processoffreeingattachedcellsfromtheprlmary
cultures.Furthereffわrtstocharacterizeandsub-

culturethesecellsareunderway.
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