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は しが き

骨 髄 由 来 幹 細 胞(haematopoieticstemcells)か らhepatocyte-likecells
へ の 分化 ・誘 導 が報 告 され 、肝 障 害 ・再 生 時 の 肝 細 胞 供 給 源 と して 自 己の 骨 髄

由来 幹 細 胞 が 注 目 され て い る。 これ らの報 告 は 、 各 種 トラ ンス ジ ェ ニ ック マ ウ

ス ・ラ ッ トを用 い た 実 験 系 が 多 く、導 入 した マ ー カ ー 遺 伝 子 発 現 が安 定 して い

な い 場合 が あ り他 の 移植 モ デ ル で の検 討 が 必 要 で あ る と され る。 我 々 は 、 先 天

的 に アル ブ ミ ン合 成 能 を欠 く無 アル ブ ミン ラ ッ ト(F344-alb)を 用 い て 同 系 アル

ブ ミン産 生 ラ ッ ト(F344)分 離 肝 細 胞 をF344-albの 脾 臓 内や 肝 臓 内 に移 植 し、 こ

れ らの臓 器 内 で移 植 肝 細 胞 が 生 着 し肝 固 有 機 能 を長 期 間 維 持 す る こ と を報 告 し

て き た(K.Ogawa,M.lnagakieta1.Transplantation1993,H.lkebukuro,

M.Inagaki,eta1.EurSurgRes1999)。 分 離 肝 細 胞 移 植 は各 種 の 先 天 性 肝 代

謝 異 常疾 患 モ デ ル 動 物 実 験 に お い て優 れ た 効 果 を認 め 、 す で に遺 伝 子 ・細 胞 治

療 法 の1つ と して 米 国 にお い て 臨床 応 用 が試 み られ て い るが 、1)移 植Donar不

足 、2)移 植 肝 細 胞 増 殖 に は 、 時 間 が か か る、3)外 来 遺 伝 子 の導 入 効 率 が低 く、

長 期 間 の安 定 した発 現 が 困難 な ど さま ざま な 問題 が 指 摘 され て い る。 従 っ て 、

よ り分 離 ・回 収 しや す い 細 胞 供 給 源 と して 自己骨 髄 細 胞 の利 用 が試 み られ て い

る。

我 々 は 、正 常 ラ ッ ト(F344)骨 髄 由 来細 胞 を無 アル ブ ミン ラ ッ ト(F344-alb)肝

臓 内 に移 植 す る実験 動 物 モ デ ル を確 立 し報 告 て き た。(J.Arikura,M.Inagaki,

etal.JHepatol2004;41;215-221,X.Hailing,M.Inagaki,etal.JSurg

Res2004;122,75-82)こ れ ら の 実 験 結 果 か ら 、 骨 髄 由 来 細 胞 に は

hepatocyte-1ikecellsに 分化 可 能 な幹 細 胞 が 存 在 す る こ とを確 認 した が 、 そ の

数 は きわ め て少 な い こ とが判 明 した。 今 後 、 自 己骨 髄 細 胞 群 か ら肝 細 胞 へ 分 化

可能 な幹 細 胞 を効 率 よ く分 離 ・回 収 し、 さ らにinvitroに お い て 細 胞 培 養 す る

こ と に よ り多 くの 幹 細 胞 を得 る こ とが 可 能 とな れ ば細 胞 供 給 源 と して の価 値 が

高 ま る。 そ の た め に 、 無 アル ブ ミン ラ ッ トを用 い て1)自 己骨 髄 細 胞 の 凍 結 保

存 法 の 開 発 、2)新 た な 自己 細胞 供 給 源 の 探 索 、3)ラ ッ ト疾 患 動 物 モ デ ル を

用 い た 骨 髄 細 胞 移 植 の効 果 判 定 を計 画 した 。 これ らの 結 果 よ り、 肝 臓 の 再 生 ・

線 維 化 ・発 癌 に 関 与 す る 自己 骨 髄 由来 細 胞 に つ い て の 基礎 的 知 見 を得 る事 を 目

的 と した。
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Albumin-Produci HenatocvtesDerivedfromCrvoDreservedF344RatBone

MarrowCellsTranslantedintheL,iversofConenicNaase's

AnalbuminemicRats

Manystudieshaveshownthatbonemarrowcells(BMCs)havethepotential

todifferentiateintovariouskindsofsomaticcells,includinghepatocytes.

Furthermore,liverswithseverehepaticdamagehavebeenshowntocontain

hepatocytesderivedfromBMCs.Itisspeculatedthatthesehepatocytes

areformedeitherbythefusionofpre-exitingdifferentiatedhepatocytes

withBMCs,orbythetrans-differentiationofBMCsintohepatocyteswithout

cellfusion.Thus,BMCsmaybeafacilitatingsourceforcell

transplantationinhepaticdisease.IfcryopreservedBMCsfromthe

patient'sownbonemarrowcouldbeusedasasourceforcell

transplantation,itwouldbeamajorbreakthroughintransplantation

therapyforseverehepaticfailure.Althoughpreviousstudieshave

describedoptimizingconditionsforcryopreservationofhematopoieticstem

cells(SCs)andcordbloodSCs,neither,thecapacityof

transdifferentiationofcryopreservedBMCsintohepatocytes,northe
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protocolsforthisprocedure,havebeenreported.

Nagase'sanalbuminemicrats(NAR)lacktheabilitytoproducealbumin

becauseofintronic7bydeletionnearthesplicingdonorsiteinthealbumin

exonH,whichleadstotheskippingofexonH,exonG+H,andexonH+Iduring

mRNAprocessing.ThetransplantationmodelinwhichnormalF344

hepatocytesaretransplantedintotheliversofF344alb,beingcongenic

F344rats(F344)withtheNARgeneticdefect,hasprovedusefulfor

investigatingthefateandfunctionoftransplantedcellswithout

immunosuppressants.Thisisbecausetheactionoftransplantedcellsis

demonstratedbythealbuminproductionandthepresenceofthenormal

albumingene.WepreviouslyreportedthattransplantedBMCsfromF344can

raiseclustersofalbumin-producinghepatocytesintheliversofF344alb.

WeconductedthisstudytoinvestigatewhethercryopreservedBMCsfrom

F344ratscaninducethegrowthofalbumin-producinghepatocytesinthe

liversofF344alb.BecauseUniversityofWisconsin(UW)solutionisnow

currentlyusedforthecryopreservationofvarioustissuesandcells,F344

BMCswerecryopreservedinUWsolutioncontaining10%fetalbovineserum

(FBS)and12%dimethylsulfoxide(DMSO).Thawedcellswereinfusedinto
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theportalveinofF344albimmediatelyafter70%hepatectomy(PH),sowe

couldevaluatewhethertheyincreasedthenumbersofclustersofalbumin

positive(alb+)hepatocyteswithintherecipientlivers.

MaterialsandMethods

Anl'伽15

MaleF344rats(CharlesRiverJapan,Tokyo,Japan)andmaleF344alb(bred

intheAsahikawaMedicalCollegeanimallaboratory}wereusedinthisstudy.

Allcareandprocedureswereapprovedbytheinstitutionalanimalcareand

usecommittee.Wedivided5-week-oldF344albintofourgroups:Groupl

wereuntreated;Group2weresubjectedbtoPHalone;Group3were

transplantedwithfreshly-isolatedBMCsimmediatelyafterPH;andGroup

4weretransplantedwithcryopreservedBMCsimmediatelyafterPH.AIlthe

ratswerekilledhumanely4weeksafterthetreatment.

Cryopreservati`onof跳andα ⊇11乃hansplant∂tion

BMCswereisolatedfromthefemursof6-week-oldmaleF344andsuspended

inDulbbeccco'smodifiedEaglemedium(DMEM)(GibcoBRL,Grand-Island,

NY).ThecellsweremixedwithHistopaque-1077(Sigma,St.Louis,MO),

centrifugedat1,800rpmfor30minandsuspendedintheUWsolution
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containing10%FBSwith12%DMSO.Eachtubecontainingtwentymillion

cellswascooledoniceandthenstoredat-80°Cfor7days.Afterthawing

thecellsat37°Cinawaterbath,BMCsweresuspendedinDMEM.Cell

viabilitywasdeterminedbythetrypanblueexclusiontestusinga

hemocytemeterunderaphase-contrastmicroscope.Weinjectedtwenty

millioncryopreservedorfreshly-isolatedBMCsintotheportalveinofeach

recipientimmediatelyafterPH.

Immunostaining-

Theliverswereperfusion-fixedwithperiodate-lysine-paraformaldehyde

(PLP)solutionviatheportalvein,thencutintoslices,furtherfixed

inthePLPsolutionovernightat4°C,embeddedinparaffin,andcutinto

3・m-thicksections.Afterdeparaffinization,theslideswerereacted

with1500dilutedrabbitanti-ratalbuminantibody(IgFabfraction,

Cappel,Malver,PA),followedbyincubationwithbiotin-conjugatedgoat

anti-rabbitIgG(Dako,Carpinteria,CA),andthenwiththe

diaminobenzidine/H202solution.Singleanddoublealb+hepatocytesand

clustersconsistingofmorethan3alb+cellswerecountedmicroscopically,

andtheirnumbers/cm21iversectionsweredeterminedforeachanimal.
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RTPCRandSouthernBlotAnalysis

TotalRNAwasisolatedfromtheliversofF344albineachgroupat4weeks

afterthetreatment,andreversetranscriptasePCR(RT-PCR)wasdoneto

amplifyalbuminmRNA.TheprimersequencesforratalbumincDNAwere

5'-TTGCCAAGTACATGTGTGAG-3'(exonG,forward)and5'-

GGTTCTTCTACAAGAGGCTG-3'(exonI,reverse),respectively,whichwere

designedtoamplifythemRNAcontainingexonHinF344,andthemRNAlacking

itinF344alb.PCRwasdoneusingtheRNAwith35cyclesat94°Cfor30

sec,at58℃for30sec,andat72℃forlmin.Weelectrophoresed10・1

0fthealiquotson1%agarosegelsandstainedthenwithethidiumbromide.

ThePCRproductswerethenelectrophoresedon1%agarosegelsand

transferredtonylonmembranes.Afterprehybridizationinthe

hybridizationbufferforlhat60°C,themembraneswerehybridizedwith

theoligonucleotideprobe(5'-ACACTGGAGAAGTGCTGTGCTGAAGGCGAT-3'),

includingpartofthealbuminexonH.Afterwashingthemembraneswith

5xSSC/0.1%sodiumdodecylsulfate,thehybridizationsignalsweredetected

byusingaCDPstarkit(Amersham,Buckinghamshire,UK).

WesternBlotAnalysis
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Bloodsampleswerecollectedfromtheanimalsbeforetheywerekilled,and

theserumwasisolatedandstoredat-80℃untilassay.AIiquotsofthe

serumwereelectrophoresedon13%polyacrylamidegels,andthentransferred

toanitrocellulosemembrane,followedbyincubationwith1=8000diluted

peroxidase-conjugatedrabbitanti-ratalbuminantibody.The

hybridizationsignalswerethendetectedbyusingECLWesternblotting

detectionreagents(Amersham).

Statistゴcal肋 ∂1アSIS

Statisticaldifferencesinthenumbersofsingleanddoublealb+

hepatocytesandalb+clustersbetweenthegroupswereanalyzedbyone-way

ANOVAandtheBonferronitest.Pvalues<0.05wereconsidered

significant.

Results

∠丑ηθ■Benceof191∠ フ≠ 」yep∂オ007オ θ α α5オθ]r5ヨfオ θrTransplant∂ オゴ0/1〃 ゴth孟 ∠～θ

Cryopreserveゴ β撚

AfterquickthawingofthecryopreservedBMCs,cellviabilitywas769'oto

80%.Theviabilitydidnotdecreaseforatleast4weekswiththisprotocol.

TheF344albliverscontainedafewalb+hepatocytes,aspreviously
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described,butthesealwaysexistedassingleordoublecellsandnever

formedclustersofmorethanthreecells.By4weeksafterPHalone(Group

2},thenumberofalb+cellswasunchangedfromthatinGroup1,remaining

assingleordoublecells.IntheF344albthatreceivedtransplantation

withfreshly-isolatedBMCsimmediatelyafterPH(Group3),thesizeand

numbersofalb+hepatocyteclusterswereincreased,withlargeclusters

ofmorethan60cells.IntheF344albthatreceivedtransplantationof

cryopreservedBMCsimmediatelyafterPH(Group4),thesizeandnumberof

alb+hepatocyteclusterswerealsoincreased.Whentheclusterswere

dividedintofoursizeclasses(single,double,3-10and>11cells),

althoughthenumbersofsingleanddoublecellswerealmostthesamein

allthegroups,clustersofmorethanthreecellsweredetectedonlyin

Groups3and4.

DonorOriginofAlb+HepatocyteClusters

RT-PCRusingtotalRNAcouldamplifya373byfragmentincludingalbumin

exonHfromF344,anda240byfragmentlackingexonHfromF344alb.When

themembranesblottedwiththePCRproductswerehybridizedwiththeexon

Hprobe,averyweak373bybandwasdetectedforF344albafterPH,
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consistentwithpreviousreportsthattheanalbuminemichepatocytescould

produceaverysmallamountofnormalalbuminmRNA.IntheF344albthat

receivedtransplantationwiththefreshly-isolated(Group3)or

cryopreservedBMCstransplantationafterPH(Group4),the373bybands

weremuchmoreintensethanthoseinGroupsland2.Ontheotherhand,

noalbuminmRNAwasdetectedintheBMCsofF344,indicatingthat

donor-derivedcellscanproducealbuminonlyafterdifferentiatinginto

hepatocytes.

ByusingWesternblotanalysis,wedetectedaverysmallamountof

albuminintheserumofuntreatedF344alb(Group1)andthosesubjected

toPHalone(Group2).Theserumalbuminlevelsincreasedremarkablyin

theF344albtransplantedwithfreshly-isolatedBMCs(Group3)or

cryopreservedBMCsafterPH(Group4),andtheirliverscontainedclusters

ofalb+hepatocytes.

Discussion

Cryopreservationofthepatient'sownBMCsisessentialinanautologous

transplantation;however,thecapacityofcryopreservedBMCsto

differentiateintohepatocytesandtheoptimalprotocolshaveneverbeen
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reported.WepreviouslyreportedthatwhenF344BMCswereinfusedinto

theportalveinofF344albimmediatelyafterPHorwhenthebonemarrow

ofF344albwassubstitutedwithF344BMCs,thenumberofalb+hepatocyte

clustersintheliversofrecipientF344albincreased.Thedonororigin

ofthesealb+hepatocyteswasdemonstratedbytheincreaseinnormalalbumin

mRNAintherecipientlivers,detectionofthenormalalbumingenesequence

inthealb+hepatocyteclusters,thepresenceoftheY-chromosomemarker

inalb+hepatocyteswhenmaledonorandfemalerecipientswereused,and

theincreaseinserumalbuminlevelsintherecipientF344alb.

Inthepresentstudy,whencryopreservedF344BMCsweretransplantedinto

theportalveinofF344albafterPH,clustersofalb+hepatocytesemerged,

andthedonororiginofthesecellswasdemonstratedbythepresenceof

normalalbuminmRNAintherecipientliversandincreasedserumalbumin

levels.Therefore,cryopreservedBMCsalsohavethecapacitytoform

albumin-positiveclusters,andtheymightbeusefulforcell

transplantationtherapyinliverdiseases.

Inourpreviousstudy,whenfreshly-isolatedBMCsofF344were

transplantedintotheportalveinwithoutpriorPH,therewerefeweralb+
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hepatocyteclusters.Thisisconsistentwithmanyreportsstatingthat

trans-differentiationfromBMCstohepatocyteswasevidentunder

regeneratingconditions.Therefore,theproliferatingtissueenvironment

createdbyPHmaybeimportantfortransplantedF344BMCstocolonizewithin

theliver.Consideringthatthesmallestclustersconsistedofonlythree

cells,whereasthelargeonesconsistedofmorethan60cellson

cross-section,wethinkthatthecellnumberofclustersmaybemadeof

about10-500cellmasses.Assumingthateachclusterwasderivedfroma

singlecell,themostengraftedBMCsmighthaveamuchgreaterproliferating

capacitythantherecipienthepatocytesanddividethreetoninetimesto

formthecolonies.ThisindicatesthattransplantedF344BMCsmayhave

greaterproliferatingcapacitythanrecipienthepatocytesbecausethe

latterdivideonlyonceortwicetimesduringliverregenerationafterPH.

TheUWsolutionwasoriginallydevelopedforhypothermicpreservationof

organsandisnowwidelyusedincardiac,hepatic,andrenaltransplantation.

Inapreviousstudy,hepatocytescryopreservedwithUWsolutionwere

significantlyfunctionalintermsofplatingefficiency,ammonia

metabolism,hepaticenzymeleakage,andinvivotransplantation.The
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presentstudyalsodemonstratedthattheUWsolutionisalsousefulfor

cryopreservationofbonemarrowcells.

Inconclusion,cryopreservedBMCsisolatedfromnormalratscaninduce

growthofalbumin-producinghepatocytesintheanalbuminemicratliver.

Althoughthefrequencyofthesehepatocytesisrelativelylow,theymight

maintainahighcapacitytoformcolonies,astheydoafterthe

transplantationoffreshly-isolatedBMCs.
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Albumin(+)HepatocytesDerivedfrom _theBoneMarrowReconstitutedbythe

F344RatLiverNonaarenchymalCellsintheLiversofAnalbuminemicRats

Itwasdemonstratedthatthereexisthematopoieticstemcellsintheliver,

andafterlivertransplantation,thosehematopoieticstemcellsmigrate

totherecipient'sbonemarrow,proliferateandmaintainahematologically

chimericstate.Thechimerismgeneratedafterlivertransplantationis

thoughttoberesponsiblefordonor-specifictolerancenotonlyforthe

livergraftbutalsoforgraftsofotherorgansuchasheart,kidney,skin

andsmallintestine.Transplantationof.livernonparenchymalcells

(LNPCs)intothelethally-irradiatedratsandmicewasshownto

reconstitutethebonemarrowoftherecipients,generatingalllineages

ofbloodcellsincludingTandBlymphocytes,granulocytes,macrophages,

megakaryocytesanderythrocytes.[6]Taniguchieta1.demonstratedthat

dendriticcellsexpressingc-kit(stemcellfactorreceptortyrosine

kinase),sca-1antigen(amarkerofprimitivehematopoieticcells)and

Linlo/一(1ackofbonemarrowce111ineagemarkers)inthenormalmouseliver

arecapabletoreconstitutethebonemarrowofthelethally-irradiatedmice.

Recently,Kottonetal.furthershowedthatCD45+cellsintheadultmouse

liverhadpotenthematopoieticreconstitutionactivity.

Numbersofrecentstudiesdemonstratedthattransplantationofbonemarrow

cells(BMCs)orhematopoieticstemcellsfromtheperipheralbloodraise

hepatocytesinthehostliversinmanandrodents.Somestudiesreported

thatthemechanismofgenerationofsuchdonor-derivedhepatocyteswas
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fusionofBMCswiththehosthepatocytes,whileotherstudiessuggested

thatBMCsarecapabletotrans-differentiateintohepatocyteswithout

fusion.

Fischer344congenicrats(F344alb}carrythegeneticdefectofNagase's

analbuminemicratswiththegeneticbackgroundofFischer344rats(F344).

F344albareotherwisenormalexceptforagenetic7basepairdeletion

downstreamoftheexonHsplicesitewithinthegthintronofalbumingene,

whichresultsinaninabilityofhepatocytestoproducealbumin.When

hepatocytesofF344weretransplantedintotheliversofF344alb,they

residedwithinthehostIiver.Inthismodel,thetransplantedF344

hepatocytescouldbedemonstratedbyimmunohistochemistryforalbumin,

RT-PCRforalbuminmRNAandPCRforthenormalalbumingenesequences.This

modelalsohasanadvantagethatthereisnoneedtouseimmunosuppressants.

Wepreviouslyshowedthat,whenF344BMCsweretransplantedintotheportal

veinofF344albimmediatelyafter70%hepatectomyorintothepenilevein

afterwholebodyirradiation,coloniesofalbuminpositive(alb+)

hepatocytesoftheF3440riginwereformedwithintheliverofF344alb.

Inthepresentstudy,weinvestigatedwhethertheBMCsderivedfromthe

F344LNPCscanraisealb+normalhepatocyteswithintheliverofF344alb

inwhichthebonemarrowwasreconstitutedbythetransplantationwithF344

LNPCsafterwholebodyirradiation.

MaterialsandMethods

TreatmentofAnimals

MaleF344werepurchasedfromCharlesRiverJapan(Yokohama,Japan),and



17

F344albwerebredintheAsahikawaMedicalCollegeanimallaboratory.Male

F344andF344alb,6to?weeksold,wereusedasthedonorsandrecipients,

respectively.F344albweredividedinto5groups=GroupI(n=5),

untreated;GroupII(n=8),wholebodyirradiation;GroupIII(n=5),LNPC

transplantationwithoutirradiation;GroupIV(n=15),LNPCtransplantation

immediatelyafterirradiation;GroupV(n=5),BMCtransplantation

immediatelyafterirradiation.Alltheanimalsweresacrificed8weeks

afterthetreatment.Allproceduresperformedontheanimalswereapproved

bytheinstitutionalcommitteeaccordingtotheguidelinesforhumanecare

oflaboratoryanimals.

Preps■atゴonヨ 刀ゴTransplantotゴOnof〃IPCsanゴ 齢

LNPCswhichmainlyconsistofendothelialcellstogetherwithother

nonparechymalcellssuchasfibroblastsandKupffer,hepaticstellateand

hematopoieticcellswereisolatedfromF3441iversaccordingtothemethod

ofShimaokaeta1.[26]Briefly,theliverwasflowedthroughviatheportal

veinwithcalcium-freeHanks'solutionattherateof10ml/minfor5min

at39°C,followedbyperfusionwithaO.05%collagenase(Sigma,typeV)

solutionattherateof10ml/minfor10minat39°C.Theliverwas

transferredtoaPetridish,gentlybrushedandmincedinHanks'solution

at4°C.TheisolatedcellsweresuspendedintheHanks'solution,filtered

throughasteelmeshwith70-120mmporesizeandcentrifugatedat50gfor

lminthreetimestoprecipitatehepatocytes.LNPCswerecollectedfrom

thesupernatantsbycentrifugationat400gfor5minandsuspendedinthe

Hanks's61ution.BMcswerepreparedasdescribedelsewhere.[25]The
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LNPCsorBMCs(107cells/animal,viabilityof>85)wereinfusedintothe

penileveinoftherecipientsimmediatelyafterwholebodyirradiation(7.5

Gy/rat).

Albumin伽UIIO∂ssayゴng

Theliverswereperfusion-fixedwithperiodate-lysine-paraformaldehyde

(PLP)solutionviatheportalvein.Foursliceswerecutoutfromeach

hepaticlobe,furtherfixedinthePLPsolutionat4°Covernight,

dehydratedthroughgradientseriesofethanolandembeddedinparaffin.

Thetissueswerecutinto3mm-thicksections.Afterdeparaffinization

andimmersionwith3%H202for5min,theslideswerereactedwith1:500

dilutedrabbitanti-ratalbuminantibody(IgFabfraction,Cappel,Malver,

PA).Thentheslideswereincubatedwithhorseradishperoxidase-conjugated

goatanti-rabbitIgGpolymer(Dako,Carpinteria,CA).Afterwashingin

phosphate-bufferedsaline(PBS),theantibodybindingwasvisualizedby

thediaminobenzidinesubstrate-chromogensystem(DAKO),followedby

counter-stainingwithhematoxylin.Singleanddoublealb+hepatocytesand

clustersconsistingofmorethan3alb+hepatocyteswerecounted

microscopically,andtheirnumbers/cm2sectionsweredeterminedforeach

animalbytheScionImagesoftware.

Alicrodissection

Alb+hepatocyteswereisolatedfromthealbumin-immunostainedsectionsby

thelasercapturemicrodissectionsystem(Olympus,Tokyo,Japan}.

PCRDetectionoftheAlbuminGeneSequences

TheBMCsoftheF344albtreatedasaboveandthemicrodissectedtissues
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wereincubatedinaproteinaseKsolutionfor16hrat56°C,andDNAwas

purifiedbyQIAampDNAMicroKit(50)(QIAGENGmbH,Hilden,Germany).The

primerpairs,5'-GAAGGCGATCCTCCTGCCTGC-3'(forward)and5'-CCACCGTGAGTG

TTCCTAGC-3'(reverse),weredesignedtoamplifyaregionincludingthe

intronic7basepairslackingintheF344albalbumingene.[21]PCRwas

performedusingthealiquotsofDNAsolutionswith38cyclesof94°Cfor

30sec,58°Cfor30secand72°Cforlmin.ThePCRproductswere

electrophorasedon10%polyacrylamidegels,stainedwithethidiumbromide

andvisualizedunderUVillumination.

StatisticalAnalysis

Thevalueswereanalyzedbyone-wayANOVAanalysisofvarianceorthe

Bonferronitest.PvalueslessthanO.05wereconsideredsignificant.

Results

ProlongedSurvivalbyLNPCTransplantationafterlrradiatlon

Althoughonlylof8(12.50F344albthathadreceivedirradiationalone

(GroupII)surviveduntil8weeks,11/15(73.3%)F344albthathadreceived

LNPCtransplantationafterwholebodyirradiation(GroupIV)werealive.

Alltheanimalsuntreated(GroupI,n=5),transplantedwithF344LNPCs

withoutirradiation(GroupIII,n=5)orreceivedF344BMCtransplantation

afterirradiation(GroupV,n=5)werealiveuntil8weeks.

、41わ≠ 」ヲ'epatocytesゴ 、ηtt～ θ 」ニゴyθ■'Sof紹44a1わ

TheliversofuntreatedF344alb(GroupI),thosewithirradiationalone

(GroupII)andF344albwithLNPCtransplantationwithoutirradiation(Group

III)containedaveryfewalb+hepatocytes.Thesealb+hepatocyteswere
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alwayspresentassingleorpairsofcells.Incontrast,clusters

consistingofmorethan3alb+hepatocyteswereobservedintheliversof

F344albthatreceivedF344LNPCtransplantationwithirradiation(GroupIV)

orBMCtransplantationwithirradiation(GroupV).Therewasno

significantdifferenceaccordingtothenumbersofsingleandpairsofalb+

hepatocytesascomparedbetweeneachgroup(Table1)betsofalb+hepatocyte

clusters(>3cells)betweenGroupIVandV.

Nor栩 」ヨ1ノ 歪1わα忽∫z76θ17θ5θ(7乙fencesゴ12tt～ θ ノ脇 θ〃〔ノ 、41∠ン≠ 」θbp8オoo7オ θClusters

A67bybandwasgeneratedbyPCRagainstthealbumingenesequencesspanning

the7bp,thataredeletedinF344alb,fromtheF344BMCDNA,whilea60

bybandwasgeneratedfromtheF344albBMCDNA.PCRforDNAisolatedfrom

BMCsofF344albthatreceivedtransplantationwiththeF344LNPCs(Group

IV)orBMCs(GroupV)afterirradiationgeneratedboth60and67bybands,

indicatingthattheirbonemarrowwaschimericduetothepresenceofboth

F344andF344albcells.The67bybandwasnotdetectedintheF344albthat

receivedF344LNPCtransplantationwithoutirradiation(GroupIII).PCR

fortheDNApurifiedfromtheAlb+hepatocytesdetectedasingle67byband

for2clustersanddouble60/67bybandsinlclusterdissectedfrom

albumin-immunostainedsectionsofF344albthatreceivedF344LNPC

transplantationafterirradiation(GroupIV).

Discussion

Becausetheliverisahernatopoieticorganduringthefetalperiod,itis

thoughtthatthelivermayretainalowhematopoieticactivitythroughout

thelife.[28]Inconsistenttothepreviousreports,[4-6]wecouldsuccessfully
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reconstitutethebonemarrowofthewholebodyirradiatedF344albby

transplantationwiththeF344LNPCs.Thiswasevidencedbythefactthat

thenormalalbumingenesequenceslackingintheF344albweredemonstrated

byPCRintheBMCsofF344albtransplantedwithF344LNPCsafterirradiation.

However,becausebothnormal67byandaberrant60bybandsweredetected

intheBMCsofF344albtransplantedwithF344LNPCsafterirratiation,the

bonemarrowwaschimericduetothepresenceofbothF344andF344albcells.

Inconsistencetothebonemarrowreconstitution,survivalrateof

irradiatedF344albwasmuchimprovedbytransplantationwithF344LNPCs.

Thenormalalbumingenesequences,ontheotherhand,couldnotbedetected

intheBMCsfromtheF344albtransplantedwiththeF344LNPCswithoutprior

irradiation,indicatingthattherepopulationoftheF344LNPCsdoesnot

ormuchlessefficientlyoccurwithoutirradiation.

TheliversofuntreatedF344albcontainedafewalb+hepatQcytesas

describedpreviously.Thesealb+hepatocyteswerethoughtdueto

intracellularaccumulationofaberrantalbuminwhichisgeneratedfromthe

exonH,1-deletedalbuminmRNA.Suchcellswereusuallypresentassingle

ordoublecellsandincreasedinnumberinassociationwithagingor

treatmentwithhepaticcarcinogens.Thenumbersofsingleanddoublealb+

cellswerenotincreasedbytransplantationwiththeF344LNPCsorBMCs,

indicatingthatmost,ifnotall,ofsuchsingleanddoublecellsinthe

recipientliverswereofhostorigin.

TheliversofF344albtransplantedwithF344LNPCsorBMCsafterirradiation,

ontheotherhand,containedlargerclustersofalb+hepatocytesconsisting



22

of>3cells.Wepreviouslydemonstratedthatthealb+hepatocyteclusters

ofthedonororiginweregeneratedbytransplantationwithF344BMCsin

F344albafter70%hepatectomyorafterwholebodyirradiation.Inthe

presentstudy,thefactthatnormalalbumingenesequencesweredetected

byPCRfromthealb+hepatocyteclustersdissectedfromthealbumin-stained

tissuesectionsclearlyindicatedthattheywerederivedfromtheBMCs

reconstitutedbytheF344LNPCs.Itwasalsonoteworthythatthelarge

clusterswerenotdetectedinGroupIIIinwhichthebonemarrowwasnot

reconstitutedbytheF344LNPCs,indicatingthatthealb+hepatocyte

clustersweregeneratedfromtheBMCsreconstitutedbytheF344LNPCs,but

notdirectlyfromthetransplantedF344LNPCs.

Sincethefrequencyofalb+hepatocyteclusters(>3cells)wasnotdifferent

betweenGroupIVandV,theremaybenoremarkabledifferencebetweenthe

BMCsderivedfromLNPCsandthosefromBMCsinregardtotheabilitytoraise

thealb+hepatocytes.However,asthetransplantationofallogenicLNPCs

mayprovidetheimmuno-tolerancetothehost(Starzletal.Lancet),the

LNPCtransplantationmayhaveadvantageagainsttheBMCtransplantationin

regardtopreventionofthegraftversushostdisease(GVHD)thatis

occasionallycausedbytransplantationwithallogenicBMCs.

Thealb+hepatocyteclustersaftertheLPNCtransplantationwassmallin

numberlikeinthecasewiththeBMCtransplantation.However,inthe

chronicliverdamagemodelofFah-/-miceinwhichhosthepatocytesare

continuouslylostduetothemetabolicdamage,about30%oflivermasswas

reconstitutedbythehepatocytesderivedfromtheBMCsofFah+/+miceafter
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theBMCtransplantation.Itisthenpossiblethat,althoughhepatocytes

derivedfromBMCsmaybesmallinnumber,theymayrepopulatetoreconstitute

theliverundertheconditionofchronichepaticdamage.Ontheotherhand,

asBMCsweresuggestedtoprovidehepatotrophicgrowthfactorsandcytokines

directlyorindirectlyafterconvertingtoLPNCs,itremainstoinvestigate

theBMCsderivedfromLNPCsintheseaspects.


