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G-CSFの長期投与が再生不良‘性貧血の患児に3血球系統の回復をきたすか否か検討した｡患児の造血能の判定

は、invitro細胞培養法によった。

4人の患者が短期、長期のG-CSF投与を受け、G-CSFが血液学的検査所見および患者の予後に対する影響に

つき評価判定した。骨髄CFU-Cの測定と長期骨髄培養が行われた。4患者すべて短期、長期のG-CSF投与後に

好中球増加が見られた。さらに長期G-CSF投与により3人に3血球系統の血液学的回復がみられた。骨髄CFU-

C正常である患児2人は長期G-CSF投与で長期間持続する血液学的回復をみて、外来でよい経過を保っている。

しかし、骨髄CFU-Cのみられない、長期骨髄培養で欠陥のみられた2人は、1血球のみ、ないし一時的な3血球

系統の回復で、予後不良であった。

長期G-CSF投与は4人中3人に3血球系統の回復をみた。この治療は骨髄CFU-Cが正常である患者に長期間

持続する血液学的回復をもたらすと思われる。

Abstract

Thisstudyhasinvestigatedwhetherthelong-termadministrationsoftherecombinanthumangranulocytecolony-

stimulatingfactor(G-CSF)inducesamultilineageresponseinthepatientswithaplasticanemia(AA)．Further,

aninvitroculturestudywasperformedtoassessthestatusofhematopoiesisinthesepatientsandwhetherit

correlatestotheG-CSFresponse.FourAApatientsreceivedshort-termandlong-termG-CSFtherapy,afterwhich

theeffectsofthistherapyonpatient'shematologicalparametersandtheAAprognosiswereevaluated・Bothan

invitrobonemarrowCFU-Cassayandlong-termbonemarrowcultures(LTBMCs)wereperformedusing

specimenstakenfromthesepatients.All4patientsshowedamonolineageneutrophilicresponseaftershortand

long-termG-CSFtherapy.Further,long-termG-CSFtherapyinducedmultilineagehematologicalrecoveryin3

patientswithsevereaplasticanemia(SAA).TwopatientswiththenormaltosubnormalbonemarrowCFU-Cs
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showedalong-lastingmultilineageresponsetolong-termG-CSFtherapyandwerekeptundergoodcontrolonan

outpatientbasis・However,2patientswhohadlittleornobonemarrowCFU-Csandadefectivehematopoiesis

intheirLTBMCs,showedamonolineageortransientmultilineageresponsetolong-termG-CSFtherapy,andtheir

prognosiswaspoor.Long-termG-CSFtherapyinducedamultilineageresponsein3ofthe4AApatients・This

therapymayinducelong-lastingmultilineagerecoveryinpatientswithsubnormaltonormalbonemarrowCFU-

Cvalues.

Introduction

Aplasticanemia(AA)isalife-threateninghematologicdisorderthatischaracterizedbypancytopeniaand

hypocellularbonemarrow[1,2].Forchildrenwithsevereaplasticanemis(SAA),bonemarrowtransplantation

fromasiblingwithidenticalhumanleukocyteantigen(HLA)iscurrentlythetreatmentofchoice.ForSAA

patientswholackanHLAidenticaldonor,immunosuppressiveagents,includingantithymocyteglobulinor

antilymphocyteglobulin[3,4],arealsoeffectivetreatmentmethods.However,mortalityduetoaninfectionand/

orbleedingamongpatientswithnoresponsetostandardformsoftherapyisexceedinglyhigh[5],indicatinga

continuedneedtosearchfornewtherapeuticapproaches.

G-CSFisa19-kilodaltonglycoprotein[6,7]thatstimulatestheproliferationanddi晩rentiationofneutrophilic

progenitorcellsintomaturecells,andforpatientswithSAAand/orneutropenia[8,9],profoundbeneficialeflbcts

ofG-CSFhavebeenreported.However,suchresponsesweretransientandrestrictedtothemyeloidseries,and
allreturnedtotheirinitialwhitecellvaluesondiscontinuationofthetreatment.

G-CSFissaidtoactsynergisticallywithinterleukin-3tosupporttheproliferationofmultipotentialstemcellsby

shorteningtheGoperiodofstemcells[10].Further,Sonodaetal[ll]havereportedthatalong-termadministra-

tionofG-CSFmobilizesresidualmyeloidanderythroidprogenitorcellsandinducesabilineageresponseinSAA

patients.Also,trilineageresponsesinSAApatientstoG-CSFtherapyhavebeenrecentlyreported[12].

Therefore,basedontheabovefindings,thisstudywasundertakentoevaluatewhetherthelong-termadministration

ofG-CSFinducesamultilineageresponseinAApatients.

Materialsandmethods

Onobtainingparentalwrittenconsent,G-CSFwasusedtotreatthechildrenwithacquiredAA.Theirages

andtheirclinicalandlaboratorycharacteristicsonadmissionarepresentedinTableI.AllbutonehadSAA

accordingtocurrentlyacceptedcriteria[l].

Table1.Clinicalandlaboratorycharacteristicsofthe4aplasticanemiapatients
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Forthisstudy,nonglycosylated,E.Coli-derivedrhG-CSFwassuppliedbytheKirinCorporationandglycosylat-

ed,CHO-derived,rhG-CSFwasdonatedbytheChugaiCorporation[6,7].

G-CSFwasadministeredbya30-minuteintravenousinfusionorasubcutaneousinjectiondailyatadoseof5

/ig/kg/d・LowerdosesalsowereusedforthechildrenknowntorespondtoG-CSFtherapy・Theshort-term

administrationofG-CSF(shortG-CSF)wasdefinedasmeaningthatG-CSFtherapywasreceivedforlessthan

onemonth,andthelong-termadministrationofG-CSF(longG-CSF)wasdefinedasmeaningthatG-CSFtherapy

wascontinuedformorethanamonth.Theresponsetotherapywasdefinedasfollows:morethanatwofold
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increaseinneutrophils,anda>1,000neutrophiliccount,morethan2g/dlincreaseinhemoglobinwithouta
transfusion,andmorethanatwofoldincreaseinplateletsanda>50,000plateletcount.Treatmentmodalities

consistedofG-CSFalone,orvariouscombinationofG-CSF,prednisolone,high-dosemethylprednisolone.

antilymphocyteglobulin(ALG)andcyclosporinA,andareshowninTable2.

Table2.EffectofG-CSFonhematologicparametersofthe4patients(mPSLmethyiprednisolonepulsetherapy.

PSLprednisolone)

BloodcountbeforeandafterG-CSF
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Amethylcelluloseculturingmethodwasusedthathasbeenreportedpreviously[13]・InBrief,bonemarrow

mononuclearcells(5×10')fromeachpatientweresuspendedinaIscove's-modifiedDulbecco'smedium(IMDM),

containing0.96%methylcellulose,20%fetalcalfserum,5x10*M2-mercaptoethanol,anda20%phytohemagg-

lutinine-stimulatedleukocyte-conditionedmedium・Eachculturemixwasplacedintoseparate35-mmPetridishes,

afterwhichtheplateswereincubatedat37Cina5%COa-humidifiedatmosphere.Aninvenedmicroscopeat

lOOxand400x,wasusedtoexamineeachcultureandcolonycountsweretakenat7and14daysafterplating.

Weusedamethodthathasbeenpreviouslydescribed[14]topreparethelong-termbonemarrowcultures

(LTBMCs)．Briefly,10*cellsfromeachpatientweresuspendedin8mlofanIMDM,containing12.5%horse

serum,12．5%o｢化talcalfserum,10*Mhydrocortisone,10"'M2-mercaptoethanol,andI%glutamate.Sam-

plingsofeachmixwerepouredinto25cm*tissuecultureflasks,afterwhichincubationfollowedat37Cin5%

CO2.Cultureswereexaminedmicroscopicallyatweeklyintervals,atwhichtime,halfofthemediumineachflask

wasreplacedwithanequalvolumeoffi･eshmedium.

Results

ThebaselineandpeakbloodcellcountsbeforeandaftertheG-CSFtherapyareshowninTable2.Ascanbe

noにd,all4patientsshowedanincreasedwhitebloodcellcount(WBC)aftertheG-CSFadministration.This

WBCincreasewaspredominantlyduetoanincreaseinthenumberofmatureneutrophils.Threepatientswho

receivedtheshortG-CSFtherapyduringthefirstG-CSFtrialshowedamonolineageincreaseinneutrophils,and

twoofthese3patientsshowedabilineageortrilineageresponseinthesubsequentG-CSFtrials.All4patients

underwentthelongG-CSFtrials,and3ofthe4showedabilineageortrilineageresponse,aswellasadramatic

improvementinthethrombocytopeniacondition.

Incase1asshowninFig1andTable2,afterinfusionofG-CSFfor5days,atransientmonolineageresponse

wasobservedintheneutrophiliccount・Further,thehigh-dosemethylprednisolonetherapymaintainedthe

neutrophiliccount,thehemoglobin,andtheplateletcountwithingoodlimits・Elevenmonthsafterthispatient'

sdiagnosis,weagainadministeredG-CSFsubcutaneouslybecauseofdecreasedneutrophilicandplateletcounts.

Thisresultedinadramaticincreaseinneutrophiliccount,followedbyanincreaseintheplateletcountoneweek
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later.AfterthisadministrationofG-CSF,adose-dependentincrease/decreaseintheneutrophilicandtheplatelet
countswasnoted.Thispatientresumedhisformeractivitiesandhasbeenkeptundergoodcontrolbyour
outpatientclinicwithasubcutaneousG-CSFinjectionofISOfigthreetimesamonth.
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Fig.1．Clinicalcourseofa13-year-oldfemalewithsevereaplasticanemiatreatedwithG-CSF.(mPSL

methylprednisolonepulsetherapy,PSLprednisolone)

Incase2(Fig2,Table2),amonolineageresponseintheneutrophiliccountwasseenafter25daysoftheshort

G-CSFtrials.Thispatientthenwastreatedwithacombinationofantilymphocyteglobulin,methylprednisolone,

andcyclosporinAbutshowednoimprovement・Thus,long-termG-CSFtherapywasinitiated2monthsafterthe

patient'sdiagnosis.SoonafterthisG-CSFtherapy,arapidincreasewasseenintheneutrophiliccount,followed

byanincreaseinthehemoglobinandtheplateletcount.Thereafter,thispatientwaskeptundergoodcontrolby

administrationsofcyclosporinAonanoutpatientbasis.

Asforcase3,atrilineageresponseoccurredduringthelongG-CSFtrial,withadose-dependentincrease/decrease

seenintheneutrophilicandplateletcountsjustasincaseI.However,thesecondG-CSFtrialeliciteda

monolineageresponse,andthepatientdiedofinfluenza・Finally,withregardtocase4,onlyamonolineage

responseintheneutrophilswasobservedaftertheshortandlongG-CSFtrials,andnosignofimprovementwas

notedinthepatient'sanemiaandthrombocytopeniaevenaftertherecoveryofbonemarrowcellularity.

Thus,3outofthe4patientsofthisstudyarestillalive,andthelong-termG-CSFadministrationwasgenerally

welltoleratedwithside-effectsthatwereusuallymild.
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Fig.2.Clinicalcourseofa13-year-oldfemalewithaplasticanemia.(mPSLmethylprednisolonepulsetherapy,

PSLprednisolone,ALGantilymphocyteglobulin,CsAcyclosporinA)

Table3showsthebonemarrowCFU-C,LTBMCvaluesandhematologicresponseinall4patientstoG-CSF

therapy.Incase1,whosemarrowCFU-Cwas54±10amonolineageresponseinneutrophiliccountwasobserved

aftertheshortG-CSFtrial.However,afterthelongG-CSFtrial,thepatient'smarrowCFU-Croseto114±12,

andadramaticbilineageincreasewasalsoseenintheneutrophilicandplateletcounts.Incase2,whosemarow

CFU-Cwas0,aftertheshortG-CSFtrialatransientincreaseinneutrophiliccountwasobserved,andafterthelong

G-CSFtrial,whenhisCFU-Cwas64±6atrilineageresponsewasseen.Theprognosiswasgoodinthesetwo

patients,whohadsubnormaltonormalbonemarrowCFU-Cvalues.

Asforcase3,whoseCFU-Cwas0,afterthelongG-CSFtrials,atransienttrilineageresponsewasseen;however.

subsequentlongG-CSFtherapyresultedinamonolineageresponsealthoughtheCFU-Cwas10±5.Withregard

tocase4,whoseCFU-Cwas0in2trials,onlyamonolineageresponseintheneutrophiliccountwasnoted・These

2patientshadapoorprognosis.

Incase3,theLTBMCsshowedadefectiveadherentlayerandnocobblestoneformation,whereasneitheran

adherentlayernoracobblestoneformationwasseenincase4.These2patientsshowedamonolineageor

transienttrilineageresponsetolongG-CSFtherapy,andhadapooroverallprognosis.Incontrast,theLTBMCs

of3SAApatientsnotconnectedwiththisstudy,showedsubnormaltonormaladherentlayersandcobblestones,

andall3patientshavehadagoodprognosis.
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Table3.BonemarrowCFU-CandLTBMCvaluesbeforeandafterG-CSFtherapy

BeforeandafterG-CSF

Neutrophils(107l)

beforepeak

CasaCFU-C LTBMC Therapy ResponsetoG-CSF

I 54±10

114±12

0

64±6

0

10±5defectiveadherentnocobblestone

O

0noadherentnocobbiestone

Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
Ｆ
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Ｃ
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Ｇ
Ｇ
Ｇ
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ｇ
ｇ
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０
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Ｏ
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０
ｎ
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Ｓ
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ｌ
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Ｓ
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0.336

0.734
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0.361

0.672

4.312
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0.662
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38.6叩

25.960

2.301

17.922
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trilineage(transient)
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monolineage
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2

3

4

Discussion

Theresultsofthesetrials,whichweredesignedtoevaluatetheefiectsofG-CSFtherapyforchildrenwithAA
haveindicatedthatG-CSFsignificantlyincreasedthecountoftheperipheralbloodneutrophilsinallpatients,and
thatthisresponsewasseenpromptlyinanincreaseinbandforms.However,theshortG-CSFtrialsonlyinduced
amyeloidresponse.Asforthemajorpurposeofthesetrials,whichwastoevaluatewhetherlong-termG-CSF
therapycouldinduceamultilineageresponseinAApatients.Threeofthe4patientsshowedabilineageora
trilineageresponseafterthelongG-CSFtrials.Further,theAAin2ofthese3patientswassubsequentlykept
undergoodcontrolonanoutpatientbasis・ApatientwhoshowedatrilineageresponseafterthefirstlongG-CSF
trialsubsequentlyshowedamonolineageresponseatthetimeofthesecondtrial,anddiedofinfluenza,andanother

patientwhoshowedonlymonolineageresponsesaftertheshortandlongG-CSFtherapieshasbeenreceiving
regularplateletandpackedredcelltransfusions.

AlthoughG-CSFtherapyalonedoesnotelicittheproliferationofmultipotentialprogenitors,G-CSFdoesact
synergisticallywithinterleukin3toshortentheGOperiodofthestemcells,whichtherapyresultsintheproliferation
ofmultipotentialprogenitors[lO].

Incase1,longG-CSFtherapyalonemaintainedamultilineageresponse,andadose-dependentincrease/decrease
wasnotedintheneutrophilicandplateletcounts.Inthisinstance,G-CSFmayhaveinteractedwithendogenous-
ly-producedinterleukin3andthismayhaveresultedinthismultilineageresponse.Incase2,afterimmunosuppres-
sionwithantilymphocyteglobulinandhigh-doseadministrationofmethylprednisolone,thepatientdramatically
respondedtosubsequentlongG-CSFtherapy.Immunosuppresivetherapymayhavemodifiedanaccessorycell
network[15],whichthusmayaccountforthetrilineageresponseinthesubsequentlongG-CSFtrials.
Theresultsoftheinvitroculturestudyshowedthattheprognosiswasgoodforpatientswithsubnormalto

normalbonemarrowCFU-Cvalues.ShortG-CSFtreatmentinducedatransientmonolineageresponsein

neutrophiliccountregardlessofthebonemarrowCFU-Cvalues,andlongG-CSFtherapyinducedalong-
lastingmultilineageresponseinpatientswhosemarrowCFU-Crangedfromsubnormaltonormal,andinduced

onlyamonolineageortransientmultilineageresponsesinpatientswhosebonemarrowCFU-Csshowedamarked

decreaseorwas0.Thus,theprognosiswasgoodfortheformerpatientsand,poorforthelatterpatients.The

latterpatientswerealsofoundtohaveadefectiveLTBMChematopoiesis,withlittleornoadherentlayers,and
nocobblestoneformations.ThecharacteristicsofdefectiveLTBMChematopoiesisinAApatientsarethatthe

hematopoieticcellsofsuchpatientsexhibitseverelydefectivebutnormalfunctioningstroma,ashasbeenreported

byMarshetal[16].Incontrasttothisreport,theLTBMCsofotherSAApatientswhohadagoodprognosis
showedsubnormaltonormalhematopoiesiswithsubnormaltonormaladherentlayerandcobblestoneformations.
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ThedefbctiveLTBMChematopoiesisthatwasseeninthelatterpatientsmayhavesomecorrelationwiththelack

ofaresponsetolong-termG-CSFtherapy.

Whetherlong-termG-CSFtherapyalonecaninduceamultilineageresponseorwhetheracombinationofG-CSF

withALGandCsAcaninduceabettermultilineagerecovery[17]remainstobedetermined・However,alarge-

scalestudyofagreaternumberofAApatientsisessentialtoevaluatethepreciseefficacyofG-CSFtherapyforAA

patients.
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