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Abstract: Cholera toxin added to an assay mixture significantly inhibited the cytotoxic ac-

tivity of lymphokine-activated killer (LAK) cells derived from normal human peripheral

blood leukocytes (PBLs). LAK cells preincubated with the toxin lost 90% of their cytolytic

activity. In vitro activation of killer cells by Interleukin-2 from PBLs was not affected by

the toxin. These results indicate that LAK cells are directly impaired of the cytolytic activi-

ty by the toxin and that the generation of LAK cells is not inhibited by it. LAK cells from

a HIV carrier were more sensitive to the toxin than those from normal controls.

Chemotherapy-activated killer (CAK) cells (Kiyohara et al., 1988) which had been activated

in vivo were also impaired of the cytotoxic function by the toxin.

KqyiWYds：Ch0ierat0Ⅹin，LymphOkine．activatedki11erce11s，Chem0therapy－aCtivatedkiller

Celis，AIDS

IMTRODUCTIOM

VariOuskindsOfexOtOXinsareknowntobeprOducedbybacteria．ThesetOXinsdirect1y

CausepathOIOg1CaisignsOfinfectiOusdiseasesandsuppOsedtOmOdu1ateclinico－pathOlogiCa1

featuresinpatientswithcOmp1icateddiseasessuchasAIDSandcancer．ChO1erat0ⅩiniscOm－

posedOfAsubunit（whichpenetratesintOtargetCei1sandADP－ribOSyiatesGpr0teins）andB

subunits（whichbindtOGMl0ntheintestinalepitheiia）・Thetoxinboundt0epithelialcells

inducesefflux0fwatertOintestina11umenresu1tinginv0iuminOusdiarrhea（GiiiandMeren，

1978）．Few are knOwn hOweVer abOut the biO1Ogica1effects Of the tOXin t0theimmune

surveiliancesystemsOf0therwisehealthyOrimmunOCOmprOmisedhOsts・WetherefOreana＿

1ysed the effect Of the tOXin tO CytOtOXic activities Of LAK cells obtained fr0m nOrmal
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vOlunteers and a HIV－Carrier，and the activity Of kiiier cel1s endogenOuslyinduced by

chemOtherapyin tumOr－bearing patients（CAK cells）（KiyOharaetal．，1988）．Ourresultsin－

dicatethatthesekil1ercellsare directlyimpairedOfthe cytO1yticactivitiesbychO1eratoxin

regard1ess these have been activatedin VitrO Orimi，iV0and arelikely tO becOme mOre

SusCeptible t0the t0Ⅹinin a carrier status OfHIV．

MATERIALSAMD METHODS

EffectOr Cells：PBLs frOm nOrma1vOlunteers and an asymptOmatic HIV carrier Were

isolatedfrOmtheheparinizedbloOdsamplesbyseparationOnFicOi1－Hypaquegradients（Lym．

phOpreP，DaiichiChemicalC0．，TdkyO，Japan）．A氏erSeparatiOn，PBI，SwereCu1turedinm－2cOntaining

（5UTGP3／ml，TakedaPharmaceuticalCO．，Osaka）RPMI1640medium（Missui］Pharmaceutical

Co・，Tokyo）supplementedwith10％fetalcaifserum（FCS）（Ce11CultureLabOratOries．OhiO，

USA）fOr48hrs．AfterharveStingandwashing3times，thecel1swereusedasLAKeffector

ce11s．

PBLs wereisOlated as above frOm Patients with1ung cancer whO reCeived c0mbined

chemOtherapy（CarbOPlatin，VindesinandMitomycinC）amonthbefOreandusedasCAKef－

fectorcelisWithOutanyim一i，itn0incubatiOnwithIL－2becausethe ce11shadbeen shOwntO

be activatedimi）itn，（Kiyohara etal．，1988）．

Targetcel1s：Daudice11s，ahumanBurkittlymphOmaCelliine，maintainedinl0％FCS

containing RPMI1640mediumwereusedasMKresistantand LAK sensitivetarget ce11s・

MycOPiasmacOntaminationWas regular1ycheckedand provedtObenegative．

Cho1eratoxin：ChO1eratoxinanditsBsubunitsWerepurifiedfrOma569BClassicInaba

strain by gelfiltratiOn。

Cytotoxicassay：CytOtOXicityassayswereperformedbyastandard51Cr．re1easetechni．

queasdescribed（ROderetal．，1978）and％specific1ysiswascalculatedfrOmanequation；

100×（cpmtest－CPmmedium）／（cpmmaximum－CPmmedium）．CpmmediumisacOuntOfl00

FL1OfsupernatantObtainedfromawellcOntainingtargetcei1sbutnoteffectOr0nesandkept

inrestfOr24hOurS。CpmmaximumiscOuntedasabOVebutthesamplehasbeentakenafter

thOurOughresuspensiOn．Onelyticunit（L．U．）isdefinedastheabi1ityofl07effectOrCe11sto

iyse20％Of5×103target ce1is．

RESULTSAMD DISCUSSIOM

ChO1era toxin has been used wide1y for activatiOn Of cAMP－dependent adeny1ate

cyclaseinvariOusCe11types（H01mgrenetal．，1974）．HOWeVeraCtualrOles0fthistOXininthe

estab1ishment ofbacterialinfectiOn are Obscure asthOse OfotherA－B type exotOXins such

as Aeudom0naS aerugm0Sa tOXin－Instead Of a generalquestiOn，“Are bacterialexOt0Ⅹins

essentialforestab1ishinginfectiOns？，，，weraisedanindividuaiquesti0n，“DoeschoieraexOtOX．

inparaiyzeanyimmunesurvei11ancesystem？Ifkillerceilsareaffected，whichstep（s）isthe

targetofthetOXin？，，．Inthispaper，weanSwerinparttothequestiOnOnthebasisOfimi，itn
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experiments．

AithOughmurineTcel1b1astOgeneSisandprOliferatiOn（w00genetal－1987；Mutmanet

al－，1987），andantibodypr0ductiOnwererepOrtedtObeinhibitedbytheexOtOXinsOfperiOdon．

togenicbacteria（Ochiaietal．，1989），anyeffect0ftheseexOtOXinstOLAKce1lcytOtOXicac－

tivityhasnotbeenreported．LAKcel1saredefinedas1ymphOCytesaCtivatedimi）itnbyan

Interleukin，IL－2（Grimm etal－，1982）orIL．7（Alderson etal．，1990）．

ChOlerawhOie tOXin（5pg／mi）presentintheincubatiOn mixture forthe significantly

decreasedLAKcytOtOXicityby59％（Fig．1a），butBsubunitsOfthetOXindidnot（datanOt

ShOwn）．FollOwingtwoexperimentsindicateLAKce11sbutnOttargetCe11stOhavebeenaf．

fectedbychO1eraWhOlet0Ⅹin．Inthefirstexperiment，nOrma1LAKcellswerepreincubated

WiththetoxinfOrlhr，washed3timesandusedfOrCytOiyticassayintheabsenceOfthetOX．

in（Fig．2）．The preincubated LAK cei1s significantiylOst CytOlytic activity t0the extent

enOughfor causingtheinhibitiOn sh0wnin Figla。In the sec0nd experiment，target Ceiis

wereincubatedwithl00timesconcentrated（0．5mg／ml）tOXinandexaminedfor、Viabilityby

TrypanbluedyeexciusiOn・MOincreaseinthenumberOfdeadcel1swas0bservedevenafter

anincubatiOnfOr60min（datanotshOwn0。Theseresu1tsindicatethatch01eratOXindirectly

bindstoLAKcel1sandinhibitstheircytOlyticactivity．AsthepreincubatiOnOfthekillerce1is

withthetOXincanbeshortenedtolminWithoutanydecreaseintheeffect（Fig・3），ChO1era

toxinb0undtOthece11scaneffectivelykeepitsinhibitOryaCtivitythroughOuttheincubatiOn

foreffectOr－targetinteractiOn・TheseresultssuggestthatLAKcelishavecertainpathwayfor

negativeregulatiOnOfsignaltransductiOnasshowninMKcel1s（watanabeetal．，1992）
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Fig・1a．Inhibiti0n0fIL－2activatedhumanPBL（0）LAKactivitybych01erawhOietOXin

during18hrs assay－

●－●MOttreated，○－－－（）5FLg／ml0fchO1erawhOle tOXinwas mixedtO the
assaysystem。●0rOshowsstandarddeviatiOninalithefigures・

Fig．1b．InhibitionofIL－2activatedHIVasymptOmaticcarrierPBLLAKactivityby
ChOierawh0iet0Ⅹinduring18hrsassay・

●－●MOttreated，M5FLg／miofch0ierawh01et0ⅩinWas mixedtOthe
assay system．
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Fig．2．Inhibiti0nOfIL－2activatedhumanPBLLAKactivitybych01erawholetOXin

after1hrpreincubatiOn．

●－●MOttreated，○－OLAK ce11swere pretreatedwith5pg／ml0fchO1era
WhO1et0Ⅹinandafterwashing3times，18hrs5iCrreleaseassayagainstDaudi

Celis was perfOrmed．
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Fig．3．Kinetics0finhibition0fIL－2activatedhumanPBLLAKactivitybychOiera
whOie t0Ⅹin．

0－－（）LAKce11sWerepretreatedwith5fLg／m1Ofch01erawhOlet0Ⅹinandafter

WaShing3times，18hrs51Crre1easeassayagainstDaudicellswaspeIfOrmed・
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LAK cells from an asymptomatic HIV carrier were more sensitive to the toxin than

those from normal volunteers (Fig. Ib)･ His LAK activity showed 87% inhibition in the

presence of 5 μg/ml whole toxin･ An immune surveillance function is therefore suggested to

be worsened in HIV carriers by the superinfection of cholera, which is expected in tropical

countries.

We have shown that CAK cells are in vivo activated LAK-like cells found in PBLs of

tumor bearers who received combined chemotherapy a month before examination (Kiyohara

et al, 1988). CAK cells were therefore used to determine whether cytotoxic activity of in vivo

activated killer cells are inhibited by cholera toxin as in vivo activated ones or not. CAK cells

were shown to be susceptible to the toxin (Fig. 4) as LAK cells (Fig･ la).

We observed NK and CAK activities become undetectable at the terminal stages of

AIDS and malignancies, respectively. The activation of these killer cells in vivo should be a

factor for longer life span･ We therefore examined whether cholare whole toxin modulates or

not an in vivo activation process of normal PBLs to LAK cells. The toxin added to IL-2 con-

taming activation mixture of normal PBLs to LAK cells･ The toxin added to IL-2 containing

activation mixture of normal PEL suspensions neither increased nor decreased the activation

of killer cells (Fig. 5). In conclusion, cholera toxin inhibits a cytotoxicity stage but not an ac･

tivation stage of LAK and CAK cells. It implies that killer cells activated in vivo into effector

cells without inhibition are paralyzed by exotoxins in bacterial infections･

How and what kinds of molecular steps are blocked by cholera toxin should be

elucidated in future･ It must be noteworthy to give a comment that the toxin blocks the

signal transduction for killing at a level lying after phosphoinositide turnover in NK cells

(Watanabe et al, 1992).
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Fig･ 4･ Inhibition of tumor bearer CAK activity by cholera whole toxin during 18 hrs

assay･

Not treated, ○二0 5 μg/ml of cholera whole toxin was mixed to the

assay system･
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Fig．5．Moinhibiti0nOfactivationphase0fPBLLAKactivitiesbych01eraWho1etOXin．
●－●Mottreated，○，－－－05FLg／m10fchO1erawh01et0ⅩinwasmixedbefOre48

hrs LAK activati0n system，washed3times and assayed against51Crlabe1ied

target Daudicells．
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