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Wisaparasiticpmtozoanofmanmidicausesa

debilitating and often fatal disease whose early stages are accarpanied

bydecreased inmme reactivity, the extent andunderlying causes of

midiweremflcncwn. Inordertoaddrssstboseissues,weutilizedan

mmmwhidamimpmastigcteswemcc-wlunedwith

mrmaltnmanperipnralblocdwmnlearcellsflflfl). Inthis

systan, m1 reduced PHI: proliferation following stinulatim by

severalmitogeniclectinscrantibcdiestoeithertbeTcellreceptor

cmplexcrwz. Msreductimmsmtduetomadequatelevelsof

nitrientsormitogensortoalossofPBCViabilityaftercc-mlm

withtheparasite. Walsoirhibitedthegrwthofseveralhrt

mtallinmortalizedcelllines. milemaocytesweremtrequiredfor

decreased pm: responsiveness, parasite viability was necessary.

Similarresultswereddtairedmmmsseparatedfmcellsby

a Millipcre filter, demmstrating that amessim occurred via a

factorsecretedbytheparasite. Maximalirhibitimwasmtedmly

“immiwasaddedtowltureswitlfinuhrofstimlatim;

therefore, early stages of activaticn were affected. Interleukin 1 and

interlwkin2(n2)arepmductscfstimlatednnnocytesarchells,

respectively, required early during '1' cell activation. Following

optiml stinulatim of lumen PRC, production of

theselynuaokinesardinterferurrwasmaffectedbymimfleume
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parasitedecreasedIIZandinterferm-rprcductimbymse

splaaocytes. IL2 restoredproliferatim of amressednmsebut not

mmnlymaocyts. 'meimbilityoftnman'rcellstorespaidto

adogenwsorexogenmsflZconelatedwithirhibitedexpressimofIlz

receptors. BoththenmberofcellsbearingIIZreceptorsardreceptor

dersityweredecreasedbymiwithinnhr. Iowandhighaffinity

receptorswerebcthaffected. 'Iheexpression of T113, anearly

activatim narker, and the transferrin receptor, a growth factor

receptor appearing late in activatim, were also irhibited bym

whileEAl,theearliestrepcrtedactivatimmarkerochells,was

unaffected. SuppressimofmmanTcellfimctimsbyLmiistms

selective,withthekeyeventslyingmtinalteredlynfiiokine

productimhxtratherindecreasedenqnessimofcmcialeactor

receptors.
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INIKJIIJCI‘IW

I. W: an overview

Wis the hennflagellated protozoan which is the

causative agent of Chagas' disease. Fifteen to twenty million people

areestimatedtobeinfectedwiththisparasiteardanadditional forty

to forty-five million are at risk of acquiring the infection (1) .

mileflaevastmajorityofuiecaseshavebeencmfinedtothetrqaical

andsubtropical regia'sofSQIthaIdOentralAnerica, severalmports

havedana'stratedirstarmsofmmaninfectimacquiredinflievnited

States (2-4), where ahighpercentage of intermediate inverténcate and

vertebmtemstsharborirqmihasbeenfandinsaegeogramical

regions (5).

Chagas' diseasecanbedividedintothreemases: aarte, latent,

andchronic. 'Iheearly, aartephasemaybeasynptaraticarflocans

mstfzequentlyindiildren (5). Diagnosisnaybeuadebythepresence

ofan irduratedskinlesim(d1agma) ormmxilateraledenaofthe

eyelid, conjunctivitis, and enlarged satellite 1m node (Ratana's

sign) (5,6). Parasitania may also be delrmstrated at this time and

diminishes within two to three months. Other possible nanifestations

include fever, hepatosplaunegaly, lynuwiempathy, lynghocytosis, m;

alterations, heart failure, and nenirqoenceplnlitis (5,6). Mortality

duringtheacrtestageof infectimisfivetotenpercent (5,7).
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Afteralatentperiodofvariablelength,lastinguptouventyor

thirtyyeare,apercentageofttnseinfectedpassintofllemresevere,

chrmicstageofthedisease. misstageisoharacterizedbydamageto

the cardiovascular systan (myocarditis, cardiac failmne) or the

digestive system (negacolon or megaesqhagus), aswell as nervous

tissue(5,8-10). 'Ienpercentofthedeathsanalgadultsmybedueto

dlralicChagas'diseaseinsateregiasofOentralaniSalthAmerica

(11).

Most of the early descriptions of parasite mrphclogy and life

cyclearetheworkofCarlosclagasueviededinS). 'Ihelifecycleof

thispamsiteirmlvestrensmissimbetmenaninvertebretehostofthe

family Reduviidae, albfamily Triataninae, and a vertebrate host. A

widerangeofmlalsserveasalitablehosts: fileseimltldeman,

danestic animls, androdents, aswellassylvatic reservoirs.

Anrlhibians andbirds are refractory to infection (12,13).

Infectim of themalianhostbeginswtmtheelalgated, flagel-

latednetacyclictrypmastigotesfranflleinsectfecesaremhbedinto

mlcosaorfllesiteofareduviidbite. 'metrypanastigotesinvade

nearbycells (especiallythoseofthemlartissuesorthereticllo-

endothelial systan)andtransfomintotheamastigote form. the latter

mltiplybybinary fissioninthehostcell's cytoplasmandthen

transform into nadividing bloodstream trypcuas‘tigotes which are

releasedfrunthehlrstinghostcell. ‘nlesetrypanastigotesmyeiflier

imradeothercellstocmtinlethemnmliancycleormybeingested

byareduviidbugdnringabloodneal. Inthevector'smidgut,

trypmastigotes transform into epimastigotes, the dividing form in the
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insect. Afterpassagetothehilflgut, thespimastigotestransforminto

the infective metacyclic trypanastigotes.

II. Inmmosuppressimcausedbym

Boththecellularanihmnoralarmsoftheimmesystanplay

inportantmlesinmstdeferseduringthelatentarddmflcmasesof

dagas'diseaseueviadedinSandM). 'Iheearly,acrtestageof

infectiminhmnansandmice,however,isdlaracterizedbyastateof

specific and norspecific immoalppressim. 'Ihis condition is not

unique tom infection, occurring in several otherparasitic

diseasesaswell. Severalreportshavedemonstratedtheocwrrenceof

amessedcell-nediatedrespmsesinmmarsduringtheawtemaseof

thedisease(15,16). 'Ihisphelmetmisaccatpaniedbyanincreasein

unabsolutenmberofcaa+rmppressor/cytotmdccellsamadecrease

inthenunberof CD4+Thelper lynphocytes (16). cellular inmmity,as

measured by lynphocyte blastogenesis and delayed-type hypersensitivity

reactions, remrnstonormal levelsdur'ingthedlru'licstage (17-19).

Shriiesofthemderlyirgnednnism(s)ofthisacltemaseimnmp-

pressimhavemtbeenmrlertakminmmninfectim,perhapsduein

part to the difficulty in obtaining and/or diagnosing patients during

thisplaseofflledisease. ‘

'nle vast mjority of studies of W-inmced inmmosuppressim

haveutilizedthenousenodelsnsten. Cell-mediatedimmnem

areirhibitedinmiceduringtheaalteylaseof infectim. Splenocytes

frunthesemiceeldlibitdecreasedblastogenicrespmsestotheTcell

mitogenscormnavalinAwonMardmytdlatagglutinin (PHA)anitothe
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B cell mitogens lipopolysaccharide (IPS) and dattr'an sulfate (20-27) .

Partialtocmpleterecoveryoftheserespmsesocalrsduringthe

chronic phase (24-26). Proliferative responses to trypanosanal

antigensarealsoirhibiteddimingtheaartebxtmtflledirmicstage

ofthedisease inthemoderatelyasceptibleWJarflresistantCS?

BIL/6 mice (25,26), whereas in the more alsceptible (Bu/He! mice, the

suppressionextems intothedlrmicmase aswell (26). Inaddition

to decreased proliferative responses, '1' cells fran ELM-infected

mice are also defective in providing helper activity to B lyuphocytes

(28).

When either epimastigctes (27,29) or bloodstream trypamstigotes

(29,30) are added to alltures of splenocytes fran uninfected mice,

thereisasignificantreductimintheblastogenicrespmsetoCmA

andLPS. ‘Ihisdecreaseisproducedmlywhentheparasiteispresent

during the initial 24 hours of stinulaticn (29,30), suggesting that the

sugaressive event occurs at an early stage of lyn'pmcyte activation.

W also inhibits the delayed—type hypersensitivity reaction

to skin sensitizing agents (21,31) and trypanosanal antigens (21,32)

duringtheaartemaseofthedisease. 'nleinhibitimintherespase

tamiantigenspersistsintotheduenicfilasewhile

repmsiveness to an unrelated antigm is restored (33). Spleen cells

frunaartelybutnot frundlrmically infectedmicearealsounableto

produce migration irilibitory factor 131.2139 (32,34).

'memnnoralarmoftheimmesystanisalsoaffectedbym

infection. wlenocytes frcm acutely infected mice display deficient

nmbers of plays-forming cells (PFC) to both T cell-dependent
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(heterologous erythrocytes, trinitrophenyl—bovine serum albumin) and

-i.rdeperdsnt (di- and trinitrqhenyl-Ficoll,W. 113)

antigensinm (26,35-41). 'Ihedecr'ease in Ingutnot IgMPFC

persists well into the chronic phase (40,41). Both primry and

secmdarngGrespmsesareaffected, milemlytheprimrylgu

respmse is reduced (36,38). A restriction in the IgG isotype profile

intheser'aofdirmicallyinfectedmicehasalsobeenmted: the

predanimnt isotype being 1962, with deficient production of Ign and

1963 (42).

Ammberofmedlanianshavebeensuggestedtoplayacausative

roleintheabovemtedimmosqpressim. Severalreseardlershave

reportedthepresenceoprpressorTcellsmidldecreasedTandB

cell proliferation (22) , delayed-type hypersensitivity reactions (33) ,

ardIngr'oductim (40). Otherworkers, however, haveshownthatthe

rawvaloflytZJor'Ihylpositivecellsdoesnotleadtoadecrease

in suppressive activity (20,25,43,44) . Another cell type which has

been demonstrated to play a role in I‘M-1m immoalrpressicn

isthemppressormacrqmage, whidlhasbeenshowntodecreaseblasto-

genie responses (20,26,39,45) and the amber of PFC (39,46). Indoueth-

acinvasstmntoincreaseresponsiveness (45), suggestingthe

involvanentof PGEZ. Othermcrqhage fmctionswhidlarerequired for

immereqnnses, suasantigenlptakeardpresmtatim, eiqaression

of major histoompatibility couple: MIC) antigens, and release of

interleukin 1, are not altered bym infectim (35,36,47).

Decreased nmbers of splenic T cells (24,44) and polyclmal activatim

of B (38,48,49) and '1' (49-51) cell respases, leading to clonal
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depletim,havealsobeensuggestedtohaveapartincausingthe

immosugaressim. Interlalkin2(II2)productimisalsodecreasedin

stinulated splenocytesfrcminfected mice (47,52). Sincethis

lynphokineplaysavitalroleinboth'rarrchellrospmses(see

Interlaikin 2),thedecreaseinIL21evelsmaybepartially responsible

for the deficiency in lynphocyte responsiveness.

Various soluble factors have also been suggested to play a role in

I‘m-m immodeficiercy. The first and: factor to be

reportedwasfoundintheserumof acutely infectedaninals (37,50,53-

56): thismrkwasnotrepreducibleandwaslaterretractedbythe

authors(57). Anotherfactorwasreportedbythisgrwpofreseardlers

tobepresentinflleallumesupematantofsplerncytesfrminfected

mice (54,58) ardactsmlymsyngeneic splenocytes. Recently, amt-her

suppressivefactorfruntheseaflunempenlatantshasbeenreported

(59). this factor has a mlecllar weight of 14 to 15 Rd, a pI of 6.6,

ismthaplctype-restrictedandisbelievedtobeofhostcell origin.

Finally, cilmresofinfectedsplenocytesarereportedtoproducea

suppressive factor when incubated with epimastigotes, trypmastigotes,

orthe 104,000 xg supernatant fraction of epimstigotes (60).

SeveralattatptshavebeennadetoovercmeW-irduced

immosugaressim. Since I12 preductim/secretim isdecreased in

spleencellsfraninfectedmicearflthislynfilddreisremiredforT

cell proliferatim as well as for B cell differentatim (see Inter-

laflan),severalgrwpsofreseardiershavetriedtoovercanethe

suppressiveeffectoftheparasitebytheadditimofemgermsnzm

cultures of splenocytes fran infected mice. '1‘ cell blastogenic
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respmsestoCmAstimlatimwerenotrestoredun,whflearecovery

ochellrespmsesvaspromcedbyeithercrude(52,61)orpmified

112(62). 112wasalsoabletorestoretheabilityof'1'cellsto

providehelperactivitytoBcells (28). Whenadministeredtoinfected

mice either alone (63) orincatbination with parasite antigens (64),

IIZrestoredthejnliygmmoralresponsesofthesemicewitha

mbsequentdecreaseinparasitaniaarflasligltirmeaseinlalgevity.

'meadlitimofIIZandparasiteantigensismsteffectiveinrestore-

ticn (64). misgmlphasalsofomdthattheadministratimof

parasite antigens alone is able to overcame the suppressive effect of

Wifadministeredmrethanaiceandgivenattheammpriate

tineintewals(65).

III. An Overview of T Cell Stinllatim

lenphocytestinulatim,withthesuhseqimtsynuiesisam

release of factors involved inmacrophage, Blynphocyte, ardnatural

killercellMQactivatimaswellasinclalalexpansimofantigai-

specific'rcells, playsacrucial role inthehost immerespmse.

Severalpatlmaysof'l‘cellactivatimtmrebeenreported. 'Ihemst

mnearsofmlinstimllatimocalrsviaengagalentoftheTcell

antigenreceptorcalplex(a)3-Ti). 'mefirsteventtooccurinthis

patlmayistherhagocytosisandprocessirgoftheantigelbymcm-

phage/unlocytes, Bcells, andderdritic cells, followedby itspresen-

tatimtoTcellsinthecmtextofthecorrectlflCantigaaueviaed

in66). 'Ihe T4+subsetwhidlcmsistsofhelperardalgnessor‘-

irdnercellsrecognizesprowssedantigeninflncmtextoffiflclass
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II antigens (67). men“ subsettowhidnboth erctor and

cytotondcTcellsbelengreqnandstoantigenplmclassIulCantigens

(67).

'nneprocessedantigenarriuiCnnleculearerecognizedby

the (In-Ti canplex on T cells (67). CD3 (T3) is a molecule which is

fonmdenallmaulretnmanlenunocytesanicmsistsofamenbrene-

bound heterotrimer (68) which is non-cmvalently linked to Ti (69). Ti

is the clautypically unique structure which allows specific antigen

recognitian (70,71). It is a menbr'ane-bourri heterodimer belcnging to

the immogldaulin superfamily (72) whose individual dnains each

mflergosnticrearrangenenttoprovidethelargediversityof

antigen-recognizing structures required by the host (73-76) . Recogni-

tien of antigenplus MHC or the addition of antibodies to either Ti or

CD3 leadstoarenovalofthecmplecfranthecell surface (70,77) and

provides the first signal in T cell activation (70,78-80) .

In addition to their role in antigen presentation, nacrofinages, B

cells, and dendritic cells also synthesize and secrete interleukin 1

(I11) upon stimulation (81,82). This lynrhondm elicits a large

variety of responses inanmberofdifferent cell types (83). Oneof

its actiens is toprovide a secand signal inTcell stimlation (81).

Phorbol myristyl acetate is able to mimick ILl activity (84,85),

possibly through the activation of protein kinase C. The canbination

of signalsprovidedbym3-Jriandm leadtotheproductienof

interleukin 2 (11.2) and its surface receptor (112R) (83,86).

I12 isalynpnokimsynunesizedandreleasedbyactivatedThelper

cells (37). Uponhindixgtoitsreoeptor, mtransnitsanintra-
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cellular signal for cell progression fron the early to the late G1

stage of the cell cycle (88,89). Resting cells bear only very low

rlnlber'scfalovaffinity formcftheIIIZR, hrtupo‘ncentactwith

processedantigenandILl, Tcellsexpressgreatlyenhancedlevelsof

menbrane-bonndreceptors, includingsonewithahighaffinity forIL2

(see Interlelkin 2 mceptors) . Receptor pnmspnmylatim (90),

activation of a Nat/Hi- punp (91), protein kinase C mobilization

(92,93), activation of an unique protein kinase (94), increased levels

of cytosolic (2+2 (95,96), inositol triphosphate generation (97) , and

theinhibitionofdMPacomllation (98) havebeenreportedtobe

involved in the signal transmission.

'nnesynthesisofbothmandtheanoconrsearlydurinchell

activation and is transcriptionally regulated. 112 m is first seen

at 9 hours after stinulation and peaks at 24 hours (99,100), while ILZR

MisfirstdetectableatBMIrsaMismximlbetveenéani24

hours (100). ReleaseofIlzbythe'cellsoconrsbyuholrsof

activation and ismaximal at 48 honrs (101). The expression of the

IIBRonthesurfaceofthecellsbeginsamrodmtely6honrsafter

stimlationardpeaksat48holrs (102). 'nnesynthesisofbcthIIZand

its receptor are subsequently domnregulated (100,102,103) .

0thereventsooonrringdurinchell activation includethe

synthesis of IFN-r (See Interferon-r), the expression of several growth

factor receptors (104-108), oncogene transcription (103,109), [NA

synthesis, and cell division. Most of these events are regulated at

leastpartiallybytheinteractienofIIZwiththean. Theirdnxztion

of IFN-r transcription ocolrs approximately 3 hours after stimulation, .
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peaksat9to151'nolrs,andbeginstodecreaseat24tnnrs(100).

mileseveralreportsshowthatIIZmayupregulate IFN-r production,

thesekineticstnfliessuggestthatIFN-rsynthesisisatleast

partiallyindepeflentofIBregulation (see Interferon-r).

Tramferrin is reqnired for lynphocyte proliferation, and anti-

transferrin receptor (Tfli) antibodies block thymidine incorporation in

'1' cells (106,110,111), indicating thevital role of this receptor in

lynphocyteblastnognesis. 'Ihisgroathfactorrecqtorisecpressed

late during lynrhocyte activation, with its m first being detectable

at6tol4ho1rsardpealdngbetweenl4ard48lnrrs(100,103).

EhcpressionoftheTfRonthecellsurfaceisdetectableat48Innrsand

ismximal72to96holrslater(112). 'nneexpressionofthisreceptor

arnpeamtobedepe'dentonthepresenceofnz,andarntibodiestothe

112Rb1ocktheappearanceofflneTfRonthecellsurfaceuOG),

suggesting that the 112-112R interaction regulates the expression of

theTflz. Othergrwthfactorreceptorsmidnareecpressedathigher

levelsmactivatechellsinclnxiethemreceptormothhighandlov

affinityfonns; 113),theinsulinreceptor(104)andthetype1ard11

insulin-like growth factor receptors (107).

'nnetranscriptionofprotooncongenesalsooomrsdurinchell

activation (103,109). Soneofoncogenem, Mesa-myoeflc-fos,

appearearly,priortotheirductionofthen2m,mileothers,

sudnasc-myb,N-ras,andp53, aretranscribed later. 'nneetpression

ofthelattergropisenhancedbytheadditionofmum),

suggestingaregulatory effect of this lynphokine.
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Ultimately, thestimlatedlynrhocytepassesunrwghthesmcz

{inasesofthecellcycletotheurinasewhereitmflergoesdivisiom

Thus, activation of the T cells by the CD3-Ti pathway leads to lynpho-

kins production and expansion of antigen-reactive cells. Mitogenic

lectinsareabletomimickthisprocecsbutproducepolyclonal lynpho-

cyte activation.

In addition to the above-mntioned antigen-dependent pathway,

several antigen-independent pathways of T lyndnocyte stimlation have

been reported, involving c112 (114), np44 (115-117), and 'Ip90 (118). Of

these, the 002 pathway has been best characterized (reviewed in 114).

The first denostration that (:02 [the sheep erythrocyte receptor, T11,

lynphocyte function-associated antigen 2 (1FA-2), IsuS] my be involved

in an alternative pathway of lymphocyte activation came fronn the

finiingthatapairofantibodiesdirectedagainsttwodistinct

epitopes of (132, T112 and T113, were able to induce blastogenesis.

'nnis stimlation is nonocyte-iniependent (112). Upon stinulation with

FHA, thenmberofwzmoleculesonthecellsurfaceincreases, and

T113beconesdetectablewithin 24 hairs. Thisepitope isnotexpressed

onrestingcellsarrlitseanessionisbelievedtoresultfronadname

in molecular conformation (112) . An antibody directed against the T112

epitope, whidn is found on all T cells, also rapidly induces T113

expression, in as little as 30 minutes (112) .

The ligand of (132 has recently been identified as inn-3 (119,120) ,

a molecule expressed in endothelial, epithelial, and connective

tissues, aswellasonnanybloodcells (121). milealchellsmay

bind to an LFA-like molecule on sheep erythrocytes via (:32, only
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activatechellsbirdtommnerythrocytes, midnecpressanxdn

lower level of IPA-3 than sheep erythrocytes (122,123). Two forns of

m-meeendnaracterized, onefcrmattadnedtothecellnabrane

by a hydrophobic C-terminls end the other via a phosphatidylinositol

tail (124,125). Both fornns show significant honology to (:02 (124) .

'nnebinlingofII'A-3tocmallovsTcellstobeconeresponsiveto

stimllation by anti-’rl13 (126) . It is possible, therefore, that the

interaction of (1)2 with Inn-3 on accesory cells triggers T113 expres-

sionandthatthewbsequentbixflingofthisepitopetoits ligand

ininms antigen-indendent proliferation. 'nnis patronay nnnay be of

particular inportance for innetnnre thymocytes which lack the c0341

conplex (114). The putative ligand of T113 has yet to be identified.

C02arndthew3-Ticonplezareseparateentitiesardarenot

associated on the cell surface (127). Moreover, COB-Ti is not regiired

for CD2 activation since the latter pathway is operative in CD3‘

thymecytes (128). Nevertheless, the renoval of CD3-Ti fronthe cell

surface inhibits (Dz-induced proliferation (112) , sungesting that the

antigen-dependent pathway may regulate CD2 responsiveness. Like

stimlation via CD3-Ti, triggering by C132 also involves the synthesis

of 112 and the expression of 112R (128). Furthermore, (:02 activation

induces phosphorylation of CD3 (129). Taken together, these data

indicate that at least two pathways of T cell activation ecist, either

antigen-dependent or -inieperlent. These pathways involve separate

signaling mlecules interacting with separate receptors tut may merge

subseqnenttoreceptorbinding, witheadnpathwayregulatingthe

activity of the other.
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IV. liuman Interleukin 2

112 isalymnokinesecretedbyactivatechellsmidnallovs

progressionfronntheearlytothelateclphaseofthecell cycle (see

An Overview of T Cell Stimlation) . It has been well characterized, at

theamimacidaswellasthelflllevel. 'Ihislynphokinehasa

molecular weight of 15 1:0 and consists of a 133 amino acid polypeptide

containing one intramlecular dimlfide bridge (87) . Althongh one 0-

linked glycosylation site is present, carbohydrate is not neccassary

for biologiml activity (130-132) . x-ray crystallography studies

indicate a significant amount of a helical secondary structure (133) .

'IhereexistsonlyasinglecopyoftheIIdene, locatedon

dnronnosone4q (134). 'nnisgenecontains4ennsseparatedbyinter-

venirg seqneces (135,136). The GINA for 112 has alsobeenclonedand

sequenced (137), and encodes apolypeptide of 153 amino acids, witha

putative signal sequence of 20 N-terminal residues.

112hasbeenfomdtohaveavarietyofactivitiesinseveral

different cell types. In T lynrphocytes, 112 triggers the production of

other lynphokines, the expansion of reactive clones and the generation

of cytotoxic activity (101). In B lyuphocytes, 112 has been reported

to play a role in both differentiation and division (138,139) , although

theformerfunctionisstillamatterofcontroversy. 112ehancesthe

cytotoxicity of monocytes and NK cells (140,141), as well as stim-

latinq the respiratory burst and degrarulation of neutrophils (142) .

Deficient 112 production is fonnd in several pathologiml condi-

tions. These include infection withW (47,62),W
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m (143.144).W(145). new

(145): andWM (147): and in lepmnatws leprosy (148).

pulmonary tuberonlosis (149), certain types of cancer (150), systenic

lupus erythennatosus (151), niodgkin's disease (152), and A105 (153-

155). Inthefirstfonroftheseinfections, exogenonILZhas

restorativeeffectseitlnerigfloronmlynfinocyte functions

(28,47,61-64,143-146).

V. 'lbe Interlelkin 2 mar (ILZR)

The biological activities of 112 are mediated throngh the 112R,

which, afterbinding its ligand, is internalizedandtransportedtothe

lysosonalconpartmentwhereitisdegraded (156). '1he112Ris

ecpressedonactivatedTandBlynphocytes (156-158), withtheformer

etpressirgapproximatelymiceasmanyreceptorsasthelatter (159).

Innatmre thymocytes (160) and IFN-r- or IFS-induced monocytes (161,162)

alsobearthereceptor. 'nneetpressionofthemRonTcellsmaybe

upregulated throngh several agents: these include 11.1 (163), 11.2 (164-

166), 11-‘N-7 (167,168), phor'bol myristic acetate (169) and thymic

hormones (170).

The initial binding studies using radiolabeled-112 detected 200-

11,000 receptors on activated '1' cells with a Kd of 10"11 to 10"12

(170). Studies with 3H-anti-Tac, an antibodytothe receptorwhich

blocks the birding of 112 (172,173), however, detected 30,000 to 60,000

112Rpercell (169). ‘nnisdiscrepancyinreceptornmberwasresolved

bystndiesmnidnnnedabroaderrangeof radiolabeled-Il2 concentra- .

tion. 'nnosestudiesdenontratedthepresenceofunoclassesof
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receptors: the first class bound ligand with the previonsly noted high

affinity (no = 10'11 to 10712) , while the second class had a no of

approdmately 10"3 and was represented by 40,000 to 50,000 mleonles

per cell (171). Anti-{lac birds both classes of. the receptor (173),

while finysiological levels of 112 are believed to interact with only

thehigh affinity form (172). In orderto furthercharacterize the

112R, severalgrolpsofimrestigatorsmadeuseofvarionscell lines

fronpatientswitholtaneols‘l‘lynunonas transformedbyfinehunanT

cell lynphotropic virus 1 (31117-1) (174). These cell lines include HUT

102, YT, annular-1 andconstitnntivelyproduce ardenpressmenbrane-bolnd

112Rat5t010timeshigherlevelsthanactivatednomachells

(169,175) . Additionally, several of these linnes spontaneously release

112 (175) . Since these cells have greatly elevated numbers of 112R,

they were used to perform the initial purification and characteriza-

tion of the receptor (176-178) . Subsequent stndies have shown that

thegenesencodingthismoleoneaswellastheaminnacidsequenes

are the same in both nnornnnal and the I-H'UI-l-infected lines (179,180),

although differences in molecular weight have been reported (177,178)

and are due to variation in post-translational processing (180).

Information gleaned fron the stndy of both I-rI‘IN-l-infected cell

lines and normal lynnphoblasts have revealed that the low affinity form

ofthereceptorisconposedofasinglepolypeptidednainthatreacts

with the anti-Tac antibody (HG-178,181) . It has a molecular weight of

amroximately 55 k!) on lynnphoblasts (50 kD on 1111102) with a p1 of 5.6-

6.0, containn N- and O-linked glycosylation, and is [inosphorylated and

sulfatei (176-178, 180). Proteolytic analysis of this moleonle suggests
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theedstencecfmdisulfide-limceddonailn, withtheIIZbirdin;

site in the N-terminnal region (182).

ConplenenntarymAfortheabove-nenntionedpS5polypentidehasbeen

clonedandsequenced, andencodesaproteinconistinrgonSlamim

acids with a N-terminal extracellular region, a 19 aminno acid trann-

menbrane sequent, and a predicted cytoplasnnic region of 13 residues

(183-185) . This last finding was unenpected since nnnost growth factor

receptors have more extenive cytoplasmic tails, which frequently

contain tyrosine kinase activity. 'nnis informtion suggested that the

p55 polypeptide may be unnable to generate an intracellular signal

itself and my be associated with a separate molecule whidn is able to

do so.

GemicINAforthepSSpolypeptidehasalsobeenecamined. There

existsonlyasinglecqnyofthegeneenodingthisnoleolleanditis

located on chronosone 10 (179). The gene consists of 8 exon, of which

two, eaorn2and4, arebelieredtotnavearisenfronagenednnplica-

tion. Interestingly, alternatively spliced man which lack the secod

ofthesesequemsdonotproducefumtionalreceptors (179). TheII2R

genehastwotrannscription initiationsitesinnornechells (threein

HITN-I-infected lines) and three different polyadenylation sites (179) .

TwomajorsizegronpsofnnRNAhavebeenfond, of1500and3500base

pairs, withthe 1500basepairnnoietiesna)dnnguseofthe§'-most

polyadenylation site (183) . The former grolp is believed to contain at

leasttwokindsofnRJAandthelatter, atleast four, althoghthe

actualnmberofspeciesineadngrolpmaybegreaterduetothe

presenceofseveraltranncriptionstartsitenaswellastoalternative
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RNA splicing (186). Both of these grolps containINAwhich give rise

to functional receptors (183).

mnenthecmencodingthernmanfomofthepSSpolypeptidewas

trannfected into a mouse Thlynrinocytic linne, both low and high affinity

fornnoftheIlszereezpressedandthecellswereabletorespodto

tnmnanIL'z (187). unenmouseLcellsweretherecipients oftheclNA

for either human (187,188) or miss (181,189) p55, low but not high

affinity 112Rwereproduced. These low affinity receptors conldbe

converted to the high affinity form following the fusion of the

trannfected L cells with membranes of lmman T cells (189) . Together,

these results suggested that p55 is respon-ible for low affinity

bindingandacts inconcertwithasecodmolecule, fondinthe

nnenbranes of '1' cells, to produce high affinity binding.

Evidence fortheexistenceofthepntativeseconddnainofthe

112Rwasprovidedbystndios inwhich 1251-112wascross-linnluedto its

receptor nning the bifunctional agent disuccinimidyl suberate and

analyzed on sue-polyacrylamide gels (190—194) . When the cross-linking

wasperformedwitheithernornnalleupnoblastsorfln‘loz cells, two

bank of 55 and 70-75 kD were detected (190-192,194,195). '32 55 kD

moleonle is precipitable by anti-Tao (190-192, 195) and is also denou-

strable on cells trannfected with p55 can (191) . This polypeptide thus

amearstccorrespodtotheprevionslydnaracterizeddnainofthe

receator. The 70-75 kD polypeptide (henceforth referred to as p75) ,

however, does not react with anti-Tao (190-192,194,195) and represents

a novel 112-binding molecule.



19

Further clarification of the roles of p55 and p75 in 112 binding

werecbtainedbyperformingcross-linldngsudieswithflcells, aNK-

like HITN-l-infected cell line (196) . Normally, these cells bird 112

with a Kd of 10'9 (intermediate affinity binding) and this binding is

not inhibitable by anti-Tao. Cross-linking studies using vr cells

revealed a single 112-binding band of 75 kD (192,195) . These cells can

alsobeinducedtoexpressthehignaffinity formofthereceptor

(196,197). Cross-linking of the induced YT cells to 112 yields both

the p75 and p55 chains (192,195). Taken together, these findings

indicate that p55 alone is capable of low affinity 112 binding, p75

alone produces binding of an internediate affinity, and together, p55

and p75 form the high affinity 11212. since the nunber of low affinity

receptorsfarecceedsthemdnerofthoseofhighaffinity, thelevels

of p75 are believed to be the limiting factor in the formation of high

affinity receptors.

The respective contribution of p55 and p75 to high affinity

binding were examined recently (198,199). The p55 chain allows rapid

association (5 sec) and dissociation (6-10 sec), while both the

association (42-47 min) and dissociation (250-330 min) of 112 with p75

isnnuchslower. Together, theyformareceptorwiththerapidassocia-

tion (37 sec) characteristic of p55 and the slow dissociation (285 min)

of p75.

As previonsly nnoted, p55 contains an extremely short cytoplaenic

region which may be unnable to function in signnal transmission. The p75

molecule, on the other hand, is able to internalize 112 (193) and

transmit a signal for cell division (200,201) or imnnoglobulin
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synthesis (202,203) in the abse'ce of p55. Additionally, low levels of

p75butnctp55arepresentonrestinchells (194,200) andthusmay

explainhowhigh levels of112 areabletoactivateunstinmnlatedcells

(204).

In addition to the membrane-bond form of the 112R, a soluble form

alsoexists. 'nnesesolublereceptorsarereleasedfronactivated

normal T cells and HITN-l-infected lines (205) and this release is

einanced by :12 (206). The soluble fornnn is approximately 10 kD less

thanthemenbrane-associatedreceptorandmayttmsarisebyeither

alternative Rm splicing or by proteolytic cleavage fron the cell

surface (205,207) . The serum levels of the soluble 112R are enhanced

incertaindiseasestates, includingfiodgkin'sdim, adultThcell

leukemia, chronic lymphocytic leukennia, Sezary syndrone, and A113 (208-

210). Since the soluble receptor is able to bind 112, it my act as a

conpetitive inhibitor of the menbrane-bonnd form, decreasing the 112-

responiveness of T cells in these diseases (211).

Decreasedecpressionofthennenbrane-associatedIIZRhasalsobeen

denontrated in certain pathological codition: pulmmary tuberoilosis

(149), Hodgkin's disease (152), A105 (154,212), and infection withL

m (144). Inthelattercase, thisdecreaseistheresultof

sumressorcell activityandnctdirectlyinducedbytheparasite.

V1. Interferon-1

Int-1 isanotherlyndnokineproduoedbyactivated'roells. Its

synthesisisregulated, atleastinpart, by11281nceannti-Tac

(164,213) and culture conditions which inhibit 112 prediction (164,214)
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alsodecreaseIFN-r synthesis. 'nneadditionofIlztothesecultures

restores IFN-n production (214). 112 is also able to induce IFN-r

synthesisinmnstimlatedlynphocytesandthiseffectiseinancedby

morbol myristate acetate (213) . mile these reports show the ability

of112toupregulateIFN-rproduction, thepresenceof112 isnnotan

absoluterequirenentsincenornnalIFN-r productionocolrsian

infection in the face of deficient levels of 112 (144). Tenporally,

IFN-rmisprodncedpriortothatofnz (seeAnOvervievofTOell

Stimulation), againanggestingthatm isnotthesole factor

regulating IFN-n production.

IFN-rhasawiderangeof functioninammberofdifferentcell

types (reviewed in 215). In addition to its antiviral effects, this

lynfinokine induces the expression of NBC and Inn-1 antigen (215,216)

and the Fc receptor for 196 (215) , activates nentrophils (217),

increases tnmnoricidal activity in monocytes and NK cells (141,218) ,

activates macrophages and monocytes for antimicrobial activity (219)

and induces differentiation of myelo—monocytic and B cells (215) . In T

cells, IPN-rmayeitherinmeaseordecreasegrowth, depedingonthe

dosage and time of administration (219,220). This enhancenent may be

due, inpart, totheabilityofIFN-‘rtoincreaseILl (221) andII2

(222,223) production as well as the expression of 112R on T cells

(167,168) andmonocytes (161,224).

IFN-r isreleasedfronnthestilnulatechellsasaglycoprotein

with a p1 of 8.6 (225) which exists in three numeric forms with

molecular weights of 15, 20, and 25 kD, in increasing order of oconr-

re'ce (226). These fornnn have identical amino acid segnences, with the
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25 kD molecule containing two N-linked glycosylation sites and the 20

kD formhaving only one (227). |

IFN-thAhasbeenclonedardsequenced, andecodesa

polypeptide of 146 aminno acids, 20 of which are believed to function as

a signal sequence (228). Thereenists onlya singlecopyofthegene

forIFN-n, locatedonc'hrmnosonelz (229). 'nnisgeneisconposedof

fonr econ and contains a repetitive element (230).

ReceptorsforIFN-rhavebeendenuntratedonmoccytesand

monocyte-liJce cell lines (231-234), fibroblasts (235), lymnoblastoid

cells (236,237), and WISH amniotic cells (238). This receptor binds

Inn-n with high affinity (m ranging fronn 10'9 to 10'”) (231-235,237,

238). Cross-linnldng of radiolabeled IFN-r to the cell menbranes,

followed by analysis by SIB-PAGE, shows a receptor with a moleonlar

weight of 100-150 In!) (234,236-238) , whereas isolation of the receptor

using anti-receptor antibodies produces two molecules of 50 and 90 kD,

bothofwhichcanbird IFN-r (239). Thus, the receptorappears tobe

conposed of two submits.

Deficient production of IFN-r is fond in several disease states,

including acute tuberculosis (240), new infection (241,242),

and lepronnatous but nnot tuberculoid leprosy (243). Since leprosy is a

spectrnmn of disease states with the lepronatous form exhibiting greater

pathogenicity than the tuberculoid form, increased pathology correlates

with defective IFN-r production in this codition. Additionally, the

decreaseinIPN-r synthesis inleigmggig infectionisnnotedin

snnceptible but not resistant strains of mice (241,242). Thus, the
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abilitycfahcsttoprcduceIFN-rmaydeterminnethesubseqnent

severityofsonediseases.

VII. mseanndnGoals

nn-ingtheinitialphaseofcnagas'disease,thezeexistsastate

ofsuppressedresponsivennessinboththemmnralanxithecellular

brandnesoftheimmesystan. Alloftheprevionslyreportedsuxiies

enaminfinngthemflerlyingnednanissofthisfinenmenmtnveutilized

flnemnsemdelsysten. 'Ihegoalsofthisneseardnweretosmdym.

mi-inrmcedimumnppnessimofmmanleuunccytezesponsesandto

examine at which stage of lynphocyte activation this suppression first

isseen.

cnaptermedescribestheabilitycfmtxypanastigotssto

inhibit the proliferative response of normal human T lynnfinccytes

stinulated by a variety of mitogens. 'Ihe ability of activated human

andmnselymnccytestopmduceardrespodtoIFN-nisdescribedin

dnapterunowhilethesynthesisofmandIIZandtheexpressionof

theIIZRarethetcpicsofdnapterthree.

Severalmarkersochellactivationhavebeondescribedwhidn

appearinadefinitetenporalorder. 'mesennarkersimludeearly

activation antigen l,theIL2R, andthetransferrin receptor. Chapter

fonrexplcrestheabilityofmitoaffecteadnofthesemarkens

overtimeincrdertosundythespecificityoftheimunsugnmssionas

wellastodeteminnetheearlieststagesatwhidnlynfimytesam

inhibited. 'nneexpression of bcththehighandthe low affinity form

oftheILZRareeuaminned.
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The C132 pathway of lynphccyte activation provides an alternative

route to the better dnacterized CD3-Ti pathway of stinnlation. 'nne

ability of ml to inhibit T cell stimlation through this pathway

isexaminnedinncnapterfive.

Appendixlexaminneswhethercell-to—parasitecontactisrequired

fortheiniuctionofimmcsippressionandwhetherthisevenntis

reversible.

Wncyteactivationinvolvesaseriesofstagesasthecell

mvesfrontherestingstageofcointothecellcycle3theparasite

couldenaertits inhibitory effect atannyofthesestages. Innortalized

celllines,lnwever,area1readyinthecellcycleandthusbypass

severaloftheeventswhidnoconrduringactivatim,perhapseventhe

stageswhidnareacteduponbymi. 'nnequestionofwhetherL

Misabletoanppressthegrwthofseveralestablishedcelllihes

isenamihedinAppenfiixz.
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Virhellymthingislownabontthebasisfortheimmnsuppression

associatedwithlnmanmiinfection. Wehaveusedanjnm

systen to explore tlnis effect. Incubation of human peripheral blood

Wear cells (PRC) with blood forns of mi abrogated their

responsestosubcptinel,cptinnelandsupracptine1dosesofConA,PHA

orPVMwlnetherornctmnocytesweredqaleted. Killedparasiteswere

nctsugnressive. Maximal suppression (74%) occurredwhentheparasites

werepresentduringtheentireonltnnreperiod (96-hr),a1though

significant suppression (33%) was seenwlnen the organiens were added

24, 4Bor72hrafterinitiation,snggestingthattheearlystagesof

lynfinocyteactivationhadbeeninpairedandthatasecodgenerationof

cellswasalsoaffected. 'nne4-daysupernnatantnnedimnofami

anspensionsugportedmnresponsestooonAaswellasnedinmalone,

indicating that suppression did nnct result fron parasite renoval of

essentialnutrients. Furthermore, 96hrafternnitogenic stimlation

tlneproportionsofviablemncinoilmrescontainingorlacldngthe

parasiteswerecorpareble. AlthonghmibindsConAandHiA,this

absorptionmsnottlnecauseofreducedresponsivenesssinncecptimal

concentrationsofConAandPHArenainedinsolutionmnderonr

conditions. IevelsofIIZinHlA-stinulatedmconlmwere

markedlyreducedinthepresenceofmi. I-lcwever,exogenousII2

failedtorestorelynphocyteresponsiveness. Wraitherabsorbed

norinactivatedIL‘z. 'Ilnus,thenotedsnnnressiona;pearedtoinvolve

at least deficient production and utilization of I12.



 

 

49

mperimental and human infections byW1- the

causative agent of Cnagas' disease - are acconpanied (particularly

duringtheacuteperiod) byseverealterationsofthehumcraland

cellular arms of the imme system (Brener, 1980: Kuhn, 1981; Clinton

M, 1975: ‘I'eixeira fl, 1978: Maleckar & Kierszenbaum, 1983;

Ramos, Sdnadtler-Siwon & Ortiz-Ortiz, 1979). his condition lnas been

regarded as a means by which the parasite eludes immunological defences

while it establishes itself in the host (Brener, 1980; Kuhn, 1981) .

Shdiaswithnnrinenodelsystensofonagas' diseasehaveproduced

evidence suggesting several mechanisms of imnncsunpression, including

alteration of accessory cell furnction (Cmningham & Kuhn, 1980:

Kierszenbaum, 1982) , reduced levels of T cells in the spleen (Hayes 8:

Kierszenbaum, 1981) and altered lynphokine-producing ability

(Harel-Bellan M, 1983; Reed, Inverse & Raters, 1984, 1984a:

Tarleton & Mun, 1983). In contrast, oar hmledge of human lynnfinocyte

alterations in lumenW infection is negligible and, given the

differences between nurine and human Chagas' disease, extrapolations

mldbeunwarranted. Inthiswork, anmmsystenwasusedto

study the effects of mi on hunen lynphcproliferative responses

indncedbynitogens. Itwillbeslmninthispaperthatco—onlmre

with the parasite expresses lnuman lynphocytes at a relatively early

stageoftheactivationproccssandthatalteredlymhocyte functions

includeanerkedlyreducedcapacitytobcthproduceandutilize

interleukin 2 (IL2).



WWW

m

'33 4-week-old Crl-CDl(ICR)m Swiss mice used to maintain and prcdwe

blood formofmiandthefenelelewisratsneedasasolroeof

spleencellstoproolceIL'z (mat) werepnrdnasedfrononarlesRiver

Laboratory (Portage, MI).

Mites

flemlalnnenstrainofmiwasmedinthiswork. Tryponastigotas

were purified fron the blood of mice (infected intraperitoneally 2

weeks previolsly with 2 x 105 organisms) by density gradient

centrifugation over a mixture of Ficoll-Hypague of density 1. 077

(Bxizko & Kierszenbaum, 1974) followed by dnronatcgrapny throgh a

diethylamincethyl-mllulcse column (Villalta & Leon, 1979) . 'Ihe

parasites were washed twice by centrifugation (800 x G, 20 min, 4'C) in

RPMI 1640 nedium containing Irglutaminne (Gibco, Grand Island, NY),

penicillin (100 units/ml) and streptonlycin (100 ug/ml). parasite

suspensioeverepreparedatthedesiredconcentration (seem) in

the sanne nediunn sumlenented with 5% heat-inactivated (56'C, 20 min)

fetal bovine serum (FBS, Gibco (REMI+5%F$). In sone experinnents,

trypanosonesgrown incultnnnes of ratleartmycblasts (Lille &

Kiersze'baum, 1982) or epinestigotes grown in Warren's nedium (Warren,

1969) were used. When killed blood tryponastignta were needed, the

organism were inncubated with 0.025% glutaraldehyde in

{resonate-buffered saline (20‘C, 2 min), washed by centrifngation,
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quencledwith 0.1M1ysineindnosphate—h1fferedsalineandwasledhvice

withRPnnIn-Sitm. '

Him

ConcanavalinA (Con A), phytonenegglnntinin (FHA) andpokeweedmitogen

(ma) werepurdnasedfronSigmacneuicelCo. (St. Iouis, 10).

W

'nem-containinganpernetantusedtoleintainHIBZcellsmeebelon)

was prepared by stimulating rat spleen cells (1 x 105 cells/m1) with 2

ugConA/mlintlepresenceofSXlO'SMZ-uerteptoethanol,usingtle

nediumdescribedabove. 'nnesupernnatantswerecollectedafter

inwbatingtleseollblresat37°Cand5%CD2fcr48hrinanaUmsplere

saturated with water vapor, andstoredat -20'Cuntilused. 'Ihis

neterialwillbereferredtointhetextasmrat. purifiedhman

112 (mph) was purchased fronn collaborative Resenrm (Iexington, m).

Crudepreparations ofhumanILZ (mob) consisted ofthe48-hr

supernatants of peripheral blood nnononuclear cell (mac) (5 x lo6

mac/ml) olltures stimlated with 25 ug PEA/m1 (Tilden & Balch, 1932).

Insonecases,productionofI12d,intlepresenceorabseeeofL

minescmparedntlecoeentrationofparasites,whenpresent,was5

x105organisns/mlandallctherconditicnsrenainedthesane.

Elle

'IlePHKZusedinthisworkwerefronl'ealthyvclmnteers. 'Iheir

nitrification was by centrifngation over Lynnphoprep (Nyegaard, Oslo) at

34OXGand20'Cfor45minandtheywerewashedthreetineswith

senmn-freeRHII 1640 nedium priortouse: cellviability, determinedby

trypan blue dye exclusion, was always >99%. 'Il-le final anspensions of
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thesecellswerepreparedinRHfl+5%FBS. mmwmz cell

line (kindly provided by Dr. Phillippa Mar-rack fron tle University of

ColoradoHealthSciencesCenter, Denver, (1)) wasusedtoneasureIIz

activity in biological fluids. 'Ihese cells were neintained in

muons at 37°C by mixing equal volumes of cell cnlonre and the

mrat preparation (see above).

 

Suspensions of per: (3.5 ml at 5 x 106 cells/ml) were innonbated at 37'C

(5%CD2 innnbator)for1hrina60—nmdiamebersterileplasticpetri

disln. ‘nnenunadherentcellswererenovedandsubjectedtothesane

procedure once more, and then centrifuged (280 x G, 10 min, 4'C). 'Ihe

adherent, nonspecific-esterase- positive cells were further depleted by

dnrcuetography over a Sqnhadec G-10 (Blarnecia, Piscataway, NJ) colnmun

(Niel-ell, Mishell & Shigii, 1980) . 'ne nonspecific esterase test lnas

been (195ch (Yam, Li & Crosby, 1971).

W

Cell onltures were set up in triplicate in 96-well microwlulre

plates. Each culture contained 1.25 X 105 mac and tie appropriate

mitcgen concentration (see W) in a total volunne of 0.1 ml. When

parasitesorotherreagentsweretobepresent, theywerecontainedinn

0.025 ml and substituted for the equivalent volume of RPMI+5%FBS. All

onlonreswereincubatedat 37'Cand5%o)2 for96hr(un1essotherwise

stated) and pulsed with 1 uci 38W (specific activity 2

nci/nnmle, Anersham, Arlington Heights, IL) during the last 24 hr.

CJlunres were interrupted by harvesting (MASH II, M.A. Bianoducts,



53

Walkersville, MD) and radioactivity was measured in a liquid

scintillation qaectroneter.

 

Solutions of Con A (cocenntrations described under malts) were

innonbated with 5 x 106 blood forms of mi per milliliter at 37°C

((1)2 incubator) for24hr. ‘Iheparasiteswerethenrencvedby

filtration through sterile 0.22-nnm Millipore filters (Bedford, MA) . 'nne

filtratewasusedastheollunrennediuminblastcgeesis assaystotost

Parresponsestotleresidualamonmtofmitcgen.

W'I'. cmzi

After incubating metres medium with or without 5 x 106 blood forms

of mi per milliliter at 37’C (m2 inncubator) for 4 days and

filtration (0.22 pm pore size), the filtrates were used in

blastogenesis assays to test mac responses to various cocentrations

of Con A.

W

Cultures of nun-2 cells were set up in triplicate in microculture wells,

eaoncontaining4X103 cells. °nnefinalvclnmeofthesecnlcmswas

0.2 ml, including 0.1 ml of two-fold dilutions of the biological

materialtobetested. ‘Ilneonltureswereinonbatedat 37'C for48hr

(5%CD2) andpllsedwithluciafl-thymidineduringunelast24 hr.

Cell harvesting and neasurenent of radioactivity incorporated innto

synthesized INA was as described above.

'1'- cruziWe,

Solutions of Iliad1 were incubated with purified blood tryponestigota

at final cocentrations varying from 1.25 x 105 to 2 x 107 organisms/ml
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at 37°C for 48 hr. After rencving the parasites by filtration through

sterile 0.22-um-pcre-size filters, the filtrates were tested for 11.2

activity as described above. For control purposes, aliquots of mob

heresubjectedtothesanecoditionseaceptthattheparasitesvere

absent.

WWW

Ehdnsetofreanltspresentedintletablesistypicallyrepre—

sentative oftwotofonrecperimentswithasimilarprotocol. line

results represent tle nean of triplicate determinations 1- 1 5m.

Differeces between means were considered to be statistically

significant if 150.05 by Student's °°t°° test.



 

“nonpresentintheolltures,pnrified blood forms 015W

amessedPflCresponsostoConAcrablel). 'IheconcentrationofCon

Aproducingoptinnelresponsesvariedamogrepeatecperiments (datannot

slm),prdoablyduetotheuseofm£frondifferentdocrsard

different batdnes of the mitogenn. Boater, significant sugaression by

Wmdoservedinalleqneriments. Alfianninsoneenperinents

asignificantreductionofPanCresponsestothetestedmitogenswas

producedwith 2.5::106 blood forms/ml,themininelconcentration of

parasitescausingsucheffectinmosteqnerinentswas5x105

organisms/mlandwasusedinallsubsequentexperinents. Ofinterest,

tissnleonltlnre-derivedtryponestigotesandepimastigotesgrominan

axenic median also expressed Con A-innduced lymcproliferative mac

responses(datanctshcwn).

'Bnesnmressiveeffectofbloodtryponestigotasnesalsoseenwhen

eitherPHAorPWIvereusedtostimnlatetlePHnnandoconrredovera

widerengeofmitogencocentrations,inclldingsubcptinel,optineland

supraoptiraldososaablez).

sincemicanbindConAardmAwei-eirauu 1980),we

consideredthepossibilitythattheparasitemigntlevereducedthe

cocentrationofthesemitogenstosuboptimallevels. 'Dotestthis

possibility, Pane were stimlated with solutions of Con A or PHA which

nnadbeeneitnnerabsorbedwitnn5x106organisms/mlfor24hrormock-

absorbed without parasites. Absorption of Con A solutions with
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Table 2. Suppression ofPB‘lCresponses impedwith suboptimal,

optinalardwpraoptimalconcentratiomofcmli, BaorPley

blood formsofmi

 

Mitogen Mitogen oornerrt. 3H-‘B1ymidine hicorporation (ago X 10'3)

  

m1) Parasfi' absentW

Con A o 1.4 1 0.2 1.6 1 0.4

0.4 14.4 1 1.0 1.4 1 0.11

4 45.2 1 2.9 2.0 1 0.11

8 40.5 1 1.0 2.9 1 0.01

16 1.9 1 0.6 1.1 1 0.1

ma 0 0.7 1 0.1 2.2 1 0.2

6.3 27.6 1 1.0 1.3 1 0.11

12.5 18.7 1 0.2 0.3 1 0.11

25 42.9 1 1.6 5.7 1 0.21

50 26.8 1 0.3 2.3 1 0.31

mm 0 0.2 1 0.0 0.1 1 0.0

2.5 3.3 1 0.4 0.4 1 0.02

5 2.9 1 0.1 0.9 1 0.12

10 2.3 1 0.2 1.3 1 0.12

 

'meexperimtswiflieadamitogenwerecafiuctedseparately.

1'2 250.001 and p50.05, respectively, for reductims in cm with

respecttothecon'espondjngcmtmlvalue (parasites absent).
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mishiftedpeakrespasestwardsthehigherlevelsflablen,

corrdaorating the ability of the parasite to bind thismitogen.

However, enoughmitogai mined in the solutions which initially

cartahedGorBugOmA/mltoinduoemtimlPflflrespmses.

Significant PBX: stinulation was also produced by solutions of FHA

Alsoconsideredmmthepoesibilitia a) flatmi caisumed

nrtriertts required for optimal lynphocyte proliferatim and b) that

reduced levels of 3H-thymid1’ne incorporation reamed fran a greater

lossofPBCviabilityduetothepresenoeofmi. Acafliticned

mediimmidahadbeminmbatedwifliasugpressivecaicentratimofz.

mifor96hrwasaseffectiveinsqporting3H-fllymidjm

irmrporatimbymnasmck-absorbedmediim (Table4). Tmenthe

prqaortiaisoftrypan-blue-exclinirgPBcweredetezmiredinCmA-

stimflated calm attheerd'offlIeQG-hr mum period,the

valuesdwtaixedintheabserneofmiinrepeatexperimentswem

77t083%whereasinthepzesenoeoftheoxganisnstheconespmding

valueswere72to74%.

Wealsoixwestigatedmefliernniocytes/magemvtnseaccesoxy

cellfmctionmyhavebeenalteredupmtheirinfectimbymi,

mazequiranmtforparasite-irdwedsuppressimtoocam. When

mnpoleatimsmnsemncyte/nacrqhagecmtentshadbemmdwed

hmé—Q.7%to<0.7%werestinflatedwifl1&nAoerinthepmsane

of mi, their responses were still significantly sugpressed.

‘nms,the1yn;hocyteresponsesinthepzeserceofmedimalaie,8ug

oonA/mlandzsugawmlwexe400211618, 29,7681900and52,7431
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Table 3 . Mitogenic capacity of solutiors before and after absorption

with a swpressive oornentration of mi

 

Hitogen 3I-Pmymidine inoorporatim .(cpn x 10'3) after

Mock absorption mi absorptim

 

Nate 7.6 1 0.4

Con A 4 ug/ml 21.1 1 2.3 5.1 1 1.4

Om A 6 ug/ml 6.3 1 0.3 19.5 1 1.0

0:31 A 8 ug/ml 6.5 1 0.3 17.0 1 1.0

Naie 7.7 1 0.5

BIA 5 ug/ml 55.5 1 0.2 50.6 1 3.3

FHA 7.5 ug/ml 55.9 1 1.2 45.7 1 3.6

FHA 10 ug/ml 55.4 1 1.5 42.4 1 3.1

 

'nesolutiaisofOonAammAweremodc-absozbed (sanephysical

treatments, no parasites) or absorbed with 5 x 106 parasites/m1 for 24

hr, filteredthmgh 0.22-m-pore-size filters, andthenusedto

stinflatePfliCin96—hroalmrosintheabsenoeofparasitos. 'me

oalhneswerepilsedwithluCi3H-thymidinedm'ingthelast24hr.
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Table 4. Ability of RPMI+5%F$ medium to support Cm A-induoed

respmses after inmbatim withW

 

Con A 3H-fl1ymidine incorporation (ago X 10'3) in

(pg/ml) Untreated medium Medium preircubated with parasites

 

0 3.5 1 0.1 3.3 1 0.1

4 24.9 1 0.6 21.9 1 0.3

6 31.5 1 0.9 23.1 1 0.4

8 31.1 1 3.9 19.0 1 0.6

 

M96-hrPchfltumwereperfomedintheabsenoeofmi.

'me culture media consisted of filtered (0.22-um filter) mam

midihadbeeninoubatedintheabsenoe ('Wmtreated") orpresenoeofs

x105parasites/ml. Coa'iAwasaddedatzerotime. 'Ihecultureswere

palsedwithluCi3H-thymidixiedxrimtlielast24hr.
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1443 qn, respectively, whereas in the presence of 5 x 106 parasites/m1

themmmtedto38321ll33, 17,2481496arfi15,3671348

qm, respectively.

No expression was seen when gluteraldehyde—killed blood

trypanastigcteswereaabstitutedforlivingorganiminthem

cultures (datarntshown).

Dtperinattsweretlmdesignedtoestablishtheperiodoftime

during which the suppressive effect of the parasite was exerted. In

flmemwuxres,trypanastigoteswereaddedatvarimstimafter

mitogenicstimilatim. llaximlaqpressimwasprodnedwmthe

organimswerepmsentinthewlmrosfranthebegimfinguemtine),

although significant expression occurred when the parasite was

inoorporatedintothemcmlmreszmwornhrlater (TableS).

thimmeummnm

SixpenzisprodtnedbystimilatedToellsardplaysakeyrolein

lynghocyte proliferatim, we set out to establish whetherW

WMrespomesbyaffectimMproductim. levelsofm

wereneasuredafterwhrofminmbatimwichSug/mlminthe

preserveorabserweofolosbloodtrypmastigotesperml. Asshown

in'Iable 6, thelevels ofmactivity foundinthefiltrates of BIA-

stimlated P340 cultures were significantly smaller when the parasites

werepreeent. Ifmisuppressedmitogai-irflioedreworsesbym

nerelybyinpairirgflZproductim,exogeranII28handoonectthe

deficiercy,aswasseenbyinvestigatorswhostuiiedantibody

productim to I‘M-unrelated antigens by lynphocytes frun infected

mice (Reedetal, 1984,1984a7'1‘ar1etm8n11m, 1983).
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Table 5. Effects of addition of 11.5.2311 at different times after

PRC stimlation with Con A

 

 

Time of addition 3H-thymidine incorporation (cpm x 10-3)

015W (hr) Malone PEIC+LmiRR>1

O 43.4 1 1.2 11.2 1 0.9 (74.2)

24 45.0 1 2.2 30.0 1 0.7 (33.3)

48 47.4 1 1.3 31.1 1 0.7 (33.4)

72 41.5 1 0.4 27.7 1 1.7 (33.3)

 

Ninety-six—hr cultures; stimlated with 6 ug Con A/ml and

pulsed with 1 uCi 3H-thymidine during the last 24 hr.

1 tR, peroentreductiminqmduetothepresenoeof

parasites. All %R values mresent statistically significant

reductions in cpm (1350.05).
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Ibwever,exogermsn2mfailedtorestoremICre@aBivenesstoconA

inaperinentsinmidiflieoanentratiasofthelynpddnewaseiflier

10mits/m10rll4 units/ml (Table 7). Wresults ledustoexamine

thepossibilitythattheparasitsvereabsorbing IL2,makin;it

unavailabletothemic. Dmerimentswereconiuctedinwhid'imdi

(producedmflerthesameoaflitionsasusedtoelicith

with BIA) was incubated with suppressive oonoentratims ofm.

meresmtsetmedmathmGoaganims/mldidmtmesigmfieant

annmtsofIIzactivity (Table8). Similarmltswereobtainedwhen

the parasite concentration was increased up to four-fold (data not

shown).
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DISCIJSSICN

airwoermducedmltsaiowingthatlivingbutmtkilledL

micananpressmmnlynghocyterespmsestoavarietyofmitogers

and established eacperinental conditions to explore the possible

mdnnisus).

AltrnighLmiislmowntoabsorbconAarrimAwereirag

fl... 1980), two independent findings indicatedthattheparasite did

nctreduoePfldCrespa‘sesbymakinglossmitogaiavailabletotlm.

First,thea1;pressiveeffectofm1wasseenwerawiderargeof

mitogen caicentrations, imludingsupraoptimal levels (Table 2), .

minimizing the possibility that mitogen absorption solely accounted for

thereducedresponsos. Second, optimally stimulatory levels ofconA

ardHlAranainedinsolutimsoftlesemitogersafterabsorptimwiths

x 106 parasites/ml (Table 3). We could also rule out the possibility

flatmcatpetedwithflnmcforessentialnrtrientsbecause

ailture medium incubated with a suppressive parasite concentration

supportedblastogenisis as well as nook-treated medium (Table 4).

Since parasite-induced suppression was observed with PHI:

preparations before and after depletion of nonspecific-esterase-

positive cells, which incluiosmonocytesarfinacropiages, it would

amear that the parasite could directly affect lynphoid cells.

War, the possibility that diminished accessory cell activity

resultingfrannuncyte/nacmfiiageinfectimcatrihrtestothembed

wppressioncannotberuledout.

'meextentoprpressimofOonA-iniucedmICrespmseswas

greatermentheparasitoewreimorporatedintothemlumesatzem
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time-i.e.,togetherwiththemitogen-thanwhenaddedafter24, 480r

72hr(Table5). 'n'iosedoservatiaissuggostedthatmi interfered

with the early stages of lynphocyte activation and that cells which had

tmdergoneactivatimintheabsenceoftheparasiteswerelessorno

lcnger susceptible to the suppressive effect. However, the reduced

mnrospmsessemwhenthosecellsweremixedwithtlw

trypanastigotos 24, 480r72hrafterinitation oftheculmroswere

statistically significant, and probably reflected a suppressive effect

of the parasites a1 lyuphocytas activated by the mitogen at times later

thanOtime, imluiingasecouflgeneratimofcellsrespondingtothe

mitogen.

We found lower levels of IL2. activity in the supernatants of BIA-

stimflatedmnmmwasprosentfl‘ablem. ReducedIL’z

activity has also been reported by investigators studying suppressed in

111139 antibody production by lynphocytos fran W-infected mice

(Reed $31, 1984, 1934a; Tarleton & Kuhn, 1983). l-lcwever, wewere

imabletorestoreIBCrespolsostomAwhenemogenmsmmwas

added even at a relatively high concentration (114 units/ml) (Table 7).

Infl1isrespect,a1rresult5withmnnanmcwmldseantodifferfran

those obtained by others with spleen cells frcm Jim-infected mice

(Reedfllu 1984, 1984a; Tarleton 8 Kuhn, 1983), with whid't a certain

degreeofrostoratimwasaffordedbyaddingm. 'Ihisamarent

disagreanentmightbemotedindifferemosbetvemspeciesorbedue

totheuseofdifferentassaysystansztheirdntimofantibody-

formingcellsbyantigensadministeredtoinfectedrnstswasueasured

in theworkwith themwse cells (Reed 31311, 1984, 1984a: Tarleton a
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nlhn, 1983) whereas our assay measured proliferative responses of

rmmlmmnlynphocytestomitogem. Itshouldbencted, however,

that Harel-Bellan £31,, (1983) , who used mi-infected nnuse

spleen cells to measure Con A-induoed lynphoproliferative responses

cmldrntrestoretherespmsivenessofthesecellswithexogernsm.

Wmmnoorreotsouemtmtalltypesoflymmyte

alter-atlas caused by I. cmzi infection or by the addition of this

parasitetocell wlhnesisaninterestingquostimdeservingfurtlnr

attention. 'nlefailureofacogenousmtcrestorethe

lynphcproliferative wpacity of the ewe might have been due to a)

absorptimorcoeamptimofnzbymi, b) anirreversiblemx:

alteration, c)ared1.1cedcapacityofpflctobindorreqnflton2,

and/0rd) aneed foradditionalcytolcineswhoseproductimmighthave

also been altered. Since absorption with up to 2 x 107 parasites/ml

did not remove significant amounts of IL2 activity, rawval of this

lynpholdne bym1 seeped unlikely. On thisbasis, reduced levels

of IL2 activity in BIA-stimlated par: alltures cmtaining the parasite

wondprdoahlyheduetoreduoedproductim. 'meotherthree

possibilities retain open subjects for further studies.

“miswocrltwasstmportedbygrantAI14848frantheUnitedStates

alblicl-IealthService.
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GIAPI'ERZ

W1inhibits interferm—r production by mouse

spleen cells but not hunan peripheral blood lynphocytes
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mefectimisWniedw

immmsugpressimardco-mlmreoftheparasitewithmseorrnman

lynphocytes curtails the proliferative capacity of these cells. As a

partofqmsufliestodefimlwlhmiaffectslynphocyte

f1mctims,weeacaminedinthisworktheinterferon—r (IFN-r)-prod1.1cing

capacity of pwtdianagglutinin-stimlated mouse spleen cells and human

perifieralbloodmmclearcellsinthepresemearflabsa'neofthe

parasite. ThelevelsofII‘N—rinthewpernatantsofparasite-mlse

spleen cell co-cultures were significantly lower than those fund in

fliewper'natantsofcontml cultures lackingtheparasite. This

decreasewasdaservedatboth48ani72haftermitogenicstimllation

ardwasmtduetoabsorptimorinactivatimofthelynemokirebythe

parasite since incubation of a solutim of reccmbinant IFN-r with 1,,

my; didnot reduce antiviral activity. Elem-bribed

suppressim of mouse spleen cell proliferation was not averccme by the

additionofIFN-rtotheseallturesmrwasexogernisIFN-rableto

enhance the restorative effect of interlalkin 2. Thus, deficia'it IFN-r

productiondidnotappeartoplayacausativeroleinthereduced

proliferativeresponseoftheqaleen cells. Incontrastwiththelmuse

cellallunes,msignificantdecreaseinIm-rproductimwasseenin

mmanperifiieralbloodmmlclearcellallumescartainingaparasite

concentration whichdecreasedmlrineIFN-r levels:yettheprolifera-

tivecapacityofthemmancellsinrespometoptytdmgglutininwas

reduced. 'nieseresultsdenctetheabilityofmitoirhibitHN-r



74

productimbynmsespleencellsardrevealamtabledifferenceinthe

precessofimnmosurpressimofnmsespleencellsarfihtmanperipheral

bloodmmclearcellsbymi.
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'meacutephaseofWiinfectiminmiceis

accmpanied by several manifestaticns of immosumressim, including

decreasedinterleukinz (11.2)productionandareductiminmitogen-

irduced lynrhocyte proliferatim (8-10,13,22,23,32) . the parasite also

alppressesthecapacityofmmalmmsespleencellstodividemlim

aftermitogenstimlatim (14). 'IhebindingofILZ toitsreceptorm

T. lynphocytes triggers a umber of intracellular events, including

stimulation of IFN-r productim by T cells (5,24,35) arri the

tramductim of a signal for cell divisicn (reviewed in 29) . Sime

mproduxionbynalsespleencellsisdecreasedbymi, itis

thus possible that IFN-r synthesis nay also be inhibited.

IFN-r plays an inportant role in host defense against microbial

imasion (reviewed inRef. 7 and 34), and enhances flammnng

of intracellular parasites, such asW(17,19),

W(16) mm (21.37). bymacmmaqes- In

m, IFN-r acts synergistically with antim antibodies to

decrease parasitania and prolong the survival of infected mice (20).

This lynphokire also affects the proliferative response of lynphocytes

to mitogens. In additim to its well-known growth inhibitory filmtions

(reviewed in Refs. 7 and 34), IFN-r nay also e'hame T cell activity

(2,6,12,25,27), deperfling on the dosage and time of administratim

(31) .

Given the roles of IFN—r in host defense and lyngnprioliferatim,

vlehaveeacalnimdimeuiermcanalterpmductimofthis
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inportantlynlzholdnebymrnalmlrineormmanlynphocytesard, ifso,

whether this alteration plays a role in the suppression of lynphocyte

proliferation.
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WNW

mites. Trypaiastigotes ofW (Tulahuen isolate) were

pn'ified frun the blood of Crl-CDl (102)32 Swiss mice (Charles River

laboratory. Portage, MI) infected intraperitoneally two weeks

previously with 2 x 105 organisms. The parasites were purified by

density gradiart centrifugation over a mixture of Ficoll-Hypaqle of

density 1. 077 (3) followed by diethylalninoethyl-oellulose

chromatography (36). After two washings by centrifugatim (800 x g, 20

min, 4‘C), the parasites were resuspended at the desired concentraticn

in RM 1640 medium (Gibco, Grand Island, NY) containing 100 units

penicillinanleOugstreptauycinperml, andeither 2.50r5%heat-

inactivated fetal bovine serum (56'C, 20 min) (RHH+2.5%FBS or

RHH+5%F$, respectively}-

nrn’mspleaicells (use). SuspensimsofnSCfraninbredCBA/J

mice (Jackson Laboratories, Bar Harbor, ME) were prepared as described

previously (14) and resuspemed at a final summation of 2.5 x 106

1180/1111 in RM+2.5%FBS.

Brian perinatal blood "nuclear cells (hm . The hm were

isolated firm the blood of healthy dcnors by oa‘rtrifllgatim over

Ficoll-Hypaque (350 x g, 45 min, 20'C) . After three washings (350 x 9,

10min, 4'C) inserum—freeRIMI 1640mdium, thehPBCwereresaspended

at 1.25 x 106 cells/ml in Ramssm. 0211 viability, determined by

uypan blue dye exclusim, was always >99%.

m-mlunecaaitias. Suspensicm ofnSCwere imabatedinthe

presence or absence of 5 ug/ml phytohanagglutinin (FHA-P: Sigma
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Chemical oo., St. louis, 1b) with or without 2.5 x 106W.

unless othmwise noted. The cultures were incubated at 37'C (5% (Dz)

forthe desired periods of time (see Reallts). cultures ofhPflCwere

treated similarly except that the final parasite concentration was 5 x

106 organism/ml. These concentrations ofm were selected

becausetheyrepresermtheminiml levelswhidlconsistentlyproduce

imnnsugnessim under optimal stimulatory omditions for 116C and

hm (1: Beltz and Kierszenbaum, mpublished results).

Worm-1. allianesofnSCothBKIwereircubatedin

24-wellplatesinavolumeof1ml for480r72hurrierthecmditiors

describedintheprecedingparagram. Cellsandparasiteswereranoved

by passage through 0.22—um—pore—size filters and the filtrates were

stored at -70'C until assayed for IFN-r. Murine IIN-r activity was

determimdbyaplaquereduztionassayusingnnusewn cellsandthe

Indiana strain of bovine vesicular stanatitis vins (30). The titer

wasexpreesedasimits/mlcorrespolflingtothereciprocal ofthe

highestdilutimtoreduceplaquesbysoik. Inthisassay, oneunitwas

equivalent to 0.88 NIH G-002-90451l reference units. Identification of

the antiviral activity as IFN-r was provided by its lability at pH 2

and inhibitim by anti-nurine IFN-r antibodies (a gift of Dr. E.

Havell, Trudeau Institute, Saranac, NY). Human IFN-was assayed using

a radioilmumassay kit (Oentmor, Malvern, NY). This systan uses two

antibodies directed at different epitopes of IFN—r and is designed to

detect only biologically active IFN-r .

AbsorptfimofnlrineIFN-r. RecarbinantmmineIFN-r (specific

activity - 2.3 x 107 units/11g protein: a gift frail Gaientedl Inc.,
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Swth San Francisco, C3) was incubated in 24-well plates at a

oawrtratim of 500 unitle in RM+2.5%I-‘BS in the presence or

ahsaneofSorioicioni/mlatarcrorwh. Afterpassage

of the supernatants through 0.22-um-pore—size filters, residual IFN-r

activity was determined as described above.

Wycliferatimassays. Cultures ofnSCothBCwere

immatedinthepresaneorabserneofmi in96-wellplatesina

volume of 0.1 ml in the namer described under Co-wlture oorditims.

Exogenous reocnbimnt nurine IFN-‘r , partially purified human IFN-r

(Melovy laboratories, Springfield, VA) , and/or reombinant glycosylated

Inmannz (Genzyme, Boston, MA) wereaddedtosaneofthecnlturesat

the desired oorcentrations (see Resins). The lynphokines, when added

to the album, replaced an equivalent volume of medium. The cultures

were pulsed with 1 uci 3H-thymidins (specific activity - 2.0 Ci/nlnole;

New England Nuclear Biotechnology System, Wilmingtm, m) at 48 h

(mSC) onr72h (hPBC) andterminated 24hlaterbyautateted

harvesting. Incorporated radioactivity was determined in a liquid

scintillation counter. A11 determinations were performed in triplicate

andtheresultswereexpressedasneanoamtspermin (cpn)1-standard

deviatim.
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lbs levels of IFN-r activity in the supernatants of PHA-stinulated

raise spleen cells containingM were fwnd to be significantly

lowerthanthoseinparasite-free cultures (Table 1). 'lhisreduction

was damnstrable 48 h after the initiatim of the cultures (decrease of

47%) bit was more prunmed at 72 h (decrease of 259%). Similar

resultsverefandwthug/mlofomoanavalinhwasusedasthe

mitogen (data not sham). mi neither secreted an IFN-r-like

activitymrdiditirmloemstimlatednSCtodosoCI‘ablel).

'memteddecreaseinthelevelsofIFN-‘rinthemlmre

supernatantsmighttaveremltedfrunaredmtiminthepmductiav

secretimofthislynniokineorfmitsranovalbytheparasite. '1!)

determine which of these possibilities explained our observatims,

solutia'sofreoatbinantmirimIFN-rvereimzbatedinthepreserweor

absenoeofLMforwhardtheannmtofresidtnlantiviral

activityvastlmdetermined. 'meammtsofIPN-rremaininginthe

supenlatantsofafltmesaftertheabsorptimwithmdidmt

differ significantly frun that in the mckdtreated oa'rtrols (p50. 1) .

thus, for exanple, inoneof theeuperiments, the IFN-r activities of

thesolutionsafteriinibationwitbemGorlxm7 trypanastigotes/

m1were35‘71140a1fl303i511mits/m1, respectively,fixerea8284i

74mits/mlweredetectableinomtmlailturestovmidiparasiteshad

notbeenadded. Itshouldbemtedthattheoonoentratimsof

parasitesusedfortheseabsorptimsrepresenteduvoardfwrtims,

respectively, the level which was sufficient to reduce IFN-r activity
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ma 1. mi-induoed Irhibitim of IFN-r Productim by

PHA-stinulated msca

 

  

 

Material tested I‘m-r (mi)

Q h 71 11

ISO 530 530

W 530 530

ISO +W 530 530

W+m 530 530

116C + an 58 67

use + FHA +W 31 530

 

a‘Ihetestedmaterialsoonsistedoftheculturesupernat-

antsofnsc (2.5x105ce11s/m1) era/arm

(2.5x1060rganims/ml) inflrepresenoeorabsenoeofSug/ml

FHA. 'meaipernatantswereoollectedattheirriicatedtimes

afterinitiatimofthewlmres. 'missetofresultsis

typically representative of two separate repeat experiments.
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instimlatednSletures(seeTablel).

'nieadditimofmitowltmresofstimlatednscmses

lynphoproliferatim (14). Because IEN-r is able tomodify the

proliferatim of T cells, either reducing or enhancing it depending m

thedoseardthetineofadministratim (30),thepossibilitythatthe

deservedaippressiminlynfiaocytegrwtbmyhaveresultedfmthe

inhibitim of IFN-r predictimbymmsexplored. Varying

ammtsofeingenmsreoatbinantnurineIFN-rwereaddedtothe

wlhuesarfltheireffectsm3H-fl1ymidineinoorporatimbymi-

mressednSCweredetermimd. AsslmninTablez,theadditimof

IFN-ratomoentratiomrangingfranBtoZSOmits/mldidmtoverome

the aippressive effect. Higher IFN—r oucentratims were not tested in

t1:eseen<perimentshecsusepre11mimxyrem1ts(datamts1m)had

indicated that levels greater than 188 units/ml exert an inhibitory

effect (11 lynphopr'oliferatim. M can also be seen in Table 2 for

theomtrol resultobtainedwith 250 units IFN-r/ml.

muzhasbeenshomtorestoretheproliferativerespmse

ome-stinflatednSCalppressedmmbymi(L.A.Beltz,M.

B. Sztein and F. Kierszenbaum, J. ML, inpress). Sinoe IFN-T has

beenreportedtoaffecttbeinteractimofIIZwithlynfiaocytesby

increasingtheexpressimofflZreoeptors,wetestedu\etherIm-r

would act synergistically with IL2 and enhance the restorative effect

of the latter lynfixfldne. The results indicated that treatm‘rt with 16

orlZSmits/mlIFN—tdidmtoverecnemi-immoedsumressim

Meddedtogeuierwithsuhqatinaimieveiswomts/mnuddid

mtinprwenSCrespmsivenessvmenarestorativeoacmtratimofm
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M32. IackofRestoratimbyWIFN—r oftheCapacityofPl-m-

stimlated use to Proliferate afterm—m

 

 

 

Suppressiona

IFN-r

(mute/ml)

o 15.2 1 1.0 0.8 1 o.o° 95

8 14.6 1 1.0 0.3 1 0.2‘3 95

16 15.9 1 0.8 0.7 1 o.2° 95

32 14.6 1 0.4 1.0 1 0.46 93

63 14.7 1 1.7 0.9 1 0.5c 94

125 13.9 1 0.5 0.9 1 0.13 94

250 4.6 1 o.7° 0.9 1 0.0c 94

 

aRecmbirmrt nurine II-‘N-vmsaddedattheiJflicated macs

toafltmesofmsca.5x1oéoens/m1) curtainiJ'QSugHm/mlinthe

presenceorabserceonfixlO‘ILM/ml. 'meafltnreswere

iruabatedfor72hard1uci3H-thymidinemspxesentduringfl1elast

24 h. ‘Ihis set of results is typically representative of three

separaterepeateaqaeriments.

bPercentdecreasewithrespecttothecorrespaflirgoartrol (nsc+

HILnoIFN-r).

cp_<_0.05, forflxereductia‘lsinqlnwithrespecttoeither m1,

i.e., nsc+PHAwithorwit1mt IFN-r, asmlculatedbysuadent's "t"

test.
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(100 units/ml) wasused (datamtshown).

WenexteaminedvmeflzermvmldinhibitHN-rproductim

creecretimbyhm. 'mepresenceof5x106parasites/mlin

cultures of PHA-stinulated hm did not lead to a significant

zeductiminthelevelsofIFN—rinthempenutants(decreaseof5%at

72h3'1‘able3). misparasitecanartratimwasulioethatfamdto

canistentlydecreasemlrineIFN-rpmdwtim (Tablel)ardsuppress

reproduxzibly mitogen-11mm lynphoproliferatim of mar: (1) . 'Ihe

additimofexogermsmmanIFN-rdidnctrestorethesugpressed

pmliferativerespaseofhfltexposedtommormtm

waspresentmatarntslmn).
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'1‘able3.1ackofEffectcf1,_qyz_imIFN-1Prcductimbyhm

 

 
 

 

Material testeda IFN-r (M1)

48 h 72 h

m 55 $5

ELM 55 55

hm + 1.21111 55 55

W+ FHA 55 55

max: + BIA 120 125

m + BIA +m 96 119

 

a'Ihetestedmaterials mistedcftheciluue supernatants

of hm (1.25 x 106 cells/ml) and/orW (5 x 106

organism/m1) imbatedinthepresencecrabsenceoffim/ml

FHA. 'Ihe mtants were collected at the indicated time of

culture and IFN-r activity was assayed by radioimmoassay. this

set of results is typically representative of two separate repeat

atperinents.
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DISGBSICN

'mesezeantsstnvedthatthepresenceofmmanhnesof

PHA-stimlated mouse spleen cells decreased the levels of IFN-r

activityinthesupernatants (Tablel). misdecreasewasmtdueto

absoutptim, cammptim, or inactivation of the lynphokine bythe

parasite since incubation of recmbinant IFN-r withW did not

leadtoalossinantiviralactivityevenvtmimibatedwithfan'

timesasmanyparasitesaswerenecessaxytocmsistentlysuppress

lynphoproliferation and reduce the levels of I‘m-r in our culture

systan. flierefore,thedecreaseinIFN-rlevelsmsduetoreduced

proactimorsecretimofthelynunkine. Wehavepreviaslyreported

thattheixmbatimcfPMwithmidoesmtleadtolcssesin

mitecellnnnbexsorviabilityanithattheparasitedoesmtrawve

significantmmtsofnrtrientsormitogmfranthemltures (1).

DecreasedproliferatimbyuSCfruninfectedmiceorbynonnalnsc

ixnibatedwithmjmispamlleledbydecreasesinm

(8.32:8eltzaniKierszenbam, unpublished results) andIFN-r

productioncrablel). Incmtrast,1‘_,_g3;zj,ismabletodecmase112

pmductimbyhPBCmfler optimal mlture conditions (L. A. Beltz, M.

B. SzteinaniF. Kierszemaum, J. Immlol.,inpress) and,asreported

herein, also has no significant effect an IFN—r productimbyhmc

('I'able3). 'nms,thereameartoeldstmtabledifferermsinmu1e

parasiteaffectsmSCanthflnresponseston.

Im-rarflIIZareelementsofacmplexregulatozynetvnrkandam

able to affect ead't other's synthesis and utilizatim (5,11,12,24,27,

35), with IFN-r production being upregulated by 11.2 (5,241.35).
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Accordingly, antibodiestothemreceptoranddmtamethasate,adnig

which blocksIIZsynthesis,decreaseIFN—r productimbymitcgen-

stimlatethflC(24). Furthermre,theadditimofexbgernsn2to

Wage-depletedmixedlynfiiccyte cultures (5) arximstimlated

macawmnw-rmis. shamidecreasesthe

pmductimofbothIIZandIPN-rbynscmilehavingmeffectmthe

productimofeitherlynfinkinebyhm,itistlmspossiblefl1atfl1e

parasite's abilitytoimibit synthesis of the former 1W is at

least partially responsible for the decrease in the latter. It should

bemted,rmaever,thatlyuphocytesfranmiceinfectedwifllm

MWaninpairmmtinIIZbutmtIFN-rsecretimmm,

dalalstxatingthatmmlmIevelsmaynctbeanabsoluterequiranent

for optimal IFN-r synthesis and opening the alternative possibility

mtmimyemertseveralirdepmdentwppressiveeffectsmthe

Tcells.

AdecreasedcapacitytoproduceIFN-risduaracteristicof

lynphocytes fran patients with lepranatcus, but not tuberwloid,

leprosy (18). Simeleprosyisaspectnnnofdiseasestateswiththe

lepxunatmsandmberuiloid foznsbeingthemstardleastpathogenic,

respectively, increased pathology in this condition appears to

conelatewithareducedcapacitytopmduceIFN-r. Asimilardefect

isseeninwsceptible,butmtresistarrt,stxaimofmiceinfected

wit-11W (15) amp; (26). 'Ihus, theability of

fixelnsttopmduceIFN-rmaydetemimflmesubsequztseverityofthe

disease.
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Inthecnseofmi, severalmnmandefimngs

suggest a possible role of IFN-r in host defense. ‘Ihus, the addition

ofIFN-r tocultures ofbcthnrrine fibroblastsardmcrqhages

increasestheirresistametomminfectimbymitrypo-

nastigctes (21,37). mirther'more, exogenous IFN-r acts synergistically

with anti-trypanosanal antibodies to decrease parasitania and prolcng

survival of infected mice (20). 'Ihe ability ofmi to reduce

II-N-r prodntimbynscmzsmightdecreasethehcst'scapacityto

eliminate the parasite.

W has been reported to decrease mitogen-iniuced

proliferatim of lynphocytes fran either infected mice (8-10,13) or

tnmns (33). 'Ihisdefectisalsocbservedwhentheparasiteisco-

cultured withnsc orhm frunminfected dcnors (1,14). mile Im-r

has been found to amplify lymphocyte responses to mitogenic stimlaticn

under certain circumstances (7,12,27,31), the data presented in Table 2

stmtlnteamgeranIFN-r caildmtovercanethesqapressiveeffectof

mi. 'Iherefore, it seems unlikely that reduced IFN-r productim

lead to the Wi-ixduced reduction in lynphoproliferatim.

'Ihempacityofnsctoproducenz isdecreasedfollcwingeither

Wamwtom (8,32: L. BeltzandF.

Kierszerbaum, mpiblisted basalts). 'me addition of IL2 to these

expressed natures restores their ability to secrete immoglchilin

(22,23,32) and to proliferate in respmse to mitogen stimlatim (L. A.

Beltz, M. B. Sztein and F. Kierszenbaum, J. 1111113101., in press).

BecauseIFN-rhasbeenreportedtoincreasetheexpressimofm

receptors a1 both T cells (12,27) and mmocytes (11) ani higher levels
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oftheIIZreceptorallcwcellstorespmdtolwerconcentratimsof

n2(4),vvetestedmemerIFN-rvmldetmancetherestorativecapacity

ofILZ. 'mis,however,wasnctthecase:Il=N-rdidmtactsynergist-

icnllywithIIZorlowerthecmcentratimofIIZrequiredtoadzieve

usereccverymatamtshcwn).

In occlusion, we have danarstrated a deficient capacity of use to

proaneorsecreteIFN-raftereaqaomretom. Whilethis

deficiexcydoesmtappeartobeinvolvedintheaippressimof

lynghocyte proliferation, it nevertheless may decrease the resistance

ofctherhostcells,sud1asmacrqhages,toparasiteinvasimani _4

growth. Fhrthermre,tlnseresultsdenastrateasalientdifferencein

the suppressive activities of mi, towardnsc anthflIC. Whether

this difference stats from the use of different populations of

lynfincytesorfrananacmaldifferenceinnmseammmnlynghocyte

respasestoLMrerainstoberesolved.

'misworkwasaipportedbyNASAgrantMGQ-lalardasimledical

Researdi Support Grant fran the College of Osteopathic Medicine,

Michigan State University.
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Co-culmre of blood forms ofW- the causative

agentofChagas'disease-withlumanperipheralbloodmmiclear

cellsinpairedthecapacityoleynfinocytestoeanresssurface

receptorsforinterlenflcinzamm. 'Ihiseffectwasevidenoedby

mrkedrednnctiesinbctlntlnepr'oportimoflac+cellsardtlnedesity

ofTacantigenmthesnn'faceofthepositivecells,deteminedbyflcw

cytanetry. 'Iheextentoftheinhibitianincreasedwithincreasing

parasite concentrations. Urderoptimalorsubqrtimalcorditions of

stimlaticn with either finytdnenagglutinin or mmoclonal anti-CD3 -

specific for an epitope of the (133-Ti lumen '1' cell antigen receptor

canplex-thepresenceofmcurtailedthecapacityofT

lynfinocytestoproliferateardexpressIIZRhitdidmtaffectm

production. Furthermoretheadiitimofemgenonsmdidmtrestore

therespasivenssofsuppressedlumnlynfinocyteshxtdidwhenmse

lymmytesmreused irstead. Therefore, unlikemouse lynrphocytes,

lumen lynphccyte suppression byW did not involve deficient IL2

prodnntionandwasacoanpaniedbyinpairednzutilizatian. Co-culture

of lumen mucytes/macrophages with suppressive concentrations of L

miircreasedinterlwkin1(fl1)pmductimardtheparasitedidmt

decrease IL1 seceretion stimulated by a bacterial lipqaolysacoharide.

'Iherefore, the snppression of 112R expression and lynphoproliferation

ismtlikelytohavebeenanirflirectcesequenceofinsufficientm

productionduetoinfectionofmonocytesormcrophages. Wehave

previously shown that anppression of human lymhocyte proliferation by
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Wisnortcansedbymtrientcorstmption, absorptionof IL2,

lymhocyte killing or mitogen removal by the parasite. 'Iherefore,

theseresultsmnoveramvelsuppressivenedaanieninfiucedbyfi

mi, involving inhibited expressien of 112R follcwirng lynphocyte

activation and rendering T cells unable to receive the 112 signal

required for contirunaticn of their cell cycle and mounting effective

immune responses.
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INIROIIJCI‘IQJ

Chagas' disease-causedbytheprotozoanWi-isa

major lnealth problem in South and Central America. Its aarte phase,

bothinlaboratoryaninelsandinhnmnars, isacccmpaniedbyastateof

suppressed immunity believed to facilitate the establishment and

dissemination of the etiologic agent in the host (1-15) . Several

immunological abnormalities have been identified in mice infected with

W, imluiingirxzreasedlevelsofsuppressorlynfinocytesarri

macrophages (1-4) and diminished levels of '1‘ cells (5) in the spleen,

impaired lympnocyte proliferation in response to mitogens (2,4-9) or

parasite antiges (10), suppressed antibody-forming capacity (11) and

impaired I12 production (4,7,12). How these abnormalities are induced

isnotknownani, unfortunately, differences inhcwnniseandlumen

1Ware affected byW make it difficult to extrapolate

these findings to human infection. 'Ihus, murine splenic lymphocytes -

whether fran infected animals (12, 16, 17) or co-culmred with the

parasite 1.111193? (Beltz and Kierszenbaum, nm'published malts)-

display reduced interleukin 2 (II2)-producirg capacity, the

cessqnencesofwhidnareovercanebytheadditimofeaogecusm

(12, 16, 17): thisisnotthecaseforhnmanlynphocytessnm'pressedby

the parasite (15). lb study the early alterations thatm

induces in lumen lymphocyte and to explore the nednanisnn(s) involved,

we used an jam systen in which lymphocytes and

monccytes/necrqinageswere inmbatedwiththeparasite inthepresence

of lymphocyte—activating stimuli. We report thatW inhibits the
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capacityofhnmnan'rlymfinocytestoexpresssurface interleakinZ

receptors (112R) upon activatim. This effect may render ‘1' lynfinocytes

unabletoreceivethem signalrequiredtoproceedwiththeircell

division cycle and mount significant levels of immunity.
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m. Blood (trypanastigcte) forms of Tulalunen strain 11.

mwere isolated fran the blood of Crl-CD-l (ICR) Swiss mice (Charles

River Breeding laboratories) infected 2 weeks previously with 2 X 105

parasites intraperitoneally. 'lhe parasites were purified by

centrifugation over a mixture of Ficoll-I-lypaqne of density 1.077 (18),

followed by chrcmetograpny through EAR-cellulose (19) . 'me eluted

organisms (100% trypcmestigotes) were concentrated by centrifugation

(800 x g, 20 min, 4'C) and Weed at the desired concentration in

RPMI 1640 medium enpplenented with 59. (vol/vol) heat-inactivated fetal

bovinesernmnardcentainingstreprtanycinat looug/mlandpenicillinat

100 units/ml (henceforth referred to as name) .

 

healthy volunteers were purified by density gradient centrifugation

umlgh a mixture of Ficoll-Bypaque of density 1.077 (350 x g, 20'c, 45

min). Afterthreewashingswith sernmn—freeRBdI 1640 medium, the cells

wereresusperiedatthedesiredconcentratianinRHfl+S. Cell

viability, determined by trypan-blue-dye exclnsian, was >99%.

W. Single cell suspensions of inbred CBA/J mouse

(Jackson laboratory) spleen cells were prepared in RHIHS as described

(13) .

W. Recabinant, glycosylated lumen IL2 was

plrdnased from Genzyme (Bosten, MA).

WW. PRC were irwbated in RIMES (5%

(Dz; 96-well plates) at 37'C for 96 hours with or without 0.6 or 5
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ug/mlPlR(SignednenicalCo.)or60r25ng/mlanti-w3(0rtho

Diagnostics) [a menoclonal antibody specific for an epitope of the T

cellantigenreceptorcanpleccm-Ti (20)]inthepresenoecrabsence

ofmi. 'IheculturevolumewasOJ ml. All coniitimswere

testedintriplicete. EadnwlunrereceivedluCi3B-tlnymidil'e 24

lnours before termination by autcmeted harvesting. Radioactivity was

determined in a liquid scintillation counter: the resultswere

expressedasmeancamtsperminrte(qn)1lstardarddeviatim. 'nne

cencentratiesofPBrarflparasitesatzeretime,andafter48ard96

hrof culturearegivennmderm. Viabilitywasestablishedby

trypanblueenclnsion.

www.mmvitymsdetemiredinflne

supenetantsof48-hom'mncllmressetupasdescribedabweewept

thatthefinal volnmnewasl.5mland24-well plateswereused. The

anpernatantswerepassedthrmghaO.22—m—pore—size filtertorenove

parasitesifpresentandstoredat-20'Cnmntiltested. 'IheIl2-

deperienthZcelllinewasusedtodetermineMactivityuS)“

theresultswereecpressedasnmits/mlinreferencetoastandardm

preparatian (cemrevalin A-stimulated rat spleen cell culture super-

ernatants) which was arbitarily assigned a value of 100 units/ml (21).

WW- m<1.2SX105c=eus/m1)m

inanbatedinRPMI+S (5% CD2: 24-well plates) at 37'C for 48hcurswith

moranti-wammclonelantibodyinthepresenceorabsenceofL

m1. After48hcurs,thecellswerewashedthreetineswith

[magnate-bifferedsalinepfimzcentainirgltboviresenmalbnmin

(Signe)aniwerestairedbytreatmentwithanti-Tacnunocleelantibody
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[which recognizesanepitope ofthelunmanII2R (22) andwaskindly

provided by Dr. T. A. Waldmam, National Institutes of Health]

followed, after washing, by florrescein-cenjugated F(ab')2 derived from

goatanti-mouseIgGantibody (Tagolmnnodiagnostics). 'nnecellswere

finnedin1% forneldehydeandwereanalyzedinaMIVflwcytmeter.

TenthaeanflPBIC, gatedtcexclnflemanflcelldebris, were

accnmnlated for each histogram. The perwntage of Il2R+ cells [i.e.,

nee” cells (22)] in each preparation was oalanlated after subtracting

the backgronmnd of nonspecific labeling with mPC-Zl (a nespecific Ifi

derived fran a mouse myelana cell allture) annd fluoresceinn-conjugated

F(ab')2 anti-mouse IgG. ‘Ihe mean channel number of the logarithm of

thefluorescenceintensities (MFCn) wastleparameterusedtoccmpare

the relative density of The antigen on the different Tac+ cell

populations. The logaritlmn of fluorescence intensities was distributed

over 256 channels.

CremlofPBc

 

suspension at 2.5 x 10‘5 Pee/m1 was incubated at 37'C for 2 hours in

24-well plates; the adherent cells (>98% manocytes/necrophages by both

morphological criteria and positive staining for mific esterase)

mreirmhatedwithmedimaloheoroontainingsx105orlx107

trypanastigctes/ml inthepresenceorabsenceonOug/mlbacterial

lipopolysaccharide (LPS, Difco) at 37'C for 24 hours (5% m2). ollture

supernatantdilutimswereaddedtomeethymcyteallmres stimulated

withasuboptimelmAcoreentration (lug/m1) asdescribedindetailby

Heltzerandeenheim (23). 'nneresultswereeanessedasqn

representing 3H-thymidine incorporation by proliferating thymcytes.



 

presenceofblcodstreamformsofLmi,PBCStimulatedwithHiA

slavedanerkedlydecreasedcapacitytoexpresssurfacem. This

effect was parasite concentratian depedent (Table 1) and was evidenced

byadecreaseintlepropcrtianofllficellsaswellasinthe

(densityofTacantigenonthesurfaceofthepositivelymunccytes

whetleroptimelormboptimalmAcancentratiasvereused(Fig.1).

'lbestablishwhetherthiseffectwasalsoproducednmder

condities know to mimick antigen-induced lymphocyte activatim (23),

wecarriedantsimilarexperimentsnsirganti—dnastlestimulant.

'nereenltsdenenstratedtletmalsoimpairedIIZReanessimin

thiscesewletherthelynfinocyteswerestimnlatedwithoptimalor

subcptimelamonmntsofanti-Cm (Fig. 1). mididnctstain

positively for 'Iac antigen [i.e., did not bind annti-Tac or tle

fluorescein-labeled F(ab')2 anti-mouse IgGthetherornotco-culunred

witlnmcinthepresenceorabsenceofPHAoranti-m,anddidnot

respa'dto recanbinant I12 (20 to 250 units/ml) with altered levels of

3nn-thymidireimorpozatimmatamtsnmn).

WmmmmWWmWfimw

PanstimnlatedwithsuboptinneloroptimelmAconcentratiee (15).

'IleresultspresentedinlableZindicatedtletthiswasalsotlecase

mnentlelympnocytesweretriggeredwithsubcptimelorqntinel

cancentratiesofanti-cn. mdertlealboptimalorcptimal

stimlatorycaditia'susedintleecperinentsdescribedabcve(o.6and



 

 

W ma %Tac+cells (%V) m

 

0 Absent <2

0 Present 46.3 114

1 x 106 Present 34.9 (-25) 112

5 x 106 Present 26.5 (-43) 67

10 x 106 present 4.2 (-91) 86

 

3‘ silent-s of mac (1.25 x 106 cells/m1) with or withoutW

wereincubatedwithorwitlmtSug/mlmAfor4B hr. 'Ilecellswere

stained with anti-Tao and fluorescein-labeled goat F(ab')2 anti-wee

IgG. 'nepercentageof'l‘ac+cellswascalanlatedaftersnnbtractingtle

background of nonspecific labeling (see Materials and Methods).

mrcentvariation (%V) withrespecttotlevaluecbtainedwithm

alone = [(value with parasites - value without parasites) / valne

without parasites x 100]. This set of results is typically

representative of two separate repeat experiments.
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Figure 1. Effects ofWonIlzRenpressimbylumen

lynfinccytes. Pacvere inncubatedat 37'C for48hourswithPHAor

arnti-w3meeclonelantibodyintlepresenceorabsenceof5X105L

cunt/ml. The cells were precessed for flow cytanetric anelysis as

describednmder'rable 1. (A) ResponsestoanoptimalmAconeentration

(5 ug/ml): ma, 55.0% nac+ cells, are: 120; mm, 40.3% 'rac+

cells, MFCh 103. (B) Responses to a subcptimel HiA concentration

(0.6 cells ug/ml): ma, 28.6% Tac" cells, m 126: mm,

19.6% nac”, men 109. ((2) Responses to an optimal anti-CD3

concentration (25 ng/ml): anti-CD3, 41.5% Tac+ cells, m 137; anti-

mm, 27.0% Tac‘" cells, lit-On 121. (0) Responses to a

suboptimal anti-CD3 concentration (6 ng/ml): anti-CD3, 20.5% Tac+

cells, m 133; anti-mm, 16.0% Tao" cells, MFCh 117. In

control Parantures (no onranti-Cm), theprcporticn of Tac+

cellsnevereaceeded4%. 'Ilesetsofdata forPHA-andanti—Cm-

inducedresponsesarerenresentativeoffiveandthreeseparaterepeat

enperiments, respectively. Misdemeandnamelmmberoftle

logaritlnm of tie fluorescence intensity.
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HE, 5 119/101 88.5-36.0 31.81-2.5 {-64) 353 435

HR, 0.6 ng/ml 54.511.1 23.5-30.6 (~57) 4 25

Anti-C133, 25 ng/ml 36.7i0.8 16.2-31.2 {-56) 31 18

Anti-(1)3, 6 ng/ml 6312.4 3.41-0.6 (-45) 1 7

 

a mac (1.25 x 106 cells/ml) were incubated at 37'C for 96 hours

withPEHioranti-afinnioclmalantibodyinthepresenceorabserneof

5 x 106 parasites/ml. Each culture received 1 mi 3H-thymidine 24

hours before termiration. All values of 3H-thymidine incorporation are

acpzessedastlmsarflqm. 'mebackgrunflvaluesobtainedwitrmt

mitogen (0.2 and 7.0 for mac wl‘tures without and with parasites,

respectively) wexembtractedfmtboseobtainedinthepmesenceof

mitogen. A11 differexms between values datained with arr! withalt

parasites were statistically significant (1150.02, Student's "t” test).

IL2 activity was cornmrtly determined in the supematants of 48-hour

Parmlun'essetupasdescribedabave. 'medifferencesbeuleenm

levelsintlzeabserneardpreserceofmmremtsignifiwrt.

8V, see legend to Table 1. 'Ihis set of data is typically represent-

ative of three repeat experiments.
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5 ug/ml Hm, respectively, and 6 and 25 ng/ml anti-(1)3, respectively,

with 1.25 x 105 par/ml), the levels of 11.2 activity found in the

alpematantswerenctdecreasedbythetrypamsmesardincccasialal

instancesIL‘z levelswere, intact, greaterinthepresenceoftl'le

parasite than in its absence. We previously reported that supraoptimal

culture conditiore [i.e., higher mitogen (25 or 50 ug/ml FHA) and mac

(5 x 106 cells/ml) concentraticms] result in reduced IL2 production in

thepresenceofmj. (15). WienwetestedtheIIZR-eqlressing

capacityofmmanlynplccytesmderthesealpraoptimal conditialsin

thepresencecftheparasite, theprcporticns ofTac+cells inalltures

stimlatedwith 25 andSOug/ml HIAwem 22 and45% lower,

respectively, than those famd in parasite-free alltures; IL2 activity

was reduced by 24 and 32%, respectively (data not shown).

Acmpariscm ofthecmcentraticnsardviabilityofthemdc

revealed that the presence of the parasite caused no significant

difference in these parameters 48 hr after allture initiation. 'Ihus,

for exanple, in a representative experiment, the mac concentrations

neasmedat48hrinfl1eabsenceampresenceofmiwerelx105

(99% viable) and 0.9 x 106 (99% viable) mac/ml, respectively, when no

mitogenwaspresent. 'nlecorrespaflirgvaluesinthepreserneofs

ug/ml ma were 0.9 x 106 (99% viable) and 1 x 105 (99% viable) mac/ml.

'nlevaluesobtainedafter96hr, intheabsenceofmitcgen, were6.5’x

105 (99% viable) and 7.8 x 105 (92% viable) PRC/ml, in the absence and

presence of parasites, respectively. BIA-induced lynfimroliferatim

andthewppressiveeffectoftheparasitewereevidentafter96hr;

1.5 x 106 (96% viable) and 7.8 x 105 (90% viable) PRC/ml were present
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inwluneslacldngarriccntainingtbeorganiss,re@ectively.

Althadghthereweresmefluctuatimsinthew-aniSG-hrmc

canartretimsfranexperinenttoeuperimmt,uledifferernesorladc

of difference summarized in the preceding senterms were consistently

observed. Mirathe96—hraflturethereweremininalvariatimsin

total parasite calcentraticn. Hmever, the prqaorticn of ,

trypanstimtes(loo%atfl1einitiatimcfthewlm)vlasredv.nedto

amintelysotand4o%after48and96hr,respectively,vhether

mitogenwaspresentormt,therestbeingmstigcte—likeorgarfisns.

Epimastigcte fanswerenotdetectable. Inthevaricusexperiments,

3H-thymidine incorporation by the parasites alone represented 5 to 15%

ofthecpncbtainedwithparasitesplusPBCstimlatedwithonr

anti-CD3. 'nliscmtrihxtim,partofthebadcgruni,wassubtracted

fruntheexperimentalvaluespresentedin'rableszandB.

Wehavepreviwslyslmttntmdcesmtabsorb,cmsmneor

inactivateII2(15),ru1ingaxtramvalofthislynfiloldnebytbe

parasite as the suppressive nedlanisn. I-Icmever, because lymlccytes

fruninfectedmicereccvertheirrespmsivaesstomitogerscrantigms

after addition of exogenous IL2 (12, 16, 17), and IL2 lip-regulates the

expressicnof itsamreceptor(24),wetestedthepossibilitythatthe

lynfilccytesaffectedbytbeparasitemighthaverwiredmremthan

mspreducedbymitogen-stinulatedmmmmallyexpressmm

proliferate. Asstnmin'l‘able3,neither112Renq>ressimmrthe

1evelof3H-thymidineuptakereumedtorormlityafteradditimof

250mits/mlIL2. Similarresultswerecbtainedinexperimentsin

midldcsesofIIZuptOGOOmits/mlwereusedard3H-thymidine
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incorporatimwasdetermined (Table 4). Incartrast, substantial and

total rewveryofWWW1Wreapmseswas

detained with 100 and 250 units/ml IL2, respectively.

Wetestedthepossibilitythatmimayhavehhibitedm

preductimbymmanmcrophcges/nnlocytes, thus indirectly affecting

lynphccyte ftmcticn. Macrqilages/naiccytes irmbated with suppressive

cormtratialsofmsecretedgreaterammtsofmthan

replicate cultures irmbated witlmt the parasites (Table 5).

Furthermore, theparasitedidmtdecreasemprcductimstimlatedby

anctheriniucer, IPS.



 

 

 

cells 112 cells celle+ cells+ 0e11s+ %5

firm (U/mll alone 1142:1121 FHA W

Mouse 0 1.6-10.6 6.9+0.1 30.0103 5.0102 83

spleen 100 4.110.5 18.110.4 46.612.2 24.810.6 17

250 7.310.5 14.710.2 51.712.3 35.211.5 -17

Human. 0 0.710.2 2.210.3 81.0:2.0 36.110.6 55

blood 100 1.310.1. 2.310.4 78.312.9 36.5:0.4 55

250 2.010.5 2.9:0.9 85.4:1.0 36.211.5 55

600 3.0:0.1 2.510.2 70.711.2 34.910.3 57

 

a msesplemcells(2.5x105 cells/ml)wereco-culmred

with 2.5 x 105W for 72 hours (13). Hanan Paar: (1.25 x

106 cells/ml) were oo-cnuued with 5 x 106mm for 96

Inns. H-lAwasusedatSug/ml. Allvalueso£3n-t1:ymidire

imporatimareexpressedasttnlsardqm. %S,percentappres-

simwithrespecttocellafimintheabeenceofemgamsnz.

'nlissetcfdataistypicallyrepreeentativeoftworepeatexper-

iments.



 

 

 

Supernatant of Sipernatant dilution

unlocytes/macrqilages plus 1:6 1:18 1:54

No parasites 0.3 1 0.0 0.6 1 0.1 0.6 _+_- 0.2

5 x 106mm 6.7 1 1.8 3.3 1 0.8 3.2 1 0.6

1 x 107W 5.7 1 1.7 3.2 1 0.6 2.3 1 0.4

res, 20 ug/ml ‘ 9.4 1 2.1 5.2 1 0.8 1.2 1 0.3

LPS + 5 x 106W 10.1 1 0.4 8.5 1 1.8 4.3 1 0.8

res + 1 x 107mm 8.8 1 1.8 7.1 1 2.1 3.0 1 0.5

 

a Miocytes/macrqi'lagesmrewlmredatfl'cinnedim

alaleorcmtaininglpsinthepresenceorahsenceofmfor

24hours. Dilutionsofthesupematantsweretestedforpctent-

iaticn of nurse thymcyte proliferation (3’H-thymidire uptake)

irrlucedwithamboptimaldoseofmun. 'nlealper'natant

dilutimsrepresentfinaldiluticreinthewluuemedimn. 00:1-

trolvalues: 'nlymcytesinmediumalaieso.41o.l:thymcytes+

IPS=O.410.0. Allvaluesareeaqaressedinthmsardqn.
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DISOBSICN

'meserealltsrevealtlleabilityofmitoimjbitm

expressimbytnmnl'lynfincytesactivatedeitherbyamitcgenic

lectinorbyengaganentoftheirantigenreceptorcorplexwitha

qaecificnaioclcnalantibody. Asfaraswelmow,thisisthefiret

tinethatanyparasitehasbemdemnstratedtodirectlyaffectm

expression, an early event in lynphccyte activation which plays a

crmialrcleintheabilityochellstoproliferateardmmtimme

responses.

'niereductiminthepercentageofcellsexpressingmirdicated

thatthesuxpressiveeffectofmimssoprunmcedasto

virtually abrogate this ability in a significant prqnorticn of

lynghccytes. 'Ihe inpressive reductions inm (a logarithm-based

paraneterrepresentinginwrstrdiesthesurfacedensityoflac

antigen) indicatedthatevenmthoselynphocytesmmidarrznprotein

vasstilleaqaressed,theextenthadbeencmsiderablydiminished. If

unsecmseqmmsoflynfincytearpomretomiccamedalsom

mpflleyvmldbeeaqaectedtoinpairthetnst'simmocmpetenceby

reducing lynploproliferation induced by IL2 and irhibiting the

proliferation of inportant effector cells. 'mis would in turn

facflitateflledissanixatimofmiduringtheawtephaseofflle

infectim, i.e.,vd1entheparasiteispresentintissuesarfl/orbody

fluidsinlargermnflaers. Inthelatterccnteact,itisrntavcrthythat

theparasiteconcentraticnsfcmflinthisvnrktosqpressm

expressimareinlinewiththcsefamdintheblcodcfaartely
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infected mammalian hosts. Furthermore, immcsuppressionmcst likely

develops at the lynphoid tissue level where parasite concentrations may

reach even higher levels, at least focally. ‘lherefore, ca'diticns

similartothcseusedincursmdiesarelikelytoccalrinawte

diagasic patients, inadmimmcsuppressimhasbeendcctmentedun.

Wepreviarslydanmstratedthathmanlynfilccytesuppressicn

resultingfrunco—culhnewithmiismtduetomtrialt

consurrptim since culture medium "spent" by the parasite was as

effective in supporting mitogen-stimlated mac proliferation as rock-

treatednedimn(15). Influtshfiymalsostmredtlnthoes

mtabsorborconsrmem,arrithatimmcsuppressimismtdueto

ircreasedmxillingbytheparasite. ‘Ihelattercbservatimwas

cmfimedinthepresmtwcrk. Inadditim,theparasitedidmtbind

anti-Tao or the fluorescein-labeled F(ab')2 anti-mouse 196 used as

"accord antibody" and, therefore, cculdnothavereducedthe

cmcentraticnscfthesereagentsinctmflcwcytmetricsmdies. We

stnwrmfllatmincreases,rathertlandecreases,mpmductim

byhmanmnccytes/macrephagesanidcesmtdecreasemsecreticn

stimllatedbyamtherinducer. 'meseresultsarguestrenglyagairet

the notion that the suppressive effects ofW, includirg

inhibitedIIZRexpressim,ccx11dbeacmseq1enceofinpairedIm

producticnorsecretion. Wmexpressimwitlum

calcanitantreductimcfeithernzprcdtntimbylynrhccytesorm

secretimbynacrcfiiages/wncytesamearetopointtomeocpressim

as selectively affected by the parasite to irhibit lynphocyte

cmpetence. SinceIIZRprcteinexpressimstartsammithrafter
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mitogenic stinulaticn, peaking at 48 to 72 hr (25-27), the bicdlanical

event(s)targettedby1,_gpzj,istraoedbyourresultstothevery

early stages of lynphccyte activation.

Althcnghmsecretimwasmtifllibitedbymarflthe

parasite has been shown to suppress mitogen-stimlated proliferation by

mmnlWevmaftermncyte/mqhagedepletim (15),the

presentrealltsdorntnflewtthepcssibilitythatmmy

ezppreesmmanlymncytefimtimatleastinpartbyalteringomer

myte/mcrqilageaccessorycell functicn(s). 'Ihispossibility

deservesattentimbrt,wd1atevertheresultunnsalttobe,thefact

willranainthataneanressimwasmarkedlyifllibitedbythe

parasite.

Wi-imiuced suppression appears to be achieved by different

pattmaysinmusearrimnnanlynfilccytes. mis,mcusebltnctmman

lynfilccytesqpressimcanbecorrectedbyeaoogernism. Several

groups of investigators, using different experimental systems, have

showntherecoveryofimmeresponsivenessbylyndlccytesfrun

infectedmice(12,16,17)upmadditimofeanogern13112andwereport

heresimilarresrfltsformnalnnlselynfincytessuppressedm

mm. 'nlesecbservatiaisslggesttlBtMRaremrmally

expressedmthesm'faceofttennlselynfincytessimetheywmldmt,

otherwise,beabletotransducethelynunldnesignalandreccver. In

cmtrast,nornalpmductimofn2byrnmnlynfilccyteswasreadily

denmstrableinamsuldiesardfllesecellswereircapableofutilizing

eithertheendogenouslyprcducedorexcgernlslyaddedm.
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Under optimal stimlatory ca'ditimsm irhibited ILZR

expression without affecting I12 production. However, the parasite

can, m'derwpracptimlcorriiticns, suppressbothILZRandIIz

productim (15: this paper). 'Ihese results infer that, regardless of

functional lynphocyte performance dictated by environmental cmditicns,

the parasite invariably inhibits 112R expression. 'mus, availability

ofnzwculdnctameartobeaninportantissueinthecaseofmman

IWWWW. probablyexplairfimwthe

increasesinnz levelscccassimallybr'oughtabartbytheparasite

werenevertheless accatpaniedbyinpairedresqacnsiveness. mess

sporadicircreasesmighthavereflecteddecreasedIIZutilizatimdue

toreducedIIZRexpressimoractuallyemlamedIIZpremctim.

thiever, thepreciseexplanaticn forthisplernlenonhmldnctdetract

fran the fact that the suppressed expression of 112R or lynphoprclif-

eraticnwasindependentcfthepresenceofanpleamotmtsofm inthe

allture medium.

It is retailer-my that, occasionally, we observed that, whether FHA

oranti-C‘mwasused, tl'letypicaldecreaseinslrfacedensityof'rac

antigen and suppressed lynphccyte proliferation were acccmpanied by

onlyanodest reduction inthepercentage of Tad" cells (<15%). High

Iacantigendensitycorrelateswiththepresenceofhighernmbersof

high-affinity 112R (F. mscetti, personal camunicaticn) which

internalize 112 leading to lyndlopreliferatim (28-30) . In this light,

suppressed proliferatim and decreased Tao antigen density without a

concomitant significant reduction in the percentage of Tac+ cells could

result fran altered eacpressicm of high-affinity ILZR. since high-
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affinityIIZRcmsistofanalflradiainwhidlcontainsthe'lac

epitcpe)andabetad1ain(31), theseresults indicate thatm

mightaltertheexpressicnofthebetadlainaswellasthatofthe

alphachain. Midlremainstobedcnebefcrethenedlanianof

suppressedIRRexpressicnreportedhereiniswellmflerstcod. 'Ihe

defect my exist at the level of transcription or translatim of the

IIZRgeneorinitstrarsporttothecellmalbrane. Eglally

interestixgtolonwismemerotterlynrhocyteactivatimmrkersare

alsoaffectedarritheneansandmediators,ifany,bytdfidlm

inhibitsIlzRexpreasicn.

Inclcsing,we9mldliketopointoutthepossib1eusefiflnessof

theinfltrgsystanusedinthisworktosmdythenedianisnofm‘

Mamim in the exploration of early regulatory events in

mmanlynphccyteactivaticn.
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Acuteinfectimwithnymngsmgzmzjr leadstoastateof

depressed inuune responsiveness, and oo-cultmre of the parasite with

normal human peripheral blood monoruclear cells surpasses the ablility

of the latter to proliferate upa: mitogmic stinulatim. We have

previaislystmmtlntmidecreasestleeamressimofflm

interlmkin 2 receptor (112R) , an early lymmyte activatim narker

P
h
i
-
“
'
7
V

admisrequiredfor‘roellgrowth. Inordertofurtlerexplorethe

initial stages of I‘m-induced immoaqpressim,‘ we have

determiredtheearliesttineatmimareductiminMReoqarmsim

maybesem. Wmfanfitosuppresstleeaqaressimofunm

asearlyasétoiZhrsafteractivation,unearliesttinesatwhich

mismarkerisfomflmtlnoellairfaoe. Furthermore,this

sippressimernmpassesboththelmanithehighaffinityfomsofthe

receptor. 'Iheexprossia:ofthetransferrinreoeptor,anothergrowth

factor reomtor necessary for lynfinproliferatim, is also reduced -

thisdecreasemtbeirgobservedmrtilwhrsafterstinulatim. In

oa:trast,L_gmz1wasm:abletoimibittheexpressimofEAl,the

earliestreportedToellactivatimnarker,attinesrangingfran6to

24hrs. Sirnetrnmpressimofflnmhrtmtmwasdecreasedat

12ard24hrs,theimmosuppressia:exertedbyl._mzimybeofa

selective nature, affecting only mecific parameters of lymncyte

activation. 'Ihis specificity may provide a key in overoaning the

parasite-Mud immodmressia: in the critical early stages of

infection.
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MW

fireaaitepnseofWiinfectimismarkedbya

state of imnnsqpressiminbcthw: (1,2) andmice (3-11). Co-

culun'eofeitlnrmrmlmzsesplemcells (12)ortmmanperifi:eral

blood muclear cells (par) (13)wifl1L_mgz_itrypaxastigotesalso

decreases theirproliferative respmse to avariety of mitogens.

Severalinvestigatorshavereportedadecreaseininterlandnz (IL2)

productionbyspleen cells frun infected mice (8,9). SinceIIZisa

lynpholdrerequimdforwoeugrwmamitsaaditimtowiunasof

lynphocytes frun infected mice was able to restore inmmoglcbulin

production: (9-11) and '1' cell blastogenesis (chapter 3), it appears that

deficient 112 secretim is responsible for at least sane of the

manifestations of I‘m-11m immomppressia: in mouse queen

cellcmltures. misismttlncaseformmnm,wherefl:ereism

decrmseinmprodictionwderoptimalculhirecorditiors (Chapter3)

ardexogermsmismabletorestoremitogm-stimlatechell

proliferation (13). 'B:eexpressionofII2receptors(I12R) mPflc,

however, isMibitedbymi (Chapter3). 'Ihisinhibitionwas

fanfltoocwrat48hrsafterTcellstin11atim,atwhid:time

receptorecpressimpealcs(l4)-

Inthepresmtreport,wehaveenaminedtheexpressimoftheII2R

overtime,inordertodiscovertheearliestpointatwhid:1,_mi

affectsthisactivatimmrker. Wealsotsstedwhetherthedocrease

included the biologically active high affinity for::: of the Inn (15).

Finally, we examined the specificity of mi-irriuced
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immosuzpressimbytostirgtlneffectoftlnparasitemtle

expression ofthnctlnr'rcellsurface activatimmarkers.
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WWW

Parasites. Trypanastigotes of mi (‘I'ulahuen strain) were

isolated frat: the blood of Crl-CDl (ICR)m mice (Charles River

Laboratory, Portage, MI) infected two weeks previously with 2 X 105

parasites. Purification involved omtrifugatim over Ficcll-Hypaque

(density = 1.077) (16) followed by [RAE-cellulose dmmatografiw (17) .

_
1
‘
.

Afterhnmstdrqswimm 1640 (Gibco, GrandIsland, NY)

surplanmtedwitthOmitspmicininarleOugstreptanyciJVmLthe

par'asiteswereresupendedatafinalccncerttratimofsxm6

trypouestigotes/ml in the above medium containing 5% heat-inactivated

(56'C, 20 min) fetal bovine serum (Ran-.5953).

Pefiparalbloodmuflearmllsm. PECwereisolatedas

previously described (13) andbroughttoa firal concentration of

1.25 x 10‘5 cells/ml in means.

Irdirectimnnfluorescane. Pacwereincnbatedat 37'C forthe

desiredperiodsoftilxeinu-hellplatesintlnpresalceorabserneof

5 ug/ml pytohangglutinin (FHA: Sigma amid-:1 00., St. Iouis, m) or

CRIB (Ortho, Raritan, m) ata concentratim of 12.5 or 25 Ira/ml

(deperdingmttebatdlutilized). mrnulvolmeottheonunee

rangedfr'anLStozm. meedtosmeofflewlmat

their initiation and replaced an eqiivalent volume of RRIB-stm. At

varioustimasaftermitogmicstimlatim, cellswerererncved,washed

three times by cartrifugation with phosphate-buffered saline omtaining

ltbovineserumalbtmin (Sigma) ardirnibated for30minwiththe

desired first antibody [anti-Tao, a gift of Dr. T. A. Waldmann,
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Natimal Institutes of Health; ORE (Ortho): anti-EAL agif‘t of or. S.

H. m, Oklahana Medical msear'ch Fun'datim, Oklahala City, (1001' 12

ug/ml caltrel mouse Igc(oa1bioam, IaJolla ,om. Afterbuo

washesuthe cells were irmbated with the seca‘d antibody, F(ab')2

fragmentof fllmescein-cmjugated goat anti-mouse Ifi (1:6 dilution;

TagoImmodig'nstics, airlingane, CA). Cellswerefimedinn

fomldehydeandamlyzedinammflwcytmeter,readingtm

tlnusardPBCforeadlcaflitimardgatirgammiardcell

debris. Mmtageofpositivecellsineadlassaywascnlmlated

aftermbtmctirgthebadcgrunfllabelirqwtainedwiflica‘mlm

14;. Demandnmelnmberofflmlogariflmoftleflmreswne

intasities (IN)wastheparameterusedtocatparetherelative

dmsity ofthetargetantigmsmtrediffermt populatims. the

logarithm of fluorescence intersities was distrituted over 256

chattels.

maffnatyIZSf-nzemimaeeay. PBCwereirnubatedinthe

24-wellplatesasdescribedabcveinthepresmceorabsenceof5ug/m1

Hmwithorwiflnrtmformsms. 'Ihecellswerethmwashed

three times by centrifugatim with Hank's balanced salt solutim,

inmbatedforcrehan'atBTCtoranveendogenwslypmducedIszrun

theoells:rface,vashedbuoadditimaltines,arriresuspe:fledin

RHfl+10%FBSca:tainirg25nMHEPESarrio.l% sodium azide (binding

medium). GemillimviablePBCfroIneachcaflitimwereimlbatedin

triplicate with 150 to 200 :14 1251-112 (specific activity - 900 CW:

Amerslm,Arlir:gtheights,n.)inbinirgmedi:minatctalvolmeof

150ulforlhratroantarperamre. 'miscornmtratimofIIZallcws
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bindingtohighbutmtlwaffinityILZRuB). 'Ibdetermirethelevel

of naspecific birdirg, l x lo6 mac were incubated in triplicate as

described above with ISO-fold molar eamss of unlabelled 11.2 (Cellular

Predicts, Buffalo, NY) replacing an eqaivalmt volume of binding

medium. 'nereactimmixturewastlmlayeredcverawshimofzoom

omeflc'sbalarcedsaltsolutimoartairfimlecrosearficentrifuged

at14,000XGfor5min. Reamer-retantwasaspiratedandthetipof

unumecmtairfir'gtlepelletwasaralyzedinagamcamter

(Micrunedic Systems, Horsham, PA). 'Ihelevel of specific bindingwas

detemiredbymbtractingtheneanvalueofbirdingmtinhibitableby

cold IL2 unspecific minim) from the mean value of total 125:-11.2

bandtotlecellsardwasexprmsedindpn.
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Imeadditicx:of:1;,_c_;mzj,trypauastigotestocailturesofrnrmal

mac decreased the expressicx: of the 112R (Tac antigen) (19) following

mitogmicstimlation(‘1‘able1). 'Ihisdecreasewassemasearlyaslz

hrsafteractivatimarripersistedmrtilatleastéOlnirs. Ina

separatemperinent,areductimwasalsonctedat6hre,theearliest

tineatwhidlthereceptorcanbedetectedattlncellmrface (data

notshcwn). fledecreaseinIIZRexpressimelwmpassedbotha

redntiminthenmberofl‘acpcsitivecellsardinthedasitycfthe

receptor a: the positive cells (logarithm of MFCh) . Owasimally, the

decreaseinthefornerparameterwasveryanallorabsmtwith,

nevertheless, asiglificantdecreaseinreceptordersitystill

occurring (datamtshown). 'I'acexptr'essionwasirhibitedby:.'[_._m.lzjB

inmatestimflatimbybcmniAardm. Wdidmt

react with anti-Tao, renoving the trivial explanatia: that the parasite

wasabsorbinyfllisantibodyarridecreasingitsavaflibitytofllem.

'neanti-Eacantibcdyreactswithbofllhimardlowaffinityfons

oftheII2R(20)butmlytheformerisbelievedtobeactiveinsignal

trarsmission (21,22). Inordertodetermiremstlermiirhibits

the expressia: of the biologically active form of the ILZR, we next

performed binding assays using 1251-112 urrler coalitions in which only

high affinity binding occurs. 'Ihe data presented in Table 2 irdicate

thatm1 inhibits the expression of the high affinity IL2R.

Irdeed, the level of 1251-112 binding to PHA-stinulated pm: co-

entiredwiththeparasitewasappmximtelyemaltothatfanflm
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Table 1. BeEffectofmimflebcprmsimoffleanby

StimlatedPBc

 

Time iLIEEi.QE11s_LMECD.QZ;EQ§1§1!§_9§11§1

(hr) saucepan. IE!!H£¥EH£L_§:§¢§, passwords. frmrxcmu9+1;_grgzi

 
 

 

12 48.3 (103) 15.7 (89) 20.9 (106) 16.1 (94)

24 54.1 (112) 36.0 (88) 14.4 (100) 9.7 (95)

36 58.6 (121) 26.8 (90) 16.9 (101) 12.2 (91)

60 44.3 (123) 34.3 (92) 15.0 (88) 1.3

 

PHI:wereim1batedinthepresmceorabsenceofPHA(5ug/ml)or

01(1'3(25ng/m1)and/or1._gmzi(5x105organisms/ml) forthe

irriimtedperiodsoftime. Irflirectimnnflmrescercewasperfaredas

describedwdernaterialsarduetrndsusirgaIuOOOdilutimof

antidracastheptrimryantibody. oilturesofmirnibatedalaleor

infleproserneofmiweretestedsiwltarmlslyasnegative

cmtrels:1essthan9%ofthecellsmrepositivefor'rac. 'Ihissetof

results is typically representative of for repeat experiments.
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Tablez. ‘neEffectofmialtleBirflirgof 1251-II..2tot.l':eII..2R

UnierHigh Affinity amditiaIs

 

 

Material Specific IL2 Birding (dpn)

P31: 693

P51: + Rm 1819

m + H-IA + mi 570

m 295

 

mac (1 x 106 viable cells), which had previaisly been untamed

for60—65hrsint1:epresenceorabsa:ceofPHA(5ug/ml)ardmi

(5 x lo6 parasites/ml) , were incubated with 125:-112 under conditions

of high affinity binding (150 pm 1251-112; 38,776 dpn) for 1 hr. After

ramvalofm'bamdradiolabel, thecellswereanalysedinaganm

camterardmrspecificbiniingvassubtractedfrunuietctalmmtof

bound dpn to yield specific binding. Nonspecific binding was 373,

603, 461, arri 668 am for par, mam, PRC-Fm, and 1,,

m1 alae, respectively. All binding ca:ditia:s were tested in

triplicate. Inese results are typically representative of three repeat

experiments.



131

nonactivated mac. W itself bound insignificant levels of 125:-

II2,irdicatingthattheparasitewasmtca:petingwith£flCforthe

ligand.

mmisaeoffllefirstoellamfacenerlcerscf'rlymmyte

activatim. Recently, Imever, an earliermrkerhas bem reported

(23). 'Ihismlecule, namedearlyactivatimantigenl(EA1), is

detectablemttesurfazomells4hrsafterstimlatimwithH-IA

ardreadlesnexinellevelsofexpressimatlahrs. Inorderto

detemireearliertinesatvdfidlmimayslmressTcell

activatim, we next examinedwhether the parasite affected EAl

expressim, and if so, at which time the effectwas first observed.

Madditimofmtrypmastigotestoanmesofmmted

witheitherRHiorOKlBhadmeffectaltheexpressimofEAlattines

rangingfranétoflhrsofwlture ('I'able3). BothflenmberofEAl

positive cells and the density of EM per positive cell were similar in

thepreserneorabsaneofmi.

Inordertoftir'tlerenmiretlespecificityoftmmi-

induced immosuppressial, the possiblity of alteratials in the

mimofthetrarsferrinrecmtor(Tfl2),alate-amearingmficer

of lynphocyte activation, was explored. W inlibited the

elqlressimoftheTmecellstestedbetwemwanilehrsafter

stimflatimwitheitherfi-lerdCBfl'able”. Nodecreasewasseen

hhmthemaeremamiredatuhrsofciltme,atimeatwhidllav

hitsigrlifiwrtnmbersofcellsboreTflRmtleirmrfaces. Aswith

theH2R,thedecreasedexpressia:entailedbcthareducednnmerof

Tprositivecellsandalargedecreaseintlereceptordasity.
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Table 3. IackofEffectofLMmtheExpressimofEAlby

StimlatedPflc

 

  

 

Time i_EB1i;Qe11§_flWBflliflLJEEfl$§SEL9311§i

(hr) liltfliifli 1rmrxrruna;_sggpu, I!!IH<EUEI Irarhcmuad1;_grpzi

o 3.7 4.9 4.1 4.5

6 41.9 (79) 52.5 (88) 16.7 (73) 26.9 (71)

12 61.3 (86) 57.0 (87) 21.3 (76) 19.4 (74)

18 61.9 (88) 52.4 (94) 26.6 (77) 33.1 (80)

24 54.2 (89) 51.0 (92) 32.5 (78) 27.9 (81)

 

PBCwereimibatedintlepresenceorabsaneofPl-mwug/mnor

01m (25 ng/ml)arri/or1,_qmzj,(5x 10‘5 organelle/ml) forthe

indicated periods of time. Indirect immoflucrescence was perfaned as

described under Materials andllethcds using a 1:75 dilution.of’antiéEAl

astheprineryantibody. CilanesOfPBcincubatedalmeorinthe

presemeofmweretestedsimlltammslyasnegative caitrols:

lessthanSisofthecellswerepositiveforEAL 'missetofreailts

is typically representative of three repeat experiments.



Table 4. 'nleEffectofmimthefbpressimoftleTbey

Stimulated par:

 

  

 

Time W

(hr) rrrrhiaa: I!!KH£¥mHflL_gzuzj, Irrrhcmuo: pauc»osra+1;_grgzi

24 14.6 (97) 13.6 (106) 14.0 (105) 11.6 (109)

48 32.9 (148) 18.8 (128) 32.3 (147) 27.9 (121)

72 43.3 (170) 19.1 (116) 52.1 (160) 24.8 (110)

96 51.8 (172) 19.8 (103) 52.0 (155) 21.4 (104)

120 48.2 (157) 13.2 (103) 42.7 (134) 17.6 (102)

 

PHCwereinaibatedinthepreserneorabsel'ceofmAwug/mnor

OKI'3(12.5rq/m1)a1fi/or1,_m)zi(5X1060rganims/ml)forthe

indicated periox of time. Indirect immofluorescernewasperfanedas

describedmflerMaterialsardMethodsusirgOImastleprimry

antibodyarrifollavirgtlnmmfacture's ir:structia:s. oiltures of

Panimubatedalmeorintlepreserceofmiweretested

simultaneously as negative caltrols: less than 8% ofthe cellswere

positive for the m2. his set of results is typically representative

ofmrepeatexperiments.
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DISCIBSICN

milsabletodecreasetheetpressimoftheIIZRasearly

asGtothrsafteractivatimbyeitherttemitogeniclectihPHAor

Olu'3,anantibodydirectedattheTcellantigenrecertorcalplex (24)

(Table 1) . These times delete the earliest expressia: of this molecule

a:thecellsurface (l4)arriirrlicatethat1‘_,_mz_iisabletosu;press

veryearlydurirglynplocyteactivatial. 'Ihedecreaseinthe

expressialofthismarkercaminledmrtilatleastmhrspthelast

timetested. SinceII2Rexpressionpeaksat approximately 48hrs (14),

thisdecreasedocsnotappeartobeduetoameredelayinreceptor

expressial.

'B:eII2Risca1posedoftmod:airs,p55ardp75(25—27). 'lhehigh

affinity IL2R (Kd = 10'11 to 10'”) is oonposed of both p55 and p75,

while p55 ala:e is responsible for low affinity irrteractials with the

ligand (Kd = 10'3) (18,27,28) . Since physiological levels of 112 are

believed to be insufficimt to allow biniirr; to the low affinity

receptor(p55)ardbecausep55hasaveryslnrtcytoplasmictailmidl

maynct functia: in signal transductia: (21), allythehigh affinity

formoftlleanisbelievedtcbeactivejnm. 'Ihishypcthesisis

stregtheedbythefiniingthatcellswhidlexpressmlypSSare

unable to transmit a signal for cellular divisia:, but calversia: to

ttehighaffinityfomofthereoeptorinthesecellsleadstom

respasiveness (22).

'nleanti-Tacantibodyreact5withp55 (l9),andth:nbirrisboth

low (p55) and high (p55+p75) affinity forms of the receptor. Since low
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affinityrecertorsrepresertamroximately95%ofthe112Ralthecell

surface (18) , inmunofluorescmce studies using anti-Tao reveal

primrilytheexpressialofthisformofthereceptor. 'nledatain

Table 1, therefore, denonstrate a reductia: in p55 whid: occurs minly

intheformofthelowaffinityreceptor. Inordertoeicnirethe

effect ofW a: the levels of the biologically active high

affinity 1121:, we performed binding assays with 1251-112 under

calditials whid': permit ally high affinity birding. The data in Table !:

2sliowtlethigliaffinityn212arealsoaffectedbym. Infact, k

theamountof 125l-Mbanxibysn-stinulatedmafterenposmeto

mwas approximately that of unactivated PHI).

'nleabcvenorteddecreaseinhighaffinityreceptorexpressialis

corraborated by studies in which 1251-112 was cross-linked under

calditialsofhighaffinitybindingtotheIIZRalthemelbrams of

activatechellspreviously inwbatedintheprmerceorabsenceofL

M. Analysis by SIB-PAGE revealed a significant reduction in the

levels of both p55 and p75 (Gina and Kierszemlaum, persalal

caunmicatim) . Since all of the p75 present a: activated T cells is

believed to be coupled with p55, forming high affinity receptors (29) ,

thedecreaseinp‘75 epressimisasecaflpieceofevidenethatL

midsueasesthehighaffinityfomoffllem.

Reduced levels of Tao have been reported in several pathological

conditials, including pulmmary tuberculosis (30), A113 (31,32), and

WMinfection (33). It should be noted, however, that

inthelattercase, thereductialisduetoactialofsumressorcells

andisnotsemmlenthesetrypanosanmareco-ailturedwith
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lymiocytes. p-adremgicagmistshavealsobeenreportedtodecrease

Tac expressia: but not high affinity 112 binding (34), while in

systenic lupus erythenatosus, the levels ofhigh affinity receptors are

decreasedwhiletheTacartigmismlaffected (35). Ourfirdingisthe

first denonstratial, tothebestofourlmowledye, thataninfectious

ageltisabletodirectlyorirfiirectlyiMibittheecpressialcfhigh

affinityILZR.

unwisamthergrowthfactorreoeptorrequiredfor'rcell

proliferatim (36) “lid: is expressed at late stages of lynphccyte

activatim (37). Wmflscablemhhibitueetpmsim of

P
i

a
x
e
-
s
9
.
‘

thisreceptor(Table4). 'nlisinhibitialwasobservedfr'an48tolzo

hrsafterPBdCactivatialbutwasnotsemvmmcellsfranau-hr

allturewereelamined.

'lhe'l‘flzappearsalthecellsurfaceaftertheecpressialofthe

IIZRaniantibcdiestothelatterblocktheappearanceoftheTfR,

suggestilgthattheIIZRregulatestheTflRexpressia: (38). 'Ihus,the

decreasedexpressialoftheIIZRcausedbngmzimayleadtothe

reductialinthelevelsoftheTflR. 'nlisnaymtnemssarilybethe

case,hwever,sinceadecreaseintheexpressia:oftheII2Rissem

inAIIBpatiertswittmtacorrespondingdecreaseintheTfRCl),

denalstratingthattheexprossimofoRneyocalrintheabselceof

mrmallevelsofHZRardopmirgthepoasibilitythathzj.

irfilibitseadloftlwsereceptorsiniepeflently.

Wwasfanritollavemeffectmtleannmtofmwtigm

exprossedalPHA-orOKB-activatedPHCfl'able 3). Nornellevelsof

mispnsfinproteinherefan'dmmirmbatedwithmifor6to
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24hrs. Thelackofirhibitimwifllrespecttctllisnlarkermaybeale

toeitheraninsufficimttineofecpoalreoftlePBththeparasite

or-toaspecificityintleeffectsofmiupallynulocyte

activatim. In regard to the former possibility, it should be noted

thatIIZReoqaressia:isreducedby12hrs(Table1),vmereasEAlis

expressed at norml levels as late as 24 hrs after activatim (Table

3). As regards the later possibility, we have previously fund that

under optimal cululre calditials, m1 inhibits ILZR expressia:

(chapter 3) mnemtaffectingtheprodoctim of IFN-r (Chapter 2) or

n2(c:apter3),iniicatingthatmidoesindeedaffectscnebut

not all parameters of lynphwyte activation. This specificity may

prcvideakeyinovercanirlgflleparasite-irdnedimmoemressimin

the critical early stages of mi infectim.
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WWTIWactivatimviaflieT

cell antigm receptor-(D3 (cm-Ti) calplex. This immosuppreesion

involves a decrease in the proliferative respasiveness of lumen

peripheral blood monaulclear cells (mic), as well as the expressia: of

interlelkianeceptcrs(I12R),butnottheproductia:ofinterlendn2

(112). Inthepresmtreport,wehavefamithat1._gmzialso

suppressed Tcell activation througl: the C132 alternative pathway.

Proliferative resporses of PEIC to anti-Tl12 + anti-Tl13 were decreased

byco-ciltmewiththeparasiteinadose-depmdentfashim. This

decreasewasnotduetodeficient production of I12, since levels of

thislynfisldrevereaculallyirmeasedintlspreseseofm,

butmaybedueinparttoadecreaseintheexpressialoftheILZR. 1;.

misidecreasedthepercertageofcellsexpressingtheIIZRarrithe

dersity of this marker following sinnlation via (:32, although to a

lesser degree than following activatia: by FHA. Both the upregulation

of the levels of T112 of the cell surface and the expressia: of T113

wereinhibitedbytheparasite. mimsflusfausmemressT

cell proliferative respases by both the CD3-Ti and the T11 activation

pathways.
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mm

W,theparasiticagentof Chagas' disease, causes

a state of immoalppression during the early, acute {mase of infection

ofbcthmnnansandmice (1-4). misamessicn involvesboththe

cellularandthetnnnoxalarmsoftheimmerespmseininfectedmice

(5-8). co-antme ofmitxypanastigotes with 1mm frun

normlmiceortnmansalsodecreasesthepzoliferativerespmseof

_
*
”
I
'
fl
-
V
V

thesecellstomitogers (9,10) and,inthecaseoflnmanperifi1eral {a

bloodmonormclear cells (PBC),toanti-a)3 (Chapter 3),anantibody 5"”:

dizectedagainstthem-JriTcellantigmreceptorcamleu (11). The

abilityofWitoampxesszewasesofmrmalPflflmylie, at

leastinpart,inaredu:tionintheexpressimofthen2R(diapter

3). 'Ihisxeductionismtaccmpaniedbyadecreaseinthepmduction

omeflercptimlaflmrecafliticnsKhapterS).

In adiitim to the well-duracterized (133-Ti pathway of '1‘

lynphocyte activation, several antigm-Wit pathways have

recentlybeenreporteduz-M). Ofthese,thea)2pathwayisbest

characterized (reviewedinlS). CDZ['I'11,thesheeperytluocy‘te

receptor, lynphocyte function-associated antigen-2 (LEA-2)] is a 50 kD

polypeptidethatisexpressedmallthymcytesardmuireTcells

(15). Metalumproducedmxoclaxalantibodiesmiidmzeacted

withthreedistixctepitcpesman.'lheT111ardT112epitcpesare

expressedmalchellsaniazeupregtnatedupmactivatim,while

T113isfcm'dmlymactivated'rcellsardthymcytes. Anti-1'11;

antibody was also found to rapidly inluce T113 expressim (within 30



145

min) (12) . 'Ibe cubinaticn of anti-1112 and anti-Tug, antibodies

Wrestirq'rcellstoproducem (16), expressILZR (16), an!

divide (12). Since C02 is not associated with (103-Ti m the cell

surface (17) , it thus represents an alternative pathway of T cell

activatim.

Inthepresentsbudy, wehaveexaminedtheeffectofmm'r

cell activation through the an alternative pathway and cmpared these

results with our previous findings with the cos-mi pathway. 7
"
"
?
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WWW

Parasites. W trypcnestigotes ('Iulahuen strain) were

isolated frcm the blood of Crl-G)1(ICR) Swiss mice (Charles River

laboratories, Portage, MI) infected intraperitoneally with 2 x 105

parasites two weeks previously. me tryparastigotes were purified by

centrifugatim (350 x g, 45 min, 20°C) over Ficoll-Hypaque of density

1.077 (18) ard Inna-cellulose cinematography (19). After two washings

with 12m: 1640 medium (Gibco, Grand Island, NY) axpplemented with 100

units of pamicillinand loougstreptanyciJle, theparasiteswere

resusperdedatthedesiredconcentratimsintheabcvemedimn

containing 5% heat-inactivated (56'C, 20 min) fetal bovine serum

(Rm+5%F'BS).

mineralbloodmnlearcells (me). mewere isolated

fran the venous blood of normal donors by centrifugatim over Ficoll-

Hypaqueasdescribedabcve. AfterthreewashingsinRM, them

were resuspended at a final concentration of 1.25 x :106 cells/m1. Cell

viability, as determined by trypan blue dye exclusim, was always >99%.

Proliferatimassay. Pacwere incubated in96-well plates ina

volumeof 0.1ml inthepresenceorabsenceofeitherSug/ml

phytohemagluttinin (rm: Sigma Chenical 00., St. Innis, MD), 25 rg/ml

0K1‘3 (Ortho Diagnostics, Raritan, NJ), an antibody reactive with (.133,

or a 1:100 dilution of anti-4112 and anti-11113 monoclonal antibodies

(reactive with two distinct epitopes of €02; gererous gifts of Dr. S.

F. Schlcssman, Dana-Farber Cancer Imtitute, Bostm, 1%). Sue wells

alsocmtairedmiatcmcentratimsrangihgfm25t010x106
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parasites/m1 , which replaced an «pal volume of mamas. oiltures

wereinchatedat37'C, 58002 for96hrs, withluciofz’I-Pthymidihe

(specific activity = 2.0 Ci/nlnole; New England Nuclear Biotechnology

Systems, Wilmington, IE) beingpresentduringthefinal 24 hrs.

oilmreswereterminatedbyautcnetedharvestingardthelevels of

incorporated radioactivity were determined in a liquid scintillaticn

counter. Resfltswereexpressedasneanccmrtspermimrte (cpn) :1

standard deviatim of triplicate culmres.

112 Assay. par: were incubated in 24-well plates in a volume of

1.5ml inthepresenceorabsenceofSugHiA/mloraldOOdilutimof

anti-Tllz + anti-41113 antibodies with or wit-mm: s x 105m.

At 48 of incubation, cultures were centrifuged (350 X g, 10 min, 4'0)

and the supernatant was clarified by filtration through 0.22 uni-pore-

size filters and stored at -20‘ C m'rtil assayed for IL2. IL2 activity

was determined using the IL2-dependent crib-2 cell-line as previously

described (10). ResultsareeupressedasmitsIIZ/mlinrefereaceto

a standard IL2 preparation of 118-hr concanavalin A-stinnlated rat

spleen cell supernatants which was assigned a value of 1000 units/ml

(20).

Egressimcfuxenzn. 'lhecellpelletoftheabovedescribed

ciltureswaswashedthreetineswithnxcspiate-mffered saline

containirg 1% bovine serum albumin (m-EA) and subsecpently incubated

for 30minwithaflmrescein-ccnjugatedantibodydirectedagaimtthe

112R, anti-2A3 (Bectm—Dicldnsm, Mountain View, CA), following the

nemfacturer's instructias. After fixatim in 1% formalin, PEI:

(10,000cellsperconditim) wereanalyzedinamCSIVflcwcytmeter
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gatedtoeancltflemiarricelldebris. 'mepercentageofIIZR"

cellswascalallatedaftersubtractirqthebadcgrundofmmspecific

labelirg with flunrescein-cmjugated anti-leeyhole linpet henncyanagin '

(Bectm—Dickinsm). 'memeandlamelnmberofthelogaritlmofthe

fluorescence intensities (mam),distrib.rtedcver256dlam1els,was

usedtocmparetherelativedensityoftheIIZRmthedifferent

Demmimtimofflleacprmimofmzatfimr Ollturesof

Pausettpinn-wellplatesinthepresaxceorabsenceofPHAas

describedabcvewereirnlbatedforperidsoftimerangingfranétofl

hrs, washedwith 135-EA, and incubated for 30minwitha 1:150

dilutim of T112 or T113, or with control nmse IgG (Chlbiodlen, 1a

Jolla,Cm). AftertVDwasheswithPBS-EA,cellswereirmbatedfor30

minwith fluorescein-conjugated F(ab')2 goat anti-rouse Igsand

analysedbyflcwcytanetryasdescribedabcve. 'mepercentagesofmc

expressinnglzarriTl13werecachlatedaftersubtractimthe

Wof unspecific labeling obtained with the cmtrol mouse IgG,

ardtheMFChwasusedtodeteminethedersitiesoftheseepitcpes.
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mi decreased the proliferative capacity of PHI: stimulated

viaeithertheafiJricrtheanpatluaysoleynulocyteactivatim

('I‘ablel). 'medecreasedresqmsivenessmsdeperflentupmparasite

concentration, withlow levelsof alppressimbeirgobservedvmenZJX

loGWwexeused,ardmee¢em°rmppmssimlrmeasedm

theparasiteca'lcel'rtratimswereraisedto7.5or10X105organisns/

m1.

mididmtreduceIIZproductimbyPBCafterstimlatim'

withHiAorarrti—CDZ. Irrieed,I121evelsintheanti-CDZ-stim1ated

cfltneswereircreasedbythepresenceofWfiatamtstmn).

AsmallinzreaseinHZcornentratimsisccassimallyalsomtedvmen

PHAoranti-w3isthestinllant(01apter3). 'Iheexpressimofthe

EZRmsdecreasedbymfollcwihgactivationbyH-IAOranti-an

(Table2). 'misdecreasewasseenbothinthenmberofmcells

ardinthedensityofthereceptormthepositivecells.flmanti—CDZ

wasusedinactivation,thedecreasewasofalesserextentthanthat

weervedwithPI-IA. ItslmldbemtedthatLMdcesmtbind

anti-Mantibodies(alapter53ard4),therefore,thedecreaseinthe

levelsofIIZRobservedontheMwasnotduetotheparasite

reducing the availability of antibodies to these cells.
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'I‘ablel. WMitsBlastcgeresisbyBoultheTcellReceptor

andCDzPatlmaysa

 

334m incorporatim (cpn x 10'3) in the presence of

Stinnlus

 

H-IA 61.7 _+_- 3.0 20.9 1- 1.1 6.3 i 0.1 3.1 :l; 0.5 1.8 :1- 0.3

anti-m3 37.2 i 2.6 22.1 i- 1.4 12.0 + 0.5 5.6 _+_- O.3 2.3 i- 0.4

anti-C02 14.2 i 0.5 6.5 1 0.2 2.4 i 0.1 0.9 1- 0.3 0.4 i 0.1

 

a PRCwereiranatedforQGhrsinthepresenceorabsenceof

FHA, anti-CD3, or anti-Tllz + anti-’rl13 (anti-C132 antibodies) with or

withoutW in 96-well plates. One [101 of 3H-thymidire (334mm

waspresentperwell duringthelast 24 hrs. All differencesbetween

valmsobtaimdforcllmreswifllardwiflnrtmiarestatist-

ically signifiant (£50.05, Student's ”t" test). 'Ihese results are

typically representative of three separate repeat experiments.
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'Ihe Effect ofmm ILZR Dcpressim After Stimulation

byeither'HiAoranti-ana

 

Stimlus W %II.2R+cells

 

E
5

anti-C02

anti-(1)2

- 55.7

+ 35.9

- 48.9

+ 41.0

161

112

167

124

 

a PECwereirrzubatedforllBhrsinthepresenceor-absalceof

PHAcranti-‘I‘llz +anti-Tll3 (anti-C132 antibodies)ard/orL_mz1(5X

105organisns/ml). Mmimmsdeteminedasdescribedmfier

Materials and HEthods. Less than 6% Of‘the PEMC incubated in.the

abseneoinAoranti-cneapressedm. 'Iheseresultsaretypimlly

representative ofthreeseparate repeat experiments.

b m,neand1am1elmmberofthelogaritlmoftheflucrensence

intersities of positive cells.
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DISQBSICN

WdecreasedflleproliferativeresponsesofPBCstimlated

byeither FHA, anti-CD3, oranti-CDZ (Table 1). 11118 suppressimwas

dzservedwithcamltratimsofmirangingfrunz.5toIOX105

pansites/mlinadoee—depenientfashim. Simetheanpatrmyhas

recentlybeendarmstratedtobemlyactiveinmenorchellsandmt

innaive'rcells(J.A.Byne,J.L.Brtler,E.L.ReiJmerz,arr1M. D.

cooper, Abst. Ann. Meet. Fed. Amer. Soc. Bcper. Biol. 1988,msasa.,

vol.2, p. A1240.),thedatain'rable1arethefirst denmstratim of

theabilityothowppressrespasesofmrylenfincytes.

Anti-@isanarrtibodydirectedagairstthem-Tiantigen

receptor cmplex arri triggers T cell activation thrcngh this molecule

(11). oazlsamrkerfamdmanthymocytesmdmmrerlympmcytee

whose cell surface expression is upregulated upon lynphocyte activation

(21). Mantibodiesdirectedagainstthe'nlzard'l‘ll3 witcpes of

anamabletoactincmcerttostimlateMpmductim(16),II2R

expressicn (16),andcelldivision(12). 'Iheantibodyto'nlz,an

epitcpefamdmallrestimTcells,isabletoiniuceacmfirma-

ticnaldlarqeinanmidlallowstheexpressimofthem3epitcpe

(12). 'Ihealbsequentergagerentofm3byantibodythenleadstothe

abovenotedevents. Sinceaazismtassociatedwiththem-Ti

outplacmthecellsm'faceunanisinceitiscperativeinthe

stinulatim of (133' thymecytes (16), it thus constitutes an alternative

pathwayof‘rcellactivatim. Sincethispatmaydoesmtremirethe

presenceofmalccytes(12),thedatainTableldalastratethatL

L
!
‘
I
'
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miisabletoeuertitssuzpressiveeffectdireotlyupmtheT

1W-

merevimslyfamdmttodecreasetheproductimor

secretionofILZbyPBCstinulatedbyPHAoranti-afiurriercptinal

m1turecorriitims(chapter3). 'mepreserneofminm

culunesirrzreasedthelevelsofmfonowingstinflatimbyanti-wz.

misisoocassionallyalsoseenwmonranti-anisusedasflle

mitogen (Chaptera). 'memrierlyingcauseoftheaugmentatiminnz

levelsismtclearatfllistime,hrtmayhaveresultedfrunadecrease

intheabflityofthemminternalizearfidegradefliislynhddne.

Alternatively,I12productimmaybeincreasedbythepresenceof L

Minthecultures. Inthisregard,itslmldbemtedthat1,,

midoesnotreleaseIIZnordoeeitirducerestinglynphccytestodo

so(datanotsl'lown). Ithasalsobeenfanflfllattheparasitedces

causeareductiminHZproductimtmdersupracptimlstimllatory

corditicrs (s x lo6 mac/m1, 2 25 ugnwml; 10).

SimeTcellsquaosedtomidenlstrateareducedcapacity

toproliferateinthefaceofmrmlorabovemrmllevelsofm,we

nextelaminedtheeffectoftheparasitemtheexpressimoffllem.

Asmsprevimslyreported(10),miirmibitedflleexpressimof

theIIZRmm-stimlatedmcrableZ). BoththemmberofIDR"

cellsarrlthedensityoftherecqstormthepositivecellsms

decreased. Similarresultswereobtainedwmanti-wzvasusedasthe

stimlant,altknlghthereduotimwaslessprumcedtlnntlntsemin

HIA-stinnlated cultures (Table 2).

Preliminary results indicate that the upregulaticn of the T112
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epitope of 002 and the expressim of the T113 epitope of this molecule

midlocalrdllrimthefirstétonhrsoflynfllccyteactivatimwere

Mibitedbythepresenceofm inthecultures (datanotshown).

Workismrrentlyinprogresstodetemirethekineticsofthe

amressedexpressimoftheseepitcpes. Sincemidecreasesboth

the amber of activated cells bearing T112 and 1113 and the densities

of these epitopes on positive cells (data not shown), it is thus

possible that these events are at least partially responsible for the

sugaressed proliferative respmses of lynphocytes triggered via the (1)2

activation pathway.

meligandforthe'rllz epitcpeofcmhasrecentlybeen

identified as lynphocyte functim-associated antigen-3 (Ha-3) , a

glycoprotein present in endothelial, epithelial, and camective

tissues, as well as (:1 most blood cells (15,22,213). mile resting '1'

cells bind to a m-3-like molecule a: sheep erythrocytes, resulting in

rosetting (23), only activated T cells with enhanced expression of CD2

areabletobiniautologmserythrocytesmidlbearlower levels of

LEA-3 than their ovine comterparts (23,24). 'Ihe binding of '1‘

lynphocytes to the Im-3-like mlecule (:1 sheep erythrocytes allows

subsequent activation by anti-Tl13 (25) . 'me putative natural ligand

for the T113 epitope awaits identification.

'Ihe role of the C112 alternative pathway of T cell activatim is

mtcalpletelymrierstoodatthistine. However, thispatlwaynaybe

of particular inportance for the activation of (133' thymcytes by m-

3'* thymic epithelial cells during artogeny (26-28) . 'Ibe upregulatim

ofCDz andtheexpressimofthe'rllg epitopemactivatedmmre'r
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lynghocytes may enhance activatim via CD3-Ti and increase the avidity

of r cell interactions with other 1533+ hsnatopoietic cells (15,29).

milethedB-Ticmplexandanaredistimtentitiesatrinot

associated on the cell surface (17), these two activatim pathways do

havenutualregulatory interactims. Forexanple, therewvalofcm

fran the cell surface blocks activatim via 0132 (12) . Furthermore,

stimllatim by the C132 pathway indwes phosphorylaticn of CD3 (30). It

appears, therefore, that the CD3-Ti and C02 pathways involve separate

signalstraranittedthrulgiseparateanidistirctreceptors, each

system, nevertheless, being able to elnert regulatory effects upon the

other. Ourfirdings indicatethatWiisabletoirhibitT

lynphocyte activation through both of these pathways.
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AmendixI

millediates itsSuppressiveEffectViaaSecretedFactor

'meadditimofmitrypmastigotestomlturesofnorml

lumenPBiZhasbemshownintheprecedingdiapterstoslppressthe

proliferativerespmseaswellastheexpressimoftheILZRbythese

allsmiletheprodatimowaasmaltered. Inordertodetermine

whemermisimnnsugpressimreqniresdirectall-to-parasitecartact

orwhetherasecretedalppressivefactorexists,atestedthe

Wiveabilityofminthepreserneorabserneof

directall-to-parasitecontact.

Wtrypmastigotes were purified frm the blood of infected

miaasprevicusly described (1) arriresuspendedatafinal

concentratim of 5 x 10‘5 parasites/ml in mm 1640 medium (Gibco, Grand

Island, NY) containing 100 units penicillin and 100 ug streptanycinper

ml and 55: heat-inactivated (56°C, 20 min) fetal bovine serum

(Rani-535%). mmanPBCwereisolatedasprevimslydescribed (1) and

resuspendedatafinal canentratim of 1.25X106 alls/mlin

RPMI+5%FBS. Inordertotestmetherdirectalldto-parasitecmtact

is required forW to inhibit the proliferative respmse of PHI:

tomitogers,PBCwereplaadinthewellsof24-allplatesinthe

preserveorabsaxceofSug/mlphytohanagglutinin (Plimsigmaciemical

Company, St. Icuis, m). Ioeadiweu,anillioell-1minsertmsadded

(Millipore,Bedford,M). ‘1hisinsertcmtainsa0.45 um-pore—size

filter which allows mly the passage of solmale material between the
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twocalpartments. 'Ihevolmuesofmedimmtheinsideandartsideof

theinsertwereo.4and0.5ml,remectively. mimpresmtin

smeofthemltureseithermthemtsideoftheinsert(allowing

directcontactwiththePEC)orwithintheinsert(mdirectafltact)

and replaad an equal volume of RHII+5%F$ . Cultures were pulsed with

SuCiof3H-thymidine72hrafterinitiatimardharvestedat78t096

hr. Insateexperiments,theinsertswereranovedatvarimstimesof

mlulreandreplacedwithnawirsertscmtainingOAmlofRHlnsum

andSug/mlPHA.

 

'IheabilityofPflttoproduaIRwastestedbymeasurimthe

IIZactivityin48-hrsupernatantsofmlmressetupasdescribed

above. II2activitywasdeterminedusingtheII2—depenientcnlr2all

line (1).

'Iheeupressimoftheanwasneasuredeacinthepresenaor

absence of direct cell-to-parasite contact 48 hr after mitcga'iic

stimlatim(ciapter3). mailtswereexpressedasthepercentageof

lac+oe11sandneandiamelnmberofthelogaritmo£thenuoresoeme

intensites of the positive alls.

'medatapresentedin'lableslthruigh3aretypiallyrepresent-

ative of two to six separate repeat experiments of similar design.

Wasabletosumesstheproliferativerespasesofm

toHiAwhetherormttheallsarriparasitesaresqaaratedbya

Milliall filter (Table 1). Indeed, the suppressive apacity of L

mitesfliesameinbothcmditims. Itthusappearsthatthe

immosuppressiveeffectsofmiarenediatedbyasecreted

Expressive factor(s) (SSF). Whether this factor(s) originated
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Table 1. mi Suppresses Him P81: Proliferatim in the Absence

of Direct Cmtact with the Cellsa

 

PEA (5 ug/ml) W 3H-thymidine incorporatim (cpn x 10'3)

 

- - 1.3 i 0.9

+ - 51.6 i 5.9 I

+ contacth 21.3 1 4.1 E

+ no contact 28.7 1 2.3

5‘: 
 

a Niaty—sixhrcllulrespllsedwithSpCi3H-tllymidirieat72hr.

b "Ca1tact"referstothepresenceofdirectcmtactbetweenmlc

alum. "Nocmtact"denotesthat1‘_._mj,wasseparatedfrm

the PRC by a Milliall filter.
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intraallularlyorwasreleasedfruntheparasite's plasnamenbraneis

rutknown.

Next, the suppressive effects of 24 to 96 hr alpernatants ofL

mittypmastigoteculturesweretested. mile5x106parasites/ml

were able to decrease mitogen-induced lynphcproliferatim, the

alperratantsofthesemlmresaswellasthealpernatantoflxm7L

Wdidnoteffecttheincorporatimof3H—thymidinebyfim-

stimlatedPEC(datanotstnm). SincebothPHCandHiAwerealso

presaitinthemlulresandmAbirdstoandagglutimtesmia),

itisthuspossiblethatthismitogenoraallproductiniucesthe

release of SSF. To examine this possibility, the suppressive activity

of24to96hrallturesupernatantsof5x106mi/m1alaie,L

m1+5ug/mlH-IA,mi+l.25x105PBC/ml,orm+m

+HiAweretested:mneofthensu;pressedmitogelrirducedproliferb

atimofmmatamtshom). 'nius,theSSFappearstobelabileor

degraded, cmplicating attaipts to purify and characterize this

moleclle(s).

FurtheraipportforthelabilityofSSFweretheresultsof

stifliesinmimtheirsertcmtainirgmiwasretovedand

replacedwithanewinsertladdng parasites at 24, 48,or72 hr.

Thesemlblreswerepnsedwith3H-thymidineat72hrardharvested6,

12,0:r24hrlater. Whentheinsertscmtainingmirenainedin

the mltures for the duratim of the experiment, the proliferative

respasesweredecreasedapprmdnatelysacmparedtomflstimlated

intheabsenceoftheparasite(Table2). Wientheinsertswere

rawvedat72hr(atthetimeofthepllse)andharvested6hrlater,

1
:

-4
,“
'
7
"
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72hr

48hr

24hr

flA165

ez1m8

(85)°

8A113

(86)

n5133

(81)

”314»

(37)

4&1112

(26)

61.7 110.2

8.2 1 1.6

(87)

7.4 1 1.6

(88)

14.9 1 4.6

(76)

50.4 1 6.1

(18)

40.3 1 8.0

(35)

77.4 1 22.2

15.9 1 1.2

(79)

11.6 1 2.4

(85)

36.6 1 2.7

(53)

85.3 1 5.1

(-10)

82.5 1 1.9

('6)

 

a PBCareincubatedwithSug/mlHlAinthepresaiceorabsence

ofmi. AllculmreswerepilsedwithSuCi3I-l-fliymidine72hr

after initiatim. "Corrtact'referstothepresenaofdirectcmtact

betweenPBCarrimi. "Nocmtact"de:utesthatmims

separated frm the per: by a Milliall filter.

b olltureswereharvested6, 12,or24hrafterthepllse.

C mrcentdecreaseincmparismtothecorrespmdimmlulres

1mm-
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theextentofthesimessimmlflmsapprmdmtelythesaneasin

thosemlturesstillcmtainirgm,butasthetineafter

parasiterenovalircreased(12ani24hrpilses),thesuppressive

effectdecreased (76and53:, respectively). misdemeasein

aippressimovertinemsseentoagreaterexta'itintlnsemlbnesin

midltheinsertscmtainimparasitesvereranovedatwcruhrof

culture (Table2). SinceailytheparasitesthatselvesandmttheSSF

wasramved,theseresultsmggestthatthesuppressimisreversible

andthatSSFislabileaninustbecmtinlouslyproducedinordertobe

effective. The lability of SSF may either be intrinsic or my be due

tominternalizirgarddegradingthemlecule.

Inordertodeterminewhethertheinmmcsuppressimcausedbyjr1

mimfitheSSFaresimilar,severalotherparanetersoflynrtncyte

activatimwereexamined. NodecreaseintheproductimofILZunder

cptimalmlunecmditimswasausedbyeithermiorSSFflable

3). Incmtrast,SSFwasabletoirhibittheexpressimoftheII2R

(Table 4) ashadbeenprevimslyshown form (Chapter 3).

Insimry,1,_gmz1appearstosecreteasolubleamessive

factor which is labile andwhoseeffects arereversible. mm

and its SSF decrease mitogen-induced proliferatim and the expressim

ofIBRWfilenotaffectirgtheprcductimofIIz.
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Table3. azposmecfpactothessr'didmtmiibitmpmductima

alperrntant 3H-thymidine incorporation (qxn x 10'3) by crib-2

tested

1:; 1:4 1:8 1:16

PRC 0.4 i 0.0 0.3 1 0.0 0.3 1- 0.0 0.3 1- 0.0

PEER-FHA 20.6 i 1.7 12.0 _+_- 1.7 5.1 :1 0.8 1.7 1- 0.4

EDI-HEW 29.3 1- 1.6 16.4 i 0.6 8.7 1 1.8 3.2 i 0.3

maimssr’ 27.0 1 3.2 12.7 1 0.7 7.1 1 2.5 2.6 1 0.5

 

a Fbrty-eight—hrsupernatantsoftheindicatedallmreswere

tested for IL2 activity using the IL2-dependent crib-2 all line. 3H-

thymidine incorporation by CI'LD-Z alls iralbated in RPMI+10%F$ = 0.4

1' 0.2. SimilarirmrporatimwasproducedbyCIIL-zirmbatedinthe

aflhnesuperratantsofmstinulatedPBletnedinthepresenaof
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Tab1e4. ILZREbcpressimisDecreasedbythemhgngzj,$81:a

 

Lauri %Tac+ cells mib

 

- 51. 3 140

no contact 46.2 130

 

‘1 Facaairulbatedfor48hrwithPHA(5ug/ml)in

thepreeenceorabsenaofmpriortostainingfor

theTacantigen. 'Womntact"denotesthat1‘_,_mz_iwas

separatedfrunthePBflbyaMilliallfilter. Iessthan5%

cruiepmcincibatedaloneorexpoeedtosspinuieabseme

of PHAwerepositive for Tao.

b 'IhedersityoftheTacantigenexpressedasthemean

mamielmmberofthelogaritrnnofthefluorescenceinten-

sities distributed over 256 channels.
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APPENDIXII

minutiibitsthecrmthofSex/eralbltmtall

InlnortalizedCellIines

Lynfincyteactivatimirmlvesaseriesoftalporallydistinct

eventsastheallsmvefranthecorestimstageintotheGlstageof

theallcyclearrithenceamrdtomnleararflcytoplasmicdivisims

(1,2). 'meability ofmtosuppressTall proliferative

respcrses to mitogenic stimlatim may lie in the ifliibitim of any one

ormoreoftheseevents. Innortalizedalllines,tnwever,have

alreadyenteredtheallcycleandthereforebypassseveralofthe

activatimrequiranents. Itisthuspossiblethattheseall linesare

nolongerdependentupmtheactivatim event(s)whid1L_g_uzj

inhibits and may subsequently escape the antiproliferative effects of

theparasite. Inordertoexplorethispossibility,wehavetestedthe

ablilityofmtodecreasethegrowthofseveralalllires.

WWgotesareisolatedfrmfliebloodofmiaat

twoweekspost-infectimasprevicuslydescribedm) andresusperdedat

the desired cmcentratiors in RPMI 1640 medium (Gibco, Grarrl Island,

NY)cmtainirrJ100m1itspenicillinand100ugstreptmycinpermlarri

10% heat-inactivated (56‘C, 20 min) fetal bovine serum (RPMI-i-IMFBS) ,

or supernatants of cmcenavalin A-stinulated rat aleen alls (rat IL2)

forthesbxliesusingCl'IL-Zalls. 'menlrineIIz-deperdentcrurz

all line (American Type Clltme Collectim) , neintained by passage in

rat IL2 in a similar fashim to that previously described for Err-2
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alls (3),wascentrifugedorr=epriortouseintheproliferatim assay

arriwasresrperriedatafirelcmantratimonXlO‘alls/mlinrat

IL2. 'melnmenm'edherantmyelocyticUQ37 all line (American'l'ype

(moms collection) and the men T-lynfi'iotrcpic virus type 1 (arm-1) -

infectedHJTlOZBz cell line (4; providedbynr.War-renleomrd,

NatiaelIrstihrtesofHealth,Eethesda,m)weremaintainedbypassage

inRHlI+10%FBSardbralghttofirelca1antratiaisof1X105arr15X

105 alls/ml, respectively, in the same medium.

To test the ability of mi, to inhibit the proliferatim of

these all lines, alls were incubated at the previously indiated

concentrationsfor24or48hrinthepresenceorabsenceofserial

dilutims oftheparasite. CIIIrzaridmrrallsareiruibatedin96-

well platesinavolume of 0.2and0.1 ml, resqaectively, while U937

mltures were set up in 24-well plates containing Milliall filter

inserts (Millipore,Bedford,MA) inavolume of 0.91111 (asdescribedin

AppendixI)toavoidall infectim. CllttirescmtainirgcrIIrZare

pllsedwithlliCi3H-thymidine (qaecific activity=2.0 Ci/nmole: New

Englard Nuclear, Wilmingtm, 1136 hrbefore harvest, while those

ourtairdngU937andmrrcellsreoeiveda24hrpulse.oiltmeswexe

termiretedbyautmetedharvestirgardtheamomtsofincorporated3fl-

thymidine were determined with the use of a liquid scintillatim

coimter. Realltswereacpressedasmeanqm1lstamarddeviatim.

'mestainingofmn'allsfortheexpressimoftheIIZRwas

performedasdescribedinChapter3forPflnandtherealltswere

expmssedastheperceitageofmcellsardtheneandmmelmmer
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of the logarithm of the fluorescence intensities (145th) distributed

over256ohannels.

Thedatainlablelslmthatmwasabletodecreasethe

growth of arm-2 and U937 alls. Proliferatim of CI'LD-Z, an IL2-

deperdentnlrineTallline,vesreduadbythepresenceof1X107L

mi/mlafteruhr,while2.5X106L_gnni/mlwereeffectiveat48

hr. GrathofthehnanmyelocyticU937allswassuppressedby5X

105Wat 48hr(Table 1),while1x107 parasites/mlhadan

effectafterm1y24hr(datamtslnwn). Sincethemflcellsarflthe

parasiteswereseparatedbyaO.45-m—pore—size filter, thenoted

decreasecannotbearesultofinfectimofthismncyte—likeall

line.‘ It shmld be noted that the suppressive ratio of parasites to

allswas125:1andsoo:1 for crib-2 at 48and24 hr, respectively,and

50:1ani100:1fortheU937alls. 'Ihisisanuohhigherratiothanis

required to inhibit the mitaen-induced proliferatim of mmse spleen

cells (1:1:GiapterZ)ormmanPBC(4:l;dlapterl). Incmtrastto

therealltsobtainedwiththeCI‘IL-Zandm37alllines (Table1)or

mrnelrnmenperipieralbloodnumlclearalls(ciapters3arrl4),L

mi(5x105parasites/m1)wasmtabletoaffeotthegrmuiorthe

aquressimoftheII2RbleI‘10282allsafter48hrsofco—mlture

(Table 2). Similar resultswereseenwhentheparasite caicentratim

wasincreasedtolx107LM/mlwatamtshown). Higher

caicentratialsofmiweremttestedduetotherapid

acidificatim of the mlture radium under these ca'ditials (mplblished

observation).

'mefailureofmitoimfibitgrwthorIIZRexpressimof



171

Tablel. f];:,__g3;aj,DecreasestheGrowthofCl‘H.:—2andU937CellLinesa

 

  

WW

99.11.1113 1'. M05) 24 hr 48 hr

€11er none 13.0 1 0.1 44.4 1 0.6

1.25 14.2 1 0.6 44.5 1 3.3

2.5 15.3 1 0.5 27.6 1 0.1b

5.0 11.9 1 0.4 6.3 1 0.6b

10.0 7.4 1 0.2b 3.1 1 0.2b

U937 nme NDC 70.9 1 11.1

1.25 ND 78.3 1 4.1

2.5 ND 70.1 1 3.1

5.0 ND 44.5 1 6.3b

10.0 ND 24.8 1 3.7”

 

a 'meresultswithan-zandmnoellswereobtainedin

separate experiments, eachof whichwas repeated mthree occassims.

’0 p_<_0.05,forthezeductionsincpmwithrespecttothe

correspmdingcmtrol which lackedm, as calmlatedbyStudent's

"t"test.

c Notdetermined.
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Table 2. m1 does not Affect the Ability of KIT 10232 Cells

to Proliferate or Ecpress I12Ra

 

  

interial 3H—thymidine incorporatim 1mm cells logm

(M3)

HUT 14.6 1- 0.5 66.0 120

W 16.3 1 0.1 69.0 117

 

a 'meproliferativerespmseardtheexpressimoftheIIZRwere

tested separately in forty-eight hr mltures of HUT 10282 alls

unabatedwithorwitlmtsmeLmi/ml. Theseresultsare

representative oftwo separate repeat experiments.
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1111' 10282 alls may lie in the mechanim of their transformatim. This

cell lineisinfectedwithandwas immrtalizedbyumw-l (4,5). The

initialstagesofthisiumrtalizatimappeartoutilizeanautocrine

mechanismof growth, involvingthecmstihrtive productim of 11.2 and

the IL2R, which is inhibitableby antibodies to the 112R (5,6). later

evmtsleadtothelossofnz-depenienceandlackofIIZproductimby

saneoftheHI‘IN—l-infectedlines(reviavedin7). 'memechanismof

theentencedtrenscriptimofmmdmmamearstoraultfrm

the interactim of the transactivator gene product (tat-I) of HEN-l

withtheprcmeters ofthese allulargenes (8,9) whichbearsecpence

hanology withthe regulatory regims of HEN-1 (10). Inthe case of

theIIZRgene,theprunoterengagedbytat-1differsfrmttetaedin

thenornalactivatimprocess(8). 'medifferencesbetwemthegrowth

of normal activated perip'ieral blood mononuclear alls and HI‘DV-l-

infectedall lines (loss of 11.2-dependent growth, cmstitutive

expreaimoftheIIZR,arritheuseofadifferentI12Rpruwter)ney

explaintheabflityofmtosuppressgrwulammgpressim

intheformerbutnotthelatterase.

Inamuary,athighparasitetoallratiosm1isableto

suppressthegrowdmofalug—termm-deperrientliaardamorncyte-

like all line, but not HI'IN-l-infected I-IJT 10282 alls under the

cmditiaistested. ‘nlelatterfiniingalsosuggeststhatm-

induced growth-inhibitim of immrtalized all lines is not merely the

resultofnrtrimtcanmptim.

.
r
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WWWIQB

Astateofsugpressedinmmereactivityocmrsduringtheearly

stagesof infectimwithW. Eothallularandlumeral

arusoftheinumiesystau,however,areftmctiaeld1mirgtheinfec-

tim's laterstagesandplayavital roleinhostdefense. Itmaytluls

be hypothesized that the initial state of immosuppressim enables L

mi to establish itself intraallularly and that overcming this

phenawnmneyallcchlearanceoftheparasitebythelnst'simne

systanbeforethemsetofpathology. Itwasourgoal,therefore,to

deracterizetheinmmealteratimsmimmiirflucesinmmanT

lymiocyteswiththeultinategoalofdevelopingmearstoabrogate

theseeventsarrithembseqantocmranceofdisease.

Priortothismrk,lcuw1egeoftheextentoftheparasite—irmlced

imnnsqpressiveevmtsinlumanlynfincytesmsextrerelylimited.

Itvesslmhereinthatmiwasabletosuppressthe

proliferatim of human T alls following activatim by either the T

all receptor or the CDZ antigen-independent stinulatory pathways and

that the ability of the parasite to imibit the expressim of the

interlellanreceptorplayedakeyroleinthisprocees.

'nleadditimofLmitrypmestigotesorepimastigotesto

cultures of noruel lumenperipheral blood mnauclear alls (pee)

reducedtheabilityofthelattertoproliferateinremtoa

variety of mitogenic lectins in a parasite-dose-dependent manner and

overawiderangeofmitogmcmcentratims. 'Ihisreductimwasnot
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duetocamrptimofessentialmtrientsortoalmeringofmitcgen

cmcentratimstosubcptinellevelsbngmzimrtoalossofPflc

viability after co-mlblre with the parasite. W was also able

to express PHI: proliferative respmses after stimlatim by anti-CD3,

amnelaelantibodydirectedagainsttheTallreceptorcmplex,“

anti-Tllz and anti-T113 antibodies which trigger T alls via the CD2

activatimpathway. ‘Ihepresenceofnarocyteswasmtrequiredforthe

decrease in P340 responsiveness while parasite viabilty was necessary.

Wadiitiaellyirlfibitedthegmwthofseveralhltmtall

inunrtalizedalllinestested.

mwasabletoexertitsamessiveeffectswlmseparated

fruntheallsbyanilliporefilterinsert,denastratingthata

soluble factor released by the parasite was involved in the suppressive

process. Tallrespmsivenessslmvedapartialrecoverywithinahr

afterrenovaloftheirsertcmtainirgm,danmstratirqthe

reversibility of the inure alter-atlas and the lability of the

suppressivefactor.

mxiuelalppressimwasmteduienmivesaddedtomltmes

withinthefirst24hrofstimllatimanddecreasedasthetineof

parasiteadditimwasprolcrged. MWappearedtoaffectan

earlystageof lynphocyte activatim. Interleukins (IL) 1and2are

predicedbystimlatedmecytesardTalls,respectively,andare

requiredearlyduringtheTallgrowthcycle. Undercauiitimsof

cptinelstimlatim,L_gmz_1wesmebletoreduatheabilityofmman

Pantopmduaorsecreteeitherofthesemlemlesorinterferul—r

whilenousemleenallsweredeficientintheproductimofbothnz
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andinterferm—rafterco—mlhlrewiththeparasite. Inkeepingwith

theseresults, 112wasabletorestorethemitogen-irdlcedprolifer-

ativerespmsesofsurpressedmsehrtnotlumanlynnncytes. 'Jhus,

therearemtablediffera'cesintheprocessofsimpressimofunlse

spleenallsandlumenPBc. 'nleserealltsiniicatethatcautimmst

beexertedvhenextrapolathgfirflirgsdrtairedwiththemn'henndel

systantothehumandisease.

lheinabilityoflumenPflIItoresporfltoeniogermsorexogenous

IL2 correlates with the ability of mi to irhibit the expressim

oftheIIZreceptor(IL2R)mTalls. Boththerumberofalls

bearingII2RardthereceptordersityweredecreasedbyLmiina

uermerwhidlwasdependentupmtheparasitecmcentratim. This

decreasewasobservedwithianhrofstinulatimarflpersisteduntil

atleast60hr. Boththelowandthehighaffinityformsofthe'

receptorwereaffected.

Expressim of the transferrin receptor, a mleclle required for

lynphoproliferatim as well as a late activatim marker, was also

irhibitedbymimilethelevelsofearlyactivatimantigmL

theearliestrepcrtedactivatimuerkerofTalls,weremeffectedby

theparasitedurilgtheinitial6to24hrofstimlatim. Lmj,

adiiticnally suppressed the tip-regulatim of the surfaa eupressim of

theT112epitopeofCD2aswelltheeupoaneoftheT113epitcpeof

thismolecflewhidrccmrsduringactivatim. 'Iluls,L_mniis

selectiveinitsirhibitimoflunanTallactivatimeventsanithis

specificity may provide the key in overoming the parasite-induced

suppressim.
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'Iheeventwhimamearstobeofthegreatestiuportanceisthe

decreasedexpressimofthemsincetriggerirgbythismlemle

allousprogressimfrmtheearlytothelateGlstageofthecell

cyclearriregtnatesnenyofthembseqnnteventsofTallactivatim.

Acuitialally,thisistheearliestprocasreportedtobealteredbyL

cruzi. Fuulreworkinthisareamightadiressthefollawirgquestims:

l. DoesLmicauseanincreaseinthelevelsofthesoluble

IlzRasisthecaseinAIlBardcertainfonsofamer?

2. IstheexpressimofthemabraneformoftheIIZRm

activatedBallsandnrmocytesalsoaffected?

3. ArethelevelsofIIZRmdecreasedbyLmi,arriifso,

isthisaneaqiressimofdecreasedtrarscriptimorofdecreasedm

stability?

4. IsfleacpressimofallulararcogenesalteredbyW?

5. How my the stability of the parasite-induced suppressive

factorbeincreasedsoastoallowitsplrifiatimarridiaracter-

ization?

'nieanswerstotheseqnstiaswillallowagreatermderstarding

oftheprocessofimmosuppressimbymiardneybeofvalain

theshxlyofimmealteratimscausedbyotherpathogens,in

putimlar, the lumen immedeficiency virus.


