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A8STRACT   

LeishTnania spp．．the agents of huTnan Visceral，pOSt kala－aZar dermaland  
CutaneOuSleishmaniasis．are theintracellular paraSites that must be recoBnised  
and internalised by host macrophaBeS forits pathogenesis．TheinvoIvement  
Of specific ligand－reCeptOr interaction n8CeSSary for the entry of different  
Leishmania promastiBOteSinto murine rnacrophages wereinvestigated．The effect  
Of twD enZymeS On the attachment and uptake of Leishmania promasti80teS by  
macrophages which might be foundin the wound caused by the bite of the  
Phlebotomine sandfly vector were also exarnined．With the two sugars tested，  
mannose and Balactose were produced a sIBnificant inhibiti〔）n Of uptake in  
Viscerotroplc and dermotroplC form of leishTnaniasis．respectively．Mild  
trypsinization inhibited the upt8ke pDtentialin allcases．with much hiBher  
Valuein the case of post kala－a2．ar derma11eishnaniasis．Treatment of  
neuraminidase tD maCrOPhaBeS enhanced attachmentin allthree strains to some  
extent．These results indicate that the nearly similar type of inhlbition  
profile of dermal arld cutaneDuS Strains were probably due to the similar  
type Df skin habitat・  

INTRODUCTION  

The surface of the parasites is vitalin theirinteractions with the host  
tD brinB about successful parasitism．The establish皿ent Of intracellular  
par∈lSitismsin any host－ParaSite systeminvoIves a series of cellular events．  
ParaSite－maCrOPhaBe inter8Ction is a common phenDmenOn Of many prDtOZDa，  
Viz．few species of Plasmodium．Eimeria tenella．  Besnoitla  

jellismi，  Leishmallia  Spp・，Trypanos8ma  Cru：乙1，Nosema michaeli5   
Spp・etC・（Bray1982）・Inleishrnaniases．a disease complex resulting fr（】m  
infection by prDtDZOa Of the 8enuS Leishmania（family Trypanosomatidae）．  
attachment to the rrLaCrOphage membrane is a prerequisite to pha8OCytOSIs．  
The subsequent intracellular survival， dlfferentiation and multiplication of  
Leishmania ∈叩eCies culminatein allthe clinicalmanifestation of theinfection．  
Promastigote－maCrOphage binding is a membrane phenomenon akin to both  
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LETSHMANIA－MACROPHAGE INTERACTION  

inlmunOl〔唱1Caland non－immunoIoglCalligand－reCePtOrinteractions．Suchli8and－  
－reCeptOr Slte bindlngis also common amonB bacteria（Lis and Sharon1986）．  
Pos6ibleligands on the parasite 6urfaceinclud8 a 60－65 KD glycoprotein  
（Bp 63．the proma6tigote surfac8 prOt8aSe）〔Bouvier et al．1985．1987；EtBeS  
8t al．1985；Russelland Wilhelm1986；Ouaissi198a】，a COmplexlipophospho－  
glycan（Turco et al．1g84；Handman and Godin81g85；Handman19gO；Englund  
1993；Descoteaux and Turco1993），Other fucose and TnannOSe COntaining glyco－  
COnjugates（Palatnik t∋t al．1989．1990］and tlle third component of complement  
（Russell1987；Puentes et al．1988）．Macrophage receptorsinvoIvedin parasite  
Capture mayinclude the complement receptor 3；through fixation toiC3B．  
to the Ar8－GlyrAsp s8qu8nCe Of gp63 0r tO eXternally exposed sugars（Russell  
and Wilhelm1986；Blackwe11et al，1985；W11son and Pearson1986；WDZenkraft  
et al．1986；Wozenkraft and Blackwell1987；Ouaissl1988；Russelland Wr18ht  
1988）．the fibronectin receptor（Rizviet al．1988）．r（）CeptOrS that recogni2：e  
Carbohydrates（Blackwellet al．1985；Wilson and Pearson1986】and a receptor  
for advanced glycosylation end products【Mosser et al．1987）．ThB enhancement  
？f macrophaBeinfectivity of主・建by sallvary gland materialof sandfly  
lS perhaps also a receptor－mediated event【Theodos and Titus1993）・   

The objective of this workls to e6tabli6h theinvoIvement of specificligand－  
Le16h皿ania  －reCePtOrinteraction pre6u皿ably nec8SSary for the entry of   

promastigotes into murine macrophages in vitra. We have also studied the 
uptake of Leiらhmania promastigote  effect of two enzymE！S On the attachment and  

by macroph粥eS Which might be foundin the wound caused by the bite of  
th8 phlebotomine sandfly vectロr・The modes of attachm8nt and uptake between  
promastigote日and macrophagesin畠PeCies－SpeCific manner were also evaluated・  

MATERM AND MET打DDS   

Leishmania donovani of visceral18ishmaniasis（VL），L．donovani of post  
troplca of cutan  l Shmanlasis【PXDL）and 主  kala－aヱar dermal le  

1eishmaniasiら（CL）were usedin thi5 Study．The detailof the strains and  
growth conditlons were previously de6Cribed（Ghosh et al・1990】・   

Macropha呂e COllettlon and culturE，Were followed aft8r Handman and Spira  
（1977）．The peritonealcavity of BALB／C mice（CDRIstrain）stimulated 3 d  

brDth（Dlfco．USA）．After killing  
mlce were harvested from periton8al  
culture m8dium（Gibcolabs．USA）  
StreptOmyCin and 5 U／mlheparin，  
and rt∋SuSPendedin culture medlum・  
j cells was plated on flying sterile 
dlsh（Sterlware，Indla）in 8rOupS  

prevlously with 2 mlof 哨 thioglycロ11ate  
by cervical dislDcation exudate cells of the 
CaVity by syrin召e With RPMI－1640 tls6u8  
COntainlng 200 U／mlpenlclllln，200リ8／ml  

1ee 
こ。6  

COVerSlip（20 mm2）in p18Stic ti6Sue Culture  
。f ten Sor each strain．The cells werl∋ allowed to adhere for 2 h at 37OC  
in a humid atmosphere of 5鴇 COコ，95鴇air（FDrma Scientific，Inc・Ohio，USA）・  
Afterincubation the culture medium wa6 reTnOVed from each plate and waEihed  
twIc8 With assay medium．The assay medlum was the same exceptl篭 bovine  
seru皿 albumin（Sigma ChemicalCo．．St．Louis，Mo，USA）which replaced th8  
fetalcalf serum（RPMI－BSA） 

Stationary phaBe prOmaStiBOteS（Bandyopadhyay et al・1991Iw8re COllected  
by centrlfugation atl，650x B fDrlO min・COuntedin haemocytometer・SuSp8nded  
in assay medium〔RPMI－BSA）and adjusted tD the desired concentration・i・er・  
80：1（PrOmaStlgote：maCrOPhage）．Afterincubating each set Df dish for  
60 minl皿der the same conditions as stated above，the coverBlips wlthinfected  
macrophages were dried－ fixedin methanoland stained with g18mSa・Site・  
number of attached promastlgotes and the average number of amastigot8S Per  
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LEISHルIJINIA－MACROPHAGEINTERACTION  

macrophage were determlned by examining atleastlOO macrophaBeS per COVer－  
slip atl▼000 Ⅹ by Zeiss standard microscope・Al18Ⅹperiments w8re done  
in triplicate・The average valuesand the standard deviationB Were determined・   

Trypsinization of cells was carried out with crystallised enzyme  
【EC 3．4．21．4；Merck AG，DarmstadtIFRG）for 30 m量n at 500 レ呂／皿1  
tBray1983）．MacrophaBeS Were also treated with O・1U／mlneuraminidase  

号荒監（欝）遥sア莞ニ㌔㌔誌t三訂f三2  
3．2．1．18）from Clostridium  〔EC  

mln also．Perltoneal macropha8e  
30mirlatlOO いg／mlof wIieat8erm ag81utinin（WGA．Slgma）in assay皿edium・  
GalactDSe and mannose【Merck AG）atlOO mMin assay mediun were e7nployed  
in this experiment・After3O minincubation samp18S Wer・e prOCeSSed for bindlng  
estimatlon．   

The percentaBe Ofinfected macropha8eS・the mean number ofintracellular  
parasites perinfected macrophages and the endocyticindex were calculated  
by the method of Araujo－Jor8e and D8Souza（1g84・1986）・The endocyticind8Ⅹ  
was calculated by multiplyln8 the percentage Ofinfected macr叩ha8eS and  
the mean number of parasites perinfected cell・In each experiment the endo－  
cyticindexes were nOrma11zed by takin8 the value obtained for the contrOl  
as zero．since some treatmentinduced a decreasein the endocyticlndexes  
in relation to the contrDl．the results are expressed as th8pロ＄itive or negative  
percent variatiDn at the endocyticindex・Statisticalanalysis was performed  
usinB the F－teSt Of the endocyticindexes obtained・The resultsar8eXpreSS  
as mean ± standard deviations．Differences higher than 20％ of controIwere  
considered to be slgniflcant．  

REStJLTS ANI）」DISCUSSION   

The rate of interiorization of promastigotes ta macrophages was different 
in different strains of Leishmania．The basic parameter Of the promasti801：e－  

experiment was shownin Tablel．Results  －maCrOPhaBeinteraction oE control  
showed that the percentage ofinfected Ⅲ】aCrOpha8eS Wa＄ from16．3 ±1・52  

Showed highest  L．donovani Df PKDL straln  to 34．3 ± 8．14（Tab18 1）．The  
ability to attach and penetrate the macroph88eS．Howev8r，the VL and CL  
had very clo8e type Ofinfectlve ability・But the endocyticindex was higher  
in PKDL（59．9 ± 0．90）and muchlower in CL（22．8 ± 3．00）and VL  
（20．0 ±1．90】．Itis presume that as the PKDLis the terminalform  
Of VLin certain cases，it has got genetlc pre－adaptation for．establishmentin  
the mononuclear phaBOCyteSin a better way than that of the VL form．On  
the otherhand，thereis evldence that th8 attraCtionis nDt eXerted uporL the  
promastigotes．but instead the macrophage seeks the promastiBOteS by the  
COmplement product C5a frDm PrOmaStigotes whichis chenotaxis for macrD－  
ph〔柑eS【Bray1983）．   
Attachment of motile parasite to the macrophages took place predominantly  
by the flag811ar tip．Few promastigotes wer8 rar81y seen to have attached  
by the c811body．SimultarleOuS flaBellar and cellbody atta（：hment were also  
Seen．On the contrary of our average result．f8W prOmaStigtes were shown  
to penetrateinto macrophage throu8h their posterior end without any participa－  
tion of flagellum．ThE）nOd8 0f attachmentin different strains Df Leishmania  
was almDSt Of similar nature．Interactions between Leishmanla promastigotes  
and macrophage membranes display the characteristics of a receptor－1igand  
int8raCtion．such as specificity．satur8bility and competitiveinhibition（Mauel  
1990］．The consensus theory regarding Leishmania－maCrOphaBeinteraction is  
the promastigotes approach the macrophage and do so in most cases flagellum 
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u：ISHMANIA－MACROPHACI三INTERACTION  

Tablel． Basi（：param8ter＄ On the  
in controlexperiment♯  

interactlon for 60 min  

V15Cer■1  post kal」】－a望8r  Clltln色OuS  

dermal 

percせmt呵巳Ofl皿fectd  

ma∈mPb叩亀S  

Pk珊nuⅡ血モr01pdr曹Slte5  

pモrlIlfモCt‘≡dlnd仁和匝叩eS  

Em血cytl（：1ndg打   

加r■51tモう／100md亡mph印象5  

2（I．0 士1．96  59．9 ± 8．90  

20．0 ± 2．0（】  59．0 ± ユ．80  

22．8 ± 3．00  

22．6：と：L51  

♯Ddte rrOb thrモO repreSOれt■tlveモXpやrl一致細tS■  

first（Zenian et al．1g79）．Moreov8r，this may b8 by any part of th8 prOmaSti－  
BOteS（Chang1979）．On thE）COntrary，Akiyama and Haight（1971）proposed  
that the parasites entered the h（〕St Cells with posterior end first．Our r88ult  
als（）6upPOrt the theory of attachmentIhrouBh any part of the body but the  
fla＄81lar tipis the favour8d point t】f attachment（Ghosh1989】．The blndin8  
1isands n11St be present on both the fla8ellar and the cell－body s8Ction of  
proTna6tlgotes【Ghosh et al．1990）b8CauS8 they can attach to trlaCrOpha8eS  
V土a elther 昌1de．No marked dlfference＄ are Observed in diEferent strains of  
Leishmania regardin8 their mode of attachment．IJltereStingly．L．donovani  
df PKDL strain showed the hight柑t ablllty to attach and pen8trat8 th匂  
macrop11age．   

Tr8atment Of macrophages with neuraminidase sli8htlyiz71prOVed theinvasion  
Of macrophage51n al13 Btrains（F18．1）．But these sli帥tlyimprov8d endo－  
Cyticind8XeS W8re nOt COnSid8red siBnificant，Thelevelwere 4．鳩．4．6宅 and  
lO．9％in VL．PKDL and CL cases．respectively．The PKDL straln showed  
COmparatively higherinvasiveindex than the other two．It was se倒Ithat  
proteolytlc enヱyme．i．e．trypsin wh8n applit∋d to the macrophages reduced  
the attach7nent aS Wellas uptake slgnificantly．The hiBhest inhibition was  
Seenin PKDL（42．3毛Istrains【Fig．1J3）．However，bord8rlineinhibition was  
observedin Vl．（12籠】and CL（18．8鴇）strain（Fig．1A－B）．It can be said from  
the results reported here that the ma（：rOpha8e reCeptOrS are S8nSitive tロ prOteO－  
1ytlc enzyme，1．e．trypsin．Similar type of result was also observedin  

vnebactarium 1980〕 and Cor   Trypa00ma CruZl〔AIcantara and 8rEnEF  parVum  

（0脚皿鹿面ttir et al．197B）・Chang（1981）demonstrated that mild trypsini2：ation  
of macrophages caused an apprDXimately 75鴇 reductionin their capacity of  
bindin月 PrOmaStlgot白S Of L．dQnロVani．In PKDL．trypsln drastlca11y r8duced     binding promastlgot白S Of L  
the percentage of endocyticlndex relatlv8 tO the cc）ntrOl，i・e・42r3鴇■ Twelve  
and18．8％inhibition are alEiO Observedln VL and CL cases．These two values  
are considered as nearly significant・During host－paraSiteinteractiDn・maCrO－  
Phages produce comp18ment factorsint＝1udi喝 PrOperdln and promastiBOte Cleave  
cornpIem8nt．partly atlea昌t by the alternative compleTTLent pathway and bind  
C3bi（Bray1983）．C3biand nannロS8 0n prOmaSti80teS 8urfacer could then bind  
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LEISHMAN［A－MACROPHACEINTERACTION  

to complement type 3 receptor and mannose－fuco6e reCeptOr・These reCeptOrS  
are trypsin sensitive and consequ8ntly reduced the uptake ratio・It can be  

of Leishmania have  concluded from our results that both dermotropic form  
encountered more trypSin－SenSitive complem8nt reCePtOrS Of macrophag8S durin8  
theirinteractionln vitro．Treatrnent qf neuraminidase to maCrOphaBeS aSSist  

strains of Leishmanla．However，th8 Values are not  attachment in a11three  
increases the  neuraminidase slightly  statistically slgnificant，neV8rtheless，  

ratio of uptake probably by reducing the negatlve charges on the macrophage  
【OBml皿dsdottir et al・1978；Bray1983）・   

Galactose showed a stron8inhibition of about32毛in the case Of PKDL strain  
（Fig．1B）・A nearly si8nificantlevelofinhibltlon〔1鍋】was seenin the case  
。f CL strain with the same sugar（Fig．1C）．whereasit was almost s享milar  

dorlOVanipromastig□teS  a8 COntrOlin the VL strain（FiB．1A），The uptake of L・  
of VL was moderatelyinhibited（12鶏）by addition of mannose（Fig・1A）・  
However．it has nD effect on the uptake of promastigotes of the  
pKDL and CL strain〔FIB．1B－C）・Incubation of macrophages with  
wGA did nDt markedly altered the endocyticindexes・In VL strain・WGA can  
slightly reduce the relative percentage of endocyticindex〔2・5％）・Butin PKDL  
and CIJStrains．it actsin opposite way・In the otherwords・1・3亀 and O・7も  
elevation of relative endocyticlndex were foundin the above two dermotroplC  
strains【Fi8．1A－C）・With the two sugarS teSted，the statisticalanalysis of  
the results clearly show that in the absence of FCS, mannose and galactose 
produce a significant inhibition of uptake in viscemtropic and dermotropic 
form ofleishmaniasis．respectively・Iemployed only these two BugarS On  
the basis of their slgnificant presence on the surface of viscerotrDplC and  

Leishmania promastlgote〔Ghosh et al・1g90）  dermotroplC  
AninterestinB pOint to observeis that theinhibitory effect of uptake the  
pr口maSti呂OteS Of visceralizin8 Strain by mannoseis highest（12篭）whereas  
in PKDL and CL strainltis l．5鴇 and 3q．，reSpeCtively．On the otherhand，  
galactoseinduced stronBlnhibiti8ni一一 dermotropic form（32・5鴇 and18・5％】than  
viscerotropic form〔2．9％）．This result clearly correlates with Qurlectin binding  
test result which demonstrates that mannose and galactose are predominantly  

Of Leishmania，  present on the surface of viscerotroplC and dermotroplC form  
respectively．Our results．when compared with others（Chang1981；Datta and  
Majumder1986；Hernandez et al．1986；Chakraborty and Das1988）revealsome  
interestlng features．Our observations are notin wella8reement With that  
Of Hemandez 8t al．（1986）and Datta and Ma］umder（1986）．They suggest that  
β－D－galactose，81ucose．N－aCetylgalactosamine shDWed bindinB inhibition in  

pr8maSti80teS，Whereas sialic acid．fucose and arabinose  L． donovanl  

did notirlhibit the bindinB（Hernandez et al．1g86）．On the contrary，Chang  
（1981）demonstrated that D－Ealactose and N－aCetyl－D－8alactosamine to be non－  
－inhibitoryin L．dDrlOVani．We only observed significantinhibition by galactose  
in dermotroplC form ofleishmaniasis．whereas mannose showed stronginhibition  
in viscerotropic form only．Chakraborty and Das（1988）sugBeSted thatinter－  
nali：乙ation of L  donovanlpromastlgotes by hamster macrDphageis predomlnanl：1y  
due to expc．sed su8arS On the surface of the parasites and occurs primarily  
Via the mannose／N－aCetylBlucosamine receptor．Our result partly supports this  
mannose－mediated attachment in L．  donovani of VL strain．   

V（∋ry reCently Guy and Belosevic（1993）have demonstrated the types of  
receptors are used by amastigotes Df主・空皇ユ竺tD gain entryinto macrophages・  
They postulated that promastigotes and amastlBOteS Of 主・空旦巳里 both share  
and have distinct receptors for entry into macrophages．The observed  
differences on the receptors used may reflect the altered environments tD Which  
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the promastiBOteS and amasti8OteS are eXpOSed・This may have caus8d differen－  
tialselection pressures for altemate mechanisms of entry of the two stages  
of Lei＄hmania speciesinto macrophages・In this study，nearly similar type  

CL strains were probably due to the Bimilar  Ofinhibltion proflle of PKDL and  
skin habitat（Bhattacharya et al．1993）．In other words，the differences between  

th8 dlff8rentl」eishmanla specles，aモ；Wellas  the macrophage－blndinBli8ands on  
theinhibition proflle may also play a rolein determining parasite troplSm  
（Rus8e11and Talamas－Rohana1989ト  
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