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Abstract

Leishmaniadonovani is an obligate intracellular parasite thatinfects macrophages of the vertebrate host, resulting in visceral leishmaniasis
in humans, which is usually fatal if untreated. The molecular mechanisms involved in host—parasite interaction leading to attachment on
the cell surface and subsequent internalization of the parasite are poorly characterized. Cholesterol is a major constituent of eukaryotic
membranes and plays a crucial role in cellular membrane organization, dynamics, function, and sorting. It is often found distributed
non-randomly in domains in membranes. Recent observations suggest that cholesterol exerts many of its actions by maintaining a specialized
type of membrane domain, termed “lipid rafts”, in a functional state. Lipid rafts are enriched in cholesterol and sphingolipids, and have
been thought to act as platforms through which signal transduction events are coordinated and pathogens gain entry to infect host cells. We
report here that cholesterol depletion from macrophage plasma membranes usinggogttiplextrin (MBCD) results in a significant
reduction in the extent of leishmanial infection. Furthermore, the reduction in the ability of the parasite to infect host macrophages
can be reversed upon replenishment of cell membrane cholesterol. Interestingly, these effects were not observed when parasites were
serum-opsonized, indicating a specific requirement of cholesterol to mediate entry via the non-opsonic pathway. Importantly, we show that
entry of Escherichia coli remains unaffected by cholesterol depletion. Our results therefore point to the specific requirement of plasma
membrane cholesterol in efficient attachment and internalization of the parasite to macrophage cells leading to a productive infection. More
importantly, these results are significant in developing novel therapeutic strategies to tackle leishmaniasis.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction epidemic proportion coupled with increasing incidence of
the disease in developed countries, and emergence of vis-
Leishmania are protozoan parasites that are responsible ceral leishmaniasis as an important opportunistic infection
for substantial public health problems, especially in tropical among people with human immunodeficiency-1 (HIV-1)
and subtropical regions. The parasite is responsible for theinfection [3] have created an urgency to provide treatment
disease leishmaniasis, which is usually fatal if left untreated for this intracellular infection. Studies on the molecular
[1,2]. In a recent survey, 88 countries have been declared asmechanisms of parasite entry have led to the identification
leishmaniasis-endemifl]. The estimated annual number of several candidate receptors facilitating multiple routes of
of new cases of leishmaniasis is thought to be 2 million entry and thus highlighting the redundancy in the entry pro-
[3] and visceral leishmaniasis is about 500,Jap The cess. These include macrophage cell surface receptors, such
current increase in leishmaniasis throughout the world to as the CR1 and CR3, the mannose—fucose receptor, the fi-
bronectin receptor, the receptor for advanced glycosylation
- end products, the Fc receptor, and the C-reactive protein re-
Abbreviations: BCA, bicinchoninic acid; MCD, methylf-cyclo- ceptor[2]. However, the large number of different receptors
dfx(tlnc?rres onding author. Tels91-40-2719-2578: responsible for the attachment and internalization of the
fax: +91- 4%_2713_0311. T ’ parasite to macrophages have contributed to the fact that no
E-mail address: amit@ccmb.res.in (A. Chattopadhyay). single panacea has yet been developed for the treatment of
1 The authors have contributed equally to the work. leishmaniasis.
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The entry of Leishmania donovani in particular and were replenished with cholesterol using cholester@3cNd
other intracellular parasites in general involves interaction complex. The complex was prepared by dissolving the re-
with the plasma membrane of host cells. Cholesterol is quired amounts of cholesterol (Sigma) an@@D in half
a major constituent of the eukaryotic plasma membrane. the required volume of deionized water at°&with inter-
Several lines of investigations point to the essential role mittent vortexing. After all the cholesterol was solubilized
of cholesterol in maintaining membrane protein function and the solution attained room temperature, equal volume

through specific lipid—protein interactiofid]. In addition, of 2 x serum-free RPMI medium was added to yield a final
cholesterol is thought to modulate organization of lipids concentration of 3.7 mM cholesterol and 37 mMBNID

and proteins on the cell surfagg]. It is often found dis- (cholesterol:MBCD = 1:10 mol/mol ratio). The final con-
tributed non-randomly in domains in membrangs7]. centration of cholesterol used was 1 mM. Increasing amounts

Recent observations suggest that cholesterol exerts many obf cholesterol was replenished into cholesterol-depleted
its actions by maintaining a specialized type of membrane cells when the treatment was carried out with 1 mM (indi-
domain, termed “lipid rafts”, in a functional stai@]. Lipid cates concentration of cholesterol) of the complex for in-
rafts are thought of as lateral organizations on the plane creasing time periods. Cell monolayers were washed twice
of the membrane that are enriched in cholesterol and sph-with PBS after each treatment. Cells were lysed in cold
ingolipids and specific proteins that are implicated in cell buffer (10 mM Tris, 5mM EDTA, pH 7.4) and total cellular
signaling and receptor-mediated entry of microorganisms. cholesterol was estimated in the lysates using the Amplex
The integrity of such regions of the membrane is thought Red cholesterol assay kit (Molecular Probes) as described
to be crucial to regulate signal transduction evdfajsand earlier[14]. Cholesterol values were normalized to protein
entry of pathogens into the cdll0]. These observations levels estimated using the bicinchoninic acid (BCA) assay
prompted us to investigate the role of plasma membranereagent kit (Pierce) as described previoUdly].
cholesterol in the infection df. donovani in macrophages.
2.4. Labeling Leishmania donovani AG83 promastigotes
with tritium or FITC for binding studies
2. Materials and methods
Parasites were metabolically radiolabeled with tritium
2.1. Cellsand cell culture as described earliefl16] with some modifications. Ra-
diolabel incorporation was carried out at a density of
Murine macrophage cell line J774A.1 (American Type 1 x 10 cells/2ml of M-199 medium in the presence of
Culture Collection) was maintained at 3Z in RPMI-1640 8 uCi/ml [3H]thymidine (specific activity 89.4 Ci/mmol,
medium (Sigma) containing 10% heat-inactivated fetal calf New England Nuclear) at 2Z for 3h. FITC (Sigma) la-
serum (Biological Industries, Israel) as described previously beling of parasites was carried out as described previously

[11]. [17], except that labeling was carried out at°87in PBS.
2.2. Parasite culture 2.5. Opsonization of Leishmania donovani AG83
promastigotes

Leishmania donovani strain AG83 (MHOM/IN/1983/
AG83) promastigotes were maintained at°24in mod- Opsonization was carried out as described eafli&]
ified M-199 medium (Gibco/BRL) supplemented with with a few modifications. Promastigotes were first radiola-
100 units/ml penicillin (Sigma), 10@g/ml streptomycin beled with 2QuCi/ml [3H]thymidine under conditions as de-

(Sigma), and 10% heat-inactivated fetal calf serum. scribed above. Radiolabeled promastigotes were opsonized
with mouse serum at a density ofx1108 cells/ml at 37C
2.3. Modulation and estimation of cholesterol content for 25 min. Opsonized parasites were washed once with PBS

and used directly.

Cholesterol depletion was carried out by incubating
J774A.1 cells grown on culture dishes with 5 or 10mM 2.6. Analysis of infected macrophages
methyl-cyclodextrin  (MBCD; Sigma) in serum-free
medium at 37C for 30 min[12,13] The macrophage cells Promastigotes were added onto macrophage monolay-
were plated at a density of2 10° in 35 mm culture dishes  ers at a parasite to macrophage ratio of 10:1 for indicated
and grown for 48 h for radiolabeled parasite-binding exper- time periods, except for radiolabeled parasite-binding ex-
iments and 1x 10° in 60mm dishes for Giemsa staining periments with cholesterol-replenished cells where the
before cholesterol depletion. Cholesterol replenishment wasratio was 20:1 for a period of 3h. The time-dependent
carried out on cells plated at a density ok 20° on 35 mm radiolabeled parasite interaction with macrophages was
culture dishes and grown for 24 h. These were first depletedmonitored by allowing the infection to progress for 15,
of cholesterol using 10 mM BICD in serum-free medium 30, and 90min in RPMI-1640 medium at 3C. At the
at 37°C for 30min. Cholesterol-depleted macrophages end of the incubation, monolayers were washed twice with
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PBS to remove free parasites and placed on ice to loosen3.1. Concentration-dependent depletion of J774A.1

adherent cells from the plates. The monolayers were solu-macrophage membrane cholesterol with MBCD

bilized with 1% Triton X-100 and assayed for radioactivity

using a Packard Tri-Carb liquid scintillation counter. In Acute depletion of cholesterol was achieved using®D

flow cytometric experiments, FITC-labeled parasites were which brought about a concentration-dependent specific
used to infect macrophages for different time periods. Af- reduction in total cellular cholesterol levels in J774A.1
ter infection, macrophages were gently scraped into PBS macrophages as assessed using the Amplex Red cholesterol
with 0.1% formaldehyde at 4C. The fluorescence from assay kit[14]. The assay is based on oxidation of choles-
the FITC-labeled parasites associated with 5000-10,000terol catalyzed by cholesterol oxidase which generates
macrophages was analyzed with a Beckman Coulter ELITE hydrogen peroxide. The hydrogen peroxide thus generated
ESP flow cytometer using the EXPO 32 software for is made to react with peroxidase to release oxygen which
data analysis. To assess the percentage of amastigotes inxidizes the otherwise non-fluorescent Amplex Red reagent
macrophages, the infection was allowed to proceed for 3 h (10-acetyl-3,7-dihydroxyphenoxazine) to a highly fluores-
before being stained with Giemsa. The number of amastig- cent compound (resorufin). Control experiments carried
otes in macrophages was visually scored using a Leicaout with J774A.1 cell lysates in the absence of cholesterol

microscope with a 100 oil objective. oxidase but in presence of peroxidase did not produce
any significant amount of the fluorescent end product (see
2.7. Labeling of Escherichia coli with FITC Fig. 1A). This suggests that the assay is specific for choles-

terol in this system and rules out any possible artifact.
FITC labeling of E. coli was carried out as described Moreover, this assay has been previously used for detection
previously [19] with some modifications. BrieflyE. coli of cellular cholesterol by a number of investigatf#2—25]
DH5« cells were grown overnight under shaking conditions Acute cholesterol depletion of macrophages resulted in an
at 37°C in Luria broth with 4 mg/ml FITC. Cells were pel- ~40% reduction of total cellular cholesterol when 10 mM
leted down and washed five to six times with PBS to remove MBCD was used for 30 minFig. 1B). The concentration
unbound stain. Cells were fixed with 4% paraformaldehyde of MBCD used for all subsequent experiments was 10 mM
at 4°C for 1h and washed three times with PBS to re- except inFig. 4.
move residual fixative. FITC-labeled cells were added to
macrophages at a density of 1:200 (macrophage:bacteria ra3.2. Cholesterol depletion of J774A.1 macrophages
tio). Infection was allowed to proceed for 30 min at°&7. reduces extent and kinetics of Leishmania promastigotes
The macrophages were later washed extensively to removenteraction with the host
unbound and/or floating bacteria followed by scraping the
macrophages and washing them by spinning them down. The To analyze the effects of cholesterol depletion on
macrophages were then fixed with 4% paraformaldehydethe ability of Leishmania parasites to interact with host
before FACS analysis was carried out as described before. macrophages, we carried out ligand-binding assays with
[3H]thymidine-labeled promastigotes. Cholesterol-depleted
macrophage cells, when used as hosts against the par-
3. Results asite, display a reduction in kinetics and extent of the
host—parasite interaction/attachment compared to control
The objective of the present study was to determine the cells. This is evident when infectivity was monitored till
role of cholesterol in bringing about a productive leishmanial 90 min Fig. 2A). Depletion of cholesterol resulted #45%
infection in mammalian host cells. The murine macrophage reduction in macrophage—parasite interaction when com-
cell line J774A.1 was used as a hd4&tl] to a virulent pared to control cells. These results were further confirmed
L. donovani strain AG83 (MHOM/IN/1983/AG83). Selec- by carrying out flow cytometric analysis of FITC-labeled
tive cholesterol depletion from the plasma membranes of the promastigotes. Fluorescent derivatization of promastigotes
host macrophages was achieved by treatment wifCH, with FITC has previously been used as a convenient method
a compound that specifically extracts cholesterol from the to accurately monitor host—parasite interaction and pro-
plasma membranes leaving other lipids intf2@,21] and vides an ideal means for studying cell surface interaction
disrupts lipid rafts[12]. The extent of leishmanial infec- phenomena since each cell is analyzed individually for its
tion in control and cholesterol-depleted macrophages usingability to bind to a fluorescent ligand which in this case
MBCD was assessed at the levels of (i) parasite interactionis the FITC-labeled promastigotd?7]. Data in Fig. 2B
with the host cell surface as monitored by ligand-binding reveal a time-dependent reduction in fluorescence associ-
assays using metabolically radiolabeled promastigotes, theated with 10 mM MBCD-treated macrophages as compared
extracellular form of the parasites and confirmed by flow cy- to control macrophages when infection is allowed to con-
tometric analysis using fluorescently labeled promastigotestinue for 90-min duration. These data support the earlier
and (ii) the eventual presence of the intracellular amastigote conclusion (fromFig. 2A) that there is a reduction in the
form of the parasite in macrophages. ability of Leishmania promastigotes to interact with host
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Fig. 1. Estimation of cholesterol in control and cholesterol-depleted macrophages. (A) Cholesterol estimation and specificity of the fluaripiekic A

Red cholesterol assay for use with J774A.1 cell lysates. The graph shows that the assay is specific to report the cholesterol content since an increa
in fluorescence intensity above the blank value is seen only upon addition of cholesterol oxidase (CO) enzyme to the assay. Incubation of J774A.1 cel
lysate (Sample) with Amplex Red reagent (ARR) and horseradish peroxidase (HRP) enzyme in the absence of CO exhibits fluorescence intensity simila
to the blank value. Se8ection 2and Section 3.1for other details. The data shown are the mear&E. of three independent experiments. (B) Total

cellular cholesterol estimated using the Amplex Red cholesterol assay kit shows a concentration-dependent reduction upon treatng&D.wittheM

data shown are the meai#isS.E. of triplicate points from two independent experiments. Seetion 2for other details.

cells that are depleted of cholesterol. Moreover, as seenshow a reduction in binding/attachment unlike what was ob-
in Fig. 2B, these effects become pronounced as the time served withLeishmania promastigotes (sefeig. 2A and B.

of infection is prolonged. We speculate that the differ- In addition, these results are in agreement with a previous
ences in the time-dependent effect of cholesterol depletionreport[26] describing the lack of sensitivity of cholesterol
on interaction/attachment of the parasite to macrophagesdepletion on the entry of radiolabeldgl coli and other
seen betweerfrig. 2A and B might arise on account of bacteria, such a& typhimurium, Y. pseudotuberculosis,

the use of FITC-labeled promastigotes (rather than radi- andL. casdl, into J774A.1 macrophages. Our results point
olabeled promastigotes which are used for experimentsto the specificity of cholesterol-dependent interaction be-
shown inFig. 2A) for FACS analysisKig. 2B). In spite of tweenLeishmania promastigotes and the macrophage cell
these differences, it is evident that cholesterol depletion of surface.

macrophages affects the ability b&ishmania promastig-

otes to interact with their host. Acute cholesterol depletion 3.4. Cholesterol depletion does not affect the extent and

effects seen in such a relatively short time of exposure kinetics of interaction of opsonized Leishmania donovani

of parasites to macrophages might reflect a phenomenonwith the host

occurring between the parasite and host cell surfaces,

such as altering recognition or binding events, that would  The entry ofLeishmania into macrophages has been at-
have otherwise led to a productive infection. These results tributed to multiple receptor-mediated mechanisms involv-
(shown inFig. 2A and B therefore demonstrate that a ing several macrophage cell surface receptors. These include
loss in cholesterol content is associated with a correspond-receptors, such as the CR1 and CR3, the mannose—fucose
ing loss of attachment and binding of the parasite to host receptor, the fibronectin receptor, the receptor for ad-

macrophages. vanced glycosylation end products, the Fc receptor, and
the C-reactive protein receptor. Serum-opsonized parasites
3.3. Cholesterol depletion of J774A.1 macrophages does are considered to predominantly bind to the CR1 and CR3
not affect the interaction of Escherichia coli DH5« strain receptors on the macrophage cell surface and accomplish
of bacteria with the host infection [2]. To further understand the molecular mech-

anisms behind the reduced infectivity b&éishmania pro-

As a control, we monitored the effect of cholesterol mastigotes in cholesterol-depleted macrophages, we carried
depletion of macrophages on the uptake of another mi- out binding studies with radiolabeled promastigotes which
crobe, namelyE. coli DH5«a under similar conditions as  were opsonized with mouse serum. These results (shown in
that used to measure binding/attachment lfershmania Fig. 3) indicate a lack of sensitivity of cholesterol depletion
promastigotes. Flow cytometric analysis of control and on the uptake/binding of opsonized parasites into J774A.1
cholesterol-depleted J774A.1 celBid. 20 infected with macrophages. Thus, cholesterol depletion of macrophages
FITC-labeledE. coli for 30 min at 37C, thus measuring  does not affect the route of entry undertaken by opsonized
uptake of the bacteria as described in RéB], did not parasites.
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Fig. 2. Effect of cholesterol depletion on binding béishmania promastigotes anéscherichia coli DH5a cells to J774A.1 macrophages. (A) Effect

of cholesterol depletion on binding kinetics of radiolabelesishmania promastigotes. Multiplicity of infection was maintained at 10:1 of parasite to
macrophage. Comparison of binding of radiolabeled promastigotes between control (white bars) and cholesterol-depleted macrophages using 10 mM
MBCD (gray bars) reveals a reduction in extent and kinetics of binding monitored up to 90-min duration. The data shown atie Siteamisthree
independent experiments. (B) Effect of cholesterol depletion on binding kinetics of FITC-labeled promastigotes to J774A.1 macrophageshyonitored
flow cytometry. FITC-labeled parasites were added onto macrophages at a ratio of 10:1. Values are normalized to the fluorescence associatdd with contr
macrophages after 15-min exposure to the parasite. Data are theuSdanof two independent experiments. The data reveal a time-dependent reduction

in fluorescence associated with 10 mMBRID-treated macrophages (gray bars) as compared to control macrophages (white bars). (C) Effect of 10mM
MBCD-mediated cholesterol depletion of J774A.1 cells on binding of FITC-laleledli DH5« studied using flow cytometry. Infection was carried out

for 30 min at 37C at a multiplicity of infection maintained at 200:1 of bacteria to macrophage. Representative data shown in the figure indicate a lack of
sensitivity of binding ofE. coli to macrophages depleted of cholesterol unlike the case seeheaistimania promastigotes. SeBection 2for other details.
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Fig. 3. Effect of cholesterol depletion on binding of opsonized radiolabledeghmania promastigotes. Opsonization of radiolabeled parasites was carried

out as described iBection 2 Multiplicity of infection was maintained at 10:1 of parasite to macrophage. (A) Comparison of binding of radiolabeled
promastigotes to control (white bars) and cholesterol-depleted macrophages using 1@B@DI (gray bars) reveals a reduction in extent and kinetics

of binding monitored up to 90-min duration. (B) Comparison of binding of opsonized radiolabeled promastigotes between control (white bars) and
cholesterol-depleted macrophages using 10 mIO® (gray bars) under similar conditions, as in panel A, reveal no change in extent and kinetics of
binding monitored up to 90-min duration. The data shown are meehg. of three independent experiments. Stection 2for other details.
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3.5. Reduction in extent and kinetics of parasite binding is
associated with a reduction in intracellular load of

w | =
parasites in cholesterol-depleted cells ; 20000
: = 15000 |
The above results conclusively demonstrate that choles-
terol depletion leads to a reduction in the ability of pro- u
mastigotes to interact with and bind to host macrophages. 10000
For efficient infection, binding of the parasite should be fol- g
lowed by internalization. During the course of infection, the @ 9000
reduced binding of the promastigotes should manifestina  ©
reduction in the intracellular load of amastigotes, the intra- (A 0

cellular form of the parasite present in macrophages. The & 140
number of amastigotes after 3 h of exposure of the parasiteto |1 ~ 120 T+
cholesterol-depleted macrophages was determined visually % 8 100 F
after staining the infected macrophages with Giemsa. Treat- © E F
ment of macrophages with BCD (5 and 10 mM) caused a g 8r
concomitant reduction in the number of amastigotes present & E 60
(compared to control cells) in the macrophages with only ) w0 L
50% amastigotes present when depletion was carried out 4 2
with 10 mM MBCD (Fig. 4). Q 20
© ® o
3.6. Restoration of parasite-binding ability to host cell MBCD - + + + +
surface upon replenishment of membrane cholesterol (10 mM)
The above results show that leishmanial infection in 8%"&?\3 - - 5min 10 min 15 min

J774A.1 cells is reduced at the initial binding/attachment
stage when the host plasma membrane is depleted of ChOIeSFig. 5. Effect of replenishment of cholesterol into cholesterol-depleted
terol and this leads to a reduction in the intracellular load J774A.1 macrophages on the ability of the radiolabeled parasite to bind to
of the parasite. In order to pinpoint whether these effects the macrophages. Macrophages were depleted of cholesterol using 10 mM
were specifically due to removal of cholesterol, we replen- MBCD. Cholesterol_ was replenishgd into these mgcrophages using choles-
ished the cholesterol content of cholesterol-depleted cells. ‘€™ complexed with MCD at a final concentration of 1 and 10mM,

. . . respectively. Parasite to macrophage ratio was 20:1 and infection was car-
Cholesterol replemShmem was achieved by treating cells ried out for 3 h. (A) Cholesterol replenishment into 10 mMB®D-treated

with a 1:10 (mol/mol) complex of cholesterol andd@D, cells increasingly support radiolabeled parasite-binding ability. The ex-

respectively, as described Bection 2 This treatment led tent of cholesterol replenishment upon treatment with cholestef®@GiM
complex for varying time periods (5, 10, and 15min) is shown in panel
B. The data shown are mea#sS.E. of three independent experiments
performed in duplicate. SeBection 2for other details.

400
(2}
L
22
3L 300 =E to very efficient delivery of cholesterol back to the cells
©o (Fig. 5B). Macrophages treated this way were infected with
= 2 200 } - radiolabeled promastigotes to assess parasite-binding abil-
8 = - ity. Interestingly, the increase in cellular cholesterol content
5 led to a concomitant increase in the ability of the parasite
‘2‘; 100 1 to attach to the macrophage cell surfaéég( 5A). These
< w results therefore confirm that the reduced ability of the
0 parasite to bind to the macrophages depleted of cholesterol
Control 5mM 10mM is a specific effect that can be reversed upon cholesterol
MBCD MBCD

replenishment.

Fig. 4. Effect of cholesterol depletion on internalization of the para-

site assessed by the amastigote count in infected J774A.1 macrophages.

Macrophages depleted of cholesterol using 5 and 10 mBCH, exposed 4. Discussion
to parasites at multiplicity of infection of 10:1 for 3 h, show a reduction

(nearly 50% in the case of 10mM BLD treatment) in the number of our results clearly show that plasma membrane choles-
intracellular amastigotes as revealed by Giemsa staining. The data shown y p

are the means SE. of six independent experiments. S8ection 2for terol plays a CrU_Cia| role in leishmanial infection, and
other details. cholesterol depletion from macrophages b®D results
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in a significant reduction in the extent of leishmanial depletion and the associated reduction in leishmanial infec-
infection. We demonstrate this by ligand binding using tivity is not due to a general disruption in cell membrane
metabolically radiolabeled promastigotes and also by flow integrity and cell viability, but results from a specific dis-
cytometric analysis of fluorescently labeled promastig- ruption of a cholesterol-mediated entry/attachment process
otes. This reduction in binding of the promastigotes to employed by the parasite.
macrophages is accompanied by a concomitant reduction The role of lipid rafts in general and cholesterol in par-
in the number of the intracellular amastigote form of the ticular is being increasingly recognized in signal transduc-
parasite. Importantly, the reduction in binding of the para- tion [9,29] and entry of pathogens to infect host c4ll§].
site to cholesterol-depleted macrophages can be reversed byhe involvement of rafts has earlier been shown to control
replenishment of cholesterol thus reinforcing the specific the infection of HIV type 1[30,31], entry and internaliza-
requirement of cholesterol in the infection process. tion of mycobacterig18,26] and Brucella suis [32] into

The molecular mechanism of how cholesterol supports macrophages, and infection of erythrocytes by the malaria
binding of the parasite to the macrophage cell surface parasitePlasmodium falciparum [24,33] Our results show
requires further investigation. Interestingly, the effects of that this could be true for entry &f donovani and its ability
cholesterol depletion are abrogated when serum-opsonizedo infect host macrophages.
parasites are used in similar experiments as carried out for Cholesterol-mediated entry ofeishmania into host
non-opsonized parasites. This points toward the essentialcells and reduction in infection may lead to novel thera-
role of cholesterol in supporting entry of the parasite via peutic strategies against leishmaniasis. Cyclodextrin-like
the non-opsonic pathway into macrophages. The involve- molecules have earlier been shown to be pharmacologically
ment of multiple membrane-bound receptors in the entry important in treating unstable atherosclerotic plaques due to
of the parasite into host cells has been mentioned earliertheir ability to remove cholesterol from macrophage foam
[2]. The modulatory role of cholesterol, an essential com- cells in vitro[34]. In addition,B-cyclodextrin, a compound
ponent in the plasma membrane of eukaryotic cells, on analogous to MCD and which selectively extracts choles-
the function of membrane receptors, such as the oxytocinterol from plasma membranes, has been shown to cause
receptor[13], galanin receptof27], and the serotonin hypolipidemic effects in genetically hypercholesterolimic
receptor (Pucadyil TJ, Chattopadhyay A, unpublished ob- rats when fed orally35]. Very recently, topical application
servations), has been previously demonstrated. These resultsf B-cyclodextrin has been shown to block the transmission
show that cholesterol depletion may lead to perturbation of cell-associated HIV-136]. This is based on earlier ob-
of receptor—cholesterol interactions leading to loss of re- servations on the involvement of cholesterol in the infection
ceptor function. The reduction in infectivity of the parasite of HIV type 1[30,31] Thus, the feasibility of administrat-
accompanied with cholesterol depletion could be due to ing cyclodextrin-like molecules in vivo has already been
such alterations in interactions of one or more of the many established. Such administration ofgi@D may block or
receptors that have been proposed to have a role in thesignificantly reduce leishmanial infection and further stud-
attachment and internalization of the parage ies in the preclinical and clinical settings are needed to fully

Our results conclusively indicate that cholesterol de- explore this issue.
pletion of macrophages affects the binding/attachment of
leishmanial parasites. In light of the essential role of choles-
terol to maintain membrane integrity, modulate membrane Acknowledgements
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