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19Visceral leishmaniasis is a vector-borne disease caused by an obligate intracellular protozoan parasite Leishmania
20donovani. The molecular mechanism involved in internalization of Leishmania is poorly understood. The entry of
21Leishmania involves interaction with the plasma membrane of host cells. We have previously demonstrated the
22requirement of host membrane cholesterol in the binding and internalization of L. donovani intomacrophages. In
23the present work, we explored the role of the host actin cytoskeleton in leishmanial infection. We observed a
24dose-dependent reduction in the attachment of Leishmania promastigotes to host macrophages upon destabili-
25zation of the actin cytoskeleton by cytochalasin D. This is accompanied by a concomitant reduction in the intra-
26cellular amastigote load. We utilized a recently developed high resolution microscopy-based method to
27quantitate cellular F-actin content upon treatment with cytochalasin D. A striking feature of our results is that
28binding of Leishmania promastigotes and intracellular amastigote load show close correlation with cellular F-
29actin level. Importantly, the binding of Escherichia coli remained invariant upon actin destabilization of host
30cells, thereby implying specific involvement of the actin cytoskeleton in Leishmania infection. To the best of
31our knowledge, these novel results constitute the first comprehensive demonstration on the specific role of the
32host actin cytoskeleton in Leishmania infection. Our results could be significant in developing future therapeutic
33strategies to tackle leishmaniasis.

34 © 2014 Published by Elsevier B.V.
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39 1. Introduction

40 Leishmaniasis is a vector-borne disease, caused by various species of
41 the genus Leishmania, which are obligate intracellular protozoan para-
42 sites. Leishmaniasis causes substantial public health problems, especial-
43 ly in tropics, subtropics and theMediterranean basin, and is usually fatal
44 if left untreated [1–4]. Leishmaniasis threatens about 350 million men,
45 women and children in 98 countries around the world. As many as 12
46 million people are believed to be currently infected,with about 1–2mil-
47 lion estimated new cases occurring every year [5,6]. In socioeconomic
48 terms, leishmaniasis is often associated with poverty [7] and is believed
49 to be oneof themost neglected diseases due to limited funding available
50 for diagnosis, treatment and control [8]. According to available esti-
51 mates, leishmaniasis is considered to be second in mortality and fourth
52 in morbidity among all tropical diseases [9]. Based on clinical

53syndromes, leishmaniasis is classified into four major types: cutaneous,
54muco-cutaneous, visceral (also known as kala-azar) and post-kala-azar
55dermal leishmaniasis. Among these, visceral leishmaniasis (VL) is
56fatal in the absence of treatment [3]. The current worldwide increase
57in leishmaniasis to epidemic proportions, and the emergence of VL as
58an important opportunistic infection among people infected with HIV-
591 [10] have given rise to an urgency to provide treatment for
60leishmaniasis.
61Leishmaniasis is transmitted by the bite of the infected female
62sandfly (Phlebotomus spp.) while taking a bloodmeal from a host [11].
63The lifecycle of Leishmania has two distinct forms: an extracellular
64promastigote flagellar form found in themid-gut of sandflies, and an in-
65tracellular amastigote form that resides in phagolysosomes of hostmac-
66rophages. After entering the bloodstream, promastigotes are
67internalized by dendritic cells and macrophages, and subsequently
68transform into amastigotes by losing their flagella [3,12]. The entry of
69promastigotes into host macrophages involves multiple host–parasite
70interactions such as recognition of specific ligands on the parasite cell
71surface by receptors on the macrophage cell surface [4]. Studies aimed
72at understanding the molecular mechanisms of entry of Leishmania
73into host cells have led to the identification of a number of candidate re-
74ceptors facilitatingmultiple routes of entry, thereby highlighting the re-
75dundancy in the entry process [2,13,14]. These include membrane
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76 receptors on the host macrophage cell surface such as the mannose-
77 fucose receptor, receptor for advanced glycosylation end products, the
78 fibronectin receptor, the Fc receptor and complement receptors such
79 as CR1 andCR3. Due to the large variety of receptors responsible for par-
80 asite entry into host macrophages, no panacea is available for the treat-
81 ment of leishmaniasis.
82 The entry of intracellular parasites such as Leishmania involves inter-
83 action of the parasite with the plasma membrane of host cells. In this
84 context, we were the first to demonstrate the requirement of host
85 membrane cholesterol in the binding and internalization of Leishmania
86 donovani into macrophages using complementary approaches [12,
87 15–20]. Membrane cholesterol has also been shown to be necessary
88 for the entry of Leishmania chagasi into hostmacrophages [21]. Interest-
89 ingly, depletion of plasma membrane cholesterol has recently been re-
90 ported to result in possible reorganization of the cortical actin
91 cytoskeleton [22–27].With the overall goal of delineating plasmamem-
92 brane components of host macrophages responsible for the entry of
93 Leishmania and arriving at a comprehensive molecular mechanism of
94 parasite entry, in this work, we have explored the role of the actin cyto-
95 skeleton in parasite entry. Our results show that destabilization of the
96 actin cytoskeleton of host macrophages results in a dose-dependent re-
97 duction in the attachment of Leishmania promastigotes, along with a
98 concomitant reduction in the intracellular amastigote load. Importantly,
99 we demonstrate here that Leishmania infection is strongly correlated
100 with cellular F-actin level. To the best of our knowledge, these novel re-
101 sults constitute the first comprehensive demonstration on the specific
102 role of the host actin cytoskeleton in Leishmania infection.

1032. Materials and methods

1042.1. Materials

105MgCl2, CaCl2, cytochalasin D (CD), antibiotic antimycotic solution,
106gentamicin sulfate, IMDM (Iscove’s Modified Dulbecco’s Medium), M-
107199 (Medium-199), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
108tetrazolium bromide), FITC (Fluorescein isothiocyanate) and Giemsa
109stain were obtained from Sigma (St. Louis, MO). Fetal calf serum (FCS)
110was purchased from Gibco/Life Technologies (Grand Island, NY), PE
111(phycoerythrin) rat anti-mouse CD14 antibody was obtained from BD
112Biosciences (Franklin Lakes, NJ) and Alexa Fluor 546 phalloidin was ob-
113tained from Molecular Probes/Invitrogen (Eugene, OR). All other
114chemicals used were of the highest available purity. Water was purified
115through aMillipore (Bedford,MA)Milli-Q system and used throughout.

1162.2. Methods

1172.2.1. Cell culture
118Murinemacrophage cell line J774A.1 (American TypeCulture Collec-
119tion) was maintained as described previously [15,28] with some modi-
120fications. Cells were maintained in IMDM medium supplemented with
1212.4 g/l sodium bicarbonate, 10% heat-inactivated FCS, and antibiotic
122antimycotic (100 U/ml penicillin, 100 μg/ml streptomycin, and
1230.25 μg/ml amphotericin B) solution in a humidified atmosphere with
1245% CO2 at 37 °C.
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Fig. 1. Organization of the actin cytoskeleton in J774A.1 macrophages treated with increasing concentrations of cytochalasin D (CD). The actin cytoskeleton was stained with Alexa Fluor
546 phalloidin. Projections of 11 sections from the base of the coverslip (~3.5 μm from the base into the cell) are shown. Panel A shows representative projected image for control mac-
rophages, and panels B–D show corresponding images formacrophages treatedwith 2.5, 5 and 10 μMCD, respectively. Loss of F-actinfilaments and formation of F-actin aggregates can be
observed upon treatment with increasing concentrations of CD. The scale bar represents 10 μm. See Materials and methods for other details.
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