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Abstract

The proteasomes of some protozoa are possible targets for chemotherapy. Leishmaniasis is a major health problem in huma
immunodeficiency virus (HIV) co-infected subjects. Two HIV protease inhibitors (PI), indinavir and saquinavir, have been shown to block
proteasome functions; we therefore investigated their effects on the growth dfeislomaniaspp. (eishmania majoand Leishmania
infantun). After 24 h of treatment, both drugs exhibited a dose-dependent antileishmanial activity, with 50% lethal dg$edlL@s of,
respectively, 8.3M and 7uM on L. major, minor activity was observed on. infantum These results add new in vitro insights into the
wide-spectrum efficacy of Pl and suggest studying their action on amastigote forms of leishmania within macrophages in order to validate
their potential contribution against opportunistic infections in treated seropositive patients.
© 2005 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction decreasing since the introduction of highly active antiretro-
viral therapy (HAART) [4,5]. Some antiretroviral agents
Leishmaniasis currently affects an estimated 12 million exhibit significant inhibitory effects on purified human
people, in every continent except Australia and Antarctica. proteasome functiongs,7]. In recent years several studies
Moreover, the emergence of visceral leishmaniasis as anhave documented the antiprotozoal activity of some pro-
opportunistic infectior{1], particularly in patients infected teasome inhibitors. Proteasomes are large, non-lysosomal,
with human immunodeficiency virus (HIV), has given rise multi-subunit protease complexes. They are characterised
to the need for new therapeutic strategies. The control of by evolutionarily conserved proteins and are presefityn
leishmania infection is T-cell dependent and requires a Th1l panosoma brucef8], Trypanosoma cruz9], Toxoplasma
response. There has therefore been an increased incidencgondii [10], Plasmodiumspp.[11], Entamoeba histolytica
of kala azar in HIV co-infected patients in Bihar (Ind[a], and Entamoeba invadenfl2], as well as inLeishmania
and in the Mediterranean basin up to 9% of acquired immune mexicana/13]. A molecular similarity was found between
deficiency syndrome (AIDS) patients suffer from newly the human 20S proteasomeype subunit and Beishmania
acquired or reactivated visceral leishmani§3]s Treatment donovanicDNA clone[14] and between a gene encoding a
with antimonials, the mainstay of therapy, is less satisfactory 20S proteasomg subunit inPlasmodium falciparunfil5].
in immunocompromised patients than in immunocompetent Proteasomes play a key role in differentiation and replication
subjects[1]. New therapies, such as lipid formulations of of protozoa, and lactacystin, a specific inhibitor of protea-
amphotericin B or miltefosine, are very expensive. There- somes, has a negative impact on the replicatidnofexicana
fore, there is a pressing need for new antileishmanial drugs.promastigotes, although only at a high concentrafic®j.
The incidence of HIVEeishmaniaco-infections has been We explored whether indinavir and saquinavir, two
HIV protease inhibitors (Pl) commonly used in infected
* Corresponding author. Tel.: +39 011 670 5427; fax: +39 011 903 8639. individuals that share potent inhibitory effects on purified
E-mail addressdianella.savoia@unito.it (D. Savoia). human proteasomef5,7], have antileishmanial activity.
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The activity of pL-a-difluoromethylornithine (DFMO),
a polyamine analogue inhibiting protozoon ornithine
decarboxylas§l6], was also assessed.

2. Materials and methods
2.1. Leishmaniae

Leishmania major(LRC-L137 strain) and_eishmania
infantum (MHOM/TN/80/IPT1 strain) were maintained in
vitro at 25°C in Tobie’s diphasic medium. Before use, pro-
mastigotes were grown in medium 199 (Invitrogen, CA,
USA), modified as previously indicatdd 7], at 25°C for
4 days to reach late-log phase growth.

2.2. In vitro studies

The effects of the two PI, indinavir (Merck; a kind gift
of S. Vella, Rome, Italy) and saquinavir (BS 00120083; a
kind gift of Roche, Basel, Switzerland), on promastigotes of
L. majorandL. infantumwere assessed by a method sim-
ilar to that previously describefl7]. Promastigotes were

93

standard deviations werg10% of the means obtained at
each point. The 50% lethal dose (k8), i.e. the drug con-
centration that caused a 50% reduction in survival/viability
in comparison with that in identical cultures without the com-
pound, was evaluated after 24 h. This value was determined
by non-linear regression analysis, by plotting the number of
viable promastigotes versus log drug concentrations by use
of GraphPad Prism 3 software.

3. Results and discussion

The results demonstrate that after 1 day of treatment,
starting from a concentration of 6.3/, both indinavir
and saquinavir induce&50% growth inhibition ofL. major
promastigotes Table 1. At this time point, DMSO also
exhibited a mild inhibitory activity, although only at dilu-
tions corresponding to a drug concentration@b uwM. After
2 days (and likewise after 3 days), the inhibitory effects of
saquinavir on parasite growth persisted, ranging from 17%
to 65% inhibition in a dose-dependent mann&akle J.
Similar results were obtained with indinavir, although the
range of the inhibitory effect was lower. Conversely, at these

counted using a haemocytometer (Thoma chamber) and retime points the inhibition by DMSO virtually disappeared

suspended in fresh medium to a final concentration-ofis°
viable (showing motile behaviour and/or lack of staining
after vital staining with trypan blue) promastigotes/mL. The

two compounds were added to the cultures at final con-

centrations of 6.25, 12.5, 25 and pM (starting from a
5mM solution in dimethylsulfoxide (DMSO) that was seri-
ally diluted in medium). Dilutions of DMSO corresponding

(Table 3. The antileishmanial activity was irreversible, and
protozoa did not resume growth when subcultured in fresh
medium. After incubation for 24 h, the Ldg values of indi-
navir and saquinavir were 8430.9uM and 74 0.7 M,
respectively. The inhibitory and lethal effects of the drugs
on theL. infantumyield were less evidenfTéble 1), rang-

ing from 5% to 34% in a dose-dependent manner. DMSO

to those used to prepare the drug solutions were assessedxhibited a limited inhibitory activity at higher concentra-

in parallel.oL-a-DFMO (Sigma, Milan, Italy) was assayed
at final concentrations of 3, 6, 12 and 24 mM. After 24, 48
and 72 h incubation at 2% with occasional agitation, the
number of viable, motile promastigotes was quantified. At
the end of 24 h incubation, the reversibility of the effect was

assessed by adding fresh complete medium at a 10:1 ratio;

the same dilution was made for the control. After a further

48 h incubation, the number of live promastigotes was eval-

tions (LDsg values >5QuM for both protozoa)pL-«-DFMO
also had leishmanicidal effects, although only at high con-
centrations (LI3p of 6 mM for L. majorand 15 mM forL.
infantun), higher than those values found an donovani
[18].

Our findings demonstrate that indinavir and saquinavir
have a dose-dependent leishmanicidal activity in vitro, which
is greater orL. major than onL. infantumpromastigotes.

uated. The experiments were performed in triplicate and the The inhibition of leishmanial growth produced by these com-

Table 1

Effect of indinavir and saquinavir on the in vitro growth lof major andL. infantumpromastigotes: values are reported as percentages of control grown in

medium (considered 100%)

Leishmaniaspp. Days of treatment Dose
50puM 25uM 12.5uM 6.25uM
| S D | S D | S D | S D
L. major 1 3z 357 60 38 37 72 43 412 100 53 51 100
2 4P 35 71 66 60 88 80 71 100 93 80 100
3 48 43 83 78 58 95 85 77 100 100 83 100
L. infantum 1 69 66 94 72 70 95 88 80 100 90 88 100
2 72 68 94 80 75 95 88 83 100 95 93 100
3 71 66 96 80 75 100 90 85 100 95 90 100

I, indinavir; S, saquinavir; D, dimethylsulfoxide (DMSO) control at the same dilution used for drug solutions.

2 Statistically significant differencé < 0.05.
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pounds may be due to their effects on proteasome activity. As [8] Li Z, Zou CB, Yao Y, et al. An easily dissociated 26S proteasome
observed or.. mexicang13], these effects may depend on catalyzes an essential ubiquitin-mediated protein degradation path-
the stage of the parasite; for example, amastigotes develop- __ Way in Trypanosoma brucel) Biol Chem 2002;277:15486-98.

ina within macroph during human infection are mor [9] De Diego JL, Katz JM, Marshall P, et al. The ubiquitin—proteasome
9 acrophages during huma ection are more pathway plays an essential role in proteolysis durimgpanosoma

sensitive_to lactacystin than pr_omas;igo_tes qleveloping_in Cl_l" cruzi remodeling. Biochemistry 2001;40:1053-62.
ture medium. If the same applies to indinavir and saquinavir, [10] Shaw MK, He CY, Roos DS, Tilney LG. Proteasome inhibitors block
their leishmanicidal effects should be higher in vivo than intracellular growth and replication dfoxoplasma gondiiParasitol-

in vitro. Potent antiretroviral therapy with Pl decreases the 09y 2000:121:35-47.

XOr ion of virulen nzvmes Gandida albicang19]: [11] Gantt SM, Myung JM, Briones MR, et al. Proteasome inhibitors
expression o ulence enzymes a albica 5{ ]’ block development of Plasmodium spp. Antimicrob Agents

furthermore, it has a negative impact on the yieldJoyp- Chemother 1998:42:2731-8.
tococcus neoformanf0], Pneumocystis carini[21] and [12] Makioka A, Kumagai M, Ohtomo H, Kobayashi S, Takeuchi T.
Cryptosporidium parvunj22]. In addition to the immune Effect of proteasome inhibitors on the growth, encystation, and
restoration, HIV-infected patients receiving PI may thus ben- exgystation ofEntamoeba histolyticand Entamoeba invaden$ar-

. L N . asitol Res 2002;88:454-9.
efit from their direct inhibitory activity on a large array of

. - [13] Robertson CD. Théeishmania mexicanproteasome. Mol Biochem
microorganisms. S _ _ Parasitol 1999;103:49-60.

These results add new in vitro insights into the wide- [14] Christensen CB, Jorgensen L, Jensen AT, et al. Molecular charac-
spectrum efficacy of HIV Pl and suggest studying their action terization of alLeishmania donovancDNA clone with similarity
on amastigote forms of leishmania within macrophages to ~ © human 20S proteasometype subunit. Biochim Biophys Acta

validate their potential contribution against opportunistic 2000:1500: 77-87.
[15] Li GD, Li JL, Mugthin M, Ward SA. Molecular cloning of a gene

infections in treated seropositive patients. encoding a 20S proteasome beta subunit fi@asmodium falci-
parum Int J Parasitol 2000;30:729-33.
[16] Calonge M, Cubria JC, Balana-Fouce R, Ordonez D. Putrescine
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