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Abstract

The mechanisms of Lefshmania resistance to antimonials have been primarily determined in
experimentally derived Leishmania strains. However, their participation in the susceptibility
phenotype in field isolates has not been conclusively established. Being an intracellular parasite,
the activity of antileishmanials is dependent on internalization of drugs into host cells and effective
delivery to the intracellular compartments inhabited by the parasite. In this study we quantified
and comparatively analyzed the gene expression of nine molecules involved in mechanisms of
xenobiotic detoxification and Lefshmania resistance to antimonial drugs in resistant and
susceptible laboratory derived and clinical L.(Viannia) panamensis strains (n=19). In addition, we
explored the impact of Leishmania susceptibility to antimonials on the expression of macrophage
gene products having putative functions in transport, accumulation and metabolism of antimonials.
As previously shown for other Leishmania species, a trend of increased abcc3and lower agp-1
expression was observed in the laboratory derived Sb-resistant L.(V.) panamensis line. However,
this was not found in clinical strains, in which the expression of abcaZwas significantly higher in
resistant strains as both, promastigotes and intracellular amastigotes. The effect of drug
susceptibility on host cell gene expression was evaluated on primary human macrophages from
patients with cutaneous leishmaniasis (n=17) infected ex-vivo with the matched L.(V.) panamensis
strains isolated at diagnosis, and in THP-1 cells infected with clinical strains (n=6) and laboratory
adapted L.(V.) panamensis lines. Four molecules, abcbl1 (p-gp), abcb6, agp-9 and miZa were
differentially modulated by drug resistant and susceptible parasites, and among these, a consistent
and significantly increased expression of the xenobiotic scavenging molecule mtZa was observed
in macrophages infected with Sh-susceptible L. (V/) panamensis. Our results substantiate that
different mechanisms of drug resistance operate in laboratory adapted and clinical Leishmania
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strains, and provide evidence that parasite-mediated modulation of host cell gene expression of
molecules involved in drug transport and metabolism could contribute to the mechanisms of drug
resistance and susceptibility in Leishmania.
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Introduction

Antimonial drugs, Glucantime® and Pentostam®, continue to be the first line treatment
option for dermal leishmaniasis in the Americas. However, documented treatment failure
rates between 20% and 74% [1-5], in some cases attributed to parasite drug resistance [6],
together with the toxicity and extended length of treatment regimens, threaten the usefulness
of these drugs. Investigations on laboratory derived drug resistant Leishmania strains have
revealed mechanisms of experimental resistance to antimonials based on parasite
detoxification, sequestration, efflux, and altered activation of pentavalent antimonials (SbY)
to the bioactive trivalent form (Sb'!"") [7-12]. These functions have been associated with the
over-expression of ATP-Binding Cassette (ABC) membrane transporters and metabolic
enzymes primarily through mechanisms of gene amplification in Sb'!\-resistant Leishmania
[13, 14]. However, the relationship between the expression of these genes and the
susceptibility phenotype in clinical strains has been elusive and findings inconclusive
[15-17].

The evaluation of /n vitro screening systems to assess drug susceptibility of intracellular
Lefshmania has shown that the use of different host cells such as primary murine or human
macrophages and cell lines (eg. THP-1, U-937, J774) results in differences in EC50 and
ECgqg values for a range of antileishmanial drugs analyzed in the same Leishmania strain
[18]. This provides evidence of a central role of host cells in the antileishmanial effect of
chemotherapeutics.

Our group and others have shown that the interaction between Leishmania and the human
host extends beyond modulation of immunological functions to determinants of
pharmacological responses [19-24]. L. (V/) panamensis infection of primary human
macrophages and exposure to meglumine antimoniate (MA) or miltefosine modulate the
expression of host cell ABC transporters and Solute Liquid Carriers (SLC), metabolic
enzymes and scavenging molecules, differentially regulating the antileishmanial effect of
these drugs [19, 20]. Sh-resistant L donovani strains have been shown to induce expression
of macrophage ABC transporters P-glycoprotein (P-gp), Multidrug resistance associated
protein—-1 (MRP-1) [21] and repression of macrophage gamma-glutamylcysteine synthetase
(y-GCS) [24], resulting respectively in reduced antimony accumulation and limited
reduction to Sbl' in cells infected with Sb-resistant parasites. These findings lend support to
the concept that drug resistance in Leishmania can be conferred by a multiplicity of
redundant mechanisms dependent both on the parasite and the host. Thus, in addition to
traditional intrinsic or acquired mechanisms of Leishmania drug resistance, the capacity of
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the parasite to modulate drug transport, metabolism and detoxification within its host cell,
together with variations that occur between individuals, converge into what is defined as the
drug susceptibility phenotype.

In this study we quantified and comparatively analyzed the gene expression of molecules
involved in mechanisms of antimonial drug resistance in Lefshmania[7, 10-12, 25], using
laboratory derived and clinical strains of L (V/) panamensis categorized as resistant or
susceptible to MA as intracellular amastigotes. Furthermore we explored the impact of
parasite drug susceptibility on the modulation of macrophage gene products potentially
involved in transport, accumulation and metabolism of antimonials, as putative mechanisms
contributing to the susceptibility profile of this intracellular parasite. Screening of gene
expression profiles in the host cell and the parasite provides evidence of the host-pathogen
relationships that contribute to determine the susceptibility phenotype of Leishmaniato
antimonial drugs.

Materials and Methods

Ethics statement

This study was approved and monitored by the Institutional Review Board for Ethical
Conduct of Research Involving Human Subjects of the Centro Internacional de
Entrenamiento e Investigaciones Médicas (CIDEIM) with approval code CIEIH 1209, in
accordance with national and international guidelines. All individuals voluntarily
participated in the study. Written informed consent was obtained from each participant.

Study Design

This study sought to examine the relationship between Leishmania susceptibility to
antimonial drugs and the expression of Leishmania and macrophage drug-response related
genes. To achieve this, gene expression profiling of molecules with reported evidence of
association with xenobiotic detoxification, Sb drug transport or metabolism was evaluated in
Sb sensitive and resistant promastigotes of laboratory-derived and clinical strains of L. (V)
panamensis, followed by evaluation of differentially expressed genes in intracellular
amastigotes. The modulatory influence of infection with Sh-susceptible and resistant L. (V)
panamensis on host cell gene expression was evaluated in THP-1 monocytic cells and
primary human macrophages.

Reagents and chemicals

Additive-free meglumine antimoniate (MA) Walter Reed 214975AK; lot no.
BL0918690-278-1A1W601) was kindly provided by the Walter Reed Army Institute, Silver
Spring, MD. Phorbol-12-myristate 13-acetate (PMA) was obtained from Sigma -Aldrich.

Patients and samples

Seventeen adult patients, 18 to 60 years of age, with parasitological confirmation of active
cutaneous leishmaniasis (CL) under 6 months of disease evolution, and from which
Leishmania isolates were available, participated in this study. Peripheral blood samples were
obtained prior to initiation of treatment for isolation of mononuclear cells. Leishmania
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strains were isolated at diagnosis from all patients, and typed by reactivity to a panel of
monoclonal antibodies and isoenzyme electrophoresis [26]. Parasite strains and
mononuclear cells were stored, respectively, in liquid nitrogen and at -80°C until use.

Leishmania strains and ECsg

Clinical strains and laboratory derived L(V/) panamensis lines (Sh-susceptible L. (V)
panamensis;, MHOM/COL/03/3594/LUCO001 [L.p.001] and Sh-resistant; MHOM/COL/
86/1166-1000.1 [Lp.1000.1]) were kept at 25°C in RPMI supplemented with 10% heat-
inactivated FBS. The Sb-resistant L.p.1000.1 line was previously selected as promastigotes
by in vitro drug pressure to Sh!!! [25] and maintained under drug pressure in culture
(1000uM Sb'!"). For evaluation of gene expression profiles in promastigotes L (/)
panamensis clinical strains obtained from CIDEIM Biobank were selected based on the
susceptibility phenotype as intracellular amastigotes defined as highly Sh-susceptible
(reduction of parasite burden > 78%; n=9) and highly Sbh-resistant (reduction of parasite
burden < 5%; n=10) (Table 1), and independent of the outcome of treatment of patients from
whom the strains were isolated. A subgroup of these strains (n=3/group) was selected for
analyses of the modulatory effects on THP-1 cell gene expression. Selection of clinical
strains presenting with extreme phenotypes was based on the comparability of these to the
phenotypes of laboratory-adapted lines L.p.001 and Lp.1000.1, for which the reduction of
parasite burden was, on average of four independent experiments, 83% and 10%,
respectively.

Drug susceptibility was evaluated by /n vitro survival of intracellular amastigotes to MA.
Briefly, PMA-differentiated U-937 macrophages were exposed to L.V, panamensis
promastigotes for 2h, washed with PBS and infection allowed to proceed for additional 24h.
Infected macrophages were then exposed to 32 pug/ml MA (selected based on the Ciax
achieved in CL patients undergoing treatment with Glucantime®) for 72h, with one change
of drug-containing medium at 48h. Susceptibility of intracellular parasites was measured by
evaluation of the percent parasite survival after exposure to MA, compared to the infected
control without drug exposure [27]. Lefshmania strains were defined as Sh-susceptible and
Sbh-resistant when % survival after drug exposure was <30% and >70%, respectively [27].

Cell Culture, differentiation and infection

The human monocytic cell line THP1 was maintained at 1 x 10° cells/ml in RPMI 1640
(Gibco) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 pg/ml
streptomycin, 100 U/ml penicillin at 37°C and 5% CO». Cultured cells were differentiated
into macrophages using 250ng/ml PMA for 3 hours and then seeded in 6-well plates at a
density of 1 x 10% cells/well. Primary human macrophages were differentiated from
monocytes in peripheral blood mononuclear cells (PBMCs) from CL patients. PBMCs were
collected by centrifugation over a Ficoll-Hypaque gradient (Sigma-Aldrich). Differentiation
of macrophages was achieved by adherence to cell culture plastic ware in serum-free RPMI
for 2h, followed by culture for 7 days in RPMI supplemented with 20% FBS at 37°C and
5% CO». THP-1 and primary macrophages were infected with stationary phase
promastigotes opsonized with heat inactivated human AB+ serum, at a 10:1 Leishmania-
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macrophage ratio for 2h [28], washed twice with PBS and incubated for 24h at 34°C with
5% COs.

RNA extraction and gene expression

Total RNA was extracted from logarithmic phase promastigotes with the RNA isolation
system (Promega), and from THP-1 and primary macrophages using TRIzol reagent
(Invitrogen, USA) followed by organic extraction. Promastigote and primary macrophage
RNA were treated with DNAse I, and the latter cleaned with RNeasyMini kit columns
(Qiagen). RNAs were stored at -80°C until use. RNA was reverse transcribed with High
capacity cDNA reverse transcription kit (Applied Biosystems) using < 2ug of RNA per
sample and controlling for the same RNA quantity for all samples in each independent
experimental batch. Based on the total RNA input for cDNA synthesis, resulting parasite and
macrophage cDNA was diluted with nuclease free water free in 1:5 and 1:2 proportions,
respectively, and used for analysis of gene expression by quantitative reverse transcription
real-time PCR (qRT-PCR). TagMan® probes used for evaluation of human macrophage gene
expression were: abcbl (p-gp, (Probe No.Hs00184500 _m1), abch6 (Hs01039213 m1),
abcel (mrp-1,Hs01561510_m1), abec2 (Hs00166123 _m1l), s/ic7a11 (Hs00204928 m1),
aqgp-9 (Hs01035887_m1), mtZa (Hs01591333 g1l), and gapah (Hs99999905 m1). Primers
for amplification of Leishmania abcaZ, abca3, abce2, abee3, abeg4, abeg6, aqpl, sams, sahh
and B-tubulinwere designed using Primer Blast NCBI software (Supplementary Table 1),
and used for evaluation of gene expression in promastigotes and intracellular amastigotes.
For the later, primers were also evaluated against cDNA from uninfected macrophages to
test for cross-reactivity with host cell molecules. The efficiency of the gPCR reactions was >
90% and < 110% for all primer sets tested against promastigote DNA. Efficiency of ABCC3
and ABCA2 primer sets against intracellular amastigotes was 86% and 70% respectively.
Amplification of parasite gene transcripts was performed using SybrGreen PCR Master Mix
(Applied Biosystems). Reverse transcription and gPCR no-template controls were included
in each run. Modulation of macrophage gene expression was estimated by relative
quantification calculated by 22Ct method normalized to GAPDH and controlled against gene
expression of uninfected and unexposed macrophages. Basal gene expression in
promastigotes and intracellular amastigotes was estimated by quantification relative to a
standard curve constructed from five 1:4 serial dilutions of cDNA from 1x10° parasites, all
for which the dynamic range of dilution values was determined to be 1 to 28, Parasite gene
expression was normalized to p-tubulin. Calculations were made in Excel, Windows Office
2010.

Statistical analysis and data management

Gene expression analyses were conducted blindly with respect to the susceptibility
phenotype of the Lefshmania strains. Codes were revealed once the full data set was
obtained. D'Agostino and Pearson omnibus test was applied to determine parametric or non-
parametric distribution of quantitative data. For parametric data, Student's T-Test and One-
way ANOVA with Tukey's post-test were employed for analysis of variance between two, or
more than two groups, respectively. Mann Whitney U-Test and Kruskall-Wallis with Dunn's
post-test were employed for analysis of non-parametric data. Correlation analysis of
transporter gene expression was assessed by Pearson's test. Statistical significance was
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defined as p<0.05. Data were analyzed using Prism 5 software (GraphPad Software, Inc., La
Jolla, CA).

Results

Expression of abca2 is significantly higher in Sb-resistant L. (V.) panamensis clinical
strains and is positively correlated with expression of other ABC transporters

Gene expression of nine molecules with reported evidence of association with xenobiotic
detoxification, Sb drug transport or metabolism (Supplemental Table 2) was evaluated in
promastigotes of laboratory derived Sb-susceptible (L.p.001) and Sb-resistant (Lp.1000.1)
control lines, and promastigotes of 19 clinical strains isolated from individuals with dermal
leishmaniasis caused by L. (V/) panamensis defined as Sh-resistant (n=10) or Sh-susceptible
(n=9) (Table 1). Among the evaluated genes, higher expression of abcc3and lower
expression of Aquaporin-1 (agp-1) were observed in Sh-resistant Lp.1000.1 compared to the
drug sensitive line L.p.001 (Figure 1A), and this was concordant with what was previously
shown for other experimentally selected strains of different Lefshmania species [7, 29]. In
contrast, expression of abcc3and agp-1 was not significantly different among Sb-resistant
and susceptible clinical strains of L (V/) panamensis (Figure 1B). The expression of abcaZ,
abca3and abcc3 was higher than that of abceZ, abeg4, abcg6, aqp-1,sahh, and sams in both
Sh-resistant and susceptible clinical strains (Figure 1B). As promastigotes, Sh-resistant
strains expressed significantly more abca2 and S-adenosylhomocysteine hydrolase (saf/)
compared to Sb-susceptible strains (Figure 1B). Expression of abca?was evaluated in
intracellular amastigotes, and no differences were observed among Sh-resistant (n=3) and
susceptible (n=3) clinical strains (Figure 1C). However, exposure of infected THP-1 cells to
MA significantly induced expression of abcaZin Sb-resistant but not in Sb-susceptible L. V/
panamensis intracellular amastigotes (Figure 1C). Expression of abca2was significantly and
positively correlated with expression of abca3, abcc3, abcg4 and abcg6 in logarithmic phase
promastigotes (Figure 2).

Expression of abcb6, agp-9 and mt2a is differential in macrophages infected with Sb-
resistant and susceptible L. (V.) panamensis

Differential expression of macrophage ABC transporters and enzymes involved in
glutathione metabolism has been reported during infections with Sb-resistant and susceptible
L. donovani[21, 24]. Whether these mechanisms operate in other Leishmania species is
unknown. The expression of drug-response molecules which were previously shown to be
altered during ex vivo L. (V) panamensis infections [19] was evaluated in human
macrophages infected with Sb-resistant and susceptible L. (V) panamensis. In contrast to
findings in studies of L. donovani, expression of abcbl (p-gp)and abcel (mrp-1) in THP-1
cells was not significantly different during infections with the Sb-resistant or susceptible
laboratory derived lines of L. (V/) panamensis in the presence or absence of MA (Figure
3A). Likewise, no differences in the expression of abcc2and s/c7a11 were observed in cells
infected with these strains. Infection with Sh-susceptible L.p.001 induced expression of
abcb6in THP-1 cells and was significantly higher than in cells infected with the Sb-resistant
line L.p1000.1. However, this difference was not observed when infected cells were exposed
to MA (Figure 3A). Significantly higher expression of metallothionein-2a (mtZa) and agp-9
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occurred in macrophages infected with the L.p.001 line and exposed to MA, compared to
cells infected with Sh-resistant L.p.1000.1 (Figure 3A). These results show that L. (V/)
panamensis strains having different drug susceptibilities can differentially modulate the
expression of drug-response genes in THP-1 cells.

Based on the results obtained with laboratory derived lines, we evaluated the effect of
infection with clinical strains of different susceptibilities to MA (n=3/ group) on the
expression of macrophage genes abcb6, agp-9and mtZa. In contrasts to the results with
laboratory derived lines, no differences in expression were elicited by infection of THP-1
cells with susceptible or resistant clinical strains of L. (\/) panamensis (Figure 3B),
indicating that laboratory derived lines and clinical strains differentially modulate host cell
responses.

To explore the contribution of the host cell system to the results, we developed an
experimental model aiming to recreate more accurately the natural infection. Primary
macrophages derived from PBMCs from patients with active CL were infected ex vivo with
the Lefshmania strain isolated from the original lesion at diagnosis. All strains were
identified as L. (V/) panamensis and susceptibility profiles determined as described in
materials and methods. As previously shown [19], exposure of primary macrophages to MA
significantly induced the expression of abcb6, mt2aand slc7a11 (Figure 4). In contrast to
infection with Sh-resistant strains, Sh-susceptible L. (V/) panamensis followed by drug
exposure resulted in significant induction of mtZa gene expression and repression of abcbh1
(Figure 4). No differences were observed in expression of abcbé, abccl, aqp-9 and slc7all.

Discussion

In the context of infections with intracellular pathogens, microbial drug susceptibility results
from complex interactions: 1) the ability of the pathogen to circumvent the antimicrobial
effect of drugs by events such as molecular changes in the drug target, drug efflux or
sequestration and drug metabolism/inactivation, 2) the capacity of the pathogen to modulate
its host cell resulting in changes in drug exposure and in immune determinants that may
favor microbial survival (or elimination), and 3) the inter-individual and within host-cell
variability in drug transport and metabolism that may account for alterations in intracellular
drug concentrations and distribution. However, drug susceptibility in Leishmania has been
almost exclusively investigated in relation with mechanisms of parasite drug resistance
based drug transport (influx/efflux), sequestration and metabolism/inactivation [30].

In this study we conducted a systematic assessment of the gene expression of molecules
previously shown to be involved in mechanisms of drug resistance in Leishmania
promastigotes, in a comparative analysis of the expression profiles in laboratory derived and
clinical strains of L. (V/) panamensis categorized by in vitro evaluation as intracellular
amastigotes, as resistant or susceptible to meglumine antimoniate. Research on laboratory
derived Lefshmania strains has revealed mechanisms of resistance to antimonial drugs that
include gene amplification and modulation of the drug detoxifying machinery constituted by
ABC transporters, aquaporins and enzymes involved in trypanothione metabolism [8-10, 31,
32]. In agreement with previous reports, increased expression of abcc3and repression of
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aqp-1 were also found in our laboratory derived Sh-resistant L. (V/) panamensis line
compared to the susceptible strain. However, these differences in gene expression were
absent from drug resistant and susceptible clinical strains, providing further evidence that
the mechanisms of antimonial drug resistance selected by /in vitro drug pressure on the
promastigote stage do not occur among Sh-resistant clinical strains of L. (Viannia)and L.
(Leishmania) species [15-17]. This could be potentially attributable to a selection bias
introduced by the drug concentrations at which parasites are exposed /n vivo as intracellular
amastigotes (antimony Cyax in human plasma ~ 20 — 40 ug/mL [33, 34]) vs. in vitroas
promastigotes (using selection concentrations > 10 times higher than plasma Cpax [17, 35]),
or by the population heterogeneity or polyclonality of clinical strains favouring
heterogeneous mechanisms of drug resistance [16]. Indeed, it has been shown that selection
of /n vitrodrug resistance in Leishmania as intracellular amastigotes to two different
antileishmanials, pentavalent antimonials and paromomycin, does not necessarily confer
resistance to the drug as promastigotes [17, 36]. Together, cumulative evidence supports the
interpretation that methods of selection and the life stage in which selective pressure is
exerted, result in different mechanisms of drug resistance.

Among clinical strains, expression of abca2was significantly higher in Sb-resistant
compared to Sb-susceptible clinical strains of L. (V/) panamensis, both as promastigotes and
intracellular amastigotes. In L. tropica, overexpression of ABCAZ2 has been shown to reduce
intracellular accumulation of glycerophospholipids, increase the exocytic activity and
decrease infectivity of macrophages; however, it did not confer drug resistance to
amphothericin B or alkyl-lysophospholipids [37]. Whether increased gene expression of
abcaZ directly contributes to antimonial drug resistance remains to be determined.

The genomic structure of Leishmaniais characterized by polycistronic gene arrangements.
Consequently, transcriptional regulation of gene expression often affects the transcription of
multiple genes within specific gene families. This study revealed a positive correlation
between expression of abcaZand abca3, abce3, abcg4 and abcg6. Among these, only abca?
and abca3are found within the same chromosome but not as tandemly arranged genes.
Therefore, the positive correlation of gene expression could suggest co-regulation
independently of polycistronic gene expression [38] and a multi-gene contribution to
antimonial drug susceptibility phenotype.

The intraphagosomal nature of Leishmania within its mammalian host implies that the
activity of antileishmanials is dependent on drug internalization into host cells and the
phagolysosomal compartment. Reduction of the pro-drug SbV to the bioactive Sb!!! has been
shown to occur both in Lefishmania amastigotes and host cells, but not promastigotes [10,
39, 40]. Thus, alterations in host cell drug uptake and metabolism could directly impact
exposure of the intracellular parasite to the drug, parasite survival and the efficacy of
treatments. Leishmania modulate immune cell functions, which in turn promote parasite
internalization and survival and this is largely accomplished by rapid modulation of host cell
signaling [41]. It is therefore plausible that Leishmania modulate host cell functions
involved in drug transport and metabolism thereby providing a mechanism of protection
against antileishmanial drugs. Indeed, studies have shown that drug resistant L. donovani
induce expression of ABC transporters MRP-1and P-gp in macrophages [23] and repress -y-
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GCS [24], promoating efflux of drug from host cells and limited intracellular reduction to
Sb'!l. Although no differences in mrp-1 and p-gp expression were observed THP-1 cells
infected with in L. (V/) panamensis, p-gp expression was downregulated during infection of
primary human macrophages with Sh-susceptible but not Sb-resistant L. (V/) panamensis
(Figure 4), consistent with observations in L. donovani infections, potentially resulting in
decreased drug efflux from infected cells.

Interestingly, increased expression of metallothionein 2A was consistently observed in
THP-1 cells and primary macrophages infected with Sb-susceptible L. (V) panamensis
compared to infections with drug resistant strains. In mammalian cells, /mt2a expression is
induced by MA [19] and the closely related metalloid As'!! [42]. Metallothionein (MT) null
mice are more sensitive to arsenic induced nephrotoxicity and hepatotoxicity [43, 44],
suggesting that MTs play a role in detoxifying/scavenging arsenic and potentially
antimonials. MTs are localized in the cytoplasm and in lysosomes of mammalian cells [45],
and thus can transport bound molecules to intracellular compartments such as
phagolysosomes. Furthemore, MTs are rich in cysteine residues and this amino acid
facilitates SbY to Sb'!! reduction [39]. We have previously shown that mt2a expression in
primary human macrophages is inversely correlated with intracellular survival of L. (V/)
panamensis after SbY exposure [19]. Hence, down-regulation of mt2a expression by
infection with Sbh-resistant L. (V/) panamensis could favor intracellular parasite survival
limiting intracellular drug accumulation, efficient transport to the phagolysosome or
reduction to Sb!!!. These findings prompt functional validation of the identified putative
mechanisms of resistance.

Conclusions

Results from this study further support the growing body of evidence that different
mechanisms of drug resistance operate in laboratory selected and naturally or therapeutically
selected clinical strains of Lefshmania. Furthermore, we provide evidence that parasite-
mediated modulation of host cell gene expression of molecules involved in drug transport
and metabolism could constitute mechanisms of resistance. Participation of host cells in the
antileishmanial effect of drugs opens new opportunities for development of host-directed co-
therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Gene expression profiles of L. (V.) panamensis clinical isolates
Gene expression of antimony-response related genes in promastigotes of laboratory derived

L.(V.) panamensis Sb-resistant (L.p.1000.1) and Sb-susceptible (L.p.001) strains (A) and Sb-

resistant (n=10) and Sh-susceptible (n=9) clinical L. (V.) panamensis strains (B). Gene
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expression of abcaZin L.(V.) panamensis clinical strains as intracellular amastigotes (C).
Data are presented as the mean value £ SD of two (A) or three (C) independent biological
replicas, and median and range of individual expression data for clinical strains (B). (*) p

<0.05.

Acta Trop. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Barrera et al.

@ Sb-Resistant
Sb-Susceptible

CHEE )

= p < 0.0001 =
s8® | r-os3 1 s 8
o 3 1 15
53 c » 5_'3
L w T
o a . (=%
23 1{ ge ° 3
88 &8

m ]

< o0 - . v s <

0 10 20 30 40
Gene expression
(ABCA2 / p-tubulin ratio)

° 20+ °

= p <0.0001 2
s & r=0.84 Ne g8
‘n £ 151 5 E
w3 0w S
¢ 2 $ 3
22 10- a2
3 a ¢ e S a
= P L o ™
§3 515 53

m o ]

<0 ; - . . <

0 10 20 30 40

Gene expression
(ABCA2 / p-tubulin ratio)

Page 14
15+ p = 0.0006
r=066
10+ -
L]
5.
- L]
L]
Vi L : T . ,
0 10 20 30 40
Gene expression
(ABCA2 / p-tubulin ratio)
251 p<o0.0001
204 = 0.91 o®
15+ .
L ]
10+
L ]
s] ¢ ¢
.l
0 T T T !
0 10 20 30 40

Gene expression
(ABCA2/ p-tubulin ratio)

Figure 2. Expression of abca2 is positively correlated to expression of abcg4, abcg6, abca3 and
abce3 in promastigotes of L. (V.) panamensis clinical strains

Correlation analysis of abcaZ? gene expression and abcg4, abcg6, abca3 and abcc3in
logarithmic phase promastigotes of L. (V/) panamensis clinical strains [n=19; Sbh-resistant

(n=9, Black circles) and Sh-susceptible (n=10, Grey circles)]. Statistical correlation was

assessed by the Pearson's correlation test and significance established when p<0.05.
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Figure 3. Sb-susceptible and Sb-resistant L. (V.) panamensis differentially modulate host cell gene
expression in THP-1 cells

THP-1 macrophages were infected for 24 h with Sh-susceptible (Lp-S; Lp.001) or Sb-
resistant (Lp-R; Lp. 1000.1) laboratory derived L. (V) panamensis lines (A) or clinical
strains (n=3/group; strain codes denoted in figure key) (B). Cells were also exposed to
32ug/ml MA for 24h (MA), or infected for 24h followed by 24h of drug exposure (Lp-S +
MA or Lp-R + MA). Gene expression data are presented as fold change values relative to
uninfected and untreated cells. Floating bars represent the range and median values (A) and
scatterplots show individual data and median values (B) of at least four independent
experiments. Statistical significance established by One-way ANOVA with Tukey's post-test;
(*) p<0.05.
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Figure 4. MT2A is induced upon infection with Sb-susceptible L. (V.) panamensisin primary

human macrophages

The expression of drug-response genes was evaluated in primary macrophages derived from
PBMCs from CL patients (n=17). Cells were infected for 24h with the strain isolated from
each participant at diagnosis (Sh-susceptible, n = 10, [circles] and Sh-resistant, n = 7,
[squares]), exposed to 32 pug/mL MA for 24h (white symbols), or infected for 24h followed

by 24h drug exposure

(black symbols). Gene expression data are presented as fold change

values relative to uninfected and untreated cells. Horizontal lines denote median values of
individual expression data from each strain-macrophage pair. Assessment of statistical
significance was done by Kruskall-Wallis with Dunn's post test. (*)p<0.05.
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Table 1

Susceptibility profiles of Leishmania (V.) panamensis clinical strains.

Sh-Resistant Strains

Susceptible Strains

Code 9% reduction of parasite burden® | Code % reduction of parasite burden
MHOM/CO/84/2198 | 0% MHOM/CO/85/2496 | 96%
MHOM/CO/84/2168 | 0% MHOM/CO/86/2476 | 88%
MHOM/CO/85/2452 | 0% MHOM/CO/85/2363 | 80%
MHOM/CO/84/2169 | 0% MHOM/CO/85/2348 | 78%
MHOM/CO/85/2472 | 3% MHOM/CO/85/2420 | 88%
MHOM/CO/84/2183 | 0% MHOM/CO/85/2423 | 98%
MHOM/CO/85/1131 | 0% MHOM/CO/85/2277 | 95%
MHOM/CO/06/5033 | 5% MHOM/CO/05/3951 | 93%
MHOM/CO/03/3783 | 0% MHOM/CO/06/5035 | 97%
MHOM/CO/04/3832 | 0%

*
Percentage reduction of parasite burden was established by comparing against infected macrophages without drug exposure.

Acta Trop. Author manuscript; available in PMC 2018 December 01.

Page 17



	Abstract
	Introduction
	Materials and Methods
	Ethics statement
	Study Design
	Reagents and chemicals
	Patients and samples
	Leishmania strains and EC50
	Cell Culture, differentiation and infection
	RNA extraction and gene expression
	Statistical analysis and data management

	Results
	Expression of abca2 is significantly higher in Sb-resistant L. (V.) panamensis clinical strains and is positively correlated with expression of other ABC transporters
	Expression of abcb6, aqp-9 and mt2a is differential in macrophages infected with Sb-resistant and susceptible L. (V.) panamensis

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1

