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Abstract

Background: Leishmania (L.) are intracellular protozoan parasites able to survive and replicate in the hostile phagolysosomal
environment of infected macrophages. They cause leishmaniasis, a heterogeneous group of worldwide-distributed
affections, representing a paradigm of neglected diseases that are mainly embedded in impoverished populations. To
establish successful infection and ensure their own survival, Leishmania have developed sophisticated strategies to subvert
the host macrophage responses. Despite a wealth of gained crucial information, these strategies still remain poorly
understood. MicroRNAs (miRNAs), an evolutionarily conserved class of endogenous 22-nucleotide non-coding RNAs, are
described to participate in the regulation of almost every cellular process investigated so far. They regulate the expression
of target genes both at the levels of mMRNA stability and translation; changes in their expression have a profound effect on
their target transcripts.

Methodology/Principal Findings: We report in this study a comprehensive analysis of miRNA expression profiles in L.
major-infected human primary macrophages of three healthy donors assessed at different time-points post-infection (three
to 24 h). We show that expression of 64 out of 365 analyzed miRNAs was consistently deregulated upon infection with the
same trends in all donors. Among these, several are known to be induced by TLR-dependent responses. GO enrichment
analysis of experimentally validated miRNA-targeted genes revealed that several pathways and molecular functions were
disturbed upon parasite infection. Finally, following parasite infection, miR-210 abundance was enhanced in HIF-1o-
dependent manner, though it did not contribute to inhibiting anti-apoptotic pathways through pro-apoptotic caspase-3
regulation.

Conclusions/Significance: Our data suggest that alteration in miRNA levels likely plays an important role in regulating
macrophage functions following L. major infection. These results could contribute to better understanding of the dynamics
of gene expression in host cells during leishmaniasis.
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Introduction amastigote form whilst avoiding and/or subverting anti-para-

sitic responses [2,3].

The protozoan parasite Leishmania (L.) causes a heterogeneous
group of tropical and subtropical neglected diseases known as
leishmaniasis, with symptoms ranging from cutaneous lesions to
fatal visceral leishmaniasis [1].

Leishmania parasites are obligate intracellular pathogens of
their mammalian hosts. To establish infection, the flagellated
metacyclic promastigote form is inoculated into host tissue
through the bite of a female sandfly. It then electively invades
macrophages where it differentiates into the highly replicative
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As dual actors (i.e., being the host cells that allow parasite
replication as well as the effector cells that are responsible for
parasite killing), macrophages play, beside neutrophils, a central
role for host resistance or susceptibility to Lewshmania infection
[4,5].

As successful intracellular parasites, Leishmania have developed a
range of sophisticated strategies to subvert and/or suppress
leishmanicidal activities of macrophages and overcome the host
innate immunity. Indeed, Leishmama parasites inhibit, upon
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Author Summary

Leishmania parasites belong to different species, each one
characterized by specific vectors and reservoirs, and causes
cutaneous or visceral disease(s) of variable clinical presen-
tation and severity. In its mammalian host, the parasite is
an obligate intracellular pathogen infecting the monocyte/
macrophage lineage. Leishmania have developed ambig-
uous relationships with macrophages. Indeed, these cells
are the shelter of invading parasites, where they will grow
and eventually will reside in a silent state for life. But
macrophages are also the cells that participate, through
the induction of several pro-inflammatory mediators and
antigen presentation, to shape the host immune response
and ultimately kill the invader. To subvert these anti-
parasite responses, Leishmania manipulate the host ma-
chinery for their own differentiation and survival. We
aimed to evaluate the impact of L. major (the causative
agent of zoonotic cutaneous leishmaniasis) infection on
deregulation of non-coding miRNAs, a class of important
regulators of gene expression. Our results revealed the
implication of several miRNAs on macrophage fate upon
parasite infection through regulation of different path-
ways, including cell death. Our findings provided a new
insight for understanding mechanisms governing this
miRNA deregulation by parasite infection and will help
to provide clues for the development of control strategies
for this disease.

infection, antigen presentation [6], alter expression of co-
stimulatory molecules [7], disturb signaling pathways and tran-
scription factors activities [3,8,9,10], affect cytokine [11] and
chemokine [12] profiles and modulate metabolic pathways [13].

To safely ensure their differentiation into amastigotes, the
replicative intracellular form of the parasite, Lewshmania inhibit
macrophage apoptosis [14] through complete remodeling of host
apoptotic and anti-apoptotic transcripts [15] and more specifically,
through the repression of mitochondrial release of cytochrome c
[16] or activation of PISK/Akt signaling [17].

An exciting pattern of gene regulation in plants and animals has
recently emerged with the discovery of mammalian microRNAs
(miRNAs), which are a class of endogenous non-coding small
RNAs that regulate target mRNAs. Corresponding to approxi-
mately 1-2% of the known eukaryotic genomes, miRNAs are now
considered as master regulators of gene expression for at least 30%
of human genes [18]. In addition, computational predictions
suggest that each miRNA can target 100 or more transcripts and
that a single mRNA may be regulated by multiple miRNA species
[19,20]. Functional studies indicate that miRNAs take part in the
regulation of every cellular process investigated so far and are
involved in many pathologic processes and diseases.

During infection, changes in the host cell miRNA profile may
either indicate a cell defense mechanism or a subversion strategy
developed by the pathogen. Several classes of pathogens including
viruses [21,22], bacteria [23,24] and apicomplexan parasites [25]
like the intracellular protozoan parasite Toxoplasma gondii [26] can
manipulate the miRNA network of infected host cells. Hence, we
hypothesized that Leishmania might also alter macrophage host
miRNA expression profile to convert the harsh phagolysosomal
environment to a state suitable for its own survival and persistence.

We investigated whether L. major, the causative agent of
zoonotic cutaneous leishmaniasis, drives changes in the miRNA-
levels upon macrophage infection. For that purpose, we profiled a
set of 365 miRNAs at time points 3, 6, 12, and 24 h post-infection
and showed that L. mgjor infection of human primary macrophages
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modifies the expression of about 20% of them. Interestingly,
several of these differentially expressed regulatory molecules are
known to be LPS- and/or TLR ligand-induced miRNAs [27]. As
far as we know, this is the first study providing a valuable
framework on human macrophage miRNA profile upon L. major
infection that might be useful to identify new targets for anti-
parasitic therapy.

Materials and Methods

Ethics statement

The study protocol, consent forms and procedures were
reviewed and approved by the Institut Pasteur de Tunis Ethical
Review Board of. Healthy volunteer individuals provided written
informed consent for the collection of blood and subsequent
analysis.

Macrophage differentiation and infection

Healthy volunteer blood donors were selected as negative for
any recent infection and had no history of leishmaniasis. Their
peripheral blood mononuclear cells (PBMC) did not proliferate
vitro on exposure to Soluble Leishmania Antigens and they were not
taking any medication at the time of the study.

PBMC were isolated from cytapheresis leukopacks using Ficoll-
Paque (Pharmacia, Uppsala, Sweden) density gradient centrifuga-
tion. Cells were washed and incubated at 107 cells/mL in RPMI
1640 medium supplemented with 2 mM L-glutamine, 100 U/mL
penicillin, 100 pg/mL streptomycin and 5% heat inactivated fetal
calf serum. Monocytes were purified by fibronectin-mediated
adhesion using gelatin (Sigma) and autologous heat inactivated
serum substratum [28]. Cell purity was assessed by flow cytometry
(FACSVantage; Becton Dickinson, Sunnyvale, CA) using directly
conjugated anti-CD3, anti-CD19 and anti-CD14 antibodies
(Becton-Dickinson, San Jose, CA) and was routinely greater than
85% of CD14" cells. Macrophages were derived from monocytes
cultured for 8 days in 6- or 24-well tissue-culture plates, at 37°C,
5% COy in endotoxin-free RPMI 1640 medium supplemented
with 5% heat-inactivated normal human AB serum and 10% heat-
inactivated fetal calf serum (HyClone Laboratories, Logan, UT),
100 U/mL penicillin, 100 ug/mL streptomycin, 2 mM L-gluta-
mine at 2x10° cells/mL.

Macrophages Derived Monocytes (MDM) were then exposed to
metacyclic promastigotes of L. major (MHOM/TN/95/GLC94
strain). Parasites at their infective stage were collected by density
gradient centrifugation from stationary culture (67 days old) [29].
MDM infection was conducted at a ratio of 5 parasites per cell for
3,6, 12 and 24 hours (IF: infected) and then harvested for analysis.
When available, MDM were also cultured in the presence of the
same ratio of latex beads as phagocytosis control (Sigma, St. Louis,
MO). Non-infected MDM were collected at the same time points
and used as controls (NI: non infected).

Macrophage transfection

MDM were transfected twice by using the HiPerFect Trans-
fection Reagent (Qiagen), following the procedure described by
Hulten [30]. As a single transfection protocol gave low efficiency
(Lemaire, personal communication), a double transfection, as
recommended by the manufacturer and other studies, was used to
improve knockdown efficiency. Briefly, 20 mM of siRNA were
mixed with 12 ul of HiPerFect reagent and incubated for 10 min
at room temperature. The mix was resuspended in 200 pl of
endotoxin-free RPMI 1640 medium with antibiotics (100 U/mL
penicillin, 100 ug/mL streptomycin) and added to the cells,
previously washed twice with PBS. Cells were incubated at 37°C
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for 6 h before adding 500 pl of RPMI 1640 medium with
antibiotics supplemented with 10% heat-inactivated fetal calf
serum. Cells were incubated at 37°C and the transfection
performed once again after the 24 h of incubation. The siRNA
used are anti-miR-210 miRNA inhibitor (AM10516, Ambion),
anti-HIF-1ot siRNA (SI04249308, Qiagen) or negative control
siRNA (1027280, Qiagen). In order to verify that transfected
macrophages were not activated by siRNA and remain at rest,
TNF-o, IL-6, IL-8 and iNOS mRNA and/or protein levels but
also nitric oxide amounts [31] were assessed. This was done using
real-time RT-PCR, ELISA and Griess assays respectively, in
control siRNA transfected cells, compared to non transfected cells.

RNA isolation and quantitative reverse transcription-PCR
analysis

RNA isolation. Cells were collected by centrifugation at the
indicated time points by centrifugation, washed to remove
extracellular parasites, homogenized by Trizol reagent (Gibco
BRL) and frozen at —80°C until RNA extraction. The RNA from
each time point was extracted using miRNA Qiagen kit according
the manufacturer’s instructions. RNA were quantified using
NanoDrop ND-1000 micro-spectrophotometer, their integrity
assessed using Agilent-2100 Bioanalyzer and stored at —80°C.

MiRNA expression profiling. The expression of 365 human
miRNA species was analyzed by real-time PCR using microfluidic
cards (TagMan Human MicroRNA Array v1.0, Applied Biosys-
tem) following the recommendations of the manufacturer. The
abundance of each miRNA was normalized to the geometric
average of the 2 endogenous controls, RNU44 and RNU48,
according to [32], generating ACt values. AACt were calculated as
the difference between infected and non-infected ACt. The results
are expressed in fold change, corresponding to 972 Values
below the background or undetectable are indicated as ND (not
detectable).

Real-time PCR for miRNA array validation and
chemokine transcript expression. RNA contained in 10 to
50 ng (depending on the targeted miRNA) was reverse transcribed
using Tagman microRNA reverse transcription kit (Applied
Biosystems, Foster City, CA, USA) and specific primers for each
miRNA (miRBase, Applied Biosystems), following the recommen-
dations of the manufacturer. Amplification reaction assays were
performed with Tagman Universal PCR Master mix (Applied
Biosystems) with specific primers (Applied Biosystems). RNU44
was used as the endogenous control for normalization and miRNA
expression level was quantified using the 97AAC method.
Chemokine mRNA measurements on material obtained from
the same three initial donors were performed using SYBR Green I
Universal PCR MasterMix (PE Applied Biosystems). Chemokine
specific and housekeeping gene (f2-M, HPRT1 and GADPH)
primers were obtained from SABiosciences. Results were ex-
pressed using the 2 ~AAC pethod.

Western blot

Total protein extraction. At indicated times, MDM were
washed in cold PBS (2 mL/well) by centrifuging the culture plates
at 450 g, 10 min, 4°C and cells were scrapped in cold PBS
(500 uL/well) and transferred to microtubes. An additional
volume of cold PBS (500 uL/well) was used to harvest cells
remaining in the wells and was added to the same micro-tubes. To
pellet cells, micro-tubes were centrifuged at 220 g, (10 min, 4°C).
After removing supernatant, an additional 3—-5 min centrifugation
step was used to completely dry the pellet. 100 pL. of freshly
thawed lysis buffer (Urea 7 M, Thiourea 2 M, CHAPS 2%, Tris
HCI pH 8.8 30 mM, Protease Inhibitor 4%) was added to each
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pellet and tubes were kept at —80°C until use. Protein
concentration was assayed using the Bradford protein assay (Bio-
Rad).

Western blot. Equal amounts of total proteins (10 pg) were
separated by SDS-PAGE on 10% acrylamide gels and transferred
to a PVDF membrane. After blocking in TBS containing 0,1%
Tween 20 and 2% milk (GE Healthcare Biosciences), the blots
were probed with anti-caspase 3 antibody (#9662, Cell Signaling;
dilution 1:1,000). Chemiluminescent detection was performed
using horseradish peroxidase-conjugated secondary antibodies and
membranes were revealed with ECL (GE Healthcare Biosciences).
Loading controls were checked using an antibody to HSP27 (sc-
1048, Santa Cruz; dilution 1:5,000). The first lane of the blot
contained 10 pg of Leishmania lysate, to ensure that the antibodies
used in the experiment did not cross-react with Leishmania proteins.
Data shown are representative of three independent experiments
conducted on MDM derived from three different healthy donors.

Bioinformatics analyses

Analysis of miRNA differentially regulated after L. major
infection was carried out for each experimental time point
separately using the MultiExperiment Viewer (MeV) v4.7.1 from
the TM4 software package [33] available as open-source software
at http://www.tm4.org/mev.html.

Hierarchical Clustering was performed using the Euclidean
distance metric with complete linkage option.

For miRNA target identification, we used the miRWalk
comprehensive database that provides information on human
miRNAs experimentally validated binding sites target genes [34]
updated on 15" March 2011.

InnateDB database [35] was used to classify all miRNA targets
according to their associated GO terms using the hyper-geometric
test and the Benjamini Hochberg correction method (default
parameters). An enrichment analysis was performed using the
BINGO plugln [36] of Cytoscape [37] v2.8.3 [38], based on the
GO terms revealed by the up- or down-regulated miRNA targets
at each time point. We used the hyper-geometric test and the
Benjamini Hochberg FDR correction method, and a 0.001
significance level due to the high proportion of associated GO
terms. We finally used TransmiR database (updated on 19
March 2012) for transcription factors (TFs) regulating miRNA
transcription [39] to identify experimentally validated TFs that are
upstream of deregulated miRNAs.

Statistical analyses

The statistical significance of the quantitative differences
between the different sample groups was determined by applica-
tion of Student’s two-tailed t test. P values of <0.05 were
considered statistically significant.

Results

Profiling miRNA expression during L. major infection time
course

To identify miRNAs for which expression is altered upon L.
major infection of human macrophages, we incubated MDM from
3 healthy donors with metacyclic parasites. Macrophages were
infected for 3, 6, 12 or 24 h and their RNA extracted for miRNA
array assay. Percentage of infected cells and parasite load in all
donors were microscopically assessed and showed consistent rates
of infection (57% and 82% of infected cells; 5,6 and 6,2 parasites/
infected cell at 12 and 24 h post-infection respectively).

RNA of non-infected MDM extracted at same time points were
used as controls. Among the 365 human miRNAs assessed by
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Tagman real-time PCR (Table S1), 214 were either undetectable
or below the background (ND); expression of the 151 remaining
miRNAs was further analyzed further. Expecting a large inter-
individual variability in miRNA expression as previously reported
[40,41,42], we only selected miRNAs that showed consistent
trends of deregulation (either up- or down-regulated) in the three
donors with fixed cut-off values. According to this criterion, only
64 miRNAs had levels consistently modified by L. major infection
(Table S1) and showed, using Principal Component Analysis
observable on 3D graphs (Figure S1), the closest relationship and
vicinity between the three donors compared to what was observed
for the whole miRNA tested set.

Hierarchical clustering of these 64 differentially regulated
miRNAs is shown in Figure 1 and Figure S2 for the whole time-
course and independent time-point course infection respectively.
Figure 1 indicates that the proportion of up- or down-modulated
miRNA i1s different for each time point. Hence, at 3 h post-
infection, 31 miRNAs were up-regulated but only three were
down-regulated. In contrast, at 6 h post-infection only five
miRNAs were up-regulated and seven were down-regulated.
Longer infection time showed eight and seven miRNAs up-
modulated at 12 and 24 h respectively whereas three and 11
miRNAs were down-modulated at these time points. Finally,
among the 64 miRNAs, four (miR-28, miR-331, miR-486 and
miR-502) were differently deregulated at, at least, two different
time points of infection. Control experiments using phagocytosis of
inert beads did not generate similar alteration in miRNA
expression Hence, the 64 miRNA, which levels were consistently
modified by L. magjor infection are likely induced by parasite
infection and unlikely reflecting only the early non-specific steps of
phagocytic internalization (Table S1).

QRT-PCR array validation

To validate the accuracy of array-generated data, a gRT-PCR
validation study was carried out on nine selected miRNAs (miR-
let7a, 26a, 26b, 130b, 132, 133b, 155, 199 and 210). This set was
randomly selected from the 64 deregulated miRNAs and the
number of qRT-PCR tested miRNAs was chosen merely
proportionally to the deregulated numbers at each time point
post-infection. In general, both data, generated by PCR-array or
by qRT-PCR showed consistent results (up- or down-regulation)
for most tested miRNAs in the three donors” MDM, though the
magnitude of the response measured by the two approaches was
different (Figure S3). The correlation coeflicient between the mean
values of the three donors (excepting two outliers values from the
same donor measured by array PCR) for each miRINA measured
by the two approaches was statistically significant (r=0.78;
»=0.003).

Identification and GO enrichment of differentially

regulated miRNA targets

Since human miRNAs are able to regulate transcripts having
only few nucleotides of complementarity, their potential to
regulate large numbers of targets is obvious and amplifies the
quantitative and qualitative consequences of miRNA modulation
by L. major infection. In order to identify the transcripts that might
be targeted by differentially regulated miRNA in infected
macrophages, we used the validated module of miRWalk
database, containing experimentally verified miR interaction
information. The list of these targets is provided in Table S2.

According to this approach, genes belonging to critical cellular
pathways were identified. Several noteworthy transcripts virtually
targeted by deregulated miRNAs over the infection time course
were highlighted. These highly targeted genes included AKT1
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(v-akt murine thymoma viral oncogene homolog 1), BCL1 (B-cell
CLL/lymphoma 1), BCL2, BCL2L11 (BCL2-like 11), EGFR
(epidermal growth factor receptor), Jun, MCLI (myeloid cell
leukemia sequence 1), MYC (v-myc myelocytomatosis viral
oncogene homolog), p53 and PTEN (phosphatase and tensin
homolog), that belong to pro-, anti-apoptotic and proliferation
pathways; IL-1p, IL-6, p50 NF-kB, p65 NF-kB, TLR-4 belonging
to innate immune response pathways; NPC1 (Niemann-Pick
disease, type C1) involved in intracellular cholesterol trafficking;
PI3 (peptidase inhibitor 3) an anti-microbial peptide, Dicerl and
DROSHA involved in miRNA expression and CCND1 (cyclin
D1) involved in the cell cycle.

The target lists identified at each time point were then
subjected to pathway analysis using the Cytoscape Plug-In
BINGO after GO enrichment focusing on molecular functions,
cellular components and biological processes. Several pathways
have been highlighted during the infection time course.
Assuming that there is theoretically a negative correlation
between expression levels of miRNAs and their targets, we
noticed several pathways and processes that could be either up-
or down-regulated. Figure 2 shows affected up- and down-
regulated biological processes of pathways targeted respectively
by down- or up-modulated miRNAs in infected macrophages at
3 h. Other results (biological processes at other time points of
infection and cellular components and molecular functions
affected by parasite infection between 3 and 24 h) are
represented in figures S4-S10.

Our results show that at 3 h post-infection several targets of up-
modulated miRNAs are located in the plasma membrane of the
infected macrophage whereas catalytic and enzyme regulator
activities seem to be inhibited. Interestingly, several biological
processes including cell communication and mitochondrion
organization were also down-modulated early upon infection.
GO enrichment also suggests that parasite infected macrophages
down-regulate several processes including cellular movement,
secretion, enzyme production or gene expression naturally
induced through an abiotic stimulus.

At 6 h post-infection, our results predict an increase of catalytic
and protein-binding activities associated with a more dynamic cell
communication process. This continues at later times of course
infection (12 and 24 h). Interestingly, this analysis predicted an
inhibition of lipid binding molecular function, probably occurring
within cytoplasmic membrane-bound vesicles concomitantly with
an increase of enzyme regulator and receptor binding activities.
Finally, at time when parasite infection appears to be well
established (i.e., 24 h post-infection), symbiotic biological processes
in response to stimulus seems inhibited. This might indicate either
a shutdown of macrophage anti-parasitic responses or down-
regulation of Leshmamia key virulence gene activity, as a
consequence of an already differentiated parasite invasion.
Interestingly, several genes coding for parasite virulence factors
are related to this biological process. Indeed, L. major inhibitor of
serine peptidase 2 and 3 (ISP2 and ISP3), lipophosphoglycan 2
(LPG2) and leishmanolysin (gp63) are known as modulators of host
immune response via regulation of its complement system,
phagocytosis process and protein kinase-mediated and nitric
oxide-mediated signal transduction. The expression of up to 27
human genes related to this process is known to be regulated by
miRNAs. Interestingly, these genes include Natural resistance-
associated macrophage protein 1 (SLC11Al), transportin 1
(TNPO1) and Transferrin receptor protein 1 (TFRC), among
others.

We also predicted an enhanced activity in extracellular space
and in signal transducers at 24 h.
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doi:10.1371/journal.pntd.0002478.g001

It is worth noting that even if the identified pathways were
either inhibited or enhanced in the same way at a given time point
of infection, the number of involved targeted genes belonging to
the same GO category might be different from one node to
another.

Taken at the level of regulatory networks, this might reflect
affected cellular processes and molecular functions in macrophages
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infected with L. major parasites following miRNA deregulation
during the time course of infection.

Negative correlation of expression between microRNAs

and their mRNA targets
MiRNAs are known to regulate the expression of target genes
both at the levels of mRNA translation and mRNA stability,
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leading to a negative correlation between expression levels of these
master regulators and their target mRNAs. It was interesting to
note that among the experimentally validated targeted transcripts
of up-regulated miRNAs at 3 h, 6 h and 12 h (Table S2), several
belong to the chemokine family (e.g., CCL2, CCL5, CXCLI10,
CXCLI11 and CXCL12). These molecules might be inhibited by
different miRNAs that were up-regulated upon L. major macro-
phage infection.

In order to check if the mRINA expression of these chemokines
was negatively correlated with the up-regulation of all the
corresponding targeting miRNAs (i.e., let-7a, miR-25, miR-23b,
miR-26a, miR-132, miR-140, miR-146a, miR-146b, miR-155
and miR-210) identified in Table S2, we measured their levels
using qRT-PCR. Figure 3 shows the relative expression levels of
let-7a, miR-25, miR-26a, miR-132, miR-140, miR-146a and miR-
155 at 3 and 6 h (panel A), and of five chemokines of their
predicted targets at 12 and 24 h (panel B).

Taken as a whole, and despite some individual variability in the
measured levels between one donor to another as described
elsewhere [40,41,42], these results clearly indicate that there is a
statistically significant negative correlation (r=—0.27; p=0.04)
between expression levels of the selected up-regulated set of
miRNAs and their corresponding chemokine targets (Figure S11).
This negative correlation should be experimentally validated to
indicate that the inhibition of chemokines-transcript levels is the
direct result of regulation through expression of their targeting
miRNAs.

Identification of transcription factors regulating miRNA
transcription

It is well known that the expression of miRNAs can be activated
or repressed by TTs, which can serve as upstream regulators of
miRNA expression. In order to indirectly identify TFs that are
inhibited or activated by L. major infection, we used the TransmiR
database listing experimentally validated TFs that are upstream
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regulators of miRNA expression (Table S3). Interestingly, several
miRNAs were shown to be virtually activated, repressed or
regulated by master transcription factors e.g., p50 NF-xB, EGR1,
MYC, E2F1, PU.1, CREB-1, HIF-1a or p53. Among these TFs,
at least CREB [43], HIF-low [44] and p50 NF-xB [45] were
previously shown to be modulated upon Leishmania infection.

MiR -210 is partially controlled by HIF-1a activation but is
not involved in down-regulation of pro-caspase-3 in
parasite infected macrophages

Among the miRNAs for which levels were modulated during L.
major infection, several were described as playing a possible role in
apoptosis e.g., miR-210, [46] miR-22, miR-155 and miR-133b
[47].

For this study, we focused on the role of one of these
deregulated miRNA in infected macrophages, namely miR-210.
Expression of miR-210 was monitored by real-time PCR during
the time course of i vitro L. major infection in MDM from three
new donors. Results indicate that miR-210 was crescendo up-
regulated since 6 h post-infection in parasite infected macrophages
(Fig. 4, panel A). This up-regulation was statistically significant at
12 and 24 h.

MiR-210 expression has been described to be mainly transcrip-
tionally controlled by hypoxia-induced factor-1 alpha (HIF-1o)
(reviewed in [48]). This TF was shown by us (Tiffin and Sysco
Consortium, submitted paper) and by others [44,49] to be
activated in macrophages infected with Leishmania, probably
through a hypoxia-independent pathway [44,49]. In order to
check if the observed up-regulation of miR-210 was specifically
under HIF-1a control, we used siRNA to silence this TF before
infection (HIF-1at silencing leads to a 90% decrease in HIF-1o
protein abundance; Tiffin and Sysco Consortium, submitted
paper). Levels of miR-210 were then monitored in macrophages