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Abstract

Objectives Mucocutaneous leishmaniasis is associated with a strong Th1 immune
response to Leishmania, which modulates chemokines and their receptors expres-
sion, affecting their migratory capacity. There are no antileishmanial vaccines avail-
able and chemotherapy still relies on the potentially toxic pentavalent antimonials.
Propolis is a bee product with immunomodulatory and antiparasite activities, and
researchers have been attracted to its potential for the development of new drugs.
This work investigated the effects of propolis on CCL5 and IFN-g expression by
peripheral blood mononuclear cells (PBMC) in order to evaluate a possible immu-
nomodulatory action of propolis in patients with leishmaniasis compared to healthy
control subjects.
Methods PBMC were incubated in the absence or presence of propolis and the
evaluation of a possible cytotoxicity of propolis was carried out using MTT assay.
The expression level of CCL5 and IFN-g was determined by real-time PCR.
Key findings Our data indicated that propolis modulates the immune response of
leishmaniasis patients in vitro, affecting CCL5 and IFN-g expression by PBMC.
Conclusions Data suggested that propolis drives an anti-inflammatory response
depending on concentration. Although propolis is a potential source of new and
selective drugs for the treatment of leishmaniasis, its usefulness in the therapeutics
should be further investigated.

Introduction

Leishmaniasis is a significant cause of morbidity and mortal-
ity in several countries and is still an increasing health
problem, affecting people in 88 countries with about 350
million individuals living in endemic areas. Approximately 2
million new cases are reported every year.[1,2]

American cutaneous leishmaniasis (ACL), conventionally
known as localized cutaneous leishmaniasis (LCL) and/or
mucocutaneous leishmaniasis (MCL), is a widespread disease
in several countries of Latin America, caused by different
species of the genus Leishmania and leading to a large spec-
trum of clinical forms of disease.[3,4] Leishmania braziliensis is
regarded as the most important parasite associated with
localized cutaneous leishmaniasis in the Americas[5] and as
the most frequent and widely distributed Leishmania parasite
in Brazil.[6]

MCL is associated with a strong Th1 immune response
to Leishmania antigen, although the exact pathogenic mecha-
nism of MCL has not yet been elucidated. It has been pro-
posed that Leishmania major modulates chemokines and
their receptors expression by dendritic cells, affecting their
migratory capacity.[7] Thus, chemokines have been thought
to be good candidates for therapeutic strategies.[8]

CCL5, also known as RANTES (Regulated upon Activa-
tion, Normal T cell Expressed and presumably Secreted),
plays a primary role in the inflammatory/immune response
due to its ability to attract and activate T cells, dendritic
cells, eosinophils, NK cells, mast cells and basophils to sites
of inflammation and infection. Although this cytokine
was initially considered a T cell-specific protein, it may also
be produced by platelets, macrophages, eosinophils and
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fibroblasts, as well as by endothelial, epithelial and endome-
trial cells.[9]

CCR5 ligands as CCL5/RANTES are involved in the devel-
opment of Th1 cells. IFN-g is the prototypical Th1 helper
type 1 (Th1) cytokine, inducing cell-mediated immunity by
promoting Th1 over Th2 differentiation of T cells, inducing
IgG class-switching to cytophilic isotypes, and activating
phagocytes.[10] It is produced predominantly by NK and NKT
cells, gd T and ab T cells, and by cells of the myeloid lin-
eage.[11,12] Its production is largely dependent on IL-12 and
IL-18 production by activated antigen-presenting cells,[13,14]

in addition to signals directly activating lymphocytes them-
selves. High levels of pro-inflammatory cytokines such as
IFN-g may impair wound healing in leishmaniasis.[15]

The treatment of leishmaniasis is a serious problem since
there are no antileishmanial vaccines available and chemo-
therapy still relies on the potentially toxic pentavalent anti-
monials. However, these drugs are not orally active, requiring
long-term parenteral administration, which causes serious
side effects.[16] The emergence of drug-resistant parasites pre-
sents an additional and major problem.[17]

Natural products have displayed a major role in drug dis-
covery because of antimicrobial resistance and some limita-
tions of new drugs. Propolis, a honeybee product with plenty
of biological properties such as immunomodulatory, antitu-
mor, anti-inflammatory, antioxidant, antibacterial, antiviral,
antifungal and antiparasite activities, among others,[18,19] has
been considered a promising antimicrobial agent due to its
potential for the development of new drugs.[20] Propolis anti-
microbial activity has been well documented against different
bacteria,[21] yeasts,[22] viruses[23,24] and parasites.[25] In vitro,
propolis may act directly on microorganisms, and in vivo it
may stimulate the immune system, activating the mecha-
nisms involved in the microorganism killing. The knowledge
of propolis’ mechanisms of action on the immune system
in vitro and in vivo has advanced in recent years.[26]

Since MCL is associated with a Th1 immune response,
the aim of this study was to investigate the effects of propolis
on CCL5 and IFN-g expression by peripheral blood
mononuclear cells (PBMC) in order to evaluate a possible
immunomodulatory action of propolis in patients with
leishmaniasis compared to healthy control subjects.

Subjects and Methods

Patients and blood samples

Peripheral blood was collected from normal healthy donors
and from leishmaniasis patients with clinical and laboratory
diagnosis for Leishmania braziliensis (Montenegro skin test
and indirect immunofluorescence assay) and with negative
serology for HIV, HBV and HCV. All donors and patients
(n = 5) were admitted to the Clinical Hospital of the State
University of Londrina, Brazil. A term of free consent was

signed by all donors and researchers prior to blood collection.
This work was approved by the Human Ethics Committee of
the State University of Londrina.

Cell culture

Human PBMC obtained from the heparinized blood of
donors were separated on Ficoll-Hypaque (Sigma) and
maintained in RPMI 1640 medium supplemented with 10%
foetal bovine serum (FBS), 2 mm l-glutamine (Invitrogen-
Life Technologies) and penicillin-streptomycin (100 U/ml,
Sigma). PBMC (1 ¥ 10[6] cells/ml) were incubated in the
absence or presence of propolis at 5, 10, 25, 50 and 100 mg/
ml[24] for 24 h at 37°C and 5% CO2.

Propolis extract

Propolis, collected in the Beekeeping Section, UNESP, was
ground and 30% ethanolic extracts of propolis were prepared
(30 g of propolis, making up the volume to 100 ml with 70%
ethanol) in the absence of bright light at room temperature,
with moderate shaking. After a week, extracts were filtered
and the dry weight was calculated (120 mg/ml).[26] Propolis
chemical composition was investigated using thin-layer
chromatography (TLC), gas chromatography (GC), and gas
chromatography-mass spectrometry (GC-MS) analysis.

Quantitative determination of lactic
dehydrogenase activity

The Dimension® (DADE Behring, Newark, USA) clinical
chemistry system was used for lactic dehydrogenase (LDH)
activity determination. The LDH method is a modification of
the enzymatic lactate to pyruvate procedure.[27] A reference
interval at 37°C was 100–190 U/l.

Cytotoxicity assay

The evaluation of the possible cytotoxicity of propolis
was carried out using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (MTT-based
assay kit, Sigma Chemical Co., St Louis, MO) according to the
manufacturer’s instructions. PBMC were grown in 24-well
microplates (Nunc A/S, Roskilde) at 37°C and 5% CO2. After
stabilization, the medium was replaced by fresh medium con-
taining different concentrations of propolis (5–100 mg/ml)
and incubated for 24 h at 37°C. The 50% cytotoxic concentra-
tion (CC50) was calculated as the concentration of propolis
able to reduce the optical density of MTT by 50% in relation
to the control, by regression analysis.

RNA isolation and reverse
transcriptase reaction

Total cellular RNA was extracted from three healthy donors
and two leishmaniasis patients with TRIzol LS reagent
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(Invitrogen™, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. Purified total RNA was measured and
assessed for purity by determining absorbance at 260 and
280 nm and then was stored at -20°C until testing. Reverse
transcriptase reaction was performed using 500 ng of RNA,
cloned moloney murine leukemia virus reverse transcriptase
(M-MLV RT, 20 U; Invitrogen™) and recombinant ribonu-
clease inhibitor (RNaseOUT™, 4 U; Invitrogen™) under
the following conditions: 2.5 mm oligo dT, 50 mm Tris HCl
pH 8.3, 75 mm KCl, 1.5 mm MgCl2 and 1.25 mm dNTP, at
42°C for 60 min in a Hybaid PCR Sprint Thermal Cycler
(Biosystems, Guelph, Ontario, Canada).

Molecular analysis of b-actin, CCL5 and
IFN-g mRNA

PCR for b-actin cDNA was determined as previously
described.[28] Briefly, cDNA synthesis was carried out as previ-
ously described, and PCR conditions were 94°C for 1 min fol-
lowed by 35 cycles of 94°C for 30 s, 5°C for 30 s, 72°C for
1 min and finally 72°C for 10 min in a MG96–Biocycler
(imported by Biosystems, Curitiba, PR, Brazil).

Real-time PCR using SYBR green fluorescence was
performed with 80 ng of cDNA in a total volume of 20 ml.
Quantitative real-time PCR reaction was carried out using
Platinum®SYBR Green qPCR SuperMix UDG (Invitrogen
™) and 0.25 nm of each sense and antisense primers
(described below). The PCR reaction was performed for 40
cycles as follows: 95°C for 30 s, 54°C for 30 s and 72°C for
30 s in a Chromo4™ Real Time PCR Detection (Bio-Rad,
Hercules, USA). The quantitative real-time PCR conditions
are found in Table 1.

In quantitative RT-PCR analysis, the expression level
of CCL5 and IFN-g mRNA was calculated as previously
described,[29] and Ct values for the target gene were the mean
foldchange + SEMfor three independentdeterminationscor-
rected by the human 18S rRNA small ribosomal subunit (18S)
Ct values from control samples, considering efficiency values.

Statistical analysis

SPSS Statistics 17.0 software (SPSS Inc., Chicago, IL, USA)
was used, and a P value < 0.05 was considered statistically
significant. The Kruskal–Wallis test and correlation analysis

by two-tailed Spearman’s rank correlation were used for
mRNA expression and for LDH assays.

Results

Propolis chemical composition

Our propolis sample was analysed by GC, GC-MS and TLC,
identifying phenolic compounds (flavonoids, aromatic acids,
benzopyranes), di- and triterpenes, and essential oils, among
others.

The main constituents of our propolis sample were
isolated and identified to be flavonoids (kaempferid,
5,6,7-trihydroxy-3,4′-dimethoxyflavone, aromadendrine-4′-
methyl ether), a prenylated p-coumaric acid and two
benzopyranes (E- and Z-2,2-dimethyl-6-carboxyethenyl-
8-prenyl-2H-benzopyranes), essential oils (spathulenol
(2Z,6E)-farnesol, benzyl benzoate and prenylated acetophe-
nones), aromatic acids (dihydrocinnamic acid, p-coumaric
acid, ferulic acid, caffeic acid, 3,5-diprenyl-p-coumaric acid,
2,2-dimethyl-6-carboxy-ethenyl-8-prenyl-2H-1-benzo-
pyran), and di- and triterpenes.[18]

Propolis affects cell viability in a
dose-dependent way

PBMC from healthy blood donors were incubated in the
presence of propolis (5–100 mg/ml) and propolis cytotoxicity
was analysed by quantification of LDH activity (U/l).
No differences were seen in LDH activity between control
(28.0 � 1.41) and propolis (5 mg/ml: 31.50 � 6.36; 10 mg/ml:
32.0 � 2.82; 25 mg/ml: 99.0 � 104.65). Cell toxicity was seen
after PBMC incubation with propolis (50 and 100 mg/ml:
278.0 � 7.07 and 258.0 � 7.07, respectively) (P < 0.05;
Figure 1). Thus, only 5, 10 and 25 mg/ml of propolis were used
in the quantitative real-time PCR for CCL5 and IFN-g.

The CC50 of propolis for PBMC was determined by MTT
assay to be 78 mg/ml. No effect on cell viability was detected
for propolis concentrations up to 50 mg/ml (Figure 2).

Viability and integrity of the RNA samples
and cDNA quality

RNA was extracted from the cultures in the presence
or absence of propolis for 24 h at 37°C and 5% CO2. The

Table 1 Quantitative real-time PCR conditions

Gene GenBank acession number Primer Sequence (annealing T: 54°C)

CCL5 mRNA NM_002985 Foward 5 ¥ CCTACCCCACCCGCTCCT 3¥
Reverse 5 ¥ TTGATGTACTCCCGAACCCA 3¥

IFNg mRNA NM_000619 Foward 5′ AAT TGT CTC CTT TTA CTT CA 3′
Reverse 5′ GTC ATC TCG TTT CTT TTT GT 3′

18S mRNA NR_003286 Foward 5′ GTA ACC CGT TGA ACC CCA TT 3′
Reverse 5′ CCA TCC AAT CGG TAG TAG CG 3′
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viability and integrity of the RNA samples and cDNA quality
were analysed by conventional PCR for b-actin, using specific
primers. All the RNA samples presented detectable quantities
of b-actin mRNA and acceptable integrity during amplifi-
cation. No contamination with genomic DNA was verified
since all the amplified products presented a fragment corre-
sponding to 353 bp (Figure 3).

Propolis modulates the expression of CCL5
and IFN-g mRNA by PBMC

Quantitative PCR was used to investigate the expression of
IFN-g and CCL5 mRNA by human blood cells incubated with
propolis.

One may verify in Figure 4 that the level of IFN-g mRNA
expression in the presence of propolis (5, 10 and 25 mg/ml)
was downregulated by 4.21; 1.97 and 5.79 (P < 0.01) fold

respectively, in PBMC from normal healthy donors com-
pared to PBMC in the absence of propolis.

The levels of IFN-g mRNA expression by PBMC from
leishmaniasis patients in the presence of propolis (5 mg/ml)
was increased 1.74 fold, whereas using 10 mg/ml the levels of
IFN-g expression was downregulated 1.65 fold (P < 0.01).
The expression for 25 mg/ml of propolis was not affected
(Figure 4).

There was no difference on CCL5 expression by PBMC
from healthy donors in the presence of propolis (5, 10 and
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25 mg/ml) compared to control (P > 0.05). However, the level
of CCL5 expression by PBMC in the presence of propolis
(5 mg/ml) was upregulated 2.42-fold in the patient group
(P < 0.001) (Figure 5). No alteration was seen on CCL5
expression using 10 and 25 mg/ml of propolis.

Discussion

The spectrum of clinical and immunopathological manifes-
tations of ACL has been the subject of several investigations in

an attempt to fully understand the host immune mechanisms
that play a crucial role in the pathogenesis of this disease.[4]

Natural products have been the major sources for drug
discovery and the development of novel antileishmanial
agents. The efficacy of propolis samples has been demon-
strated, especially Bursa propolis against L. infantum and
L. tropica in vitro, showing a promising activity.[30] Herein,
propolis presented toxicity and lytic activity for PBMC using
50 and 100 mg/ml, as assessed by LDH assay. MTT assay was
also performed to determine the CC50 of propolis for PBMC,
and the concentrations of 50 and 100 mg/ml were not used in
the PCR due to their cytotoxic action.

Chemokines display an important role in the acute inflam-
matory response,[31–33] inducing cell migration and activation
by binding to specific G-protein-coupled cell-surface recep-
tors on target cells. CCR5 ligands as CCL5/RANTES are
involved in the development of Th1 cells.[34] In our work, a
reduction of IFN-g mRNA expression by PBMC incubated
with propolis (5, 10 and 25 mg/ml) in the control group as
well of CCL5 expression (10 mg/ml) was seen, suggesting that
these concentrations of propolis drive an anti-inflammatory
response. This fact is very important since MCL is a disease
associated with a strong Th1 immune response to Leishmania
antigen.

The main constituents of our propolis sample were
aromatic acids (dihydrocinnamic acid, p-coumaric acid,
ferulic acid, caffeic acid, 3,5-diprenyl-p-coumaric acid, 2,2-
dimethyl-6-carboxy-ethenyl-8-prenyl-2H-1-benzo-pyran),
di- and triterpenes, a prenylated p-coumaric acid and two
benzopyranes (E- and Z-2,2-dimethyl-6-carboxyethenyl-
8-prenyl-2H-benzopyranes), essential oils (spathulenol
(2Z,6E)-farnesol, benzyl benzoate and prenylated acetophe-
nones), and flavonoids (kaempferid, 5,6,7-trihydroxy-3,4′-
dimethoxyflavone, aromadendrine-4′-methyl ether), among
others.[18] Nevertheless, it is not possible to predict which con-
stituents of propolis are responsible for its effects, and further
research should evaluate isolated compounds in order to
investigate their involvement in propolis action.

In ACL caused by L. braziliensis, a mix of cytokine profiles
may be found in the lesions since this parasite induces an
inflammatory response mediated by Th1 cytokines to control
the infection, whereas TGF-b and IL-10 have been correlated
with persistent infection and chronic lesions.Although IFN-g
is crucial for leishmaniasis clinical resolution, it has been
reported that IFN-g can have a ‘pro-proteolytic’ impact.
The first months are the most important in establishing an
effective immune response that may result in the success or
failure of wound healing.[35]

Although propolis seems to exert potential antileishmanial
activity, only a few studies have been carried out in this
research field.[36–39] Brazilian green propolis possesses an anti-
leishmanial activity against L. braziliensis in vitro and in vivo,
suggesting that it is a promising source of natural compounds

Figure 4 INF-g expression by PBMC incubated with propolis. Pfafll
values from control and patient group were compared by Spearman’s
statistic test using 5, 10 and 25 mg/ml of propolis. *Statistically different
from control in the same concentration (P < 0.001).

Figure 5 CCL5 expression by PBMC incubated with propolis. Pfafll
values from control and patient group were compared by Spearman’s
statistic test using 5, 10 and 25 mg/ml of propolis. *Statistically different
from control in the same concentration (P < 0.001).
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for the development of new chemotherapeutic agents to
leishmaniasis treatment.[39] Our preliminary data suggest
that propolis exhibits a modulatory action in the immune
response of leishmaniasis patients in vitro, affecting CCL5
and IFN-g expression by PBMC. This work was an attempt
to understand propolis effects in vitro in patients with leish-
maniasis compared to healthy control subjects. In-vitro
approaches reveal an aspect of the scientific investigation, and
PBMC interaction with chemokine in vivo would comple-
ment the in-vitro results, opening perspectives for new inves-
tigation in this research field. Although propolis is a potential
source of new and selective drugs for the treatment of leish-
maniasis,[20] its usefulness in therapeutics should be further
evaluated.

Conclusion

CCR5 ligands as CCL5/RANTES are involved in the develop-
ment of Th1 cells, which produce pro-inflammatory cytok-
ines such as IFN-g that may impair wound healing in
leishmaniasis. Our findings point to an anti-inflammatory
action of propolis since PBMC incubation with propolis was
followed by a reduced CCL5 and IFN-g mRNA expression in

the control group. These data are relevant and bring new
insights because MCL is a disease associated with a strong
Th1 immune response to Leishmania antigen.
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