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The development and application of safe and effective immunoprophylactic/
immunotherapeutic agents against canine visceral leishmaniasis (CanL) have been
pointed out as the only means for the real control of the disease. Thus, this study
aimed to evaluate the in vitro cellular immune response of dogs, elicited by the new
recombinant proteins of Leishmania infantum, Lci10 and Lci13, in order to investigate their
potential for vaccinology. Twenty-four dogs were submitted to clinical, parasitological,
serological and molecular tests, and then separated into two study groups: 12 infected
(InD) and 12 non-infected dogs (NInD), and six of each group were directed for Lci10 and
Lci13 evaluation. Peripheral blood mononuclear cells (PBMC) were cultured and
stimulated with Lci10 (10 mg/ml) or Lci13 (5 mg/ml), and with L. infantum soluble
antigen (LSA) (25 mg/ml) or no stimulus (NS) as controls. Afterwards, the mRNA levels
of different cytokines were quantified through qPCR, and Nitric Oxide (NO) production was
assessed in the culture supernatants. Significant differences were considered when p ≤

0.05. The comparative analysis revealed that, in the NInD group, Lci13 promoted a
significant increase in the expression of IFN-g in relation to LSA (p = 0.0362), and the
expression of this cytokine in NInD was significantly higher than that presented in the InD
(p = 0.0028). A negative expression for TGF-b was obtained in both groups. Lci13 also
induced a greater production of NO in relation to the NS sample in the NInD group. No
significant differences were observed after stimulation with Lci10. In conclusion, the
results suggest a protective role of Lci13 for uninfected animals, thus with a potential for
immunoprophylaxis. The results will help to direct the antigen Lci13 for further studies
(pre-clinical trials), in order to determine its immunogenicity and reactogenicity effects, as a
way to consolidate its real applicability for vaccinology against CanL.
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INTRODUCTION

Canine Leishmaniasis (CanL) is a zoonotic disease caused by
protozoan parasites of the genus Leishmania. It is considered
endemic in more than 70 countries, and approximately 2.5
million dogs are infected just in south-western Europe (1, 2).
As a result of a balance between host and parasite interaction, a
great proportion of animals remain asymptomatic, but a
significative number may develop severe signals and symptoms,
such as hepatosplenomegaly and renal failure (3, 4). An effective
diagnostic strategy, as well as prevention and treatment approaches
for CanL are extremely important for controlling human visceral
leishmaniasis (VL), since infected dogs are reservoirs of major
epidemiological importance (5, 6). The association of mass
immunoprophylaxis and a safe/feasible treatment for dogs from
endemic areas has been recognized as one of the few strategies that
can truly help in reducing VL cases (7–9). In Brazil, the control
measure against CanL recommended by the Ministry of Health is
the euthanasia of seropositive dogs, but so far this practice has not
effectively reduced the number of human and canine cases (10–13).

Immunization and treatment of dogs may prevent the
transmission of Leishmania to the insect vector, due to a
decrease of parasite load in their skin (8, 14). Currently, only
three vaccine formulations are available for dogs, being two of
them produced in Europe: Canileish® (Virbac, France) and
Letifend® (Laboratorios Leti, Spain) (15). In Brazil, the Leish-
Tec® is the sole immunoprophylactic vaccine available against
CanL, and despite its efficacy of 71.4% (16), it is still expensive,
considering the vaccination protocol of three doses plus boost,
thus making it inaccessible for the poorest and hard to be
adopted in national immunization campaigns.

As for therapy, some few drugs are available for treatment of
infected dogs throughout the world, but the possibility of not
providing a parasitological cure, and the significant side effects
(17, 18) raise the need for alternative formulations, especially
immunomodulatory drugs which might be associated with anti-
Leishmania medicines. For therapeutic success, it is believed that
there is a dependence, at least in part, on changes in the host’s
immune response against the parasite (19, 20). In this context,
the advances in the vaccinology field have motivated the search
for new antigenic candidates, especially recombinant proteins
(21–23).

To ensure a successful immunoprophylactic/immuno-
therapeutic formulation, the antigens studied must be able to
immunomodulate the cell-mediated response, inducing a strong
and long-lasting Th1 immunity, with a predominant production
of proinflammatory cytokines, such as IFN-g and TNF (24). These
cytokines enable the production of leishmanicidal factors by
infected macrophages, as Nitric Oxide (NO) and Reactive
Oxygen Species (ROS), thus preventing the establishment of
infection and controlling the progression of the disease (25). In
contrast, a predominant Th2 response, associated especially with
the increasing of IL-4 and TGF-b levels in the tissue
microenvironments, carries to inhibition of NO synthesis by
macrophages, thus favoring parasite survival (26, 27).

A group of new Leishmania infantum recombinant antigens
have been previously described as having a great potential for
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their use in the detection of anti-Leishmania antibodies for the
diagnosis of human and canine VL forms. Some of these antigens
have promoted good sensitivity and specificity rates (ranging
from 77 to 100%) when sera from infected and healthy dogs were
tested using Enzyme-linked Immunosorbent Assay (ELISA) (23,
28). Therefore, these results support the execution of studies for
the evaluation of these recombinant proteins as vaccine
candidates. Two of these were the Lci10 (accession number:
LinJ.34.2360) and Lci13 (accession number: LinJ.30.2820). The
Lci10 orthologue in T. brucei was characterized as a flagellar
attachment zone protein (29). In Leishmania, this protein
sequence was shown to be composed of repetitive domains
varying from 68 to 198 amino acids (23). The Lci13 was
identified as a homolog of the 70-kDa mitochondrial heat
shock protein (mHSP70) in L. infantum (30).

In this study we investigated the immunoprophylactic and
immunotherapeutic potential of the recombinant Lci10 and
Lci13 antigens against CanL by assaying their ability to induce
gene expression of selected cytokines and NO synthesis in canine
PBMC cultures from infected and non-infected dogs. Our results
provide scientific subsidies that may direct studies for the
development of new vaccines.
MATERIALS AND METHODS

Sampling
A convenience sampling was adopted (31). Twenty-seven dogs of
different breeds and ages between 1 and 7 years, both sexes, from
domicile or peridomicile were included in the study. Three
infected animals were arbitrarily chosen to be employed for the
definition of optimal culture conditions and 24 were distributed
as “Infected Dogs” (InD - 12) and “Non-Infected Dogs” (NInD -
12), for the evaluation by study groups.

Dogs with a compatible epidemiological history, with or
without clinical characteristics of CanL and with two or more
positive tests (serology, qPCR, parasitological) were included in
the InD group. Animals were included in the NInD group when
all tests were negative, and if they presented no clinical signs/
symptoms suggestive for CanL.

Dogs included in the study were from the Zoonosis Control
Unit (Unidade de Controle de Zoonoses - UCZ), located in the
city of Caruaru (Lat. 08° 16’53” S, Lon. 35° 58’25” W), a
mesoregion in Pernambuco state, and from Camaragibe city
(Lat. 08° 1’14” S, Lon. 34° 58’54” W), Pernambuco state, Brazil.
Clinical Evaluation and Sample Collection
Dogs were clinically evaluated, and clinical signals/symptoms
suggestive for CanL were recorded: weight loss, hepatosplenomegaly,
lymphadenomegaly, ulcerative/seborrheic dermatitis, generalized or
localized alopecia, onychogryphosis, cardiorespiratory changes,
mucosal bleeding/secretions and neurological changes. Whole
blood was collected from each animal, by venipuncture, using
different collection tubes: 18 ml in heparin tubes, to carry out the
separation of Peripheral Blood Mononuclear Cells (PBMC) and cell
January 2021 | Volume 11 | Article 605044
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culture, 4 ml in a dry tube and 4 ml in tubes with
Ethylenediaminetetraacetic Acid (EDTA), for serological and
molecular tests, respectively.

For animals whose collection procedure included bone
marrow and/or lymph node aspiration, atropine was applied at
a dose of 0.044 mg/kg as preanesthetic medication (PAM). After
PAM, dissociative anesthesia was carried out, and after 5 min of
latency (32), bone marrow puncture at the crest of the sternum
bone (20 ml syringe, 40×1,20 mm needle) and/or popliteal lymph
node puncture (10 ml syringe, 25×0,7 mm needle) were started.
Laboratorial Diagnosis
Parasitological test was based on the search for amastigote forms in
stained smears, prepared from medullary or lymph node aspirate,
using an optical microscope (1,000× magnification). The serological
test was performed using the immunochromatographic rapid test
Dual Path Platform (TR-DPP® Bio-Maguinhos/FIOCRUZ, Rio de
Janeiro, RJ, BR). Serum samples were also tested with an ELISA
based test (EIE-LVC Bio-Manguinhos/FIOCRUZ, Rio de Janeiro,
RJ, BR), both tests adopted by the Brazilian Ministry of Health to
determine the positivity of dogs in the active searches of CanL and
performed according to the manufacturer’s instructions. The
serology was considered “positive” only if both TR-DPP® and
EIE-LVC were reagent, and it was considered “negative” only if
both tests were no reagent. The molecular test was based on the L.
infantum kinetoplast DNA (kDNA) minicircle detection, using real
time quantitative Polymerase Chain Reaction (qPCR), as previously
described by Paiva-Cavalcanti et al. (33), and DNA was extracted
from EDTA whole blood using QIAamp® DNA Blood Mini Kit
(QIAGEN® Sample and Assay Technologies, Germantown, MD,
USA), according to the manufacturer’s instructions. Parasitological
and molecular analyses were carried out at Aggeu Magalhães
Institute (IAM)/FIOCRUZ. Serological tests were executed and
provided by the Laboratoŕio da IV Geren̂cia Regional de Saud́e –
Caruaru, Pernambuco, Brazil.
Production of Recombinant Antigens
Expression and purification of the His-tagged recombinant
antigens Lci10 and Lci13 was performed as described (23),
using Escherichia coli BL21(DE3) pLysS cells (Invitrogen®,
Carlsbad, CA, USA) transformed with pRSET-derived plasmids
containing the Lci10 or Lci13 genes. Nickel-nitrilotriacetic acid
(Ni-NTA) Agarose (QIAGEN®, Germantown, MD, USA) was
used for purification. Protein concentrations were determined by
the Bradford’s method (34). SDS-PAGE gels (15%) were
performed to check the effectiveness of each purification.
Production of L. (L.) infantum Antigenic
Fractions
L. infantum soluble antigenic fraction (LSA) was obtained from
promastigote forms of L. infantum (strain MHOM/TN/1980/
IPT1), following the protocol standardized by Gonçalves-de-
Albuquerque et al. (35). The protein concentration was
determined using the Bradford’s method (34). Thereafter, the
Frontiers in Immunology | www.frontiersin.org 3
LSA was aliquoted and stored at −80°C until its use in cell
culture assays.
PBMC Isolation and Cell Culture
PBMCs were obtained from heparinized blood using a protocol
based on density centrifugation and employing Ficoll-Paque™

(GE Healthcare, Uppsala, SWE), as described by Lorena et al.
(36). The cell pellet containing the mononuclear cells was
resuspended in RPMI 1640 medium and counted in the
Neubauer chamber using Trypan blue to check viability. The
cell suspension was adjusted to the concentration of 1x106 cells
per ml of RPMI 1640 medium supplemented with 10% of fetal
bovine serum (FBS). The cells were placed in 24-well plates of
polystyrene and then incubated at 37°C in the presence of 5%
CO2; the culture time was established as described in
Standardization of Culture Time and Antigens Concentrations.
Cytokines Gene Expression Analysis
Standardization of Culture Time and Antigens
Concentrations
After blood collection, a pool of PBMCs from three positive
animals was made and then it was plated (1×106 cells per well).
The cells were subsequently stimulated with different
concentrations of the recombinant antigens (2.5, 5 and 10 mg/
ml) and with LSA (25 mg/ml). A negative control was also
included. For each stimulus, two wells were used as a way of
ensuring that enough sample for qPCR would be obtained. The
plates were incubated for 24, 48, and 72 h at 37°C and 5% CO2.
The pool was used to ensure that all stimuli were evaluated with a
same cell population in three different culture times. The choice
of the best culture time and antigen concentration was assessed
by evaluating gene expression of Interferon gamma (IFN-g);
Tumor Necrosis Factor (TNF), Interleukin 2 (IL-2), IL-4, IL-10,
and Tumor Growth Factor beta (TGF-b), by Relative
Quantitation (RQ) using qPCR (Evaluation of Cytokines
mRNA Expression by qPCR). This optimization step aimed to
avoid the use of a culture condition that was not enough to
induce a detectable cytokine gene expression. A positive response
for the resistance profile (Th1), with suppression of the
susceptibility profile (Th2) was also employed as criteria to
choose the times and concentrations.
Evaluation of Cytokines mRNA Expression by qPCR
Total RNA was extracted from the PBMC cultures using TRIzol®

(Invitrogen®, Carlsbad, CA, USA) and transformed into cDNA
through Reverse Transcription qPCR (RT-qPCR), using the
TaqMan™ Reverse Transcription kit. After dosing in a
spectrophotometer, cDNA levels for the cytokines IFN-g (ID:
Cf02623316_m1 – 117bp); TNF (ID: Cf02691119_s1 – 137 bp);
IL-2 (ID: Cf02623318_m1 – 107 bp); IL-4 (ID: Cf02623271_s1 –
110 bp); IL-10 (ID: Cf02624264_m1 – 114 bp) and TGF-b (ID:
Cf02623326_m1 – 124 bp) were quantified by qPCR (TaqMan®

System) with the ABI-PRISM 7500 sequence detection system
and using the TaqMan® Gene Expression PCR kit Master Mix
January 2021 | Volume 11 | Article 605044
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(Applied Biosystems™, Foster City, CA, USA). The endogenous
control applied for the reaction was the Dog Glyceraldehyde 3-
Phosphate Dehydrogenase (GAPDH) gene (ID: Cf04419463_gh –
54 bp) (Applied Biosystems™). The RQ was calculated after
normalization of the samples with the endogenous control by
the comparative threshold cycle (Ct) method, and negative control
(no stimulus) was employed as reference sample. All samples were
analyzed in triplicates.
Evaluation of Nitric Oxide Production
To have a better understanding of the immune response elicited
by Lci10 and Lci13, NO production was determined indirectly by
nitrite dosage in the supernatants of the PBMC cultures from
both groups, after stimulation with the recombinant proteins,
using Griess reagent, according to Resende et al. (37). The
supernatants were collected before RNA extraction process and
submitted to freezing (−80°C) until dosage.
Evaluation of the Recombinant Antigens
by Study Groups
After defining the best culture time and concentrations of the
new antigens, PBMCs from the dogs of both study groups were
stimulated as follows: Lci10, Lci13, LSA (25 mg/ml) (38, 39), and
negative control (no stimulus). The mitogen phytohemagglutinin
(PHA – 5 mg/ml) was used as a control for the culture of PBMC. It
was followed by the evaluation of gene expression of IFN-g, TNF,
IL-10, and TGF-b, as well as by the evaluation of the production of
NO in the supernatants as described in Evaluation of Cytokines
mRNA Expression by qPCR and Evaluation of Nitric Oxide
Production, respectively. The data obtained with the cell cultures
stimulated with the antigens were considered only after the
observation of positive gene expression for some of the evaluated
cytokines induced by PHA, then confirming the viability of the cells
and adequacy of the general culture conditions. Twelve dogs from
each group were randomly divided to evaluate the recombinant
antigens. Thus, two subgroups of six animals were formed, and
each subgroup was used to evaluate one recombinant antigen
through gene expression analysis. All data obtained with the
groups were expressed as the mean ± standard deviation (t-test)
or the median with interquartile range (Mann-Whitney test).
Comparative Analyses
After the Kolmogorov-Smirnov normality test, the t-test
(parametric) was used for the samples that obtained normal
distribution, and for the samples with non-normal distribution,
the Mann-Whitney test (non-parametric) was used. Correlation
between the cytokines was performed using the Spearman test
for non-normal samples and the Pearson test for normal
samples. All tests were performed using GraphPad Prism 5
(Graphpad Software Inc. 2007, San Diego, CA, USA), and
differences were considered statistically significant when
p ≤ 0.05.

A table summarizing all the immune response analyzes
obtained with the two recombinant antigens was constructed.
Frontiers in Immunology | www.frontiersin.org 4
The results were expressed in “plus” signs, as follows: (+): the
protective potential or potential for vaccinology observed is only
suggestive, with no statistically significant differences; (++): the
protective profile or potential observed is indicative and there are
one or more statistically significant differences in the analysis; (*):
there was no suggestive or indicative protective profile in the analysis.
The final number of “plus” signs (score) indicates the conclusive
major potential (immunoprophylactic or immunotherapeutic) of
each recombinant protein.
Ethical Considerations
The owners were invited to participate in the research and to sign
an informed consent form authorizing the use of the material
collected for scientific purposes. The project was approved by the
Ethics Committee on Animal Use of the Aggeu Magalhães
Institute (n° 76/2014).
RESULTS

Lci10 and Lci13 Description and
Purification
Purified recombinant antigens were previously visualized
through SDS-PAGE (23). The in silico prediction of Lci10 and
Lci13 molecular weight is 35 and 45 kDa, respectively. However,
the approximated molecular weight of Lci10 in gel is quite
different (higher than 35 kDa), but constant in all purifications
performed for this study, confirmed through SDS-PAGE (data
not shown).
Definition of Culture Time and Antigens
Concentrations
PBMC stimulation with Lci10 in the concentration of 10 µg/ml
during 48 h was the best among the conditions tested, presenting
a predominant Th1 profile. For Lci13, the concentration of 5 mg/
ml stimulated a balance between Th1 and Th2 profiles after 24 h
of culture, which did not occur in the other conditions tested
(Figure 1). The comparison between the immune profile
obtained in the conditions chosen for both antigens and the
LSA is presented in the Supplementary Figure.
Evaluation of the Recombinant Antigens in
the Study Groups
Comparative Evaluation Between the Recombinant
Antigens and Soluble Leishmania Proteins
Recombinant antigens were initially compared with L. infantum
soluble antigen (LSA), through the analysis of the immune
response elicited by the stimuli in each study group, NInD and
InD. Parallel experiments were thus carried out with a set of
samples evaluated with LSA/Lci10 and the second set with LSA/
Lci13. The NInD group was the first analyzed (Figure 2A).
Overall, both antigens and LSA stimulated expression of IFN-g,
TNF, and IL-10, when compared with non-stimulated cells
January 2021 | Volume 11 | Article 605044
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(represented in the graphs of Figure 2 as the “zero” line), and a
slight decrease on the expression of TGF-b was observed. For the
first antigen tested, Lci10, no significant difference in expression
was observed for the four cytokines assayed, when cells
stimulated with this protein were compared to those
stimulated with LSA. In contrast, for Lci13, a significant higher
expression of IFN-g was observed for the cells stimulated with
this antigen in comparison to the LSA stimulated cells (LogRQ
LSA × Lci13: IFN-g = 0.44 × 2.24, with p = 0.0362), although no
differences were observed with the other three cytokines.

The results for the InD group are summarized in Figure 2B.
No significant differences in stimulation between Lci10 and the
LSA sample were observed for three of the cytokines, TNF, IL-10
and TGF-b. In contrast, a significant lower expression of IFN-g
induced by Lci10 was observed in comparison with LSA (LogRQ
LSA × Lci10: IFN-g = 1.30 × 0.15, with p = 0.0318). No
statistically significant differences in expression of the four
cytokines were observed between cells stimulated with Lci13 or
LSA. Besides, a lower and negative expression of IFN-g is clearly
noticed (LogRQ LSA × Lci13: IFN-g = 0.69 × −0.19, with
p = 0.2286).

Immunoprophylactic Potential × Immunotherapeutic
Potential of Lci13
To better evaluate the Lci13 in relation to its potential for
vaccinology, the data from the NInD and InD groups were
compared (Figure 3).

Lci13 induced a marked different profile in the two groups,
with higher expression of IFN-g in the NInD, and with a
suppression in the InD (LogRQ NInD × InD = 2.24 × −0.19,
with p = 0.0028) (Figure 3A). In addition, a suppression in TGF-
b expression was observed for both groups (Figure 3D). There
were positive expressions of TNF and IL-10 in both groups, and
no statistical differences were observed (Figures 3B, C).
Frontiers in Immunology | www.frontiersin.org 5
According to the results obtained in the group with healthy
animals (NInD), Lci13 has a predominant immunoprophylactic
potential, causing a higher expression of pro-inflammatory
cytokines, and reduced TGF-b mRNA levels in comparison to
the sample without stimulus.

NInD and InD groups stimulated with Lci10 were also
compared, but no significant differences were obtained (data
not shown).

Correlation of Cytokines After Stimulation With Lci10
and Lci13
Analyzing the correlation between cytokines expressed after
stimulation with Lci10, there was a significant positive correlation
between IFN-g and TNF (p = 0.011) in the NInD group, with a
correlation coefficient considered strong (r = 0.96).

After stimulation with Lci13, a significant negative correlation
occurred between IFN-g and TGF-b (p = 0.03) in the InD group,
with a correlation coefficient considered strong (r = −0.97).

Evaluation of Nitric Oxide Production
In the NInD group, Lci10 promoted similar NO production in
relation to LSA and ‘no stimulus’ (NS), while in the InD group, the
mean value of NO production was higher for Lci10 antigen when
compared toNS and LSA (Figure 4A). Lci13 was able to promote a
higherNOproductionwhen compared toNS (p= 0.0605) and LSA
(p = 0.3634) in the NInD group. In the InD group, NO production
byLci13wasquite similar to thatobtained inNSandLSA, and lower
than the presented by Lci13 in the NInD group (Figure 4B). For
both antigens, there were no statistically significant differences.

Global Evaluation of Lci10 and Lci13
Potential for Vaccinology Against CVL
Table 1 shows the immune response analyzes performed with
the two recombinant antigens, and the major potential in
FIGURE 1 | Overview of cytokine gene expression profiles obtained after stimulation of peripheral blood mononuclear cells (PBMCs) from positive animals with
recombinant antigens in different concentrations and different culture times. The culture conditions were chosen based on the resistance and susceptibility profiles
presented. The values are expressed in logarithmic scale. Values of cytokine gene expression obtained after the different stimulus are expressed positively or
negatively in relation to control (sample without stimulus), which is adjusted to zero. RQ, relative quantitation. * conditions chosen for recombinant antigens.
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vaccinology obtained by each one. Thus, from the results
achieved in the NInD group, the Lci13 showed an
immunoprophylactic potential, with a score of five “plus”
signs, presenting a more prominent potential in relation to
Lci10, which obtained a score of two “plus” signs.
DISCUSSION

Immunogenic proteins with capability to stimulate a
predominantly pro-inflammatory response are considered
interesting candidates to be further investigated for
immunoprophylaxis and immunotherapy for CanL (24, 40–42).
Frontiers in Immunology | www.frontiersin.org 6
In our study, we evaluated the potential of two new recombinant
antigens from L. infantum, by stimulating cultures of PBMC
belonging to healthy and infected dogs.

After comparing the means obtained in gene expression
analyses, Lci13 results show that this protein presents a
potential for immunoprophylaxis, since a predominant Th1
immune profile in the NInD group was observed. Lci13
induced a significant higher expression of the pro-
inflammatory cytokine IFN-g in relation to LSA in the NInD
group, and this gene expression was also significantly higher in
relation to the levels obtained in the InD group. Studies indicate
that resistance to L. infantum infection in dogs is owed to a
strong Th1 response, mainly due to IFN-g, responsible for
stimulating cell proliferation and, together with TNF, for
A

B

FIGURE 2 | Cytokines gene expression in the non-infected dog (NInD - A) and infected dog (InD - B) groups, after stimulus of peripheral blood mononuclear cells
(PBMCs) with LSA/Lci10 or LSA/Lci13. The values are expressed in logarithmic analysis (log in base 10), with mean ± standard deviation (t-test) or median with
interquartile range (Mann-Whitney), obtained from the analysis of four to six dogs. The sample without stimulus is equal to zero (reaction calibrator), and the other
values are expressed positively or negatively. LSA, L. infantum soluble antigen. RQ, relative quantitation. In some charts, the number of dogs per stimulus was less
than six because the amplification of the reference sample failed in some few cases, thus not being possible to calculate the RQ. *significant difference.
January 2021 | Volume 11 | Article 605044

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Pessoa-e-Silva et al. Promising Immunoprophylactic Against Canine Leishmaniasis
activating macrophages and other cells of the immune system,
leading to parasite destruction by increasing intracellular NO
levels (4, 40, 43, 44). The expression for TNF, IL-10 and TGF-b
was very similar between groups, but gene expression for the
Frontiers in Immunology | www.frontiersin.org 7
regulatory cytokine TGF-b in both groups presented a negative
mean in relation to sample without stimulus.

Lci13 induced a positive expression for IL-10 in the NInD
group. The role of IL-10 in the pathogenesis of CanL is still
controversial. According to some authors, this cytokine, together
with IL-4 and TGF-b, favors parasite proliferation, through
inhibition of the production of IFN-g and TNF, besides being
responsible for the proliferation and differentiation of B cells,
allowing greater activation of Th2 profile (24, 45). In contrast,
other authors affirm that IL-10 has an important regulatory role
in the immune response against CanL. For example, Maia;
Campino (46) indicate that the balance between IL-10 and
TNF is associated with reduction of parasite load in different
tissues such as skin and spleen, and also with the absence of
clinical signs in infected animals. Furthermore, Solano-Gallego
et al. (47) performed IL-10 dosage from the supernatants of
whole-blood cultures from dogs with different clinical statuses
(from I – mild disease, to IV – very severe disease). The cultures
were stimulated with LSA, and they concluded that IL-10
concentration was not associated with disease severity. Hence,
the gene expression results presented here support that the Lci13
may be an interesting target to be further evaluated using murine
models to determine its true immunoprophylactic potential.

The correlation analyses between the cytokines produced
after stimulation with Lci13 displayed a significant negative
correlation between IFN-g and TGF-b in the InD group,
demonstrating that an increase in IFN-g levels will probably be
accompanied with a decrease of TGF-b levels. Nonetheless, the
mean value of gene expression obtained for IFN-g in this group
was negative, what highlights the importance to further evaluate
the real applicability of Lci13 for immunotherapy, employing
different tools, such as ELISA and flow cytometry.
A B

DC

FIGURE 3 | Cytokines gene expression in the two study groups after stimulus of peripheral blood mononuclear cells (PBMCs) with Lci13. The values are expressed in
logarithmic analysis (log in base 10) and they were plotted based on the results shown in Figure 2. (A) Mean of RQ values of Interferon gamma-g (IFN-g), (B) Tumor
Necrosis Factor (TNF), (C) IL-10, and (D) Tumor Growth Factor beta (TGF-b). NInD: non-infected dogs. InD, infected dogs. RQ, relative quantitation. *significant difference.
A

B

FIGURE 4 | Evaluation of NO production induced by Lci10 (A) and Lci13 (B)
in the cultures of peripheral blood mononuclear cells (PBMCs) from infected
and non-infected dogs. The NO production was determined indirectly by
nitrite dosage. The values are expressed as mean ± standard deviation
obtained from the analysis of 24 dogs, being 12 dogs for each protein, and
six per study group. LSA: L. infantum soluble antigen; NS, no stimulus.
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In the NInD group, the NO dosage indicated that Lci13
helped mononuclear cells in the culture to increase the levels
of this leishmanicidal factor. This finding is in accordance with
the data obtained in the gene expression analyses, since the
greater expression of both proinflammatory cytokines (IFN-g
and TNF) obtained in the NInD group may have stimulated a
higher NO production through a synergistic induction.

In relation to Lci10, the mean gene expressions of IFN-g and
TNF stimulated by this recombinant protein were positive and
higher when compared to those stimulated by LSA, while IL-10
and TGF-b expressions were quite similar to those presented by
the soluble antigen. Comparing NInD and InD groups, it was
evidenced that the antigen Lci10 was able to induce a positive
and a higher gene expression of cytokines from the Th1 profile in
the NInD group (data not shown). Nevertheless, no statistical
differences were obtained, and a possible immunoprophylactic
potential need to be further investigated through other in vitro
assays before tests in animal model.

The correlation analyses between the cytokines produced
after stimulation with Lci10 in the NInD group showed a
significant positive correlation between IFN-g and TNF, with a
strong correlation coefficient, and this concurrent increasing of
Th1 cytokines in the culture reinforces a possible protective
potential of this antigen for healthy animals. However, it is
important to notice that differences in NO synthesis were not
detected in this group when compared to NS or LSA.

Finally, some points of the analyses must be commented.
Different infections/coinfections may occur in animals from
peridomicile and even from domicile, and are sometimes very
difficult to detect, even with a rigorous clinical evaluation (48).
However, those animals exposed to different infections (parasitic or
non-parasitic) will be the targets of a potential mass vaccination
program in the future, so it is also important to conduct initial
studies with a population subjected to these conditions. In addition,
we believe that in vitro assays performed by using immunogenic
proteins are able to signal the immune profile obtained by the
stimulated cells, thus helping to direct the best(s) target(s) to
subsequent stages of vaccinology study. Nevertheless, a stronger
Frontiers in Immunology | www.frontiersin.org 8
immune response should be obtained when using the new proteins
together with adjuvants during in vivo studies.

In conclusion, the Lci13 showed to be a promising antigen, with
a protective response elicited in the group of healthy dogs. This
recombinant antigen will be further evaluated in relation to its
immunogenicity and reactogenicity in in vivo assays (pre-clinical
trials), inorder toconsolidate its applicability as a vaccine candidate.
The Lci10 showed a suggestive immunoprophylactic potential, but
further assays need to be performed in vitro to confirm this finding,
before the execution of possible in vivo assays.
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