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Dogs immunized with LBSap vaccine displayed high levels of IL-12
and IL-10 cytokines and CCL4, CCL5 and CXCL8 chemokines
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The complex interplay between cytokines and chemokines regulates innate and adaptive immune
responses against pathogens; specifically, cytokine and chemokine expression drives activation of
immune effector cells and their recruitment to tissue infection sites. Herein, we inoculated dogs with
Leishmania braziliensis antigens plus saponin (the LBSap vaccine), as well as with the vaccine components,
and then used real-time PCR to evaluate the kinetics of dermal expression of mRNAs of cytokines (IL-12,
[FN-v, TNF-q, IL-4, IL-13, TGF-3 and IL-10) and chemokines (CCL2, CCL4, CCL5, CCL21 and CXCL8) 1, 12,24

g{l ‘i/;oer?/f;ceral leishmaniasis and 48 h after inoculation. We also evaluated the correlation between cytokine and chemokine expres-
Cytokines sion and dermal cellularity. The LBSap vaccine induced high levels of IL-12 and IL-10 expression at 12 and
Chemokines 24 h, respectively. Furthermore, we observed positive correlations between IL-12 and IL-13 expression,
Vaccine IFN-vy and IL-13 expression, and IL-13 and TGF-[3 expression, suggesting that a mixed cytokine microen-
Saponin vironment developed after immunization with the vaccine. Inoculation with the saponin adjuvant alone
Adjuvants induced a chemokine and cytokine expression profile similar to that observed in the LBSap group. CCL4

Real-time PCR and CXCL8 chemokine expression was up regulated by the LBSap vaccine. CCL5 expression was initially

highest in the LBSap group, but at 48 h, expression was highest in the LB group. Information about the
kinetics of the immune response to this vaccine gained using this dog model will help to elucidate the
mechanisms of and factors involved in a protective response against Leishmania infection and will aid in
establishing rational approaches for the development of vaccines against canine visceral leishmaniasis.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Human visceral leishmaniasis are heterogeneous diseases
caused by obligate intracellular protozoan parasites of the
genus Leishmania and are transmitted by the bite of the female
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phlebotomine sand fly (Desjeux, 2004). Dogs infected with canine
visceral leishmaniasis (CVL) constitute the main domestic reservoir
and play a central role in the transmission cycle of the parasite
to humans (Deane, 1995). Therefore, a canine vaccine may be the
most practical and effective method for reducing the incidence
of human visceral leishmaniasis, and may also provide a basis for
the development of a similar vaccine for humans (Gradoni, 2001;
Hommel et al., 1995; Mauel, 2002).

In the search for a potential vaccine against CVL, various
approaches involving the dog model have been employed, and the
use of purified fractions from parasite extracts (e.g., fucose man-
nose ligand antigen) (Borja-Cabreraetal.,2004; da Silva et al.,2000)
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and from parasite cultures (excreted/secreted antigens) (Lemesre
et al., 2005, 2007) have shown particular promise. Additionally,
remarkable results have been obtained following vaccination of
dogs with killed parasite vaccines (Giunchetti et al., 2007, 2008a;
Lasri et al., 1999; Mayrink et al., 1996; Moreira et al., 2009; Panaro
et al., 2001; Vitoriano-Souza et al., 2008; Roatt et al., 2012). These
vaccines represent an excellent tool for immunoprophylaxis and
control of CVL, considering their wide spectrum of antigenicity,
as well as their cost and safety (Giunchetti et al., 2007, 2008a;
Lasri et al., 1999; Mayrink et al., 1996; Moreira et al., 2009; Panaro
et al,, 2001; Vitoriano-Souza et al., 2008). Moreover, in animals
that receive saponin as an adjuvant, the major adverse reaction
is minor local swelling, indicating that in dogs, overall tolerance
to the candidate vaccines appears to be adequate (Giunchetti
et al., 2007, 2008a,b; Moreira et al., 2009; Vitoriano-Souza et al.,
2008).

Understanding the cellular immune responses of dogs to
infection with Leishmania parasites is crucial for vaccine design
(Strauss-Ayali et al., 2007). Involvement of IL-10 in the immune
response of Leishmania-infected dogs has not yet been established
in some organs, because expression of IL-10 mRNA is not elevated
in antigen-stimulated peripheral blood mononuclear cells during
the course of an experimental infection or in the bone marrow of
naturally infected dogs (Quinnell et al., 2001; Santos-Gomes et al.,
2002). Lage et al. (2007) suggested that severity CVL also is marked
by the balanced splenic production of type 1 and 2 cytokines with
the predominant accumulation of IL-10 and IFN-vy as a consequence
of increased parasitic load and progression of the symptoms. Fur-
thermore, Menezes-Souza et al. (2011) showed that dogs with high
skin parasitism exhibited predominantly immunoregulatory pat-
tern of immune response characterized by increased expression of
IL-10 and TGF-f3.

IL-4 mRNA is expressed in the bone marrow of some symp-
tomatic dogs (Quinnell et al., 2001), and high IL-4 expression was
recently detected locally in skin lesions of L. infantum - infected
dogs (Brachelente et al., 2005). Thus, these contradictory findings
have been proven that the role of IL-4 in the CVL progression still
unclear needing more studies to clarify their real function in the
natural history of the canine disease (Menezes-Souza et al., 2011).
Interferon-y expression in antigen-stimulated peripheral blood
mononuclear cells, skin lesions and bone marrow of infected dogs
has been shown to be elevated (Quinnell et al., 2001; Brachelente
et al, 2005; Chamizo et al., 2005; Strauss-Ayali et al.,, 2005).
Thus, this IFN-y increased is responsible for the main mechanism
involved in protective immune response of dogs infected with L.
(L.)infantum, through activation of macrophages to kill intracellular
amastigotes (Vouldoukis et al., 1996).

The potential roles of chemokines in Leishmania infection
include host defense functions such as leucocyte recruitment,
participation in cell-mediated immunity, cell activation and anti-
Leishmania activity (Rot and von Andrian, 2004 ). Chemokines play a
vital role in the regulation of immunity to various diseases affecting
the skin, including human cutaneous leishmaniasis (Gupta et al.,
2011). However, the immunomodulatory processes triggered by
chemokines in assessments of the immunogenicity of vaccines
against CVL have not been well studied, and therefore we addressed
this issue in the present study.

Successful immunization against infection by Leishmania spp.
requires the participation of both innate and adaptive immune
responses. The cytokine and chemokine microenvironment pro-
motes immediate recruitment of cells that drive the immune
response. In this prospective study, we investigated the kinetics
of the expression of cytokine and chemokine mRNAs in the skin of
dogs after immunization with Leishmania braziliensis antigens plus
saponin as an adjuvant (the LBSap vaccine), as well as inoculation
with the separate components of the vaccine.

2. Materials and methods
2.1. Animals

The details of the proposed study were presented to, and
approved by, the Ethical Committee for the Use of Experimental
Animals of the Universidade Federal de Ouro Preto, Ouro Preto,
MG, Brazil. As subjects, we used 12 mongrel dogs (males and
females), 8—12 months old, which were born and raised in the ken-
nels of the Center of Animal Science, Universidade Federal de Ouro
Preto. The dogs were treated with an anthelmintic and vaccinated
againstrabies (Tecpar, Curitiba, PR, Brazil), canine distemper, type 2
adenovirus, coronavirus, parainfluenza, parvovirus and leptospira
(Vanguard HTLP 5/CV-L; Pfizer Animal Health, New York, NY, USA).
Two days prior to the experiments, the dorsal area of all animals
was shaved, and no local reactions were observed.

2.2. Immunization protocol

The dogs were subdivided into four groups of three dogs per
group. The Sap group was inoculated with 1 mg of saponin (Sigma
Chemical Co., St. Louis, MO, USA), the LB group was inoculated
with 600 g of L. braziliensis total proteins, the LBSap group was
inoculated with 600 g of L. braziliensis total proteins and 1 mg of
saponin, and the S group (control) was inoculated with an equiva-
lent volume of sterile 0.9% saline solution. Adjuvants and antigens
were diluted with sterile 0.9% saline solution to a total volume of
250 L. Following application of a general anaesthetic (Thiopentax;
Cristalia, Itapira, SP, Brazil; 7 mg/kg of body weight), the inoculants
were intradermally injected into the shaved dorsal area of the ani-
mals. At intervals, skin biopsies were collected from the inoculation
areas and stored at —80 °C until required for RNA analysis. Descrip-
tive and kinect studies of the biopsied tissue were performed at 1,
12, 24 and 48 h. The histological analysis was performed according
to Vitoriano-Souza et al. (2008). Briefly, a histological examination
(morphometric analysis and leucocyte differential counting) of sec-
tions stained with haematoxylin and eosin (HE). The kinetics of cell
migration was evaluated within three skin layers (outer dermis,
inner dermis and hypodermis) and the predominance of cells in
the inflammatory infiltrate and their distribution within the skin
layers were assessed. A quantitative (morphometric) analysis of
the inflammatory cells present in the skin layers was performed
by acquiring digital images of pre-marked areas. Images were
captured at 40 and 100x magnification using a Leica DM5000B
micro-camera (Leica Microsystems-Switzerland Ltd., Heerbrugg,
Switzerland) and Leica Application Suite software (version 2.4.0
R1), and analyzed with the aid of Leica QWin (V3) software. In
order to identify which types of cells were recruited to the sites
of different inoculations sites, the inflammatory cells (neutrophils,
eosinophils, macrophages and lymphocytes) were counted and the
results were expressed in percentages. Herein, correlation anal-
ysis between the cellularity and the cytokines and chemokines
mRNA expression in the skin of these same animals was per-
formed.

2.3. Extraction of total RNA and synthesis of first-strand cDNAs

Total RNA was extracted by homogenizing approximately
20 mg of skin tissue with 1 mL of TRIzol reagent (Invitrogen Brasil,
Sdo Paulo, SP, Brazil) in a rotor stator. The lysate was incubated at
room temperature for 10 min, mixed with chloroform (200 wL) by
tube inversion, and centrifuged at 12,000 x g for 10 min at 4°C. The
aqueous phase was collected, and RNA was extracted by means of
the SV Total RNA Isolation System (Promega, Madison, WI, USA)
according to the recommendations of the manufacturer. After
elution, the concentration of purified total RNA was determined
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Table 1

Sequences of forward (F) and reverse (R) primers used for real-time PCR quantification of mRNA expression in skin biopsies of immunized dogs.
Gene Primer sequence (5'-3") Product length (bp) Reaction efficiency (%) R? GenBank accession no.
GAPDH
F TTCCACGGCACAGTCAAG 115 99.1 0.996 AB038240
R ACTCAGCACCAGCATCAC
IL-12p40
F CAGCAGAGAGGGTCAGAGTGG 109 96.5 0.989 U49100
R ACGACCTCGATGGGTAGGC
IFN-y
F TCAACCCCTTCTCGCCACT 113 954 0.967 AF126247
R GCTGCCTACTTGGTCCCTGA
TNF-a
F CGTCCATTCTTGCCCAAAC 94 97.2 0.983 DQ923808
R AGCCCTGAGCCCTTAATTC
IL-4
F CACCTCCCAACTGATTCCAA 123 96.9 0.991 AF239917
R CTCGCTGTGAGGATGTTCAA
IL-13
F CCTCCTCAGAGCAAAGTG 148 96.7 0.973 AF244915
R CCCAGCACAAACAAAGAC
IL-10
F AGAACCACGACCCAGACATC 129 97.1 0.993 U33843
R CCACCGCCTTGCTCTTATTC
TGF-B1
F AGGATCTGGGCTGGAAGTG 134 95.1 0.981 L34956
R CGGGTTGTGCTGGTTGTA
CCL2
F CCTGCTGCTATACACTCA 91 96.3 0.979 U29653
R GCTTCTTTGGGACACTTG
CCL4
F TCCTACTGCCTGCTGCTT 76 95.9 0.981 AB183194
R GCTGGTCTCAAAGTAATCTGC
CCL5
F TTCTACACCAGCAGCAAG 136 98.7 0.991 AB098562
R TTCTACACCAGCAGCAAG
CCL21
F AGTCTGGCAAGAAGGGAAAG 60 96.7 0.972 AB164433
R GGGTCTGTGGCTGTTCAGT
CXCL8
F ACACTCCACACCTTTCCAT 116 98.7 0.977 AF048717
R GGCACACCTCATTTCCATTG

by measuring the OD ratio at 260/280 nm using Nanovue® (GE
Healthcare, USA). To confirm the integrity of extracted RNA,
electrophoresis of a fraction of each RNA sample was performed
on a denaturing agarose gel and verified both the 18S and 28S
ribosomal RNA (rRNA) bands. The procedure included a DNAse
treatment step, and the efficiency of this step was evaluated
by PCR amplification of the cDNA reaction mixture without the
addition of the ThermoScript enzyme. Each quantitative PCR run
was performed with two internal controls assessing both potential
contamination by genomic DNA (no reverse transcriptase added)
and reagent purity (no cDNA added). First-strand cDNAs were
synthesized from 1.0 g of total RNA using the ThermoScript RT-
PCR System (Invitrogen Brasil, Sdo Paulo, SP, Brasil) with oligo-dT
primers according to the manufacturer’s instructions.

2.4. Design of primers for gene evaluation

Primers were designed with the aid of Gene Runner (ver. 3.05,
Hasting Software Inc.) using specific canine sequences obtained
from GenBank (http://www.genbank.nlm.nih.gov). The sequences
of the primers employed are listed in Table 1. The primers were
synthesized by Eurogentec (Southampton, UK) and reconstituted
in nuclease-free water.

2.5. Real-time PCR

Real-time PCR was performed on an ABI Prism 7000 DNA
Sequence Detection System using 10 L of SYBR Green PCR Master

Mix (PE Applied Biosystems, Foster City, CA, USA), 4 L of 100 mM
primers and 8 pL of cDNA diluted at 1:5 carried out in a final vol-
ume of 20 p.L. The samples were incubated at 95 °C for 10 min and
then submitted to 40 cycles of 95°C for 15s and 60°C for 1 min,
during which time fluorescence data were collected. The efficiency
of each pair of primers was evaluated by serial dilution of cDNA
according to the protocol developed by PE Applied Biosystems.
To evaluate gene expression, we performed three replicate anal-
yses, and the amount of target RNA was normalized with respect
to the endogenous control (reference genes) gene GAPDH. Data
were generated by means of the 2-44Ct method using the mean
value of the ACt of the control group as the calibrator (Livak and
Schmittgen, 2001). PCR products were cloned with pGEM-T Easy
Vector (Promega) and sequenced to check specificity using an ABI
3100 Automated Sequencer (PE Applied Biosystems) and a Dye
Terminator Kit.

2.6. Statistical analysis

Statistical analyses were performed with the aid of GraphPad
Prism software package (ver. 5.0, GraphPad Software, San Diego,
CA, USA). The normality of the data was established using the
Kolmogorov-Smirnov test. One-way analysis of variance and Tukey
post tests were used to investigate differences between groups.
Associations between cytokine expression and leukocytes (%) and
between chemokine expression and leukocytes in the dermis of
dogs were investigated using Pearson’s rank correlation. In all cases,
differences were considered significant when P values were <0.05.



J. Vitoriano-Souza et al. / Molecular Immunology 56 (2013) 540-548 543

4 (A) Type | Cytokines

20 20 20 20

10

IL-12
E{U‘

0 __lil_ii
40 40 40 40
5"
Z 20 20 20 20|
[T
= -
ol ol o | G
40 40 40 40
7
L 20 20 20 20
=
=

(B) Type Il Cytokines

40 40 40

40

20 20 20 201

a!
.f
Lk

40 40 40 40

mRNA Relative expression 2-2ACT
IL-4

2 20 20 20 20
o D-Jil.—i o- ol——
(C) Immunoregulatory Cytokines
40 40 40 40
‘c_al 20- 20- 20- 20{ [
= b
o_ﬁ_ﬁ_i o_ﬁii o_ﬁi- 0
20 20 20 20
NE
(TR 10 - 10 10 104
o
i e s
ol O_JiLii ol ol
1h —— 12h — 24h — 48h —

Fig. 1. Relative expression of mRNAs of type I (IL-12, IFN-y and TNF-a), type II (IL-4 and IL-13) and immunoregulatory (IL-10 and TGF-3) cytokines in the dermis of dogs
1,12, 24 and 48 h after inoculation with L. braziliensis antigens (LB group; ' ), saponin (Sap group; M ) or L. braziliensis antigens plus saponin (LBSap group; m). Significant
difference (p <0.05) compared with Sap and LBSap are indicated by the letter “b”.
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3. Results

3.1. Cytokine mRNA expression profiles in the skin of dogs after
immunization

Evaluation of cytokine mRNA expression is essential for improv-
ing our understanding of the protective cellular immune response
induced by vaccines against canine leishmaniasis. Therefore, we
evaluated the expression of IL-12, IFN-y, TNF-¢, IL-4, IL-13, TGF-
B and IL-10 mRNAs in the dermis of dogs 1, 12, 24 and 48 h after
inoculation with the LBSap vaccine or its components (Fig. 1). At
12 h, expression of IL-12 in the LBSap group was higher than that
in the Sap group, and, interestingly, the expression of IL-10 was
also higher in the LBSap group than in the Sap group. No significant
differences in the expression of IFN-vy, TNF-a, IL-4, IL-13 or TGF-3
were observed (Fig. 1).

We carried out a detailed analysis of the correlations between
type 1, type 2 and immunoregulatory cytokines (Fig. 2) and found
that in the LB group, there was a positive correlation between IL-13

(A) Type | versus Type Il Cytokines

20
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and TNF-a (p <0.0001, r=0.8927). In the Sap group, there were pos-
itive correlations between IL-13 and TNF-a (p =0.0002, r=0.8749),
between IL-13 and IL-12 (p=0.0040, r=0.7622) and between IL-
13 and IFN-y (p=0.0170, r=0.6708). In the LBSap group, positive
correlations were observed between IL-13 and IL-12 (p<0.0001,
r=0.9455) and between IL-13 and IFN-y (p=0.0194, r=0.6606). In
the LB group, a positive correlation was observed between IL-10
and IL-4 (p=0.0014, r=0.8344), and in the LBSap group a posi-
tive correlation was observed between TGF-[3 and IL-13 (p = 0.0020,
r=0.7948).

3.2. Chemokine mRNA expression profiles in the skin of dogs after
immunization

We evaluated the expression of the mRNAs of CCL2, CCL4,
CCL5, CCL21 and CXCL8 (IL-8) chemokines 1, 12, 24, and 48 h after
inoculation the LBSap vaccine or its individual components (Fig. 3).
At 24 h after inoculation, expression of CCL4 mRNA in the LBSap
group was 11.6 times that in the LB group (p<0.05). At 1h after
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Fig. 2. Correlations between relative expression of (A) type I and II cytokine mRNAs and (B) type Il and immunoregulatory cytokine mRNAs in the dermis of dogs inoculated
with L. braziliensis antigens (LB group; A ), saponin (Sap group; M ) or L. braziliensis antigens plus saponin (LBSap group; ®). Pearson’s correlation indexes (r) and p-values

are shown on the graphs.
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Fig. 3. Relative expression of mRNA of chemokines CCL2, CCL4, CCL5, CCL21 and CXCL8 in the dermis of dogs 1, 12, 24 and 48 h after inoculation with L. braziliensis antigens

(LB group;
indicated by the letters “a,” “b” and “c,” respectively.

inoculation, CCL5 expression was significantly upregulated in the
LBSap group in comparison with expression in the LB and Sap
groups (4.0-fold and 6.8-fold, respectively; p<0.05). At 12 and
24 h after inoculation, CCL5 expression in the LB group was higher
than that in the Sap group (28.2-fold and 72.1-fold, respectively;
p<0.05). Also, 48h after inoculation, we observed increases in
expression of these chemokine (CCL5) in the LB group relative
to expression in the Sap and LBSap groups (6.9-fold and 5.6-fold,
respectively; p<0.05). In addition, CXCL8 expression was signif-
icantly higher in the LBSap group than in the LB and Sap groups

), saponin (Sap group; M ) or L. braziliensis antigens plus saponin (LBSap group; M). Significant differences (p<0.05) compared with LB, Sap and LBSap are

24h (13.9-fold and 6.4-fold, respectively; p<0.05) and 48 h after
inoculation (13.6-fold and 4.7-fold, respectively; p<0.05). There
were no significant differences in expression of CCL2 and CCL21
between the groups.

3.3. Correlation of inflammatory cells in the outer and inner
dermis with cytokine and chemokine expression

We analyzed the correlation between cytokine and chemokine
expression and the cellularity of the outer and inner dermis
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after inoculation with L. braziliensis antigens (LB group; A ), saponin (Sap group; M ) or L. braziliensis antigens plus saponin (LBSap group; ®). Pearson’s correlation indexes

(r) and p-values are shown on the graphs.

(Fig. 4). We observed important correlations between chemokine
and cytokine expression and cellularity in the outer dermis. In
the Sap group, macrophages and CCL5 expression were posi-
tively correlated (p =0.0005, r=0.8917), and neutrophils and CCL5
expression were negatively correlated (p=0.0083, r=-0.7464).
In the LBSap group, neutrophils were positively correlated with
IFN-v (p=0.0015, r=0.8085), IL-12 (p=0.0351, r=0.6103) and IL-4
(p=0.0240, r=0.6434) expression.

In the inner dermis, we observed a positive correlation between
neutrophils and IL-13 (p=0.0479, r=0.5803) in the LB group. As
in the outer dermis, there was a negative correlation between
CCL5 and neutrophils (p=0.0030, r=-0.8020) in the Sap group.
In the LBSap group, we observed positive correlations between
neutrophils and IL-12 (p=0.0138, r=0.6859) and between TNF-a
(p=0.0040, r=0.7615) and IL-13 (p=0.0125, r=0.6930), as well as
a negative correlation between lymphocytes and CCL5 (p =0.0345,
r=-0.6117).

4. Discussion

The search for new immunoprophylactics against CVL should
focus on prospective antigens capable of intervening in the immune
system in such a way as to induce a specific immunological events
related to parasite elimination. The development of immunity
against infectious agents such as Leishmania spp. requires the con-
certed action of components of both the innate and the adaptive
immune systems (Teixeira et al., 2005). The differential regulation
of type 1 and type 2 responses and the association of Th cytokines
and immune function are important to study the adaptive immune
response to Leishmania infections (Menezes-Souza et al., 2011).

In a previously published study, we demonstrated that both the
LBSap vaccine and the saponin adjuvant alone induce intense cell
migration in the skin of inoculated dogs, thus triggering the ini-
tial immunogenic events (Vitoriano-Souza et al., 2008). The intense
expression of inducible NO synthase and selective recruitment
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of neutrophils to the skin of animals immunized with Sap and
LBSap are similar to the reactions observed in animals that exhibit
resistance to Leishmania infection (Vitoriano-Souza et al., 2008).
Based on these results it is possible to hypothesize that neutrophils
function at the front line of the immune system, responding imme-
diately upon request, and direct the migration of other cells to
the inoculation area some hours afterwards (macrophages and
lymphocytes). It appears, therefore, that neutrophils participate
effectively in the adaptive immune response from the very begin-
ning of the process (Vitoriano-Souza et al., 2008). In this sense, the
investigation of the kinetics of cell migration to the inoculation area
is extremely relevant since the number and types of cells recruited
immediately after inoculation will stimulate the innate immune
system and will influence the development of acquired immunity.

To expand our investigation of the immune response triggered
by the components of the LBSap vaccine, we evaluated expression
of cytokine and chemokine mRNAs in the skin of dogs, seeking
biomarkers of immunogenicity in the context of the innate immune
response. We carried out a kinetics study of the relative expression
of the mRNAs of type I, II and immunoregulatory cytokines and
chemokines induced by the vaccine and its separate components
at the site of inoculation after 1, 12, 24 and 48 h. Additionally, we
evaluated the correlations between cytokine and chemokine mRNA
expression and cellularity in the outer and inner dermis.

We analyzed expression of IL-12, IFN-v, TNF-q, IL-4, IL-13, TGF-
3 and IL-10 mRNAs in the dermis of dogs immunized with the LBSap
vaccine and found that expression of IL-12 and IL-10 mRNAs at 12
and 24 h, respectively, was higher in the LBSap group than in the
Sap group. Moreover, we observed positive correlations between
expression of the mRNAs of type I (IL-12, IFN-y, TNF-a) and type
Il cytokines (especially IL-13) in the groups inoculated with the
separate vaccine components and with the LBSap vaccine itself.
These results suggest that after administration of each inocula, a
microenvironment of mixed type I and Il cytokines develops in the
skin of animals. Cytokines play a decisive role in the regulation
of the immune response directed against L. infantum, determin-
ing the prevention or progression of the infection (Carrillo and
Moreno, 2009). Several studies have demonstrated that a mixed
cytokine pattern can be associated with resistance or susceptibil-
ity in both vaccine and Leishmania-infection models (Raziuddin
and Abdalla, 1994; Peruhype-Magalhaes et al., 2006). In murine
leishmaniasis, several researchers have observed that IL-13 synthe-
sis promotes initial [FN-y production and influences the assembly
and maturation of tissue granuloma. However, such experiments
have not addressed the mechanism(s) by which IL-13 regulates
the expression of anti-leishmanial type 1 response (Murray et al.,
2006). Menezes-Souza et al. (Menezes-Souza et al., 2011) demon-
strated that asymptomatic Leishmania-infected animals present
high expression of IL-13 with concomitant IFN-y production. The
authors suggest that inflammatory cytokine profiles, particularly
those driven by IFN-v, TNF- o and IL-13, could be used as biomark-
ers for asymptomatic clinical forms in CVL.

In studies of HIV infections was demonstrated effects of both IL-
13 and IFN-y on HIV-1 macrophage infections (Meylan et al., 1993;
Kornbluth et al., 1989), to enhance Ag presenting function (de Waal
Malefytetal., 1993; Marshall et al., 1997), and to be associated with
improved disease status (increased CD4 or decreased HIV viral load)
suggest a contribution by these cytokines in maintaining immune
function following HIV-1 infection (Robert et al., 1999).

In this study, we observed increased expression of some
chemokines in the skin of dogs inoculated with the various vaccine
components. Is important to note that chemokines produced at the
site of infection are critical in determining the cells that infiltrate
the site and thus in defining the eventual outcome of the disease
(Teixeira et al., 2006). In addition, Leishmania parasites also possess
a chemotactic factor that selectively attracts neutrophils which can

serve as host cells in the early stages of infection (van Zandbergen
etal., 2002).

Our data showed increased expression of CCL4 mRNA in the
LBSap group 24 h after inoculation. In addition, significant upregu-
lation of CCL5 mRNA expression was observed 1 h after inoculation
in the LBSap group. At the other biopsy times, the levels of CCL4
and CCL5 mRNAs were higher in the LB group than in the other
groups. These data demonstrate the ability of the LBSap vaccine to
induce the production of chemokines (CCL4 and CCL5), which are
important in the recruitment of immune cells to the inoculation
site. These chemokines preferentially recruit monocytes to the skin,
suggesting a host strategy for controlling parasitism during ongoing
CVL infection (Menezes-Souza et al., 2011). In addition, the expres-
sion of CCL5 may be related to resistance to infection by Leishmania
following the cascade of events leading to parasite control during
L. major infection (Santiago et al., 2004).

In this study, we observed higher levels of CXCL8 expression in
the skin of dogs vaccinated with the LBSap vaccine than in the dogs
in the other groups. In the first few hours of Leishmania infection,
CXCL8 production amplifies the recruitment of neutrophils to the
infection site (van Zandbergen et al., 2002; Badolato et al., 1996;
Venuprasad et al., 2002). Neutrophils represent the first group of
leukocytes to arrive at the site of infection, and they are thought
to serve as Trojan horses for eventual entry of into macrophages,
the ultimate cellular host for Leishmania. However, the initial influx
of neutrophils seems to be beneficial for Leishmania survival in the
infected tissue (van Zandbergen et al., 2004).

The interactions of cytokines and chemokines with various cells
in the skin layers after immunization are important for under-
standing the mechanisms by which adaptive immunity against
Leishmania infection is activated. Our correlation analysis between
cell types and chemokine expression in the outer dermis showed a
positive correlation between macrophages and CCL5 and a negative
correlation between neutrophils and CCL5 in the Sap group. These
data confirm the role of CCL5 in the recruitment of macrophages
and other monocytes. In the LBSap group, neutrophils were posi-
tively correlated with increased expression of IFN-v, IL-12 and IL-4
mRNAs, and a mixed profile of cytokines was observed in the skin. In
the inner dermis, neutrophils and IL-13 expression were positively
correlated in the LB group. As was the case in the outer dermis, CCL5
expression and neutrophils were negatively correlated in the Sap
group. In the LBSap group, neutrophils were positively correlated
with expression of IL-12, TNF-a and IL-13 mRNAs.

The development of immunity depends on the migration of
appropriate cell populations to infected sites, which in turn
depends on the expression of cytokines and chemokines. Addition-
ally, the knowledge of the cell profile of the local inflammatory
infiltrate can provide supplementary information concerning the
immune response in the microenvironment of the inoculation
(Stewart et al., 1984). Taken together, our current results allow us
to conclude that in the skin microenvironment of dogs immunized
with LBSap vaccine, there was a mixed cytokine profile and a dis-
tinctive expression profile for CCL4, CCL5 and CXCL8 mRNAs. Our
data can be expected to contribute to the establishment of a ratio-
nal strategy for the development of vaccines and immunological
therapies against visceral leishmaniasis.
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