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The objective of the present study was to analyze the skin (nasal surface and ear regions), lymph nodes
(popliteal and pre-scapular), spleen and liver of dogs with visceral leishmaniasis (VL), in order to inves-
tigate the relationship between the parasite load measured as DNA copy number of Alpha gene of DNA
polymerase of Leishmania infantum by quantitative PCR and the number of M2 macrophages by immuno-
histochemistry. A set of 29 naturally infected dogs from an endemic area for VL were sampled and another

gﬁywotrds" N . set of six dogs negative for VL and from a non-endemic area were analyzed as the control group (C). The
DOZISIO ype phagocytes spleen presented the highest number of Leishmania DNA copies, with significant differences between

the groups G1 and G2 (with and without skin lesions, respectively). The M2 phenotype immunostaining
predominated among the macrophages in granulomas and inflammatory infiltrates of samples from the
skin, lymph nodes and spleens examined. The presence of M2 macrophages in dogs from infected group
differed significantly from the control group, in all organs analyzed, excepted liver. The highest propor-
tion of M2 macrophages coincided with the highest parasitism loads found in more susceptible organs
of VL dogs, even in the skin, considered a more resistant organ, while the liver showed low parasitism
load and low immunostaining for M2 macrophages with no significant differences between infected and
negative groups. It was concluded that the predominance of M2 phenotype in VL dogs favored the mul-
tiplication of Leishmania infantum in organs of dogs that are more susceptible to Leishmania infection, as
skin, lymph nodes and spleen.

Leishmania infantum

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The role of dogs as the main reservoir of visceral leishmania-
sis has led to an increased interest in the immune responses and
in Leishmania antigens that are implicated, or in protective cellu-
lar immunity against canine visceral leishmaniasis, or conversely
involved in immunopathogenesis that lead to the progression of
this disease. The main effector mechanism involved in protective
immune response of dogs infected with Leishmania (L.) infantum is
the activation of macrophages by IFN-y and TNF-q, secreted by a
predominant response of Th1 cells, which lead to the death of intra-
cellular Leishmania amastigotes. This protective immune response
confers apparent resistance to visceral leishmaniasis. However,
Leishmania produced a number of factors able to subvert the host
immunity, specially by reducing macrophage microbicidal mecha-
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nisms. This macrophage suppressive activity of Leishmania seems
to depend on an increasing in Th2 function and the secretion of IL-4
and IL-10 and, though the role of these cytokines in symptomatic
animals is still controversial, there is an increasing evidence for a
correlation of these cytokines with progressive disease (Barbiéri,
2006; Chan et al., 2012).

In human leishmaniasis, Th2 cytokines (IL-4 in cutaneous leish-
maniasis; IL-10 and TGF-f in visceral leishmaniasis) have been
correlated with increased disease susceptibility and its progression
was also associate to the induction of the M2 macrophage phe-
notype, which seems to exert a predominant immunosuppressive
action (Cecilio et al., 2014). Muraille et al. (2014) also reported that
Leishmania sp. promotes M2 activation, as a virulence and evasion
strategies.

In addition, M2 polarized macrophages have been associated
with the dysfunction of protective cell-mediated adaptive immune
responses in cancer and human leishmaniasis (Edin et al., 2012;
Chan et al., 2012). Thus, at the beginning of human leishmani-
asis an increased mRNA expression of classical M2 markers and
the presence of some receptors/antigens, such as scavenger recep-
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tor/CD 163 in monocytes and macrophages from tissue lesions, has
indicated that this macrophage phenotype might contribute to the
disease chronicity (Chan et al., 2012). In fact, the CD163 is a useful
marker for the identification of M2 macrophages by immunohisto-
chemistry using an anti-CD163 monoclonal antibody raised against
human macrophages that cross-reacts with macrophage subpopu-
lations in different animal species including dogs (Komohara et al.,
2006; Yamate et al., 2000).

However, there are few studies describing the responses to
injuries in different organs of dogs infected by Leishmania infantum
and the role of M2 macrophages in the course of Leishmaniasis in
these animals. Therefore, the objective of the present study was to
analyze lymph nodes (popliteal and pre-scapular), liver, spleen and
skin (nasal surface and ear) of dogs naturally infected by Leishma-
nia infantum, in order to investigate the relationship between the
presence of the parasite and the macrophages from M2 phenotype.

2. Material and methods
2.1. Material collection

The dogs investigated in this study were originated from the
Zoonosis Control Center in Aragatuba, (Sdo Paulo State, Brazil), a
region that is endemic for VL (Moreira et al., 2010; Moreira et al.,
2013). Twenty-nine Leishmania infantum — infected dogs were
used, without preference for age, breed or gender. The animals were
euthanized using an intravenous (IV) overdose of barbiturate, fol-
lowed by IV administration of potassium chloride (decree number
51.838 of the Brazilian Ministry of Health and Resolution number
714, of June 20, 2002, of the Federal Veterinary Medicine Council).
The necropsy of the dogs was performed immediately after their
death. The control group consisted of six dogs from the routine of
the Department of Veterinary Pathology Jaboticabal-SP, Brazil, a
non-endemic area for VL (Oliveira et al., 2008). Infected dogs and
control dogs were selected, following confirmation or not of disease
respectively, by RIFI and ELISA.

Fragments of lymph nodes (popliteal and pre-scapular), liver,
spleen and skin (nasal surface and ear) were collected. For Immuno-
histochemical analyses the fragments were fixed in 10% formalin
solution and for the RT-qPCR technique, a fragment of each organ
was collected and stored in liquid nitrogen at —196 °C until the
analysis by this technique.

2.2. Immunohistochemical analysis

To perform the immunohistochemical technique, the fragments
were fixed in 10% formalin solution, buffered with 0.15 molar
phosphate at pH 7.2 and, after 24 h of fixing, they were dehy-
drated, processed, embedded in paraffin and cut into sections of
5 pm of thickness. Antigenic recovery was performed by heat using
a Pascal pressure chamber (Dako Cytomation, Carpinteria, USA)
and a 10 mM sodium citrate buffer solution (pH 6.0). To double
block nonspecific reactions a protein block solution (Dako Cytoma-
tion, reference X0909) was added to 3% of skim powdered milk
solution and used over the tissue sections. Following this, the
primary antibody (anti-CD163, mouse monoclonal, Spring, refer-
ence E18684) was added at 1:300 dilution and incubated for 18 h
at 4°C. The blocking of endogenous peroxidase was performed
using 12% methanol and hydrogen peroxide solution. Streptavidin-
biotin-peroxidase complex (LSAB kit, Dako Cytomation, reference
K0690-1) was used as detector system following the instructions of
manufacturer and in the last step, DAB substrate-chromogen solu-
tion (3,3-diaminobenzidine; Dako Cytomation, reference K3468-1)
was used for the color development.

Negative controls consisted of immunohistochemical reactions
performed as described above, except that the primary antibody
was omitted and only the antibody diluent (Dako Cytomation,
reference S302283-2) was used. Positive controls were produced
using tissues suggested by the manufacturer of anti-CD163 anti-
body (Spring, reference E18684).

To determine the number of immunostained cells, five micro-
scope fields were analyzed (Nikon Eclipse E200) with a 40x
objective lens (Moreira et al., 2010), which presented an area of
approximately 0.19625 mmz2. From the values obtained in these
fields, an average number of immunostained cells was determined
for each group (Leishmania infected and negative controls).

2.3. Quantification of Leishmania infantum DNA using gPCR

Samples of spleen, liver, skin (ear and nasal surface) and
popliteal and pre-scapular lymph nodes were subjected to total
DNA extraction, using the QIAamp DNA Mini Kit (Qiagen, USA),
following the manufacturer instructions.

Real-time qPCR using the SYBR Green I marker was used for
absolute quantification. Briefly, 5.0 wL of DNA extracted were added
to a mixture containing 10.0 pL of the Kapa Sybr® Fast qPCR Master
Mix (2X) (Kapa Biosystems, USA) and 10 pmol of each forward and
reverse primers specific for a region in Alpha gene of DNA poly-
merase of Leishmania infantum (Bretagne et al., 2001) in a final
volume of 20 p.L. PCR conditions were as follows: an initial denat-
uration step at 95°C for 3 min, followed by 40 cycles at 95°C for
3s,30s for 60°C and 72 °C for 3s. All the samples were tested in
duplicates.

A standard curve was prepared for absolute DNA quantifica-
tion of a 90bp fragment of the alpha gene of DNA polymerase
(GenBank, access number: AF009147) inserted into the pIDTS-
mart vector (Integrated DNA Technologies, USA). The plasmid DNA
was quantified by spectrophotometer and converted to the num-
ber of moles using the Molbio.ru program (www.molgen.mpg.de/
*soldatov/protocols/scripts/01_07.html) and submitted to ten-fold
serial dilutions, and each dilution from 10~! to 108 was processed
by SYBR Green I real-time PCR.

The threshold cycle (CT) values resulting from the real-time PCR
from each dilution were used to calculate and determine a linear
regression from the logarithmic value of the number of moles of
plasmid DNA and used to estimate the number of DNA copies of
the Alpha gene of DNA polymerase of Leishmania present in the
tissue sample.

2.4. Statistical analysis

Statistical analysis was carried out using the nonparamet-
ric Mann Whitney test, with comparisons between the groups
of dogs (Leishmania-infected and control) to the number of M2
macrophages and between dogs with skin lesions and without skin
lesions to the parasite load (number of DNA copies of Leishma-
nia). The correlations between parasite load and number of M2
macrophages in each organ were determined using Spearman’s
correlation coefficient. The GraphPad Prism statistical software
(version 5.00, 2007) was used for all the analyses, and differences
were taken to be significant when P <0.05.

3. Results

The M2 phenotype was found in macrophages of granulomas
with or without parasites and in macrophages of inflammatory
infiltrates, in all the organs analyzed (Fig. 1). Within each organ, sig-
nificant differences were found between the experimental groups.
The dogs of the infected group had higher medians. The liver was
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Fig. 1. Photomicrograph of M2 phenotype macrophages (CD163) immunostaining in Leishmania infantum symptomatic dogs. (A) In lymph nodes, immunostaining can be
seen in the membrane of parasitized macrophages (arrow/detail). (B) In the liver, immunostaining can be seen in sinusoids (arrow) and in hepatic granulomas (*). In the
detail, immunostaining of the Kupffer cell membrane can be seen. (C) In the spleen, immunostaining can be seen in the membrane (*) of red-pulp macrophages (detail). (D)
Immunostaining of macrophages of the infiltrate around skin adnexa can be seen. In the detail, immunostaining in the membrane of a parasitized macrophage can be seen
(arrow). Polymer complex bonded to peroxidase (40 x objective lens for main figures and also for details).

the organ that not differed between Leishmania-infected and neg-
ative control groups (Fig. 2 and Table 1).

The dogs with skin lesions presented higher Leishmania infan-
tum DNA copies (Table 1). When the Leishmania DNA loads from
different organs of groups G1 (with skin lesions) and G2 (without
skin lesions) were compared, only the spleen (P=0.0010), popliteal
(P=0.0037) and pre-scapular lymph nodes (P =0.0049) showed sig-
nificant difference. The liver had low parasitism in comparison with
the other organs.

The correlation between the number of DNA copies of
Leishmania-DNA and the number of M2 macrophage were signif-
icant only in the popliteal (P=0.015; r=0.449) and prescapular
(P=0.003; r=0.525) lymph nodes (Fig. 3).
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4. Discussion

In the present study, the spleen from Leishmania infected dogs
was the organ showing the highest level of parasitism which is
significant different from the group of non-infected dogs, thus sug-
gesting that it would be more susceptible to multiplication of this
parasite. Conversely, the liver seems to be a less favorable environ-
ment for the parasite, because it presented low parasitism. These
results agreed with the findings of Sanchez et al. (2004) and Lima
et al. (2007), demonstrating that the liver had similar low levels
of Leishmania parasitism. Furthermore, Reis et al. (2009) described
distinct parasite density patterns in the tissues of dogs infected
by L. infantum and demonstrated that the skin and spleen were
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Fig. 2. Median of M2 macrophages immunostaining in different organs analyzed in dogs. Infected group (red) and control group (blue). Note the significant difference
between groups (* p <0.05) within each organ. Mann Whitney nonparametric tests. (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)
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Table 1

Medians of M2 macrophages and of the number of Leishmania infantum DNA copies,
compared between the groups and within each organ, among the control and VL
dogs.

M2 Leishmania infantum

Infected  Control P G1 G2 P
Spleen 24.4 35 0.0003 38640 706.1 0.0010
Liver 8.0 7.9 0.3579 145.0 5427  0.2312
Muzzle 6.6 1.5 0.0025 24.0 98.13  0.6106
Ear 9.2 1.2 0.0047 87.0 69.83  0.9823
Popliteal 25.4 3.7 0.0006 20080 3773 0.0037
Prescapular  21.2 23 0.0036 1584.0 308.1 0.0049

Infected = canine visceral leishmaniasis group; control=canine control groups;
G1=with skin lesions; G2 = without skin lesions; P =statistical significance. Differ-
ent lowercase letters in line to each variable indicate significant differences between
groups/organs. Mann-Whitney Nonparametric test to the medians M2 macrophages
and for the number of DNA copies of Leishmania infantum.

the organs with highest parasitism. However, the results from the
current study were discordant from those obtained by Sanchez
et al. (2004) and Lima et al. (2007), since a greater parasite DNA
load in the lymphoid organs than in the skin of the Leishmania
infected group was detected in our study. Similarly to these find-
ings, Moreira et al. (2013) reported higher parasitism in peripheral
lymph nodes than in the skin of dogs with VL.
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The higher susceptibility of the lymphoid organs to Leishma-
nia infection was also reported by other studies confirming that
these tissues are rich in mononuclear phagocyte system cells and
had higher density of parasites. We attributed these characteris-
tics to compartmentalization of specific organ immune response,
as Reis et al. (2009) described by evaluating different organs of
dogs with VL and finding marked differences in organ resistance
or susceptibility to Leishmania infection.

Macrophages can be activated in response to the microenviron-
ment injury, as occurred during Leishmania infection and undergo
polarization to M1 or M2 phenotypes (Casseta et al., 2011) and
this can be a reason for the higher number of M2 macrophages
in Leishmania parasitized macrophages in most of tissue samples
examined in this study, except the liver. It can be speculated that the
polarization for macrophages of M2 phenotype possibly favors the
survival of this parasite by creating an anti-inflammatory microen-
vironment that inhibits a Th1/Tc effectorimmune responses against
Leishmania. Similar findings were reported for Post kala-azar der-
mal leishmaniasis, in which M2 macrophage subsets appear to be
more activated, and might act to suppress cell-mediated immunity,
conferring great susceptibility to intra-cellular infection and sus-
tained disease chronicity of leishmaniasis (Mukhopadhyay et al.,
2015).

Engwerda and Kaye (2000) found in a mouse model infected
with L. donovani and L. infantum that different organs had specific

0 T T T
15

.’

2

2.5 3

Leishmania infantum DNA

160 -

140 1 r=0.525

120 - (p = 0.003)

100 -
80 -

M2 macrophages

40 - *
20 4

* *

* e

*
¢ o
g L 4

1.5

2

*
'S QQ‘s
2.5 3

3.5 4

4.5

Leishmania infantum DNA

Fig. 3. Correlation between the medians of macrophages and the logarithm of number of DNA copies of Leishmania infantum in the popliteal (A) and prescapular (B) lymph
nodes of dogs from Leishmania infected group determined by linear regression analysis and the Spearman correlation coefficients (r) (p <0.05).
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responses to Leishmania infection. The liver showed increased T
lymphocyte effector activity in these mice experimentally infected
with Leishmania and this response was efficient in controlling and
resolving the disease. Overall, these results were similar to those
observed here in dogs with VL, demonstrating that the interaction
of the parasite with the microenvironment of each organ is vital
for its survival and multiplication in the host. The liver is highly
efficient in pathogen clearance, probably due to its differentiated
cell population, such as Kupffer cells, hepatic natural killer cells
and hepatic stellate cells (Luo et al., 2000; Duarte et al., 2008).
All of these cells have a close relationship with the endothelium
of sinusoids and with hepatocytes, and they immediately become
activated by injure stimulus, such as those mediated by Leishma-
nia. On the other hand, the spleen and lymph nodes of naturally
Leishmania infected dogs can become the ideal environment for
growth of these pathogens because these parasites have a great
capability of escaping from the host immunological mechanisms
and can multiply intensively in these organs. In this study, these
organs showed a high number of M2 macrophages and high par-
asite load. Additionally in the lymph nodes, as the number of
parasites increased, the number of M2 macrophages increased. This
can contribute to disorganization of the spleen and lymph nodes
architecture induced by Leishmania-infection, due to accumulation
of parasitized macrophages as reported in other studies (Tafuri
et al, 1996; Lima et al., 2007; Moreira et al., 2013).

Moreover, the predominant cytokine profile secreted by Thl
or Th2 lymphocytes in the microenvironment of each Leishmania
infected organ determine the polarization of macrophage pheno-
type and define the type of macrophage that will be activated and
predominate in each phase of the Leishmania infection. This polar-
ization might exert a control over the Leishmania infection at the
initial location of the tissue injury, or in the systemic sites after
dissemination of this pathogen. Thus, the skin seems to contribute
towards an inefficient control over the infection and towards its
visceral transformation, because when the Leishmania infection is
at this location, the immune response is not effective in restrict and
eliminate this parasite, due to polarization for M2 macrophages and
to the inability of the M2 macrophages to destroy these parasites, or
to activate an effective adaptive cell-mediated immune response.
Therefore, the predominance of M2 macrophages in certain organs
from naturally Leishmania infected dogs, possibly favored the par-
asite and contributed to the elevated parasitism in these organs.
However, further studies are necessary to better elucidate this
immunopathogenic process in dog Leishmaniasis.

5. Conclusion

The M2 macrophages seem to critically influenced the course
of Leishmania infection in certain organs of dogs naturally infected
that differed as to their susceptibility or resistance to the infec-
tion with this parasite. Thus, the spleen and peripheral lymph
nodes presented higher susceptibility to multiplication of Leish-
mania, coinciding with a higher proportions of M2 macrophages
in these organs, while the liver is more resistant to Leishmania
infection and has a low proportion of M2 macrophages. In addi-
tion, M2 macrophages predominate, in the skin, suggesting that
the local immune responses are inefficient in controlling the Leish-
mania infection at its initial stage, favoring therefore the progress
of this infection to visceral transformation.
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