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Abstract

This study was about a semi-quantitative analysis of T lymphocytes (CD4* and CD8", FoxP3* regulatory T cells), and
macrophages in the gut wall of dogs naturally infected with Leishmania infantum. Thirteen dogs were divided into three
groups: group 1 (G1, n=5), dogs with canine visceral leishmaniasis (CVL) and infected with L. infantum amastigotes in
the intestine; group 2 (G2, n=5), dogs with CVL but without intestinal amastigotes; and group 3 (G3, n=3), uninfected
dogs (control group). There was no significant difference (p = 0.05) on CD4" and Treg cell numbers among the groups,
whereas the levels of CD8* T cells and macrophages were significantly higher in dogs from G1 group than in G2 and
G3 (p < 0.05), especially in intestinal segments with high parasite burden. Parasite burden correlated positively with
levels of CD8" T cells and macrophages (p < 0.05), but was inversely correlated to levels of CD4* T lymphocytes and
FoxP3* Treg cells. In conclusion, in the intestine of dogs with CVL, the increase of CD8* T cells and macrophages
population associated with high parasite burdens, but no changes of CD4* T cells and FoxP3* Treg cells suggest a possible
immunoregulation by the parasite not dependent on Treg cells.
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Resumo

Este estudo foi uma andlise semi-quantitativa de linfécitos T (CD4*, CD8* e regulatérios - Treg FoxP3*) e macrdfagos
na parede intestinal de cies naturalmente infectados com Leishmania infantum. Treze caes foram divididos em trés
grupos: grupo 1 (G1, n=5) continha cies com leishmaniose visceral canina (LVC) e com amastigotas intestinais; grupo 2
(G2, n=5) continha caes com LVC, mas sem amastigotas intestinais ¢ o grupo 3 (G3, n=3) continha caes nao infectados
(grupo controle). Verificou-se que nio houve diferenca significativa (p < 0.05) no ntimero de células CD4* e de Treg
entre os grupos, mas o nimero de células T CD8* e macréfagos foi significativamente superior nos cies do grupo G1 em
relagio ao G2 e a0 G3 (p < 0,05), especialmente nos segmentos intestinais com altas cargas parasitdrias. As altas cargas
parasitarias correlacionaram positivamente com os niimeros de CD8* e macréfagos (p < 0,05), mas negativamente com
as células CD4* e Treg. Em conclusio, no intestino dos caes com LVC, o aumento das populagoes de células T CD8* e de
macrdfagos associado a altas cargas parasitdrias, mas nenhuma alteragio de células T CD4* e células Treg FoxP3* sugerem
uma possivel imunorregulagio pelo parasita nio dependente de células Treg.
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Introduction

Visceral leishmaniasis (VL) is a chronic parasitic disease
caused by the protozoa Leishmania infantum (Kinetoplastida:
Trypanosomatidac), which infects macrophages in a wide variety
of mammals, including humans and dogs (LUCA et al., 1999;
NIETO et al.,, 1999).

VL is transmitted to vertebrates by the bite of infected female
phlebotomine sandflies, of which Luzzomyia longipalpis (Diptera:
Psychodidae) is the main vector of the parasite in the Americas
(GALATT et al., 1997; WHO, 2010; WHEELER et al., 2011).

The infection affects the liver, spleen, lymph nodes, and bone
marrow and also other organs in the gastrointestinal, central
nervous, genital, and urinary systems (BLAVIER et al., 2001).
An inflammatory reaction in the gastrointestinal (GI) tract associated
with the presence of intramacrophagic Leishmania amastigotes has
been reported in experimentally infected dogs (KEENAN et al.,
1984) and in naturally infected dogs (FERRER et al., 1991;
PINTO etal.,2011; TOPLU & AYDOGAN, 2011; SILVA et al.,
2016). Although uncommon, occurrences of erosive and ulcerative
colitis and hemorrhagic diarrhea have been described in dogs in
association with severe clinical signs of disease (GONZALEZ etal.,
1990; FERRER etal., 1991). However, the prevalence of Leishmania
parasitism detected in the colonic mucosa through colonoscopy,
but without colitis, was surprisingly high in dogs with symptomatic
leishmaniasis (ADAMAMA-MORAITOU et al., 2007).

Leishmania has a strong tropism for macrophages, but
they can also infect dendrict cells and other non-phagocytic
mammalian cells (NADERER & MCCONVILLE, 2008). It is
well established that phagocytic cells can participate in parasite
control via processes that depend on free radicals secreted during
the respiratory burst pathway activation in neutrophils and
macrophages (RODRIGUES et al., 2007).

Macrophages are basically classified as M1 or M2 macrophages
and their heterogeneity derives from the distinct effects of cytokines
expressed by Th1 (T helper 1) or Th2 (T helper 2) cells during
their differentiation. M1 macrophages after stimulation with LPS
(lipopolysaccharide) are activated to produce NO (nitric oxide)
from arginine, which controls the proliferation of intracellular
parasites. M2 macrophages after the same stimulus increase the
metabolism of arginine to ornithine, producing polyamines and
promote the proliferation of parasites (MILLS et al., 2000).

Leishmania spp. have high genetic variability and the
induction of susceptibility or resistance are necessarily different
among these species (PASSERO et al., 2010). Even though a
protective role for T lymphocytes against infection by Leishmania
has demonstrated in animal models, Bourdoiseau et al. (1997)
suggested the absence of an effective immune response of CD4*
T cells to eliminate L. infantum in infected dogs, which would
be caused by a reduction of these cells associated with increased
parasite loads in macrophages.

However, it has been shown that depletion of CD4* T cells in
Leishmania major-infected BALB/c mice allows the development
of effector functions and activation of CD8* T cells. This suggests
that the cross-talk between CD4* and CD8* T cells is crucial for
efficient host defense, because in the absence of CD8* T cells,
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CD4* T cells alone were unable to induce cure in BALB/c mice.
The effector function of CD8* T cells probably depends on IFN-y
production (MULLER et al., 1991; HERATH et al., 2003).

CD8 T cells, similar to CD4 T cells, are classified into two
subsets of cytolytic effector cells with distinct cytokine patterns,
termed cytotoxic T lymphocytes 1 (Tc1) and cytotoxic T 2 (T¢2).
Tcl cells secrete a Th1-type cytokine pattern, including IL-2 and
IFN-y, whereas Tc2 cells produce Th2-like cytokines, including
IL-4, IL-5 and IL-10, (DELES et al., 2001; OHTA et al., 2004).
In rats infected with L. infantum, CD8+ T cells isolated expressed
IFN-y and TNE improving the cellular cytotoxic activity against
Leishmania spp., suggesting that CD8+ T-cells displayed a Tcl
pattern of differentiation, which was important for the control
of the parasite (TSAGOZIS et al., 2003). For Ohta et al. (2004)
there is increasing evidence that Th1/Th2 and Tc1/Tc2 mediated
cytokine imbalance has been of pathogenetic importance in various
diseases, such as allergic and autoimmune diseases.

The FoxP3 (Forkhead FoxP3*) protein is a key component in
regulating the development and function of regulatory T (Treg)
cells (BOER et al., 2007) and an excellent marker of these cells
(FONTENOT et al., 2003). In Leishmania-susceptible mice,
Treg cells promote the suppression of excessive immune responses
mediated by Th2 cells. In resistant animals, however, Treg cells
control Thl response, resulting in the persistence of a small
number of parasites and in the establishment of immunity against
reinfection (MENDEZ et al., 2004).

Figueiredo et al. (2014) found no correlation between
the clinical signs of canine visceral leishmaniasis (CVL) and
pathological, immunological, and parasitological findings in dogs
with L. infantum amastigotes in GI tissues. However, different
segments of the GI tract of infected dogs showed different
immunological and parasitological responses. Specifically, increased
expression of CD4, FoxP3, IL-10, TGF- B, IFN-y, and TNF-a
and reduced CD8 and IL-4 expression were observed in canine
GI tracts positive for L. infantum amastigotes both in the jejunum
and colon (FIGUEIREDO et al., 2014).

Even though the presence of Leishmania amastigotes in the
GI tract is well established, few studies have investigated the role
of immune effector cells such as CD4* and CD8* T lymphocytes,
Treg cells, or macrophages in the immunology of this organ
in L. infantum-infected dogs. Thus, this study was about a
semi-quantitative analysis of T lymphocytes (CD4*, CD8", Treg
FoxP3") and macrophages in the gut wall of dogs naturally infected
with L. infantum.

Materials and Methods

Animals and study location

For this study, 13 dogs were selected from both Ilha Solteira
(51°06’35” W and 20°38’44” S) and Andradina cities (20°53°38” S
and 51°23’1” W), which are endemic areas for CVL located in
the northwestern region of the state of Sao Paulo (SP), Brazil. Ten
dogs were naturally infected with L. infantum and three uninfected
dogs were selected as controls.
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The dogs were divided into three groups: group 1 (G1, n=5),
dogs naturally infected with L. infantum detected by indirect enzyme
immunoassay (ELISA), indirect immunofluorescence (IFAT), and
polymerase chain reaction (PCR) from blood, and with intestinal
amastigotes detected by immunohistochemistry and PCR of
intestinal tissues; group 2 (G2, n=5), dogs naturally infected with
L. infantum detected by ELISA, IFAT, and PCR from blood, but
without intestinal amastigotes on immunohistochemistry and PCR
of intestinal tissues; and group 3 (G3, n=3), L. infantum-uninfected
dogs (control group) on serological, parasitological, and molecular
exams.

The study was approved by the Ethics Committee for Animal
Use (CEUA) of Sio Paulo State University, Ilha Solteira Campus
(FEIS-UNESP), Department of Biology and Animal Science,
under protocol no. 06/2014-CEUA.

CVL diagnosis

CVL-positive dogs (G1 and G2 groups)

During an epidemiological survey, the dogs were diagnosed
with CVL by the Zoonosis Control Center (ZCC) of Ilha
Solteira using the following methods: (a) direct parasitological
examinations of popliteal or pre-scapular lymph node aspirate
stained with Panoptic staining kit (Laborclin®, Pinhais, PR, Brazil)
and (b) Dual Path Platform (DPP®) immunochromatographic
test (Chembio Diagnostic Systems Inc., Medford, NY, USA) as
a screening test and an indirect ELISA test (Biomanguinhos kit;
Fiocruz, Rio de Janeiro, R]J, Brazil) for confirmation. Following
confirmation, 10 symptomatic infected dogs were spontaneously
delivered at ZCC by their guardians to be euthanized and were
kindly donated by the ZCC for this study.

The serological tests of these animals were repeated in our
laboratory using an indirect ELISA test and IFAT according
to Oliveira et al. (2008). The optical density cut-off for ELISA
and antibody titration factor for IFAT were 0.3802 and 1:40,
respectively. The titer of anti-Leishmania antibodies in IFAT
ranged from 1:640 to 1:2560. The cut-off point of the ELISA test
was determined multiplying the mean of the negative reference
sera in absorbance values by the coefficient 2.5. The negative
reference sera were from uninfected dogs from non-endemic areas
for canine leishmaniasis.

For DNA extraction from blood and tissue samples of the
intestine, we used the QIAamp Blood and Tissue kit (Qiagen,
Santa Clarita, CA, USA). The amplification of the 447-base pair
(bp) DNA fragments from the promastigote kinetoplast mini
circle was performed by PCR using the pair of oligonucleotide
primers to L. infantum MC1 (5-GTT CGA TTT TTT TCT
AGC TG-3’) and MC2 (5-CCC CCATTT TTC CGATTT
TG-3’) as described by Cortes et al. (2004).

The positive control for the reactions was a DNA sample
from L. infantum (syn. Leishmania chagasi, MCAN/BR/1984/
CCC-17.481) provided by the Laboratory of Leishmaniasis of the
Leishmanioses Research Center at Fiocruz, Rio de Janeiro, Brazil and
the negative control was sterile deionized water. The PCR products
were visualized under ultraviolet light (UV) after 1.5% agarose
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gel electrophoresis containing the SYBR® safe dye (Invitrogen®,
Carlsbad, CA, USA) in Tris-borate buffer (pH 8.0). The 100-bp
ladder K180 DNA Molecular Weight Marker (Amresco®, Solon,
OH, USA) was used to estimate the size of the amplicon.

Control group — CVL-uninfected dogs (G3)

The CVL-uninfected dogs (G3) were euthanized after injuries
suffered by traffic accidents. Before death, the animals were
attended at a veterinary clinic where feces, urine, lymph node,
bone marrow, and blood samples were collected for clinical,
parasitological, biochemical, serological, and molecular exams.
The results of all exams were negative and the dogs had no any
clinical signs of leishmaniasis. After euthanasia, samples of intestinal
tissues were collected.

The hepatic and renal function of control dogs (G3) was
assessed through measurements of alanine aminotransferase
(ALT2S kit, ref 04657373), aspartate aminotransferase (ASTL kit,
ref 04657543), urea (UREAL kit, ref 04657616), and creatinine
(CREJ2 kit, ref 05401755) using the Cobas c111 analyzer (Roche
Diagnostics International Ltd, Rotkreuz, Switzerland). The results
were compared with reference values for healthy dogs and control
dogs had normal enzyme levels.

Euthanasia and necropsy procedures for tissue sample
collection

Infected dogs were euthanized and necropsied at the ZCC
of Ilha Solteira, SP. Euthanasia was performed following the
procedure no.1000/2012 from the Brazilian Federal Council of
Veterinary Medicine (CFMV) and in accordance with Decree
no. 51,838 of Brazilian Federal law published on March 14,
1963, which recommends that dogs infected with Leishmania be
euthanized. Briefly, the animals received Diazepam (1 mg/Kg)
as a preanesthetic drug (MPA) and then sodium thiopental
(Thiopentax®, SP, Brazil, 30 mg/Kg) anesthesia. After the anesthesia
it was intravenously administered a potassium chloride solution
(10%) for animal death.

Following euthanasia, the abdominal cavities of dogs were
opened for examination and organs and tissues were removed. First,
the small intestine (duodenum, jejunum and ileum) was separated
from the large intestine (ascending colon) and 0.5- to lcm long
fragments were collected, washed with phosphate buffered saline
(PBS 0.01 M, pH=7.4), and fixed in 10% buffered formalin in
0.01 M PBS for 24 h for histopathological and immunohistochemical
procedures.

The necropsy and tissue collection of control dogs followed
the same procedures as described above.

Feces samples and intestinal contents of the small and large
intestines were collected after death, identified, packed in ice,
and sent to the laboratory for parasitological analysis. The results
showed that the dogs did not have any gastrointestinal parasites,
with the exception of L. infantum amastigotes in the intestinal
tissues of dogs from the G1 group.
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Histological procedures

The intestinal tissue samples collected from G1, G2, and G3
dogs were fixed in 10% formalin in 0.01 M PBS for histochemistry
and immunohistochemistry.

Histochemistry: The intestinal tissues were fixed, embedded in
paraffin, cutin 5-pm thick sections and stained with hematoxylin
and eosin (HE) for histological examination. Histochemically
stained macrophages were identified in tissues from infected
and uninfected dogs. Three sections of each intestinal tissue
were evaluated under a light microscope at 40x and/or 100x
magnification.

Immunohistochemistry: Intestinal tissue samples were previously
hydrated in successive passages in xylene and ethanol. Initially, the
endogenous peroxidase enzyme was blocked using 3% hydrogen
peroxide solution (H,O,) diluted in 0.01 M PBS (pH=7.4) and
non-specific secondary antibody reactions were inhibited using
the normal serum of the animal of which the secondary antibody
was made (goat serum) in 1:50 dilution. Samples were incubated
with the primary antibody in a humid chamber at 4 °C overnight.
After three rinses with PBS, samples were then incubated with
the secondary antibody for 1 h at room temperature, and after
successive rinses, an avidin-biotin peroxidase complex (Vectastain
ABC Kit; Vector Laboratories Inc., Burlingame, CA, USA) was
applied for immune reaction. After appropriated rinses with PBS,
50 to 100 pl of freshly prepared solution of horseradish peroxidase
substrate (VECTOR® NovaRED™; Vector Laboratories Inc.,
SK-4800) was placed on each tissue section and left for 5 min.
After rinsing in distilled water, tissues were counterstained with
Mayer hematoxylin, dehydrated, and the slides were mounted
and coversliped using Canada balsam.

As reaction control, one slide of each tissue was not incubated
with the primary antibody. In addition, tissues from dogs in the
control group (CVL-uninfected dogs) were used as negative control
and tissues from CVL-infected dogs were used as the positive
control of the reaction. Two slides of each tissue from groups G1,
G2, and G3 were analyzed.

Leishmania infantum amastigote immunostaining was
performed according to the procedures described by Tafuri et al.
(2004). The primary antibody used was the immune serum of
L. infantum-naturally infected dogs (diagnosed by ELISA and RIFI;
titer=1: 2560) and the secondary antibody was the biotinylated
rabbit anti-IgG antibody produced in goat (immune reaction
crossed with dogs; in 1: 500 dilution).

Tissue antigen retrieval using TRIS (pH=7.6) + trypsin
(1:250) was performed for immunostaining of CD4* and CD8*
lymphocytes for 30 min. The primary antibodies used were anti-
dog monoclonal antibodies produced in rat anti-CD4 (AbD
serotec-MCA1038GA, Bio-Rad Laboratories, Hercules, CA,
USA) and anti-CD8 T cells (AbD serotec-MCA1039GA, Bio-Rad
Laboratories). Next, we added the biotinylated anti-rat secondary
antibody produced in goat (AbD Serotec-STAR131B, Bio-Rad
Laboratories) diluted 1:200, which reacted specifically with the
respective primary antibodies.

Fluorescence immunolabeling: Treg cells were detected using
anti-mouse/rat FoxP3 antibody conjugated with a fluorescein
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molecule (eFluor® 570; eBioscience, San Diego, CA, USA),
which also detects dog FoxP3. The tissue was prepared according
to standard techniques for histology and for antigen retrieval
using TRIS buffer (pH=7.6) + trypsin (1:250). Next, 5 ul of
undiluted primary antibody was added to each tissue section
and after 30 min the material was washed with PBS (pH=7.4,
0.01 M) and the slides were covered with a cover slip in glycerin.
The material was observed under a fluorescence microscope

(Olympus, BX-FLA).

Semi-quantitative analysis

Leishmania infantum amastigotes: The semi-quantitative
analysis was performed only in intestinal tissues with L. infantum
amastigotes. For this analysis, 100 positive visual microscopic
fields of the intestinal tissues were analyzed at 40x magnification
and the positive cells containing the parasites were counted.
The tissues were scored according to parasite burden (+ to ++++)
and positive cell scores (1 to 4), as follows: no positive cells (without
amastigotes) or negative tissues; 1-50 positive cells (score 1; +)
or low parasite burden; 51-100 positive cells (score 2; ++), or
moderate parasite burden; 101-200 positive cells (score 3; +++),
or intense parasite burden; > 201 positive cells (score 4; ++++),
or very intense parasite burden.

CD4*, CD8*, and FoxP3* T lymphocytes and macrophages:
For a semi-quantitative analysis of T lymphocytes (CD4*, CD8",
and Treg) and macrophages, approximately 100 visual microscopic
fields were visualized under a microscope at 100x magnification.
The cellular score was determined by the number of positive
microscopic fields where at least one cell from each cell type was
detected, as follows: < 25 positive microscopic fields were classified
as having low cellular levels (+) and score 15 26-50 positive fields,
moderate cellular levels (++, score 2); 51-75 positive fields, high
cellular levels (+++, score 3); and > 76 positive fields were classified
as having very high cellular levels (++++, score 4).

All cells evaluated were from the intestinal mucosa, represented
by crypt-villus units (CVU) in three segments of the small intestine
and one of the large intestine.

Statistical analysis

The residues were submitted to the Shapiro-Wilks normality
and outliers test, the homogeneity of the variances was evaluated
by the Levene test. The mean scores for the semi-quantitative T
lymphocytes (CD4*, CD8* and Treg FoxP3*) and macrophages
from the experimental groups of dogs (G1, G2 and G3) were
analyzed by ANOVA using the F test, and the comparison mean
of the groups was performed according to the Duncan’s test, using
the “agricolae” data package.

The correlation between cellular scores and parasite burden was
determined using the Spearman correlation test. For both tests,
95% confidence intervals were calculated and p values < 0.05
were considered significant. All analyses were performed using R
statistical software version 3.1.1 (R CORE TEAM, 2017).



v. 26, n. 2, apr.-june 2017

Results

According to the histological analysis, dogs from the G1 group
had L. infantum amastigotes in at least one intestinal segment
(duodenum, jejunum, ileum, or ascending colon). Two dogs
in the G1 group showed a parasite burden ranging from high
(score 3; +++) to very high (score 4; ++++) in all intestinal segments
(Table 1, Figure 1A). In addition, the colon was the intestinal
segment with the highest parasite burden and also the one more
frequently infected; however, there was no significant difference
in parasite burden scores between intestinal segments (Table 1).

Macrophages were distributed in the mucosa (CVU) and
submucosa of dogs from the G1, G2, and G3 groups (Figure 1B),
but macrophage scores between the G1, G2, and G3 groups in
the mucosa were significantly different (G1 > G2 > G3, p<0.05)
(Table 2). Macrophage scores in G1 dogs ranged from 2 (++) to
4 (++++), and the highest score was detected in animals with
highest parasite burden (Tables 1 and 2). When each intestinal
segment was analyzed, macrophage scores in the duodenum and
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colon were significantly higher than in the jejunum and ileum
in G1 dogs and significantly different from that of G2 and G3
dogs. Most dogs in the G2 group had moderate macrophage
scores (2/++), but their scores were higher than in the G3 group.
In addition, macrophage scores of dogs from G1 and G2 groups
were significantly different from the control group (G3) only in
the duodenum (Table 2).

There was no significant difference in CD4* T cell levels
among all experimental groups (p 2 0.05). Similarly, no significant
difference was observed among all intestinal segments (Table 3,
Figures 2A and C). in contrast, the semi-quantitative analysis
showed that CD8* T lymphocyte scores were significantly higher
in the small and large intestines (p < 0.05) in dogs from Gl
and G2 groups in relation to the control dogs (G3) (Table 4,
Figures 2B and D). In addition, CD8" T lymphocyte scores in
the ileum (Peyer’s patches, Figure 2B), duodenum and colon of
dog’s numbers 4 and 5 from G1 group were high in these organs,
which also had very high parasite burdens (score 3-4; +++, ++++)

(Tables 1 and 4).

Table 1. Parasite burden scores (1 [+] to 4 [++++]) in intestinal (duodenum, jejunum, ileum, and colon) mucosal tissues (crypt-villus unic —
CVU) from dogs naturally infected with Leishmania infantum. 1lha Solteira, SP, Brazil, 2017.

Parasite burden scores for Leishmania infantum amastigotes in intestinal mucosal (CVU) tissues

Group Dog Duodenum Jejunum Ileum Colon
01 N N N 3 (++4)
02 2 (++) N 2 (++) N
Group 1 (G1) 03 N N N 3 (+++)
04 4 (++++) 3 (+++) 4 (++++) 3 (+++)
05 3 (++4) 2 (++) 3 (++4) 4 (++++)
Average (scores) 1.8 1.0 1.8 2.6

Note: N = negative. According to the F-test, there is no significant difference to the level of 5% probability (p < 0.05). R version 3.1.1 (R CORE TEAM, 2017).

Figure 1. Histological sections of the intestine of dogs with CVL. (A) (ileum) Numerous macrophages with amastigotes of Leishmania
infantum aggregated in the lamina propria at the tips of villi (magnification: 40x, staining: immunohistochemistry); (B) (colon) Basal crypt
and submucosa. Red arrows = hypertrophic macrophages with amastigote (magnification: 100x, staining: H&E). Bars = 50 pm. Ilha Solteira,

SP, Brazil, 2017.
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Table 2. Semi-quantitative analysis of macrophages in intestinal (duodenum, jejunum, ileum, and colon) mucosal tissues (crypt-villus unitc —
CVU) from dogs naturally infected with Leishmania infantum and uninfected dogs. Scores range from 1 to 4. Ilha Solteira, SP, Brazil, 2017.

Average scores for macrophages by intestinal segment

Group Dogs Duodenum Jejunum Ileum Colon

Gl N=5 3.24 2.6 3.0 3.8

G2 N=5 3.0 2.4 26048 2.2

G3 N=3 2.04 2.0% 2.00 2.0%

Average of the intestines

Group Dogs Small intestine Large intestine Intestinal tract (all)
Gl N=5 2,93 3.8 3.154
G2 N=5 2.67%4 2.2%8 2.55048
G3 N=3 2.0% 2.0 2.0

Note: Comparison of averages by Duncan’s test. Different lowercase letters (a, b and ¢) indicate statistical significance between lines and different capital letters

(A, B and C) indicate significance statistical between columns at 5% of probability (p < 0.05). Program R version 3.1.1 (R CORE TEAM, 2017).

Table 3. Semi-quantitative analysis of CD4* T lymphocytes in intestinal (duodenum, jejunum, ileum, and colon) mucosal tissues (crypt-villus
unit — CVU) from dogs naturally infected with Leishmania infantum and uninfected dogs. Scores range from 1 to 4. Ilha Solteira, SB, Brazil,

2017.
Average scores for CD4' T lymphocytes by intestinal segment
Group Dogs Duodenum Jejunum Ileum Colon

Gl N=5 1.4 1.2 1.2: 1.2

G2 N=5 1.0 1.4 1.0+ 1.4

G3 N=3 1.0+ 1.04 1.04 1.0+

Average of the intestines

Group Dogs Small intestine Large intestine Intestinal tract (all)
G1 N=5 1.27%4 1.2 1.254
G2 N=5 1.13* 1.4 1.2
G3 N=3 1.0+ 1.04

Note: According to the F-test, there is no significant difference to the level of 5% probability (p < 0.05). For lowercase letters (a, b and ¢) the comparisons were made
in lines and for capital letters (A, B and C) the comparisons were made in columns. R version 3.1.1 (R CORE TEAM, 2017).

The presence of regulatory T cells (FoxP3*) was low in all
intestinal tissues (small or large intestines) of dogs in the G1,
G2, and G3 groups and no significant difference was observed
in FoxP3 expression among all experimental groups (p = 0.05;
Table 5, Figures 2E and F). Few or none FoxP3* T cells were
observed in control samples (G3). Thus, dogs with intense parasite
burden (Table 1) also had low scores for this type of regulatory
cell (Table 5).

The cellular scores of CD4*, CD8*, Treg (FoxP3*) lymphocytes,
and macrophages were compared in pairs and with parasite burden
using correlation analysis. Parasite burden and CD4* T lymphocyte
scores showed a significant negative correlation (p < 0.05): tissues
with higher parasite burdens had low CD4* T cell levels (rs=-0.89,
p=0.041). Similarly, CD4* T cell levels correlated negatively with
the levels of CD8" T cell (rs=-0.89, p=0.043) and macrophages
(rs=-0.92, p=0.028), in the same intestinal region of dogs from
G1 group (Table 6).

In contrast, CD8* T lymphocyte levels correlated positively
with the levels of macrophages in the large intestine of G1
dogs (rs=0.97, p=0.006) and in the small intestine of G2 dogs
(rs=0.89, p=0.041; Table 6). The levels of both cell types (CD8*

and macrophages) also correlated positively with parasite burden

in the large intestine (rs=0.91, p=0.03 and rs=0.88, p=0.046,
respectively) (Table 6). Conversely, no significant correlation
was observed between parasite burden and cell levels in the small
intestine of G1 dogs.

There was a negative correlation between FoxP3* T cell scores
and parasite burden in the small intestine of G1 dogs (rs=-0.89,
p=0.041), but no significant correlation was observed in the large
intestine of animals from the same group (Table 6).

In Figure 3 it is possible to comparatively evaluate the distribution
of T lymphocytes (CD4*, CD8*, and FoxP3*) and macrophages
along the small and large intestine from the experimental groups

(G1, G2, and G3).

Discussion

Leishmania infantum is an intracellular parasite that multiplies
in macrophages residing in several organs and lymphoid tissues,
including intestinal tissues of dogs (PINTO et al., 2011, 2013;
SILVA et al., 2016), causing clinical and pathological alterations
(FEITOSA et al., 2000). Anderson et al. (1980) observed
macrophage infected with L. infantum in the lamina propria
and submucosa of the stomach, duodenum, jejunum, ileum,
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Figure 2. Histological sections of the small intestine. Figures (A, B and E) of dogs infected with Leishmania infantum intestinal amastigotes
(group G1), (C, D and F) of dogs infected but without intestinal amastigotes (group G2). (A) Payer’s patch in the ileum showing that there
was no CD4 * T lymphocyte immunolabeling (animal 04); (B) Similar region as in A with immunostained CD8* T lymphocytes; (C) Villus of
the duodenum with immunostained CD4* T lymphocytes (red arrows); (D) Similar region as in C with immunostained CD8* T lymphocytes
(black arrows); (E and F) villus region of jejunum and ileum, respectively, showing immunofluorescence of FoxP3* T cells. Magnification = 40x.
Bars = 50 pm. Ilha Solteira, SB, Brazil, 2017.
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and colon of a dog with CVL associated with a chronic intestinal
inflammartory reaction (PINTO etal., 2011, 2013; SILVA et al.,
2016). Additional information about histopathological description
of intestinal alterations of the dogs (G1 group) of this study can
be found in Silva et al. (2016). In the present study, the increase
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of macrophages in intestinal tissues (small and large intestines)
was observed in CVL-positive dogs (G1 and G2 groups), but
hypertrophic macrophages with L. infantum amastigotes were
seen only in G1 dogs (naturally infected dogs with intestinal
amastigotes).

Table 4. Semi-quantitative analysis of CD8* T lymphocytes in intestinal (duodenum, jejunum, ileum, and colon) mucosal tissues (crypt-villus
unit — CVU) from dogs naturally infected with Leishmania infantum and uninfected dogs. Scores range from 1 to 4. Ilha Solteira, SP, Brazil,
2017.

Average scores for CD8* T lymphocytes by intestinal segment

Group Dogs Duodenum Jejunum Ileum Colon

Gl N=5 2.84 2.2 2.4 3.64

G2 N=5 2.6° 2.2:4 2.0 2.4

G3 N=3 1.0 1.0%* 1.0 1.0

Average of the intestines

Group Dogs Small intestine Large intestine Intestinal tract (all)
Gl N=5 2.47® 3.6 2.75%
G2 N=5 2274 2.4% 2.3
G3 N=3 1.0 1.0 1.0%4

Note: Comparison of averages by Duncan’s test. Different lowercase letters (a, b and ¢) indicate statistical significance between lines and different capital letters
(A, B and C) indicate significance statistical between columns at 5% of probability (p < 0.05). Program R version 3.1.1 (R CORE TEAM, 2017).

Table 5. Semi-quantitative analysis of FoxP3* Treg cells in intestinal (duodenum, jejunum, ileum, and colon) mucosal tissues (crypt-villus unit
— CVU) from dogs naturally infected with Leishmania infantum and uninfected dogs. Scores range from 1 to 4. Ilha Solteira, SP, Brazil, 2017.

Average scores for Treg lymphocytes (FoxP3*) by intestinal segment

Group Dogs Duodenum Jejunum Ileum Colon

Gl N=5 1.4%4 1.6% 1.44 1.2

G2 N=5 1.44 1.44 1.6% 1.6%

G3 N=3 1.0 1.04 1.0 1.0

Average of the intestines

Group Dogs Small intestine Large intestine Intestinal tract (all)
Gl N=5 1.5% 1.24 1.4a%
G2 N=5 1.5% 1.6% 1.5
G3 N=3 1.04 1.04 1.0

Note: According to the F-test, there is no significant difference to the level of 5% probability (p < 0.05). For lowercase letters (a, b and ) the comparisons were made
in lines and for capital letters (A, B and C) the comparisons were made in columns. R version 3.1.1 (R CORE TEAM, 2017).

Table 6. Correlation analysis between monocytic cells (CD4* and CD8* T cells, FoxP3* regulatory T cells, and macrophages) and parasite
burden of Leishmania infantum amastigotes in the intestine of naturally infected dogs (G1 group). Ilha Solteira, SB, Brazil, 2017.

Spearman correlation for monocytic cells semi-quantified in the intestines of dogs naturally infected with CVL

Small intestine Large intestine

Group \EE 1s P-value 1s P-value
SIP x SCD4* -0.54 0.343 -0.89* 0.041
SIP x SCD8* -0.76 0.133 0.91* 0.03
SIP x SMAC -0.55 0.334 0.88* 0.046
SIP x SFoxP3* -0.89* 0.041 0 1.0
GI(N=5) SCD4* x SCD8* 0.54 0.343 -0.89* 0.043
SCD4* x SMAC -0.18 0.77 -0.92* 0.028
SCD4* x SFoxP3* 0.75 0.148 -0.18 0.77
SCD8*x SMAC 0.89* 0.041 0.97* 0.006
SCD8* x SFoxP3* 0.71 0.178 0.41 0.495
SMAC x SFoxP3* 0.46 0.436 0.4 0.51

Note: SIP = parasitic intensity score; SCD4" = score of CD4* T lymphocytes; SCD8* = score of CD8* T lymphocytes; SMAC = score of macrophages; SFoxP3 = score
of regulatory T lymphocytes (Treg); (*) significant test at 5% probability (p < 0.05). Analysis carried out in accordance with linear correlation coefficient of Spearman
(rs); p < .05. Program R, version 3.1.1 (R CORE TEAM, 2017).
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Figure 3. Average scores of a semi-quantitative analysis of T lymphocytes
(CD4, CD8" and FoxP3*) and macrophages (MAC) in the mucosa of
the small and large intestines of dogs with canine visceral leishmaniasis
(CVL). G1: Leishmania infantum-infected dogs with amastigotes in the
intestine; G2: L. infantum-infected dogs without amastigotes in the
intestine; and G3: uninfected (control) dogs. Average scores between
cell types (CD4*, CD8", FoxP3* and MAC) in the small and large
intestines followed by the same letter are not significantly different
by the Duncan’s test (p = 0.05). (*) Significant difference (p < 0.05)
between groups (G1, G2 and G3). Ilha Solteira, SP, Brazil, 2017.

In this study, a semi quantitative analysis showed that G1
dogs had the highest scores for macrophages with amastigotes,
particularly in the large intestines (colon) and also showed a positive
correlation between the parasite burden and macrophages. These
data may suggest the action of M2 macrophages in these animals.
According to Moreira et al. (2016), M2 macrophages were the
predominant cell type in granulomas and inflammatory infiltrates
observed in the skin, lymph nodes and spleens from VL infected
dogs, which coincided with the highest parasite burden found in
these dogs. These evidences led the authors to conclude that the
predominance of the M2 macrophages in dogs with VL favored
the multiplication of L. infantum in organs, such as skin, lymph
nodes and spleen. However, still need more studies to prove the
involvement of M2 macrophages related with amastigotes of
L. infantum in infected intestinal tissues as in the present work.

Macrophages with Leishmania spp. amastigotes can stimulate
CD4+ T cells by antigen expression associated with major
histocompatibility complex (MHC) class I and also CD8+ T
cells via the expression of antigens associated with MHC class I
molecules (LANG et al., 1994). As we observed in the intestinal
tissues of G1 dogs, the increase in CD8* T lymphocytes and the
non-alteration of CD4* T lymphocyte population suggest that
the infected macrophages of these animals were expressed via
MHC class 1.

The high parasite burden found in the intestinal tissues of G1
dogs associated with chronic mononuclear inflammartory infiltrate
represented by lymphocytes and macrophages, may also suggest
that the parasite has the ability to evade the cellular immune
response of the host, which may become immunocompromised
over time. Previously, Passero et al. (2010) suggested that L. shawi
parasites regulate different cell populations in infected BALB/c
mice to preferentially express immunosuppressive activity or
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deactivating cytokines, thus avoiding their own destruction.
It is well established that the IFN-y cytokine secreted by Thl
T cells controls the growth of Leishmania spp. in macrophages
(MURRAY et al., 1992) by inducing nitric oxide synthesis, which
activates the microbicide functions of this cell (REINER &
LOCKSLEY, 1995). Moreover, an increase in IL-10, a cytokine
secreted by Th2 T cell response associated with disease progression
in CVL symptomatic dogs has been observed in the absence of
IFN-y (BOGGIATTO et al., 2010).

Cell-mediated immunity of the host plays an important role
in the control of Leishmania spp. infection. In the current study,
there was no significant difference in CD4* T cell scores among the
animals from G1, G2 or G3 groups (p = 0.05). In addition, CD4"
T cell population had no increase in intestinal tissues even in G1
dogs with high parasite burden in the mucosa (villi and crypts) and
submucosa, which cellular scores were inversely correlated with
parasite burden. In dogs infected with L. infantum, Bourdoiseau etal.
(1997) showed a reduction of CD4* T lymphocytes numbers
in the peripheral blood concomitant with the proliferation of
the parasite in tissue macrophages, suggesting the absence of an
effective immune response to eliminate the parasite. According
to Alvar et al. (2004), the reduction of CD4" T cell levels during
the progression of disease in dogs was indicative of the failure of
the host to control the parasite, allowing it to migrate to other
tissues, increasing the parasite load and the infectivity of the host.

According to Pinelli et al. (1994); Brachelente et al. (2005);
Barbiéri (2006) and Cruz-Chan et al. (2014) severe and progressive
CVL in infected dogs was associated with a predominantly Th2
humoral immune response that was not able to control the
infection. Similarly, Stiger and Rafati (2012) showed in rats
experimentally infected with L. major in subcutaneous tissue that
IFN-y production by Th1 cells was essential to control the infection,
but in contrast, Th2 response resulted in susceptibility to the
disease. Similarly, Carvalho etal. (2012) also reported that BALB/c
mice experimentally infected with L. (Leishmania) amazonensis
presented a Th2 response that was related to susceptibility to the
parasite. Moreover, BALB/c strain mice experimentally infected
with L. (Vianna) brasiliensis triggered a Thl cellular immune
response in the skin associated with resistance to the parasite.
The considerable number of infected macrophages in intestinal
tissues of G1 group dogs suggests the intestinal susceptibility of
these animals to L. infantum. However, studies that relate resistance
or susceptibility of dogs to intestinal CVL are still lacking.

Pinelli et al. (1995) demonstrated the involvement of CD8*
lymphocytes in resistance to canine VL. These lymphocytes were
detected in asymptomatic dogs experimentally infected with L. (Z.)
infantum and subsequent lysis of Leishmania-infected macrophages.
In contrast, symptomatic dogs showed a reduced lymphoproliferative
response to specific antigenic stimulation, resulting in a lower
ability of CD8+ T lymphocytes to lyse infected macrophages.
In our study, G1 dogs showed high levels of CD8* T lymphocytes
and low levels of CD4* in intestinal tissues. In addition, CD8+ T
lymphocyte scores correlated positively with parasite burden in
intestinal tissues from dogs of G1 group; significantly higher in the
duodenum and colon, where parasite burdens were more intense.
Thus, it is likely that CD8* mediated cellular immune response
was not able to control the intestinal infection, possibly due to the
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inability of these cells to exert their cytotoxic activity in infected
macrophages as suggested by Pinelli et al. (1995). In a study of
CDS8* T cells role in Leishmania donovani infection, Joshi et al.
(2009) reported that CD8* T cell responses against the parasite
were defective in their cytotoxic activity toward infected cells.

We also detected the presence of parasites in Peyer’s patches and
CD8* T lymphocytes in higher scores than CD4* T cells indicating
that the parasites were invading the lymphoid protective tissue in
the intestinal mucosa and that the immune system was not able to
control the expansion of the parasite in these organs. For Stiger &
Rafati (2012) the protective role of CD8+ T cells during infection
by Leishmania spp. is controversial, particularly because of the
diversity of different Leishmania species with different tropisms
that is reflected in the various clinical manifestations of the disease.

According to Yurdakul (2005), the inability of T cells to
activate macrophages to destroy Leishmania spp. amastigotes
appears to be the primary defect in this disease, which is associated
with parasite multiplication and migration, affecting multiple
organs of the host. Our results showed that CD8* T lymphocytes
were unable to destroy parasitized macrophages, suggesting that
other anti-inflammatory components such as regulatory T cells
could mediate immune response, which may explain the lack of
resolution and the maintenance and progression of the disease.
The high parasite burden in the colon mucosa with only mild
pathological alterations led Pinto et al. (2011) and Pinto et al.
(2013) to suggest that L. infantum may benefit of the intestinal
immune regulatory response (immunological tolerance). In fact,
this type of immunoregulatory response could be mediated by
Treg cells. More recently, Figueiredo et al. (2014) suggested that
Treg cells could mediate both intestinal leishmaniasis and the
homeostasis of the colon under normal physiological conditions.
In that study, cellular expression of toll-like receptor 2 (TLR2) and
IL-4 was more evident in the colon, whereas TLR9-expressing cells,
IL-10, and TNF-a were more frequent in the jejunum, which had
fewer parasites than the colon. These conflicting findings indicate
that further studies are needed to elucidate important immune
mechanisms related to parasitic infection in the intestinal wall.

In our study, Treg cell scores in intestinal tissues of dogs in the
G1 group (infected dogs with amastigotes in the intestine) were
low and not significantly different from those in the G2 and G3
groups. Similarly, Rodrigues etal. (2009) observed a reduction in
the presence of FoxP3* T cells in the spleen of Balb/c mice infected
with L. infantum with a simultaneous increase in parasite burden.
The decrease of FoxP3* regulatory T cells observed in dogs with
CVL can be due to persistent immune activation that triggers the
infection process (SILVA et al., 2014). The results of that study
suggested that different immunosuppressive factors other than
those mediated by FoxP3* T cells were involved in the immune
response to CVL, but further studies should be conducted to
elucidate this question.

Conclusions

We showed here that the intestinal tissues of dogs naturally
infected with L. infantum (G1 group) were susceptible to high
parasite burden and that parasite burden correlated positively
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with chronic inflammatory mononuclear infiltrates represented by
CD8* T lymphocytes and macrophages. In addition, the increase
of CD8* T cells and macrophages population associated with high
parasite loads, but no changes of CD4* T cells and FoxP3* Treg
cells suggest a possible immunoregulation by the parasite not
dependent on Treg cells.
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