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Influence of apoptosis on liver and spleen resistance
in dogs with visceral leishmaniosis
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Abstract

The aim of this study was to evaluate apoptosis and parasite load in the liver and spleen of dogs with visceral
leishmaniosis (VL), using immunohistochemistry. Liver and spleen samples from 71 dogs with VL were used. The parasite
load in the spleen and liver showed significant difference between organs in infected group (P=0.0219). The density of
the parasite load in the spleen (median=2.4) was higher than liver (median=0.8). Immunodetection of apoptotic cells
was predominant in lymphocytes and differ between the infected and control group in spleen (P=0.0307) and liver
(P=0.0346). There was a significant correlation between apoptosis and parasite load (P = 0.0084; r=0.3104) only in the
spleen of the infected group, where it was observed that, when increasing the number of apoptotic cells increases the
parasitic load. It was concluded that the liver and spleen of infected dogs presented greater numbers of cells undergoing
apoptosis (lymphocytes) than the control group, thus suggesting that this process may be contributing towards the
survival of Leishmania in these organs, because lymphocyte in apoptosis did not have the ability to present and recognize
the antigen, allowing the survival of the parasite.
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Resumo

O objetivo deste estudo foi avaliar a apoptose e a carga parasitdria no figado e bago de cies com leishmaniose visceral
(LV), pela técnica de imuno-histoquimica. Foram utilizadas amostras de figado e bago de 71 caes com LV. A carga
parasitdria no bago e figado mostrou diferenca significativa entre os érgaos no grupo infectado (P=0,0219). A densidade
da carga de parasita no bago (média=2,4) foi maior do que no figado (média=0,8). A imunodetec¢io de células em
apoptose foi predominante nos linfécitos, com diferencas entre o grupo infectado e controle no bago (P=0,0307) e figado
(P=0,0346). Houve uma correlacio positiva fraca entre apoptose e carga parasitdria (P=0,0084; r=0,3104) apenas no
bago do grupo infectado, onde observou-se que quando aumentava o niimero de células em apoptose aumentava a carga
parasitdria. Concluiu-se que o figado e o baco de caes infectados apresentam um maior nimero de células que sofrem
apoptose (linfécitos) do que o grupo controle, sugerindo que este processo possa contribuir para a sobrevivéncia de
Leishmania nestes drgaos, pois os linfécitos em apoptose nio tiveram a capacidade de apresentar e reconhecer o antigeno,
permitindo a sobrevivéncia do parasita.
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Introduction

Visceral leishmaniosis is a zoonosis caused by protozoa of the
genus Leishmania. Dogs are considered to be the main reservoirs,
outside of the wild environment. They are important for maintaining
the epidemiological cycle of the disease, since visceral leishmaniosis
is more prevalent in the canine population than in humans (REY,
2001). Human infection is almost always preceded by canine cases,
since dogs present greater quantities of parasites on their skins.
Infections in dogs can be divided according to the presence or
absence of clinical signs (FEITOSA et al., 2000; BRASIL, 2000)
and recently by urinalysis and urinary protein / creatinine ratio
(SOLANO-GALLEGO et al., 2011).

The presence of systemic lesions is directly related to the host
immune response and the evolution of the disease. Susceptible
dogs have lesions that are more exuberant, and this is due to the
tendency for a Th2 response to be developed, B lymphocytes to
proliferate and a humoral response to be produced. Resistance to
visceral leishmaniosis is associated with activation of Th1 cells.
The main effector mechanism involved in the protective immune
response of dogs infected with Leishmania infantum consists
of activation of macrophages by IFN-y and TNF-a to destroy
intracellular amastigotes, via L-arginine and synthesis of nitric
oxide (BARBIERI, 2006).

Leishmania amazonensis contains phosphatidylserine (PS) in its
external cellular membrane. PS induces synthesis of anti-inflammatory
cytokines in the host, with inhibition of nitric oxide synthesis by
macrophages and stimulation of TGF-B and IL-10 production.
These factors favor the entry and multiplication of parasites in
macrophages. It has also been proven that PS is a potent stimulator
of apoptosis (BARCINSKI et al., 2003). Experimental infection
by Leishmania donovani has been shown to induce apoptosis of
immune system cells that are not infected (CD4 T lymphocytes),
possibly due to the influence of the lipophosphoglycan (LPG) that
is present in its cell wall (LUDER et al., 2001).

Analysis of the immune response in chronic infection in the
different compartments may be important for understanding
the mechanisms of resistance or susceptibility of certain
microenvironments in the presence of the pathogen. There is a
scarcity of studies describing the histopathological characteristics
of different compartments (organs) of the host that are affected
by these parasites, such as the skin, spleen, liver, bone marrow
and lymph nodes of dogs. Regarding the spleen, splenomegaly
is macroscopically the most striking feature, caused by chronic
inflammatory infiltrate and high density of parasites. Regarding
the liver, an association between high intensity of inflammatory
reaction and the parasite load in symptomatic dogs has been
described (REIS et al., 2009).

Dogs infected with Leishmania have been shown to demonstrate
different patterns of inflammatory reaction between the spleen and
liver, in infected groups with or without clinical signs. In naturally
infected dogs, intralobular granulomas were observed in the liver,
with predominance of macrophages (with or without parasites),
some lymphocytes and rare neutrophils. The spleen presented
many lymphoblasts, macrophages, lymphocytes and apoptotic
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cells at the germinative center. The red pulp had a high level of
parasitism (TAFURI et al., 1996).

The objective of the present study was to evaluate the apoptosis
density in spleen and liver of dogs with visceral leishmaniosis, by
immunohistochemistry, and to correlate these findings with the
parasite load of each organ by group (infected or control).

Material and Methods

The dogs investigated in this study were originated from
the Zoonosis Control Center in Aragatuba, (Sao Paulo State,
Brazil), a region that is endemic for VL (MOREIRA et al., 2010;
MOREIRA et al., 2013). Seventy-one Leishmania infantum —
infected dogs were used, without preference for age, breed or
gender. The animals were euthanized using an intravenous (IV)
overdose of barbiturate, followed 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 ten dogs from the routine of the Department of
Veterinary Pathology Jaboticabal-SP, Brazil, a non-endemic area
for VL (OLIVEIRA etal., 2008). Infected dogs and control dogs
were selected, following confirmation or not of disease respectively,
by RIFI and ELISA.

Fragments of liver and spleen were collected and fixed in 10%
formalin solution, for histopathological and immunohistochemical
analyses (apoptotic cells and parasite load).

Histopathological analysis

The fragments of spleen and liver tissue were fixed in 10%
formol solution, buffered with phosphate (pH 7.2) for 24 hours
and then processed and embedded in paraffin. Thin sections
(5 pm) were cut from this and were stained with hematoxylin
and eosin in order to identify the main morphological alterations
(presence or absence of granulomatous inflammation, inflammatory
infiltrate score and degeneration). The lesion intensity was graded
as: absence of lesions (0), mild (1), moderate (2) or severe (3),
for the inflammatory infiltrate of macrophages and plasmacytes.
The splenic lymphocytes were graded thus: (0) lymphoid atrophy,
(1) mild, (2) moderate or (3) severe lymphoid reactivity. Graduation
of the lymphoid cells was based on the reactivity of lymphoid
nodules of the white pulp, according to Moreira et al. (2010),
who evaluated lymphoid cells by reactivity of lymphoid nodules
in the popliteal lymph nodes of dogs with Visceral Leishmaniasis.

Immunohistochemical analysis

In the immunohistochemical analysis, to determine the parasite
load and apoptosis density, the streptavidin-biotin-peroxidase
complex was used (LSAB kit, Dako Cytomation, catalog number
K0690, Carpinteria, USA). For immunolabeling of the amastigote
forms, hyperimmune serum from a leishmaniosis-positive dog (titer
of 1:40,000, by means of the ELISA test) was used at a dilution
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of 1:1.000 (modified from TAFURI et al., 2004). To determine
the density of apoptotic cells, cleaved anti-caspase 3 antibodies
(Cell Signaling, catalog number 9661) were used at a dilution
of 1:200. Both antibodies were incubated in a dark and humid
environment for an 18-hour period, at 4°C. The antigen recovery
system consisted of using steam (electric steam-generating panel,
Philips Walita), with a 10 mM sodium citrate solution (pH 6.0).
Endogenous peroxidase was blocked using a 3% solution of methanol
and 30 volumes of hydrogen peroxide (Synth), for 20 minutes.
The nonspecific immunolabeling was blocked using a commercial
product (Protein Block, Dako Cytomation, catalog number X0909,
Carpinteria, USA), for 20 minutes of incubation. The chromogen
used was diaminobenzidine (DAB, Dako Cytomation, catalog
number K3468, Carpinteria, USA) and the counterstaining was
done using Harris hematoxylin. To create a negative control, it
was decided to exclude the primary antibody from the reaction.
The positive control used for immunostaining of cells undergoing
apoptosis was canine lymph nodes.

To determine the number of immunostained cells, five microscope
fields were analysed (Nikon Eclipse E200) with a 40x objective
lens (MOREIRA et al., 2010, 2013), which presented an area of
approximately 0.19625 mm?, considering that for the density of
cells in apoptosis, were counted all cells immunostained in the
field, totaling five fields observed. For amastigotes of L. infantum,
were counted the presence of parasitized macrophages in each field.
From the values obtained in these fields, an average number of
immunostained cells was determined for each group (Leishmania
infected and negative controls).

Statistical analysis

Statistical analysis was done using the nonparametric Mann
Whitney test, with comparisons between the groups of dogs
(infected and control) to density of apoptotic cells and parasite
load. The correlations between parasite load and apoptosis in the
liver and spleen were determined using Spearman’s correlation
coefficient. The GraphPad Prism statistical software (version 4.00,
2003) was used for all the analyses, and differences were taken to
be significant when P<0.05.

Results

Histopathological analysis

In the hepatic samples analyzed, the intensity of the inflammation
ranged from mild to moderate and was located in the centrilobular,
portal and intralobular regions. In this organ, the inflammatory
cells consisted predominantly of lymphocytes, plasmacytes and
macrophages. In the remainder of the hepatic parenchyma, there
were varying degrees of hydropic degeneration and congestion,
along with the presence of reactive Kupffer cells. The intensity of
the granulomatous inflammation was greater in the infected dogs
in both organs. In liver was observed granulomas with well-defined
edges (Figure 1a).

The spleen presented granulomas in the capsule and red
pulp, composed predominantly of an infiltrate of macrophages
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and rare lymphocytes and plasmacytes. In this organ, in the
more advanced cases, the granulomatous inflammation caused
distortion of the splenic architecture. The splenic granulomas
had multifocal distribution and undefined edges (Figure 1c).
These granulomas predominated in the red pulp and were seen
rarely in the germinative centers. Some Mott cells were present
together with the plasmacytic infiltrate. In the white pulp, the
lymphoid reactivity ranged from mild to moderate in infected dogs.
Apoptosis was observed in lymphocytes from this area. The liver
and spleen of control dogs didn't showed morphological changes
(Figure 1b, d respectively).

Immunohistochemical analysis

In this study, cells with immunolabeled amastigote forms
of L. infantum were observed in macrophages present in the
hepatic inflammatory infiltrate (Figure 2a) and predominantly in
macrophages of the splenic granulomas of the red pulp (Figure 2¢).
In the control group in both organs, did not were observed
amastigote forms of Leishmania (Figure 2b, d).

Immunodetection of apoptotic cells (Figure 3) was mostly seen
in the cytoplasm of the cells, with predominance of lymphocytes
(T lymphocytes) in the mantle layer of the splenic corpuscle (white
pulp), followed by the red pulp. Macrophages and plasmacytes
also presented apoptosis, but in smaller proportions. On the other
hand, there was little or no presence of apoptotic cells in the
germinative center (B lymphocytes). Apoptosis was more evident
and significant in the infected group compared to the control
group, in the livers (p=0.0346) and the spleens (p=0.0307). In the
liver, the density of apoptotic cells were higher in infected dogs
(median 1.0) than control group (median 0.5; Figure 4). As well
as in the spleen, where in the infected dogs (median of 4.8), when
compared to control group (median of 1.8; Figure 4).

The density of parasite load in the infected group was significant
between the organs (p=0.0219), where in the spleen (median=2.4)
and in the liver (median=0.8; Figure 4). The correlation between the
parasite load and apoptosis (p=0.0084; r=0.3104) was significant
only in the spleen (infected group).

Discussion

Formation of granulomas with well-defined edges, rich in
lymphocytes and plasmacytes, was observed in the liver. In
the spleen, the granulomatous inflammation was multifocal to
diffuse and it caused distortion of the architecture of this organ.
There was small proportion of lymphocytes associated with
splenic granulomas. Our results coincided with others studies
(GIUNCHETTT et al., 2008; LIMA et al., 2007; TAFURI et al.,
1996), who observed well-organized intralobular granulomas in
the livers of infected dogs. The disorganized tissue architecture in
the spleen relating to predominance of parasitized macrophages
was observed in our study and others researches (SANTANA et al.,
2008; TASCA et al., 2009).

In the present study, we suggest that these differences in
granuloma cell profile could explain the differential response of
these organs against the parasite. The splenic inflammation in the
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Figure 1. Photomicrographs of the liver and spleen of a dog infected and control groups. (a) Note the presence of a portal granuloma (*).
Detail showing hepatic granuloma rich in lymphocytes (red arrow) and rare macrophages (black arrow) in infected dogs (40x objective lens);
(b) Note the absence of lesions in the liver control (20x objective lens); (c) The same lesion could be observed invading the splenic red pulp
(*). Detail showing splenic granuloma rich in macrophages (black arrow) and rare lymphocytes (red arrow) in infected dogs (40x objective
lens); (d) Note the absence of lesions in the spleen control (10x objective lens). Hematoxylin and eosin.

infected group was predominantly composed for macrophages,
which did not appear to be protective for the host, because the
same organ had higher numbers of parasitized cells. The same
type of granuloma was described in the popliteal lymph node.
Predominance of macrophages associated with lymphoid atrophy
and distortion of the popliteal architecture were evident in the
symptomatic dogs (MOREIRA et al., 2010). The livers of the
asymptomatic dogs presented well-formed granulomas containing
T lymphocytes (SANCHEZ et al., 2004). In the present study,
the liver of infected dogs with severe clinical course of VL showed
disorganized granulomas and the Kupffer cells were parasitized.

In the liver, presence of severe hydropic degeneration in the
infected dogs was also noted. In studies with dogs that had been

experimentally infected with L. infantum, the authors observed
severe tumefaction of hepatocytes, due to edema and degeneration
of cytoplasmic organelles (mitochondria, endoplasmic reticulum
and Golgi complex), thus resulting in cytolysis (GONZALEZ etal.,
1998).

In the present study, the parasite load was low in the liver and
elevated in the spleen. In the liver, the amastigote forms were located
mainly in the multifocal granulomas, and in lower proportion
in the Kupffer cells. In the spleen, the parasitized macrophages
were predominantly in the red pulp region, as also described in
literature (TAFURI et al., 1996). The differences between the
numbers of cells parasitized in each organ were similar to literature

(LIMA et al., 2007; TAFURI et al., 1996).
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Figure 2. Photomicrographs of amastigote forms of Leishmania infantum in the liver and spleen of dogs with visceral leishmaniosis. (a) Liver
with immunolabeled parasites in the cytoplasm of macrophages in the sinusoids (arrow; 40x objective lens; detail 100x objective lens); (b) Note
the absence of parasite load in the liver (negative control of infection / 20x objective lens); (c) In the spleen note presence of parasites in red
pulp (40x objective lens; detail 100x objective lens); (d) Note the absence of parasite load in the spleen (negative control of infection / 20x
objective lens). Streptavidin-biotin-peroxidase complex.

Figure 3. Photomicrographs of cells undergoing apoptosis, labeled with the cleaved caspase 3 antibody, in the livers and spleens of dogs with
visceral leishmaniosis. (a) Liver of the infected group, with labeling of apoptosis in the inflammatory infiltrate (*; 40x objective lens; detail
100x objective lens); (b) Liver of the control group with immunodetection of apoptosis in the sinusoids (arrows; 40x objective lens; detail
100x objective lens); (c) Note marked presence of apoptosis in the white pulp of the spleen of the infected group (40x objective lens; detail
100x objective lens); (d) Spleen of uninfected dog (control group) with presence of apoptosis in the white pulp (*; 40x objective lens; detail
100x objective lens). Streptavidin-biotin-peroxidase complex.
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In the present study, the splenic parasite load is according
to Melo et al. (2004) reports. These authors described that the
spleen was a more suitable organ for making the parasitological
diagnosis of infection by Leishmania spp.
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Figure 4. Density of apoptotic cells in liver (a) and spleen (b) of
infected and control groups; (c) Density of parasite load observed
in spleen and liver of infected dogs. Regarding the cells undergoing
apoptosis, note significant difference between infected and control
group, in liver (p=0.0346) and spleen (p=0.0307). The parasite load
showed significant difference between spleen and liver in the infected
group (p=0.0219). Mann Whitney test (*p<0.05).
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There was significant presence of apoptosis in the hepatic
inflammatory infiltrate and in the spleen of infected dogs.
The lymphocyte involvement was highly prevalent. These results
coincided with those of Lima et al. (2012), who observed apoptosis
in T cells of the spleen and peripheral blood, thus suggesting that
this parasite could induce apoptosis in T cells in association with
decreased cell-mediated immunity. Like in the present study,
Vergosa et al. (2012) and Moreira et al. (2013) also observed larger
numbers of cells undergoing apoptosis in the skin of symptomatic
dogs with high parasite loads. Moreira et al. (2013) observed that
lymphocytes predominated among the apoptotic cells.

The greater immunodetection of apoptotic lymphocytes
observed in the groups of dogs with VL might be explained by
the chronic stimulation of T lymphocytes, due to the oxidative
environment created by the activated and parasitized macrophages.
This exacerbated stimulation would lead to dysfunction of these
lymphocytes, thereby resulting in apoptosis because of the harmful
effects of reactive oxygen species (ROS). The antigen persistence
results in exhaustion of T lymphocytes and cells with diminished
expression of cell surface receptors and diminished expression of
anti-apoptotic molecules (Bcl-2). T cells with exhaustive phenotype
have PD-1 expression (programmed death 1) and have increased
sensitivity to Fas-FasL mediate apoptosis. In chronic infection,
deletion of memory or non-activated T lymphocytes may occur,
thus allowing the infection to evolve to chronicicy (MURALI &
MEHROTRA, 2011).

In VL, chronicity of infection is a feature observed in the organs
of naturally infected dogs. Inefficient activation of T lymphocytes
seems to be one of the most important characteristics contributing
towards survival of this protozoon in the tissues of canine hosts.
Parasitized macrophages are key cells in this inefficient process
of activation of T lymphocytes. Future studies for evaluate the
role of subpopulations of these two types of cells may help in
comprehending the complex pathogeny of this zoonosis.

Conclusion

It was concluded that the liver and spleen of the infected dogs
presented larger numbers of cells undergoing apoptosis than what
was seen in the control group. The positive correlation between
the parasite load and apoptosis was observed only in the spleen.
The lymphocytes in apoptosis did not have the ability to present
and recognize the antigen, which suggests that this process may
have been contributing towards the survival of the protozoon in
these organs.
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