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Summary

The aim of this work was to study alterations in the extracellular matrix of liver in

dogs naturally infected with Leishmania (Leishmania) chagasi that are correlated

with clinical aspects and with histological, parasitological and immunological find-

ings. The study was carried out on 30 dogs, 10 uninfected (control group) and 20

infected. The infected animals were further divided into two groups: an asymptom-

atic group of 10 dogs without clinical signs of the disease; and a symptomatic group

of 10 dogs with classical clinical signs. All thirty animals were mongrel dogs of

undefined age, obtained from the municipality of Belo Horizonte, MG, metropolitan

area. During necropsy, liver fragments were collected and fixed in 10% buffered

formaldehyde for histological examination. Paraffined sections of the tissues were

stained with haematoxylin–eosin, Gomori’s ammoniacal silver stain for reticular

fibres and strepto-avidin peroxidase for immunohistochemical detection of Leish-

mania amastigotes. Frozen tissue sections were stained by immunofluorescence for

fibronectin (FN) and laminin (LN). Liver collagen deposition was significantly

greater in the infected than the control animals and differed significantly between the

symptomatic and asymptomatic dogs. There was a positive correlation between the

parasite load and liver collagen deposition. The increased collagen deposition in

infected animal livers may be associated with the parasite burden. Adhesive FN and

LN fibres were significantly more highly expressed in the livers of symptomatic than

of asymptomatic dogs. Our results demonstrate that canine visceral leishmaniasis

causes fibrogenesis in liver, associated with the parasite load and degenerative pro-

cesses.
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Human (HVL) and canine (CVL) visceral leishmaniasis in

the New World are caused by Leishmania (Leishmania)

chagasi, which is transmitted by the phlebotomine Lut-

zomyia (Lutzomyia) longipalpis. Leishmania species are

digenetic protozoa that alternately parasitize sand fly vectors

and mammalian macrophages. The parasites are deposited

in the mammalian skin by infected sand flies and must there-

after interact with and overcome a variety of obstacles,

including extracellular matrix (ECM) and basement mem-

brane (BM) proteins, to establish infection within macro-

phage phagolysosomes (Chang et al. 1986; Bandyopadhyay

et al. 2003; Kulkarni et al. 2008). In fact, Ghosh et al.

(1996) reported the presence of a 67-kDa glycoprotein on

the surface of L. donovani that binds to laminin (LN), a

major protein of ECM. Detailed characterization revealed

that it might act as an adhesin that may constitute the basis

for the homing of the parasites to its physiological address

(Bandyopadhyay et al. 2001). McGwire et al. (2003) showed

that the migration of Leishmania spp. through the ECM

in vitro due to the leishmanolysin (metalloprotease), that is

able to mediate proteolysis of fibronectin (FN) and collagen

type IV.

Visceral leishmaniasis remains a serious public health

problem in the world, and dogs (Canis familaris) are the

peridomestic reservoir hosts (Anderson et al. 1980; Grimaldi

et al. 1989; Tesh 1995). Classical histopathological lesions

have been described mainly in organs rich in cells of the

mononuclear-phagocytic system such as liver, spleen, lymph

nodes, bone marrow, gastrointestinal tract and skin. In gen-

eral, an intense chronic inflammatory reaction consisting of

infiltration by mononuclear cells (macrophages, plasma cells

and lymphocytes) is observed in liver and spleen (Tryphonas

et al. 1977; Anosa & Idowu 1983; Keenan et al. 1984;

Tafuri et al. 1996; Rallis et al. 2005), skin (Ferrer et al.

1988; Tafuri et al. 2001; Solano-Gallego et al. 2004;

Giunchetti et al. 2006), bone-marrow (Tafuri et al. 2001;

Reis et al. 2006) and lymph nodes (Martinez-Moreno et al.

1993; Lima et al. 2004; Costa et al. 2008).

The ECM consists of fibrous proteins (collagen and elas-

tin), proteoglycans, glycosaminoglycans and structural pro-

teins. The fibrous components may be divided into two

chemically distinct systems: elastic and collagen (Montes

1996). The ECM plays an essential role in cell anchorage,

migration, division and differentiation, and also in cell

death. Furthermore, it participates in tissue fluid dynamics

and provides mechanical support for both rigid and elastic

tissues (Rodgers & Irving Rodgers 2002). LN and FN, large

mosaic proteins of the ECM, are important in the develop-

ment and maintenance of cellular organization and are key

components in several biological processes (Wyler 1987;

Beck et al. 1990; Bandyopadhyay et al. 2003; Kulkarni et al.

2008). FN has several functional domains that enable it to

interact with cells, heparin, fibrin, collagen and immuno-

globulins, and also with parasites (Wyler et al. 1985;

Kulkarni et al. 2008). Macrophages can interact with differ-

ent FN domains via different receptors. This interaction

could increase the phagocytic capacities of macrophages and

neutrophils as it enhances chemotaxis, phagocyte adherence

and phagocytosis (Proctor 1987; Vannier-Santos et al.

1992), or the binding of macrophages to peptide fragments

containing the FN interconnecting segment (ICS) domain

can decrease the macrophage functions (Korom et al. 1998).

Studies of both Leishmania spp. and Trypanosoma cruzi

have provided strong evidence that these protozoan parasites

use host FN and LN to bridge their association with host

monocytes and macrophages (Wyler 1987; Ghosh et al.

1996; McGwire et al. 2003; Kulkarni et al. 2008). Several

glycoproteins including FN, LN and tenascin (TN) are

involved in the interaction of the cells with the ECM and

thereby influence the hardness of tissue (Bandyopadhyay

et al. 2003). FN has been implicated in the assembly of the

ECM, and in the interaction of collagens and proteoglycans

with the cell surface through integrins and cell migration

(Hynes et al., 1992; Ruoslahti 1988; Kulkarni et al. 2008).

In the liver, the interaction between the ECM and cells is

essential for normal homeostasis and for the maintenance of

lobular architecture; modification of the ECM results in

deranged hepatic function. The ECM content of the liver

has been shown to undergo quantitative and qualitative

changes in hepatic fibrosis and cirrosis (Schuppan 1990;

Martinez-Hernandez & Amenta 1995). The ECM compo-

nents associated with CVL have not been fully characterized.

In this work, we report histological and immunohistochemi-

cal changes in the hepatic ECM and in collagen fibre and

FN expression in dogs naturally infected with Leishmania

(Leishmania) chagasi. Animals were obtained from an ende-

mic area of Brazil, the municipality of Belo Horizonte, MG

(Southern Brazil).

Materials and methods

Animals

Twenty mongrel dogs of unknown age naturally infected with

L. chagasi were identified during an epidemiological survey

of CVL carried out by the municipality of Belo Horizonte,

MG (Southern Brazil). Enzyme-linked immunosorbent assays

(ELISA; optical density >0.100 (cut-off) >1:400) were positive

for all infected animals (da Costa-Val et al. 2007). We also

analysed serum samples with a commercial kit containing an
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immunochromatographic strip that uses a recombinant leish-

manial antigen k39 and a dominant amastigote antigen of L.

chagasi (rK39), which is highly sensitive and specific for

Leishmania donovani complex infection, as previously

described (Burns et al. 1993; Houghton et al. 1998; Sundar

et al. 2002). Sera from all infected dogs were also positive for

this test. Another 10 dogs with serological examinations neg-

ative for Leishmania were obtained as controls.

Groups and clinical aspects of infected dogs

All infected dogs were clinically classified and divided into

three groups as follows. Group 1: symptomatic dogs – 10

animals that exhibited the classic signs of the disease such as

lymphadenopathy, cutaneous alterations (alopecia, dry exfo-

liative dermatitis or ulcers), onychogryphosis, keratoconjunc-

tivitis, weight loss or cachexia and anaemia. Group 2:

asymptomatic dogs – 10 apparently healthy animals with no

signs of the visceral disease. Group 3: control dogs – 10

uninfected animals with serological and parasitological

examinations negative for Leishmania.

Parasitological diagnosis of Leishmania infection

All dogs were anesthetized with 2.5% (1.0 ml ⁄ kg) intrave-

nous thiopental. The experimental protocol using dogs was

approved by CETEA-UFMG (Brazilian Animal Experimental

College, number 106 ⁄ 2004). Touch aspirates of bone mar-

row were obtained for parasitological diagnosis of infected

and control animals. The smears were air-dried and stained

with 10% Giemsa. Leishmania amastigotes were detected in

all infected animals by light microscopy using oil immersion

(·1000 magnification). Control animals were parasitologi-

cally negative.

Necropsy and histopathology

The animals were anesthetized with 0.5 ml ⁄ kg intravenous

thiopental (2.5%) and killed with T-61 (0.3 ml ⁄ kg). During

necropsy, the livers were weighed, and tissue touch prepara-

tions (smears) were obtained from small samples as

described for the bone marrow aspirates. Leishmania am-

astigotes were observed on slides stained with 10% Giemsa.

Amastigote forms of Leishmania were observed in all smears

of infected animal livers. Other liver fragments were col-

lected for histopathology. These samples were fixed in 10%

neutral-buffered formalin and were dehydrated, cleared,

embedded in paraffin, cut into 4–5 lm thick sections and

stained with haematoxylin and eosin (HE). For collagen

studies, all liver fragments were stained with Gomori

ammoniacal silver. After silver staining, the fibrillar collagen

becomes black.

Histomorphometric analysis

Liver sections stained with Gomori ammoniacal silver were

analysed morphometrically to characterize intralobular colla-

gen deposition, excluding perivascular collagen. This analy-

sis was carried out using an Axiolab light microscope (Zeiss)

with ·440 resolution. The images were transferred to a

computer video screen using software and relayed to a com-

puter-assisted image analysis system (Kontron Elektronic ⁄
Carl Zeiss, Oberkochen, Germany). Using a digital pad, the

total area occupied by the stained collagen fibres was mea-

sured from real images and segmented to generate binary

images. The results are expressed in square micrometers

(Caliari 1997).

For all infected animals (20), the number of hepatic gran-

ulomas was determined by quantification of 20 microscope

optic fields using the 40 objective of an Axiolab light micro-

scope (Zeiss).

Immunohistochemical labelling of Leishmania

amastigotes and morphometric analysis

The streptavidin–biotin immunohistochemical method was

used to detect Leishmania in formalin-fixed paraffin-embed-

ded canine tissues as described by Tafuri and others (Tafuri

et al. 2004). Leishmania amastigotes were readily observed

within macrophages in fragments of the livers from all natu-

rally infected dogs. For histomorphometric study, 40 ran-

domly chosen images from histological slides of liver tissue

fragments were used to assess the number of immunola-

belled amastigotes in a Kontron Elektronick ⁄ Carl Zeiss

image analyzer (KS300 software) as described above, using

an Axiolab light microscope (Zeiss) with a ·440 resolution

(Caliari 1997)

Immunohistochemical and immunofluorescence

characterization of laminin and fibronectin, and

morphometric analysis

Frozen sections of liver 3–4 lm thick were embedded in tis-

sue freezing medium (OCT compound-embedding medium

for frozen specimens; Miles Laboratories, Elkart, IN, USA)

and immediately frozen. Cryosections thick were blocked

and fixed in cold acetone for 15 min. For labelling proce-

dures, sections were blocked in PBS containing 0.2% gelatin,

0.1% NaN3 and 0.1% saponin (PGN-saponin), then incu-

bated with monoclonal antibodies and secondary antibodies
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against the ECM proteins as follows: (i) LN [rabbit anti-

human laminin – AHP 420T (AbD Serotec Kidlington,

Oxford, UK), diluted 1:400]; (ii) FN [rabbit anti-human

fibronectin – F3648 (Sigma-Aldrich Co., Sigma-Aldrich

Chemie Gmbh, Munich, Germany); diluted 1:400]; (iii) a

secondary antibody, streptoavidin-peroxidase conjugated

goat anti-rabbit and mouse (KIT Dako LSAB2 – Cat 0675;

Dako Cytomation Inc., Carpinteria, CA, USA), was used for

the LN protocol; (iv) a secondary antibody, FITC-conju-

gated goat anti-rabbit (F9262 – Sigma), diluted 1:100, was

used for the FN protocol. All incubations were performed

for 40 min using antibodies diluted with PGN-saponin. After

three washes in PBS, the slides were mounted in glycerol

containing 0.1% p–phenylenediamine (Sigma). The slides

were examined on a Bio-Rad 1024 (UV) confocal scanning

system (Hercules, CA, USA) coupled to a Zeiss Axiovert

100 microscope, using a 40r 1.2 N.A. PlanApochromatic

water immersion objective. Quantitative results were mea-

sured in lm2.

Statistical analysis

All collagen staining results were compared between group

of dogs by one-way analysis of variance (anova). P < 0.05

was considered significant.

Results

Clinical aspects of the animals

Skin abnormalities are the most usual manifestation of

CVL. The most frequent clinical sign was a chronic dry

desquamation primarily located on the ears and limbs, fol-

lowed by onychogryphosis and skin ulcerations. However,

(a) (b)

(c) (d)

(e) (f)

Figure 1 (a–f) Liver sections of dogs

naturally infected with L. (L) chagasi.

(a,b) Asymptomatic dog: (a) Portal

space with a cellular infiltrated of

plasma cells lymphocytes and macro-

phages. HE (Bar = 16 lm). (b) Same

field showing immunolabelled amastig-

otes forms of Leishmania in macro-

phages (large arrows). Streptoavidin-

peroxidase method (Bar = 16 lm). BD,

bile duct; LV, lymphatic vessel; HA,

hepatic arteriole; (c) Asymptomatic dog.

Observe an intralobular granulomas

formation comprising macrophages

(epithelioid cells) (large arrows), plasma

cells (arrowheads) and lymphocytes

(small arrows). HE (Bars = 16 lm).

(d) Same field showing immunolabelled

amastigotes into granulomas

macrophages (arrows), Streptoavidin-

peroxidase method (Bar = 16 lm).

(e) Symptomatic dog: Observe two

confluent granulomas in the centre of

the figure. Amastigote could be seen

(arrow). (f) Symptomatic dog: Kupffer

cells intensely parasitized (arrowheads).

Note an intense swelling of the

hepatocytes (‘balloon cells’) (arrows)

(Bar = 16 lm). BD, bile duct; LV,

lymphatic vessel; HA, hepatic arteriole;

PV, portal vein.
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a generalized lymphadenopathy was also frequently

observed.

Pathological and parasitological findings

Macroscopically, the livers of all naturally infected animals

were generally enlarged. However, hepatomegaly was not

necessarily found in asymptomatic or symptomatic animals;

it varied markedly in parallel with a dark red coloration

implying congestion. Histological analysis by HE showed a

general chronic inflammatory reaction involving the entire

architecture of the liver including the capsule, portal tracts

and central veins or perisinusoidal spaces. The portal space

showed no fibrosis, but there was mild infiltration with lym-

phocytes, plasma cells and macrophages parasitized or not

(Figure 1a,b). However, a chronic granulomatous inflamma-

tory reaction characterized by numerous intralobular hepatic

granuloma formations was found in 95% of the infected

animals. The granulomas presented with variable size consti-

tuted by macrophages (parasitized or not with amastigotes

of L. chagasi), some epithelioid cells, small numbers of

lymphocytes, plasma cells and rare neutrophils. In addition,

multinucleated giant cells were not observed in these hepatic

granulomas (Figure 1c–e). The granulomas were rarely

Figure 3 Morphometrical analyses of collagen, fibronectin and

laminin deposition in liver of naturally infected dogs with

L. chagasi.*Significant difference of asymptomatic and sympto-

matic collagen and fibronectin liver deposition (P < 0.001).

(a) (b)

(c) (d)

Figure 2 (a–d): Liver sections of control dogs and naturally infected dogs with L. (L) chagasi. (a,b,c.d): (a) Control dog: Higher

magnification showing a delicate network of intralobular collagen fibres (reticular fibres) (arrows). Gomori ammoniacal silver-staining

(Bars = 16 lm). Note collagen fibres extend through sinusoids. (b) Symptomatic dog: Intralobular fibrosis characterized by collagen

fibres extend through sinusoids. Note conspicuous collagen thickening in the space of Disse HE (Bars = 16 lm); (c,d) Symptomatic

dog: (c) Lower magnification (panoramic view) showing an intense proliferation of collagen and reticulin fibres detected by ammoniacal

silver-staining extend through portal spce (Bars = 32 lm). (d) Detail showing hepatic cells that had become isolated from the sinusoidal

blood by the fibropoiesis (arrowheads). Observe dense and coiled fibres (white arrows) extend through sinusoids from the portal tract.

Gomori ammoniacal silver-staining (Bars = 16 lm). BD, bile duct; HA, hepatic arteriole; PV, portal vein; S, sinusoids; Gr, granuloma.
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confluent and localized to the sinusoid lumen (total or par-

tial). Kupffer cells showed hyperplasia and hypertrophy, and

they were frequently parasitized with amastigotes of Leish-

mania (Figure 1f).

In this work, we have measured the number of

granulomas per unit tissue area where asymptomatic

dogs showed higher numbers of liver intralobular granuloma

than symptomatic ones (P = 0.002 by t-test) (data not

shown).

Amastigote forms of Leishmania were observed within the

cytoplasmic of the granuloma macrophages and hypertro-

phied Kupffer cells in HE-stained sections. The result of the

hepatic parasitism burden was characterized immunohisto-

chemically and by quantification of Leishmania amastigotes

forms in twenty fields at 440· magnification. The parasitism

burden showed statistically significant differences between

infected groups (P = 0.0032): symptomatic dogs showed a

higher parasitism than asymptomatic ones.

None of the hepatic lesions was specific to asymptomatic

or symptomatic animals. Thus, although symptomatic ani-

mals could harbour more parasites than asymptomatic ani-

mals, we were not in general able to distinguish

asymptomatic and symptomatic dogs by histological criteria

alone.

Extracellular matrix alterations in liver

Evaluation of hepatic reticular fibres by Gomori’s ammonia-

cal silver. Hepatic reticular fibres in symptomatic dogs were

thicker than those in the control group and were mostly

found in the portal space region and in sinusoids in the

hepatic lobe walls (Figure 2a,b). Fibres were diffusely spread

in several directions forming a compact network; some fibres

encircled groups of hepatocytes or even a single cell, produc-

ing the aspect of cirrhosis called ‘cirrhosis dites monocelular’

(Nattan-Larrier 1918), and some were diffuse, mostly in

areas such as that described in the hepatic cirrhosis of Rog-

ers (1908) (Figure 2c,d).

Quantification showed a significantly increased deposition

of hepatic collagen in both infected animal groups (symp-

tomatic and asymptomatic) compared with control dogs

(P < 0.0001). Symptomatic animals showed more intense

fibrilopoiesis than asymptomatic dogs and controls

(Figure 3).

There was a positive correlation between hepatic collagen

deposition and the parasite load in livers. This correlation

was highly significant (r = 0.7124, P < 0.0001, Pearson test).

Hepatic laminin and fibronectin expression. Hepatic FN

was mostly distributed in the portal and sinusoidal spaces

(a)

(b)

(c)

Figure 4 Frozen liver section of control dog (a) and naturally

infected dogs (b,c): (a) fibronectin discreet expression in hepatic

lobe; (b) asymptomatic dog with fibronectin expression in hepa-

tic lobe; (c) symptomatic dog with exuberant and diffuse fibro-

nectin expression in hepatic lobe. Immunofluorescence

technique (Bars = 50 lm).
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in all the groups studied. Hepatic FN expression was

significantly higher in infected animals (symptomatic and

asymptomatic) than controls (P < 0.0001) (Figures 3 and 4)

and also higher in the symptomatic group than in the

asymptomatic and control group dogs (P < 0.001). Similarly,

there were statistically significant differences between the

groups in hepatic FN deposition. There was a highly signifi-

cant positive correlation between FN expression and the

liver parasite load in livers (r = 0.3868, P < 0.001, Pearson

test).

Infected dogs showed higher LN deposition in their livers

than non-infected animals (P<0.001) (Figure 3). Spearman

Rank Correlation between parasite load and LN deposition

showed a positive correlation (r = 0.4838, P = 0.068). Liver

LN was detected discontinuously, mainly in the walls of the

central veins and perisinusoidal spaces (Figure 5). In some

cases, we observe positive cells into the hepatic intralobular

granulomas (Figure 5d).

Discussion

Canine visceral leishmaniasis is chronic disease of great

epidemiological importance; the dog being the main urban

reservoir for human disease (Tesh 1995; Ashford 2000;

Margonari et al. 2006; Baneth et al. 2008). Dogs that

show disease manifest different clinical signs and variable

degrees of severity. However, substantial research recently

published studies related on the pathogenesis of the canine

disease and have recently been intensified with the aim of

understanding the mechanisms involved in the formation

of lesions and the clinical signals shown by infected ani-

mals (Quinnell et al. 2001; Papadogiannakis et al. 2005;

Rallis et al. 2005; Reis et al. 2006; Lage et al. 2007;

Strauss-Ayali et al. 2007).

A large spectrum of lesions and histological alterations

can be observed during the infection of dogs by L. chagasi.

In dogs, alterations associated with the skin are common, as

(a) (b)

(c) (d)

(e) (f)

Figure 5 Frozen liver section of control

dog and naturally infected dogs (a,b)

Control dog: laminin was weakly

detected discontinuously, mainly in the

walls of the central veins and peris-

inusoidal spaces (arrows). (c,d) Asymp-

tomatic dog: (c) Presence of laminin

around vessels (arrows); (d) an intralob-

ular granuloma with a few positive cells

for laminin (arrowheads). (e,f) Symp-

tomatic dog: Diffuse laminin expression

around the sinusoids (arrowheads). At

the right corner, an intralobular granu-

loma with amastigotes forms of

Leishmania can be observed (arrow),

(f) Note strong laminin expression

around the sinusoids (arrowheads).

Immuno-streptoavidin-peroxidase

method (Bars = 16 lm).
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described in the literature, particularly dry desquamation

(55%) and alopecia (40%). When we consider the skin alter-

ations overall, desquamation, alopecia and ulcerations pre-

dominate, in accordance with the findings described by

Ferrer et al. (1988); Ciaramella et al. (1997), Lima et al.

(2004) and Xavier et al. (2006).

In asymptomatic and symptomatic dog livers, a chronic

inflammatory reaction was generally observed, characterized

by mononuclear cell infiltration in the portal space and the

hepatic parenchyma (lobes). An inflammatory exudate was

also observed, and there were particular formations such as

hepatic interlobular granulomas. A similar finding has been

described in murine visceral leishmaniasis models (Murray

2001), in dogs experimentally infected with L. donovani and

L. chagasi (Gonzalez et al. 1988; Oliveira et al. 1993; Tafuri

et al. 1996), and in dogs naturally infected with L. chagasi

(Tafuri et al. 1996; Sanchez et al. 2004). In this work, we

found that the hepatic granulomas were more numerous in

asymptomatic infected dogs. According to Lima et al.

(2007), in a study with Brazilian naturally infected dogs,

these authors showed, by histomorphometrical analysis,

asymptomatic animals with higher numbers of granulomas

than symptomatic ones. Moreover, they demonstrated that

the parasitism decreases while granuloma diameter increases.

In the present work, we found higher numbers of granulo-

mas in asymptomatic animals. We could believe that it

might be directly related to the lower hepatic parasite load

also found in asymptomatic animals.

Collagen fibre deposition, evaluated histochemically by

Gomori ammoniacal silver, was statistically significantly

greater in symptomatic and asymptomatic dog livers than in

controls. Moreover, there was a positive correlation between

hepatic collagen deposition in naturally infected dogs and

the parasite burden. Infected dogs showed more hepatic col-

lagenogenesis (intralobular fibrosis), probably stimulated by

the tissue parasite load as suggested by Bogliolo (1956) and

Corbett et al. (1993) in HVL.

Collagen fibres were deposited in the hepatic lobes in all

animals, although with varied intensities. New deposition was

extremely intense in the livers of symptomatic dogs, the fibres

being distributed diffusely and in several directions, but parts

of the hepatic lobe parenchyma were not isolated as in other

fibrosing hepatopathies (Bogliolo 1956; Andrade & Andrade

1966; Corbett et al. 1993). These collagen fibres showed vari-

ous thicknesses, being thicker in certain lobular areas than in

others. This may indicate that intralobular deposition is a dis-

tinct evolutionary phase, the process eventually reaching all

the hepatic lobes (Duarte & Corbett 1987). Collagen was also

prominent in the hepatic portal space and hepatic capsule, but

there was no indication of continuity with the intralobular

fibrosis. Melo et al. (2008) described two cases of symptom-

atic dogs naturally infected with L. chagasi with a peculiar

and diffuse intralobular fibrosis compatible with the descrip-

tion by Rogers (1908) (so-called ‘Rogers’ cirrhosis’) in Indian

Kala-azar. The fibrosis had developed to link the portal areas

and central veins, whereas the silver staining showed a con-

spicuous thickening of the collagen (reticulin) fibres in the

space of Disse. In some areas, hepatic cells were isolated from

the sinusoidal blood by fibropoesis. Some aspects of this pecu-

liar histological pattern was also observed in this work as

depicted in Figure 2d.

Fibrosis is an important manifestation of several parasitic

diseases, but is not irreversible (Corbett et al. 1993). A

marked degree of ECM degradation can occur after para-

sitism is cured. Matrix formation and degeneration are

balanced processes dependent on the same cell types. Excess

matrix (fibrosis) accumulates when formation exceeds degra-

dation. Chronic inflammation, a common consequence of

parasitic infections, is a potent promoter of ECM formation

(Andrade 1991). In response to tissue injuries, greatly

increased quantities of transforming growth factor (TGF-b),

and platelet-derived growth factor (PDGF) are released by

macrophages, inducing fibrogenesis by excessive ECM

production (Guyot et al. 2006). Corbett et al. (1993)

described electron microscopic aspects of this fibrosis in the

sinusoids. Thickening in the Space of Disse was due to

collagen fibres and an increased extracellular, non-fibrilar,

electron-dense matrix. The Ito cells showed signs of increased

activity with many fat vacuoles and dilated endoplasmic

reticulum containing internal electron-dense material. It is

known that stellate hepatic cells (Ito cells, hepatic lipocytes,

fat-storing spaces of Disse surrounding the sinusoids) are the

predominant source of ECM responsible for hepatic fibrosis.

In normal liver, stellate cells store retinoids (vitamin A

metabolites) (Li & Friedman 1999; Eng & Friedman 2000)

and produce small amounts of extracellular matrix compo-

nents such as LN and collagen type IV to form the basement

membrane (Maher & Bissell 1993). Under conditions of liver

injury, stellate cells undergo a transformation (‘activation’) in

which they acquire a myofibroblastic phenotype. The acti-

vated stellate cell is characterized by its ability to migrate to

areas of injury, proliferate, synthesize extracellular matrix

(fibrogenesis) and generate contraction force (Friedman

2000; Abath et al. 2006).

Hepatic FN expression was also greater in symptomatic

and asymptomatic animals than controls. There were

statistical differences between all the groups and a positive

correlation between hepatic FN expression in naturally

infected animals and the liver parasite load. However, LN

deposition was higher in infected dogs, but there was no
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difference among the different groups of animals with

defined clinical status. Thus, the excessive FN and LN

expression in infected animal livers reflect the inflammatory

and degenerative processes described. Studies have shown

that FN is secreted during hepatic regeneration after partial

hepatectomy or cirrhogenesis, assuming in these cases an

important role in the process of capillarization of the sinu-

soids (Martinez-Hernandez & Amenta 1995). In addition,

Korom et al. (1998) described that peptide fragments

produced by the proteolytic degradation of FN can have a

dramatic and varied influence on macrophages activation

and function. The binding of macrophages to peptide frag-

ments containing the FN interconnecting segment (ICS)

domain (Hynes et al. 1985) can decrease macrophage expres-

sion of gamma interferon, interleukin 12, monocyte chemo-

attractant protein 1 (MCP-1) and TGF-b. We have found a

strict correlation between the tissue parasite load and altera-

tions in ECM components where FN and LN deposition was

higher in infected dogs than controls. Taken all these ideas

together we could infer that the deposition of FN and LN

might be responsible for the success of the infection.

The fact of the presence of LN positive cells of hepatic gran-

ulomas, we could think that these cells might be important for

the architecture of the granuloma formation. Moreover, it

could be especially important in asymptomatic animals, as we

have found more hepatic granuloma formations in these ones.

However, we concluded that we need to carry out more stud-

ies concerning the fact that asymptomatic dogs could present

granulomas better organized than symptomatic dogs. In fact,

some authors as Sanchez et al. (2004) described a distinct

architecture and immune tissue characterization of hepatic

granulomas in asymptomatic and symptomatic naturally

infected dogs in Venezuela. The livers of asymptomatic ani-

mals showed effective immunity with well-organized granulo-

mas walling off the parasites in an environment of effector

T cells expressing CD44low, CD45ROhi, CD44hi, CD45ROlow,

MHC class II, CD11c and CD18 integrins. In contrast, symp-

tomatic livers showed a non-organized and non-effective infil-

trate composed of T cells and heavily parasitized.

In this work, we characterized fibrosis in the livers of dogs

naturally infected with L. chagasi. We also observed a posi-

tive correlation between the tissue parasite load, collagen

deposition, and FN and LN expression in liver. These ECM

alterations might be directly related to the progress of the

canine disease.
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