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Fibrogenesis and Collagen Resorption in the Heart and Skeletal
Muscle of Calomys callosus Experimentally Infected with
Trypanosoma cruzi: Immunohistochemical Identification of
Extracellular Matrix Components

Isis F Magalhaes-Santos, Elianita S Lima, Sonia G Andrade*

Laboratério de Doenca de Chagas Experimental, Centro de Pesquisas Gongalo Moniz-Fiocruz, Rua Valdemar Falcdo 121,
40295-001 Salvador, BA, Brasil

Intense inflammatory lesions and early development of interstitial fibrosis of the myocardium and skeletal
muscle with spontaneous regression, have been descriiadamys callosumfected withTrypanosoma cruziThe
genetic types of collagen present in this model were investigated through immunohistochemistry using specific
antibodies, combined with histopathology and Picro-Sirius staining of collagen.

Thirty-five calomys were infected with the Colombian straiTofruziand sacrificed at 24, 30, 40, 60 and 90
days post-infection. Inflammatory lesions and fibrogenesis were prominent at the early phase of infection and
significantly decreased during late infection. Immunoisotyping of the matrix components was performed by indirect
immunofluorescence on |im thick cryostat sections using specific antibodies against laminin, fibronectin and
isotypes I, lll and IV of collagen. In the early phase, positive deposits of all the matrix components were present, with
predominance of fibronectin, laminin and collagens types | and Il in the myocardium and of types Il and IV in the
skeletal muscles. From the 40th day, type IV collagen predominates in the heart. At the late phase of infection (60th
to 90th day), a clear fragmentation and decrease of all the matrix components were detected. Findings of the present
study indicate that a modulation of the inflammatory process occurs in the mo@etaflosusleading to sponta-
neous regression of fibrosis independent of the genetic types of collagen involved in this process.
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Calomys callosugRodentia cricetidaeis a wild ro- Fibrosis is one of the most important features of chronic
dent that has been found naturally infected with differei@hagas cardiomyopathy. According to Weber et al. (1993),
pathogens such as Machupo virus (Justines & Johndidrillar collagen deposits in the myocardial interstitium
1969) andrypanosoma crufRibeiro 1973, Mello 1982). are of paramount importance in the development of car-
Several studies have been developed u€ingallosus diac failure, and particularly of diastolic disfunction, in
as a model for the experimental studies of Chagas di#fferent cardiac diseases. The possibility of regression
ease, and its response to inoculation with different straia&fibrosis, already documented in the chronic infection
of T. cruzi (Borges & Mello 1980, Borges et al. 1982, 19920f mice under chemotherapeutic treatment (Andrade et al.
Andrade et al. 1994). This animal is more resistant thai991) has been described as spontaneously occurring in
mice to infection withT. cruzj apparently controlling the C. callosusprobably due to down regulation of delayed
infection with parasitemic negativation (Borges et al. 1992fype hypersensitivity (Andrade et al. 1994). However, other
Detailed histopathological and ultrastructural study d?eculiarities of the present model must be investigated,
calomys infected with the F strainbfcruzj classified as including the sensitivity of the interstitial matrix compo-
Type Ill, zymodeme 1, disclosed intense inflammatory |2€NtS to spontaneous regression, regarding several types
sions, with an early development of interstitial fibrosis off collagen. Besides other factors such as inflammatory
the myocardium and skeletal muscle, followed by spont&€SPOnse and cytokines, the genetic pattern of the matrix
neous regression (Andrade et al. 1994). This processcRmPonents, which is peculiar for different species, can
peculiar to this model and it is necessary to identify tH&€ responsible for the characteristic evolution of fibrosis
components involved in order to clarify the pathogenesid this model. With the objective of evaluating the partici-

of chronic fibrosing myocarditis present in Chagas diation of different genetic types of collagens in the de-
velopment and regression of fibrosis@n callosusin-

ease. X 9= ; .

fected withT. cruzi an immunohistochemical character-

ization of the matrix components was performed, combined

with an evolutive histopathological study.

MATERIALS AND METHODS
Experimental animals Thirty-five C. callosuswere

Supported by Papes 2. used in this study: 30 were infected with the Colombian
*Corresponding author. Fax: +55-71-356-4292. E.mailstrain ofT. cruzi and 5 were maintained as normal controls.
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Parasitemia - Was evaluated twice per week by miimysial collagen deposits.
croscopic examination of peripheral blood under cover- Infected C. callosus The degree of the inflammatory
slips (22 x 22 mm) by counting the parasite numbers in $@filtration in the myocardium and skeletal muscle is pre-
high power (x 400) fields. sented in the Table

Histopathology Three calomys were sacrificed at 24, Heart -In the early infection the myocardium pre-
30, 40, 60 and 90 days post-infection for histopathologsented focal and diffuse mononuclear inflammatory infil-
cal study. Fragments of the heart and skeletal muscle wérrates with a predominance of macrophages and lympho-
fixed in formalin, paraffin-embedded and 5 pm-thick seceytes (Fig. 2A); proliferation of fibroblasts with intersti-
tions were stained with hematoxylin and eosin (H & E). tial matrix deposits was also present (Fig. 2B). In sections

Picro-Sirius staining- Paraffin sections of the heart stained with Picro-Sirius method, collagen was identified
and skeletal muscle were stained with Rot-Sirius 3 (Chronba positive bi-refringence to polarized light (Fig. 3A).
Gessellschaft) in a saturated aqueous solution of picric Parasites were scarce or even absent in the heart. At
acid and fast green as a counterstain to evaluate collaglea 40th day, small foci of destroyed cardiac cells with
deposits (Junqueira et al. 1979). Sections were examirfedal inflammatory infiltrate were present. (Fig. 2F, G). Picro
with bright field light optics using a Zeiss photo micro-Sirius staining for collagen showed fragmentation and a
scope. progressive decrease of collagen until the 90th day, with

Immunohistochemistryor immunoisotyping of ex- remnants of perivascular deposits and thin interstitial
tracellular matrix components, sections of the heart asttands of collagen (Fig. 3B).
skeletal muscles from infected calomys and normal con- Skeletal muscleln the early infection, focal lesions
trols were removed, placed immediately in tissue Teck &if arteritis and peri-arteritis were present as well as an
O.C.T. and snap frozen in liquid nitrogen. Immunolabellingntense inflammatory lesions corresponding to focal de-
was performed by indirect immunofluorescence on 4 ustiruction of muscle fibers and infiltration with macroph-
thick cryostat sections using specific antibodies againages, lymphocytes and fibroblasts (Fig. 2C). Large collec-
laminin, fibronectin and isotypes |, Il and IV of collagenstions of well-preserved amastigotes of cruzi were

Specific antibodies Rabbit serum anti-mouse present in skeletal muscles (Fig. 2D). Sections stained
fibronectin, NOVOTEC-54951, lot: 01B; rabbit IgG anti-with Picro-Sirius showed the presence of strands of col-
mouse laminin, NOVOTEC-24851 lot: 231; Rabbit IgG antitagen with characteristic red staining and intense bi-re-
mouse collagen I, NOVOTEC-220151, lot: 247; rabbit Ig@ringence in the inflammatory foci, when examined with
anti- mouse collagen Ill, NOVOTEC-20351, lot: 65 and ralpolarized light (Fig. 3C). At the 40th day of infection the
bit IgG anti-mouse collagen IV, NOVOTEC-20451, lot: 240inflammatory lesions became less intense and were re-

As secondary antibody, a goat anti-rabbit IgG (wholduced to moderate interstitial infiltrates with scarce matrix
molecule) FITC conjugated (Sigma Laboratories) in théeposits. From 60th through the 90th day, the inflamma-
dilution of 1:10 was used. Examinations were performed tory infiltrates in skeletal muscles were focal and scarce,
a Zeiss fluorescence microscope. For negative controlgith areas of substitution of destroyed muscle fibers by
sections of heart and skeletal muscle from infected ardipose tissue (Fig. 2E, H). Fine strands of interstitial col-
mals and normal controls were submitted to all the stelzgyen appeared in sections stained with Picro-Sirius (Fig.
of the reaction excluding the addition of antibodies again3D) .
specific extracellular components.

RESULTS

In infected animals parasitemia peaked by the 14th 30 -
day of infection, becoming negative between the 45th and
the 54th day (Fig. 1). 25 |

Cumulative mortality Excluding the animals sacri-
ficed during the course of the experiment, all the infecteg
C. callosusas well as the intact controls survived the§
experimental course.

Morphological aspects The Table summarizes the
data for interstitial matrix alterations as evaluated accordcs &
ing to the degree of inflammation and fibrosis. An arbritarys 10 -
point scale was applied: (+) indicating mild focal or dif-§
fuse alterations; (++) moderate focal or diffuse and (+++%
diffuse and severe alterations, as previously described
(Andrade et al. 1991).

15 -

asite n
50 fields)

Histopathologic study - Normal controlsSections 0 -
of the heart showed the normal structure of the myocar- 10 14 17 21 24 28 31 35 45 48 51 o4
dium with scarce interstitial matrix components. Days of infection

S!(eletal mus_de of normal Calomys Sta'ne,d WIFh hemj%Tg. 1: parasitemia o€alomys callosusnfected with the Colom-
toxylin an_d eosin showed the C_ha"QCte”S“C h|5t0|0_g|19an strain ofTrypanosoma cruzirepresenting the mean number of
pattern, with a distinct slender perimysial membrane. Picto parasites in the peripheral blood, of five animals during the

Sirius staining for collagen showed fine strands of pegourse of infection.
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TABLE

Semiquantitative evaluation of myocardial and skeletal muscle histopathological chabgkesrigs callosumfected with
Trypanosoma cruzi

Histopathology

Ident Days of Inflammation Fibrosis

(No.) infection Heart Skeletal muscle Heart Skeletal muscle
Col-1 24 ++ d/f ++ d/f ++ ++
Col-2 24 +++ d/f +++ d/f +++ +++
Col-3 24 +++ d/f +++ d/f +++ +4++
Col-4 29 ++d ++ d/f ++ ++
Col-5 29 ++d ++ d/f ++ ++
Col-6 29 +++ d/f +++ d/f +++ +++
Col-7 29 +++ d/f +++ d/f +++ +++
Col-8 29 +++ d/f +++ d/f +++ +++
Col-9 29 +++ d/f +++ d/f +++ +++
Col-10 31 +++ d/f ++d ++ ++
Col-11 31 +++ d/f +++ d/f +++ +++
Col-12 31 +++ dff +++ dff +++ +++
Col-13 31 +++ d/f +++ d/f +++ +++
Col-15 41 +d ++ f ++ ++
Col-16 41 ++ d/f +d ++ +
Col-17 41 ++ d/f +d ++ +
Col-19 60 +d +d + +
Col-20 60 +d +d + +
Col-21 60 +d +d + +
Col-22 90 +d ++d + +
Col-23 90 +f + d/f + +

d: diffuse; f: focal; d/f: diffuse and focal

Immunolabelling of the matritial components of the skelpeared in the late phase of infection; deposits of collagens
etal muscles and myocardium types lll and IV were prominent in the early phase of in-
Normal controls In the skeletal muscle, the perimy-fection (30th day) (Fig. 5A, C); they decreased from the
sial septa around groups of muscle fibers showed smddth day (Fig. 5B, D), becoming residual or absent at the
deposits of Types I, lll and IV collagens (Fig. 4A, D, G)late phase (90th day). Fibronectin and laminin appeared
In the sections immunolabelled for laminin and fibronectirduring early infection (30th day) as irregular deposits in
small deposits were seen in the perimysium and in smélle interstitium, related with inflammatory foci (Fig. 5E, G)
endomysial capillaries (Fig. 4J, N). The heart presentelbcreasing by the 40th day (Fig. 5F, H). At the 90th day,
scarce interstitial matrix components with fine fibrilar deenly fine and scarce deposits in the basal membrane were
posits of collagens types | and Ill; collagen type IV angresent.
laminin apeared as fine deposits in the basal membrane of

. . DISCUSSION
myocytes. Fibronectin was not detected.

In the present investigation, the immunolabeling of
the interstitial matrix of the heart and skeletal muscles in
C. callosusxperimentally infected witf. cruzidemon-
strated the participation of Types |, lll and IV of col-

InfectedC. callosus
Skeletal muscle Positive deposits immunolabelled
for collagens types I, lll and 1V, laminin and fibronectin

were present and varied from the early to the late infefsqang jaminin and fibronectin. A clear relationship be-

tion. In the early phase (30th day of infection) the depOgyeen the regression of inflammation and the decrease in
its were more intense and correlated with the presence i cellular matrix deposits was detected. The

intense inflammatory infiltrates. Types Il and IV collagensqyersibility of mvocardial fibrosis has previously been
predominate in the early phase (Fig. 4E, H). Type | col y y P y

. ; ; escribed in murine chronic Chagas’ myocarditis
lagen deposits were less prominent (Fig. 4B). A clear despgrade et al. 1991), after specific treatment with @nti-
gg;ﬁs;a?lf;%%eng!;?gg ;\é \?i/r?g Siﬁ‘zgmg?‘;:g ég;hn:g; FiZi chemotherapy. The curative treatment induced re-

; S -3 ssion of the inflammatory lesions and progressive
deposits by the 90th day (Fig. 4C, F, 1). Laminin ar:gﬂ y brog

. . ; . anges in collagen, resulting in resorption of fibrosis
fibronectin predominates by the 30th day (Fig. 4L, O) anG\ngrade et al. 1991). 1@. callosushe regression of the
also decreased at the same periods (Fig. 4M, P).

X . inflammatory infiltrate and collagen degradation occurred
Myocardium(Fig. 5A, H) - Type | collagen was seen

L | ! e ~~'spontaneously, without interference of a specific treat-
as thin filaments in the inflammatory infiltrates and disaps,ant. It is not well understood which are the factors in-
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Fig. 2: histopathological aspects of the myocardium and skeletal mus€lalomys callosusEarly phase of infection (24 to 30 days) -
A: intense mononuclear inflammatory infiltration, with macrophages and lymphocytes, substituting destroyed cardiac celisnBofse
the myocardium showing inflammatory cell infiltration, fibroblast proliferation and interstitial matrix thickening; C: fazmlo&r
destruction of skeletal muscle with dense inflammatory infiltrate; dense peri-arteriolar infiltration is also seen; D:rmkeld&khowing
interstitial mononuclear infiltration; fibroblasts and matrix deposits are also seen; presence of a large collectionliofiantazmcastigotes.
Late phase of infection (60 to 90 days); E: focal inflammatory lesion in the skeletal muscle, with substitution of destsojedyn
adipose cells; F: sections of the heart showing the presence of focal destruction of cardiac cells with focal inflamittedtey timé
interstitium appears free of inflammatory infiltrate and absence of matrix thickening; G,H: sections of myocardium andnsksté¢al
showing residual mononuclear infiltrates, 90 days post-infection. H & E 250X
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Fig. 3: sections of myocardium and skeletal muscle stained with the Picro-Sirius method and examined under polarizeavirght, sh
positive bi-refringence of collagen deposits. Sections of the heart - A: 30 days of infection, presence of irregulaf stoliaden in

the interstitium corresponding to the matrix thickening; B: 90th day of infection, fine collagen strands are seen in thgaperimy
membrane of cardiac cells. Sections of skeletal muscle - C: 30 days of infection: dense, irregular collagen depositdicgrEspon
interstitial inflammatory infiltrates and matrix thickening; D: 90 days of infection: sections of skeletal muscle in thealsgteop
infection, with fine interstitial strands of collagen. Picro Sirius staining. Bi-refringence by polarized light. 250X

volved in this peculiar modulatiomn both models, re- cytokines by activated macrophages as shown in mice
gression of parasitism and inflammation are of paramou¢Zhang & Tarleton 1996). Collagen deposits are also regu-
importance for the regression of fibrasfss suggested lated by factors determining an increase of fibrolysis of
by Andrade (1994), the chronic inflammatory process imatrix deposits, such as the metalloproteinases (Zhang et
parasitic infections acts as potent promoter of matrix foel. 1999) and the tissue inhibitor metallopro-teinases
mation, and it is possible to demonstrate the degradati{fickelberg et al. 1997).
of excess matrix deposits, when this cause is removed Comparing the characteristics of the interstitial matrix
and the inflammatory process subsidesClncallosus in mice and callomys, it was seen that the predominance
infected withT. cruzi,the decrease of the fibrotic-inflam- of types Ill and IV in the infected calomys is similar to that
matory lesions occurred rapidly and corresponded todascribed in mice (Andrade et al. 1989), but differed in
decrease of parasite load, even with persistence of infeelation to the participation of type | collagen, demon-
tion, as shown by the positive xenodiagnosis found strated in calomys but not in mice. Several authors have
chronically infected calomy@ndrade et al. 1994). emphasized the influence of the genetic type of collagen
The evolution and regression of fibrosisTincruzi in the resorption of the fibrosis in the liver (Rojkind &
infection results from a peculiar host-parasite relatiorDunn 1979, Grimaud et al. 1980). However, Andrade and
ship, characterized by a delayed type hipersensitivity r&rimaud (1986) and Andrade (1992), studying the regres-
sponse in the host (Andrade et al. 1987, Ribeiro-dosion of fibrosis in schistosomal granuloma have shown
Santos et al. 1991, Dos Reis 1997), possibily followed bythat both Types | and 1l collagens disappeared gradually
down regulation of this mechanism (Andrade et al. 1994and simultaneously.
Early deposits of collagen in ti@. callosusmodel are Results of the present study indicate that there is a
probably related to an intense production of fibrogeniclear correlation between the reversibility of fibrosi€in
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Fig. 4: immunotyping of the interstitial matrix components in skeletal muscle seciigpe.l Collagen -A: normal control - presence of

Type | collagen in the permysial membrane of skeletal muscle; B: interstitial matrix thickening with positive deposits lofdligmen

in the 30th day of infection; C: perimysial membrane showing decrease of Type | collagen deposits, at the 90th day of Tyfectibn
collagen- D: normal control - thin deposit at the perimysial membrane; E: 30th day of infection - dense homogeneous interstitsal depos
with a perymysial and endomysial distribution; F: at the 90th day of infection deposits of Type Ill collagen appears dissoatidu
irregular. Type IV collagen G: normal control - slender perymisial membrane, with thin deposits of Type IV collagen; H: 30th day of
infection - dense deposits of type IV collagen at the perimysium and basal membrane of myocytes, at the wall of smalhdessels a
interstitium, associated to the inflammatory infiltrates; |: 90th day - collagen deposits are irregular, discontinuousnaeutdrag
Laminin - J: normal control with thin deposit of laminin in the basal membrane of myocytes; L: 30th day of infection - depositsirof lam

at the perimysial membrane and in the interstitum; M: by the 90th day residual focal deposits of laminin in the perimymiahenem
Fibronectin- N: normal control, showing thin deposits in the perimysium; O: positive deposits of fibronectin by the 30th day of jnfection
related to the presence of inflammatory infiltrate; P: thin deposits in the interstitium with focal condensation. Cryoistas.sect
Immunofluorescence method. Zeiss microscope. X250
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callosus model and the early and spontaneous control oéss, independent of collagen genetic types.
parasite multiplication in this model. In the infected ACKNOWLEDGEMENTS

calomys, the different components of the extracellular o o
matrix were resorbed at the same period of infection, si- T0 Mr Brendan L Flannery (University of California, Ber-
multaneous to the regression of the inflammatory pr&€leY: CA, USA) for the English language review.

Fig. 5: myocardium, immunotyping of the interstitial matrix componemype Il collagen - A: early phase of infection (30th day):
irregular interstitial deposits in the myocardium and in the peri-vascular space, related to the inflammatory infiltretsdp@: strands

were seen in the perimysium by the 40th day of in fecfiype IV collagen C: 30th day of infection: dense deposits at the perimysium
and basal membrane of myocytes and at the wall of small vessels; D: 40th day of infection: positive deposits persistathen the s
localization but were less intense and irregufloronectin - E: dense deposits in the interstitium seen at the 30th day of infection, related
to the presence of inflammatory infiltration; F: 40th day of infection - thin interstitial deposits in the interstitiunsmaithareas of
condensationLaminin - G: intense deposits were present in the interstitium at the early phase of infection (30th day), related to the
inflammatory infiltrates; H: 40th day of infection - thin positive deposits in the interstitium and vascular walls
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