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Summary

The lungs of three sheep with spontaneous enzootic calcinosis induced by the calcinogenic plant Nierembergia
veitchii (Nv) were examined electron microscopically and immunohistochemically. The main ultrastructural
changes were activation of fibroblasts and modified smooth muscle cells (SMCs) in the pulmonary
interstitium, with an increase in extracellular matrix and precipitation of calcium, either in a laminated
pattern or as amorphous aggregates. Macrophages and multinucleated giant cells, some with calcium
crystals in the cytoplasm, were found in areas of increased extracellular matrix. Thickening and replication
of the basal lamina of capillaries were prominent. The bone proteins osteocalcin, osteopontin and
osteonectin were detected immunohistochemically in the cytoplasm of activated fibroblasts, in modified
SMCs and in the extracellular matrix. It is suggested that 1,25-dihydroxyvitamin D3 in Nv induces cellular
differentiation and the synthesis of a calcifiable matrix.  2000 Harcourt Publishers Ltd

Introduction Vasconcelos et al., 1998; Barros and Rosa, 1999),
and lung lesions have not been investigatedEnzootic calcinosis (EC), caused by chronic plant
electron microscopically.poisoning in grazing livestock, is characterized by

Calcinogenic plants contain high concentrationscalcification of soft tissues and loss of body con-
of 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] asdition. Several calcinogenic plant species have been
glycoside derivatives (Wasserman et al., 1976), asidentified in different parts of the world (Worker
well as vitamin D3 and 25(OH)2D3 (Esparza etand Carrillo, 1967; Dirksen et al., 1970; Morris et
al., 1982). The vitamin D endocrine system isal., 1979; Riet-Correa et al., 1987). Nierembergia
important not only in calcium homeostasis butveitchii (Nv) causes EC in sheep in southern Brazil
also in immune regulation, cell growth and cell(Riet-Correa et al., 1987) and Solanum glaucophyllum
differentiation (Suda et al., 1986; Walters, 1992).(synonym S. malacoxylon) has been incriminated in
Receptors for 1,25(OH)2D3 have been found in aparts of South America (Worker and Carrillo, 1967;
variety of cells and tissues (Stumpf et al., 1979;Döbereiner et al., 1971).
Walters, 1992). The effects of vitamin D metabolitesThe gross and microscopical lesions of EC
on growth and differentiation have been extensivelyhave been well described (Worker and Carrillo,
studied in normal subjects and in those with diseases1967; Barros et al., 1970; Döbereiner et al., 1971;
such as bone disease, psoriasis and cancer (Walters,Morris et al, 1979; Puche et al., 1980; Riet-Correa
1992; Jones and Calverley, 1993). However, cellet al., 1987). However, only a few ultrastructural
differentiation in plant-induced hypervitaminosisinvestigations have been conducted on the tissues
D has been evaluated only in the skin of cattleof animals affected by EC (Barros et al., 1981;

Moraña et al., 1994; Marçolla et al., 1997; (Gimeno et al., 1997).
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Fig. 1. Lung. Large areas of loose connective tissue with foci of mineralization, and infiltration of macrophages and multinucleated
giant cell (arrow). HE. Bar, 70 �m.

The responses elicited by 1,25(OH)2D3 are me- ultrastructural changes in the lungs of sheep with
EC and to search for hyaluronic acid, osteocalcin,diated mainly through the regulation of gene tran-

scription (Brown et al., 1992). Once bound to DNA, osteopontin and osteonectin by immunohisto-
chemical methods.the 1,25(OH)2D3-receptor complex alters the tran-

scription of vitamin D response elements. As a
consequence, a number of specific proteins are
synthesized by the cell (Carlberg, 1997).

Soft-tissue mineralization in EC is preceded by
changes in elastic fibres, extracellular accumulation Materials and Methods
of proteoglycans, and mesenchymal metaplasia

Tissue Samples and Histopathology(Puche et al., 1980; Barros et al., 1981).
The localization of receptors for 1,25(OH)2D3 in Samples were obtained from the lungs of three

sheep which had been showing clinical signs of ECmesenchymal cells (Brown et al., 1992) suggests that
the changes observed in EC are the result of a after grazing on a pasture containing abundant

quantities of Nv. Cases of EC in sheep from thisvitamin D-mediated stimulus to differentiation. If
so, hyaluronic acid and bone proteins such as farm had been studied previously by Vasconcelos et

al. (1998). The sheep were killed by exsanguinationosteocalcin, osteopontin and osteonectin, induced
by 1,25(OH)2D3 would be expected to form part under deep anaesthesia and lung samples were fixed

in 10% neutral formalin, embedded in paraffin wax,of the calcifiable extracellular matrix (Butler, 1989;
Kraichely and MacDonald, 1998). sectioned at 5 �m, and stained with haematoxylin

and eosin (HE) and von Kossa stain.The purpose of this study was to investigate the
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Fig. 2. Lung parenchyma. Distended alveoli and thickening of the interalveolar septa by loose connective tissue. Expression
of osteocalcin in interstitial cells and extracellular matrix. Immunolabelling. Haematoxylin counterstain. Bar, 70 �m.

Immunohistochemistry slides were dehydrated and mounted for ex-
amination.Sections were mounted on slides coated with 3-

aminopropyltriethoxy-silane (Sigma Diagnostics,
St Louis, MO, USA), dewaxed with xylene, passed Electron Microscopy (EM)
through a graded alcohol series and rinsed three Small fragments of tissue were immersed in 0·3 Mtimes in deionized water and phosphate-buffered sodium cacodylate solution (pH 7·4) containingsaline (PBS). A microwave method (Portiansky et glutaraldehyde 2% and paraformaldehyde 2%.
al., 1997) was used for antigen retrieval. They were then post-fixed in osmium tetroxide,The primary monoclonal antibodies used were dehydrated in a graded ethanol series and em-as follows: osteocalcin (clone OC1; Biodesign Inter- bedded in Epon.national, Kennebunk, ME, USA) diluted 1 in 400, Thick sections were stained with methylene blue.osteonectin (clone N50; Biodesign International) From these sections, appropriate areas were se-1 in 800, osteopontin (clone MPIIIB10; De- lected and cut with a diamond knife. The ultrathinvelopmental Studies Hybridoma Bank, Iowa, USA) sections were mounted on copper grids and stained1 in 500, and chondroitin sulphate (clone CS-56; with lead citrate and uranyl acetate. The sectionsSigma) 1 in 400. were examined with a transmission electron micro-The immunohistochemical detection system was scope.a streptavidin–biotin-complex technique (Strept-
ABComplex/HRP Duet; Dako A/S, Glostrup,
Denmark). The horseradish peroxidase was ac- Results
tivated by incubation for 10 min with a buffered

Gross Lesions and HistopathologyTris-HCl 0·05 M solution, pH 7·6, containing di-
aminobenzidine (DAB) 0·02% and H2O2 0·03%. Gross lesions in all sheep were characterized by

severe mineralization, mainly in the arteries andPositively labelled cells showed a golden dark brown
3,3′-DAB tetrahydrochloride-H2O2 reaction prod- valves on the left side of the heart. The lungs

were mildly emphysematous and small areas ofuct. After counterstaining with haematoxylin, the
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Fig. 3. Lung. Modified smooth muscle cell of synthetic type (arrow) with reduction and peripheral distribution of myofilaments
and increased number of synthetic organelles. Bundles of collagen fibres are prominent. Profiles of mesenchymal cells
(arrowheads) are in close contact with calcium deposits giving a laminated appearance. Pneumocyte (P). EM. Bar, 1 �m.

calcification were detected in the diaphragmatic Immunohistochemistry
lobes by palpation. Osteocalcin, osteonectin and osteopontin were de-Microscopically, areas of distended alveoli with tected in the cytoplasm of mesenchymal cells andthickened walls caused by an increase in loose also in the extracellular matrix (Fig. 2). Chondroitinconnective tissue were observed. Large areas of sulphate immunoreactivity was observed only inmyxoid appearance were common. In such areas, hyaline cartilage of the bronchi.spindle-shaped, branched or stellate cells, macro-
phages and giant cells were seen within a faintly
eosinophilic extracellular matrix, with some dense

Electron Microscopybundles of collagen fibres and calcium precipitation
(Fig. 1). Mineralization of the muscle layer of the The ultrastructural changes included irregularly

contoured, well demarcated structures in the inter-bronchi and the bronchial cartilage, identified by
von Kossa stain, were observed. The peribronchial alveolar septa and in the myxoid areas. In these

structures, calcium precipitates were found astissue was infiltrated by mast cells, lymphocytes,
macrophages, and multinucleated giant cells. amorphous or acicular crystals arranged in con-

centric bands of electrolucent and electrodenseMacrophages and multinucleated giant cells were
also seen in the interstitium and within alveoli. material (Fig. 3). Fibroblasts with hyperplastic

rough endoplasmic reticulum and modified smoothOsseous metaplasia was observed in some heavily
calcified areas. muscle cells (SMCs) were associated with these
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Fig. 4. Lung. Replication of the basal lamina (arrow) of capillary endothelial cell. Pneumocyte (P). EM. Bar, 1 �m.

mineralized areas and, in some places, with abund- et al., 1980). These metaplastic changes are pre-
ceded by proliferation of mesenchymal cells (Hän-ant collagen fibres. The modified SMCs showed

conspicuous rough endoplasmic reticulum, in- ichen et al., 1970; Döbereiner et al., 1971; Barros
et al., 1981). Ultrastructural changes in SMCs ofcreased numbers of mitochondria, free ribosomes,

decreased numbers of myofibres and dense bodies. the arteries and stomach of spontaneous and ex-
perimental cases of EC were attributed to the actionIn most cases they had lost the basal lamina.

Thickening and replication of the basal lamina of 1,25(OH)2D3 (Barros et al., 1981; Moraña et al.,
1994; Vasconcelos et al., 1998). However, little iswere observed in some capillary endothelial cells

(Fig. 4). Macrophages and multinucleated giant known regarding the pathogenetic mechanisms in
plant-induced calcinotic lesions.cells, some with free calcium crystals in the cyto-

plasm (Fig. 5), were seen in the interstitium or in The present investigation demonstrated early
changes in the fibroblasts and SMCs of the inter-the alveoli.
alveolar septa. Hyperplasia of the rough endo-
plasmic reticulum, and increased numbers ofDiscussion mitochondria and free ribosomes were observed in
these secretory-type cells, which also synthesizedCalcification and osseous metaplasia of soft tissues

are hallmarks of EC. Morphological, mor- collagen fibres and extracellular matrix. Immuno-
histochemically, osteocalcin, osteopontin andphometrical and histochemical analyses have dem-

onstrated changes in the elastic fibres, accumulation osteonectin were detected in both the mesenchymal
cells and extracellular matrix.of proteoglycans, and deposits of calcium salts.

Additionally, the development of cartilage and Abe et al. (1984) reported that 1,25(OH)2D3

induced in vitro the differentiation of monocytesbone tissue has been reported frequently (Worker
and Carrillo, 1967; Döbereiner et al., 1971; Puche to macrophages and their fusion to form
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Fig. 5. Lung. Multinucleated giant cell with calcium crystal free in the cytoplasm (arrow). EM. Bar, 2 �m.

multinucleated giant cells. In the present study, were also observed by Vasconcelos et al. (1998) in
endothelial cells and modified SMCs of arteries ofmacrophages and multinucleated giant cells, some

with calcium crystals in their cytoplasm, were seen spontaneous cases of EC in sheep. This change
may be a cellular response to the 1,25(OH)2D3in the interstitium of the lungs of sheep with EC.

Similar cells were reported previously in the lamina activity but is not specific for any disease state
(Ghadially, 1997).propria of the stomach (Moraña et al., 1994) and

peribronchial tissue (Barros and Rosa, 1999) of The non-collagenous bone matrix proteins,
osteocalcin, osteonectin and osteopontin, play arabbits intoxicated experimentally by the cal-

cinogenic plant Solanum malacoxylon, and in the pivotal role in the processes of cell differentiation,
cell activation and normal tissue mineralizationarteries of spontaneous cases of EC in sheep (Vas-

concelos et al., 1998). The presence of large num- (Sommer et al., 1996; Cowles et al., 1998). However,
there are few references concerning the par-bers of cells of the mononuclear phagocytic system

in the lungs of sheep with EC may have resulted ticipation of these proteins in pathological cal-
cification (Mohler et al., 1997; Ohtsuki et al., 1998),from the action of 1,25(OH)2D3, as previously pro-

posed in relation to the arteries of sheep with EC and such participation has not been studied in
relation to EC lesions.(Vasconcelos et al., 1998). The giant cells may have

been a response to mineralized tissue, but the The results of this study indicate a possible
specific differentiation effect of 1,25(OH)2D3 onpresence of some such cells in areas without calcium

precipitation reinforced the hypothesis of possible mesenchymal cells, as has been demonstrated in
different cell types previously (Suda et al., 1986;participation of 1,25(OH)2D3 in their formation.

The thickening and replication of the basal lamina Brown et al., 1992; Carlberg, 1997). Fibroblasts
and SMCs became secretory cells, a modificationof capillary endothelial cells seen in this study
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Hormone. A. W. Norman, R. Bouillon and M. Thom-also observed in the arteries of animals with ex-
asset, Eds, University of California, Los Angeles,perimental (Barros et al., 1981) and spontaneous
pp. 268–275.(Vasconcelos et al., 1998) EC. The expression of

Cowles, E. A., DeRome, M. E., Pastizzo, G., Brailey,non-collagenous matrix proteins by activated L. L. and Gronowicz, G. A. (1998). Mineralization
fibroblasts or SMCs is partly coincidental with and the expression of matrix proteins during in vivo
membranous ossification (Furusawa et al., 1996). bone development. Calcified Tissue International, 62,

Our results suggest that the morphological and 74–82.
Dirksen, G., Plank, P., Hänichen, T. and Spiess, A.biochemical modifications observed in the lungs of

(1970). Über eine enzootische Kalzinose beim Rind.sheep with EC are attributable to specific genomic
Deutsche Tierärztliche Wochenschrift, 79, 77–79.effects of 1,25(OH)2D3. Döbereiner, J., Tokarnia, C. H., DaCosta, J. B.,
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Agropecuaria Brasileira. Série Veterinária, 6, 91–117.The authors thank Mr João Francisco Nunes for

Esparza, M. S., Veja, M. and Boland, R. L. (1982).histotechnical assistance. Financial support was
Synthesis and composition of vitamin D3 metabolitesprovided in part through a grant from the Conselho in Solanum malacoxylon. Biochimica et Biophysica Acta, 719,

Nacional para o Desenvolvimento Cientifico e Tec- 633–640.
nológico (CNPq-PRONEX), Brazil and the Con- Furusawa, N., Baba, H., Imura, S. and Fukuda, M.
sejo Nacional de Investigaciones Cientı́ficas (1996). Characteristics and mechanisms of the ossi-
(CONICET), Argentina. Dr Sheryl Macnie is also fication of posterior longitudinal ligament in the tip-

toe walking Yoshimura twy mouse. European Journal ofacknowledged for her help with the English manu-
Histochemistry, 40, 199–210.script. SSB is a Research Fellow of the Fundação

Ghadially, F. N. (1997). Ultrastructural Pathology of the Cellde Amparo a Pesquisa do Estado do Rio Grande
and Matrix, Vol. 2, 4th Edit., ISBN 0-7506-9856-X,do Sul (FAPERGS), Brazil. EJG is a Research Butterworth-Heinemann, Boston.

Career Member of CONICET. Gimeno, E. J., Costa, E. F., Portiansky, E. L., Massone,
A. R., Marino, F. P. and Idiart, J. R. (1997). Effects
of plant induced hypervitaminosis D on cutaneous

References structure, cell differentiation and cell proliferation in
cattle. Abstracts of the 48th Annual Meeting of the AmericanAbe, E., Shiina, Y., Miyaura, K., Janegasaki, S., Sato,
College of Veterinary Pathology, 35, 507.M., Nishii, Y., DeLuca, H. F. and Suda, T. (1984).

Hänichen, T., Plank, P. and Dirksen, G. (1970). ÜberActivation and fusion induced by 1,25-di-
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