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Asbestos induced fibrosis in the omentum of rats

Immunofluorescence microscopical demonstration
of collagens types I and III; laminin and fibronectin
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Summary. Fibrosis and neoplasia are evoked by
asbestos fibres. Different experimental models
have been used to elucidate the cellular mechanism
of their pathogenesis but there is no report avail-
able dealing with the role of structural glycopro-
teins and collagens in the development of the fibro-
sis. The omentums of 20 female SPF-Sprague-
Dawley rats were investigated 1, 2 and 6 months
after intraperitoneal injection of 15 mg UICC ref-
erence samples of crocidolite, by light- and im-
munofluorescence microscopy. Using monospecif-
ic antibodies, laminin, collagens types I and III and
fibronectin were localized. After 6 months typical
asbestos bodies were detected. By indirect marking
of the basal lamina with anti-laminin-antibodies
the marked degree of vessel proliferation occurring
during the development of granuloma became visi-
ble. The deposition of connective tissue which was
already established after 4 weeks was mainly due
to collagen type I11. After 4 and 8 weeks an accu-
mulation of fibronectin associated with larger as-
bestos fibres was observed. The results suggest that
fibrogenesis is promoted by the opsonic activity
of fibronectin for long asbestos fibres. The fibrosis
may derive from activated resident fibroblasts.
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Introduction

The development of lung fibrosis after asbestos in-
halation was first described by Cooke (1924).
Wagner (1960) observed the coincidence of the for-
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mation of pleural and peritoneal mesotheliomas
and asbestos inhalation. To discover the pathome-
chanism of asbestosis, asbestos dust was applied
in different animal experiments cither tracheally
or intrapleurally, or intraperitoneally (Wagner
1980; Fasske 1986). The fibrogenic activity and
cancerogenic activity of the fibres did not depend
on the fibre types only, but also on the application
method used and was closely related to fibre
length, diameter and concentration of instilled as-
bestos fibres (Beck 1975; Davis 1979; Pott 1983).

Under experimental conditions asbestos fibres
always induced the development of granulomas as
a result of a foreign body reaction in the interstitial
connective tissue which was infiltrated by mono-
cytes, macrophages, multinucleated giant cells and
lymphocytes (Davis 1970; Weller etal. 1984;
Fasske 1986).

Apart from the inflammatory reaction towards
asbestos, there may be involvement of fibronectin
as a non-specific opsonin and chemotactic struc-
tural glycoprotein in the interstitial phase of fibro-
genesis (Van de Water, III et al. 1981; Hynes et al.
1982; Hakansson 1985). Moreover, fibronectin in-
fluences the proliferation of fibroblasts in the
young granulation tissue and mediates cell-cell and
cell-matrix interactions (Tsukamoto et al. 1981;
Yamada 1983). The deposition of collagens types I
and III represents the degree of fibrous activity
(Rauterberg 1981) while the basement membrane
glycoprotein laminin indicates the extend of the
vascularisation of the granulation tissue (Timpl
et al. 1979). In the present contribution the devel-
opment of granulomas after intraperitoneal injec-
tion of crocidolite asbestos was followed up by
light microscopy after routine staining and immu-
nohistochemistry using antibodies to collagens ty-
pes I and 111, laminin and fibronectin.
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Material and methods

4 months old female SPF-Sprague-Dawley rats of the Zentral-
ingtitut fiir Versuchstierzucht in Hannover, FRG, were kept
under hygienic conditions and were fed with standard diet
(Sniff-R, 20 g per animal per day) and tap water ad libitum.
Either 1 ml physiological NaCl solution as a control or 15 mg
UICC reference samples of crocidolite (fibre lengths between
1.3 and 13.8 um, kindly provided by Prof. F. Pott, Diisseldorf,
FRG) (Fig. 1a) suspended in 1 ml physiological NaCl solution
were injected into 20 animals, intraperitoneally.

1, 2 and 6 months after the dust injection two animals of
each group were sacrified under narcotization. The omentum
was divided into two parts. One part was fixed in formaldehyde
10% v/v solution, embedded in paraffin and sectioned for dif-
ferent routine staining.

The staining was performed with haematoxylin-eosin, Prus-
sian blue, chromotrop-aniline blue (200 m1 0.2 NaCl, 4 g Chro-
motrop 2R, 1 g Anilinblau; pH 0.9-1.3) and Goldner (Goldner
1938).

The second part of the omentum was deep frozen and stored
at —80° C for cryostat sections. For indirect immunofluores-

Fig. 1a. Cytocentrifuge preparation of intraperitoneally applied
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crocidolite (Universal Tischzentrifuge Hettch: Tuttlingen, FRG,

cence the deep frozen tissue was cut at —25° C into 6 um sec-
tions which were attached to glass trays. To smoothen the sec-
tions the trays were dipped into phosphate buffered saline
(PBS), pH 7.7, for 10s. The sections were fixed by drying at
37° C. The tissue sections were incubated either with specific
antibodies against fibronectin, collagens types I and IIT as well
as laminin or with non-immune-serum for control for 30 min
at room temperature (Voss and Rauterberg 1986). After the
incubation the sections were rinsed five min in PBS. For the
visualization of the first antibody a further incubation with
fluorescein-isothiocyanate conjugated IgG (Behringwerke,
Marburg, FRG) directed against the first antibody, was per-
formed for 30 min at room temperature. To prevent an unspe-
cific adsorbtion of antibodies the tissue sections were rinsed
again in PBS according to the method described (Voss and
Rauterberg 1986).

In order to quantify the changes or the absence of changes
in the different time periods, granulomatous lesions of compa-
rable size, cellularity and asbestos content were documented
photographically. Afterwards the increase or decrease of cellu-
larity and immunofluorescence intensity were estimated by com-
parison of different stages by two independent investigators.

2000 rpm x 7 min) Light microscopy, polarisation x250. b Fat tissue of rat’s normal omentum. “Milk spots™ (arrows) in the
area of vessel branches. HE, light microscopy x 80. ¢ Numerous mononuclear macrophages as well as giant cells of foreign
body- and Langhans type partly ingesting asbestos fibres by phagocytosis in granulomas 4 weeks after application of 15 mg
crocidolite intraperitoneally. HE, x 600. d Typical asbestos bodies of different stages in granulomas after 6 months. Light microsco-

py, Perls’ iron stain. x 320
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Results

The normal omentum of the rat consists of a loose

network of connective tissue fibres. Typical lymph .

nodes with a fibrous capsule were not observed,
although in the area of the blood vessel branches

nodular accumulations of cells belonging to the.

mononuclear cell system were present. These *“ milk
spots™ could be observed by haematoxylin-cosin
staining (Fig. 1b).

4 weeks after the fibre application the haema-
toxylin-eosin staining revealed sharply demarked
granulomas of different sizes preferably in the arca
of “milk spots”. The granulomas consisted of
macrophages, multinuclear giant cells, fibroblasts
and some round cells (Fig. 1¢). Bundles of crocido-
lite fibres, easily visible after HE staining, were
distributed predominantly in the interstitial spaces

"y

but partially occurred intracellularly. A significant
alteration of the cellular composition within the
granulomas was not observed after 2, 4, and
6 months."

The deposition of the connective tissue was
mainly concentrated in granulomatous lesions but
was ‘also visible in cordlike masses under the ser-
osa. The fibrotic scar formations of the granulo-
mas were already established 4 weeks after the dust
injection. There was only a slight further fibre de-
position observed between 1 and 6 months in
CAB-staining although the cellular content of the
granulomatous lesions was not diminished. Within
this time neither general activation of the connec-
tive tissue in the adjacent omentum nor degenera-
tion in the dense granulomas could be seen.

The specific Prussian blue reaction for ferrous
material showed a weak staining along bundles of

]

Fig. 2a. Immunofluorescence microscopy of laminin in basement membranes of capillaries in a granuloma. x 150. b Polarisation
microscopy of the same area of (a). Crocidolite fibres are visualized in the white dots and spots. x 150. ¢ Immunofluorescence
microscopy of a granuloma stained specifically for collagen type III. The granuloma developed 4 weeks after dust application.
% 600. d Polarisation microscopy of (¢) with a bundle of long crocidolite fibres. x 600
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crocidolite. The iron obviously derived from both
the asbestos fibres themselves and ferrous positive
contaminations. Typical asbestos bodies were de-
tected in the stage after 6 months (Fig. 1d).

In the lobules of organized fat tissue of the
omentum collagens types I and III are present in
a reticular network. Larger depositions were ob-
served in the adventitial layer of blood vessels. A
weak positive fluorescence for fibronectin was visi-
ble all over the omentum. The vascularisation
could be illustrated by the strong fluorescence spe-
cific for laminin.

The marked degree of vessel proliferation oc-
curing during granuloma development became vis-
ible after indirect marking the basal lamina with
anti-laminin antibodies (Fig. 2a and b). 4 and
8 weeks after i.p. injection of asbestos fibres it was
more intensive than at the end of the 6-months
experimental period. From light microscopy fibres
labeled with antibodies against collagens types I
and III formed dense scar formations in granulo-
mas of different size and different stage (Fig. 2¢
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Fig. 3a—d. Indirect immunofluorescence
of fibronectin (a) associated with
clustered crocidolite fibres visualized by
polarisation microscopy (b). Long
crocidolite fibres are opsonized by
fibronectin (¢). They became visible by
polarisation microscopy (d). x 600

and d). Already after 4 weeks both collagen types
were co-distributed and during the observation pe-
riod up to 6 months we saw only slight dynamic
changes in the collagen types I and III ratio. Colla-
gen type I stained less intensively and increased
later than collagen type III. There was no prefer-
ence for one special collagen type near the bundles
of crocidolite fibres. An accumulation of fibronec-
tin associated with larger asbestos fibres was ob-
served (Fig. 3). It decreased clearly until 6 months.
Yet, fibronectin depositions on asbestos fibres sim-
ilar to the segmental coat of asbestos bodies could
not be found.

Discussion

Macrophages regularly - participate in the early
stages of experimental asbestosis in animals. In an
asbestos-mediated activation of the immune re-
sponse, peripheral monocytes are attracted chemo-

tactically and become activated macrophages
which attack the asbestos fibres (Tetley et al. 1976;
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Davis et al. 1985; Warheit et al. 1985). Short fibres
(smaller than 3 um) are rapidly incorporated by
invagination of the macrophage membrane and
transported to the local mesenteric lymph nodes
(Beck et al. 1971; Davis 1972; Weller et al. 1984;
Fasske 1986). However, there is no agreement on
the question what happens to longer asbestos
fibres (>10 pm). Beck (1975; 1983) discussed an
incomplete phagocytosis of the fibres with penetra-
tion of the macrophage membrane. Other authors
described attachment of multinuclear giant cells
and mononuclear macrophages to long fibres (Da-
vis 1972; Hilscher 1972; Weller et al. 1984). Fasske
(1986) suggested that the larger fibres are broken
down in the macrophages into small fragments of
less than 0.01 pm.

There is no doubt that delayed phagocytosis
of the longer asbestos fibres is responsible for the
persistence of granulomas for months. Yet, investi-
gations concerning the mechanism of promoting
phagocytosis are not available. In connection with
complement C5a activation, a possible non-specif-
ic opsonic reaction has been discussed (Wilson
etal. 1977; Clark and Klebanoff 1978; Saint-
Remy ct al. 1980; Bohnsack et al. 1985; Warheit
et al. 1985). However, accumulation of fibronectin
associated with bundles of crocidolite fibres may
confirm earlier observations of the opsonic effect
of this glycoprotein (Molnar et al. 1979; Gudewicz
et al. 1980; Van de Water, III et al. 1981; Frie-
mann et al. 1985).

During chronic inflammation in experimental
asbestosis the involvement of fibronectin in fibrotic
reactions is of particular interest. Cellular fibronec-
tin produced by activated macrophages or plasma-
fibronectin has a chemotactic and stimulating ef-
fect on fibroblasts (Tsukamoto et al. 1981). The
environmental conditions for proliferation of the
fibroblasts are supported by blood vessel prolifera-
tion. The specific fluorescence of collagen fibres
is mainly due to collagen type III and derives either
from a larger number of fibroblasts or increased
collagen synthesis. Connective tissue formation
may be activated by monokines or even by asbes-
tos fibres themselves (Leibovich and Ross 1976).
The present results suggest that opsonic activity
of fibronectin for long asbestos fibres promotes
fibrogenesis by activation of resident fibroblasts
(Richards et al. 1971; Pernis et al. 1966).
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