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Pleural mesothelial cells (PMIC) from the parietal pleura of rats were incubated in
culture with UICC A chrysotile fibers. The sequence of events in phagocytosis was
studied bv electron microscopy: phases of attachment, sequestration, and degranulation
of Iysosomal content into the phagocvtic vacuole were observed. This demonstrates that
PMC can engage in phagocytosis of chrvsotile fibers. (Am J Pathol 94:529-538, 1979)

PHAGOCYTOSIS of particulate matter is generally limited to cells
of the reticuloendothelial svstem; however, some other cells can also
ingest particulate matter, especially asbestos, by engulfment, as demon-
strated by Suzuki 1 for alveolar epithelial cells. It would be particularly
interesting to discover wvhether pleural mesothelial cells (PMIC) can ingest
asbestos fibers, since the pleural mesothelium is a target for injury induced
by asbestos fibers. The relationship between phagocytosis and carcinogen-
icitv is unknown, but the presence of the fibers in the cells may be a factor
in the development of carcinogenesis.
The electron microscopic studies described in this paper demonstrate

that PMIC in culture can engage in phagocvtosis and take in particles such
as chrv-sotile fibers.

Materals and Methods

Isolabon and Culture of Mesothelial Cells

Two-month-old Wistar rats wzere used. Mesothelial cells w\ere isolated from the parietal
pleura and cultured according to a technique described previously.2 Primary cultures \,ere
made in Linbro cluster dishes: 15-dav-old cultures %vere used.

Treatment Wrth UICC A Chrysotile Fibers
UICC A chrysotile fibers at a concentration of 100 gg X ml 1 were added to the dishes

and left in contact with the cultures for 13 minutes. 43 minutes. or 4 hours. The cells were
then fixed for electron microscopic studies. Granulometric electron microscopic studies
showed that the mean fiber length was < 4g.
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Electron Microscopic Studies

Culture media were replaced by 2.3% glutaraldehvde (TAAB Laboratories) in cacod-
late buffer, 0.045 M, pH 7.4, 380 mOsm. After 1 hour, the cells were rinsed with buiffer and
postfixed with 2.5% osmium tetroxide in cacodylate buffer. After dehydration with eth-
anol, a thin film of Epon was poured onto the dishes, and they were kept at 37 C. Beem
capsules were then placed on the Epon to surround the cells; after polymerization at 60 C,
the film was taken off the dishes.

Acid phosphatase staining was used as a lysosomal and phagolvsosomal marker; this was
carried oUt by the Gomori method before postfixation.

Conventional staining for ultrastruictural studies was with uranvl acetate and lead
citrate; for cytoenzymatic stuidies the sections were left unstained.

Results

Control Cells

Under the light microscope, cultured PMC appeared as monolayers of
polyhedric cells in close juxtaposition as described previously.2

Ultrastructural studies (Figures 1 and 2) showed that PMC have numer-
ous mitochondria and ribosomes; the rough endoplasmic reticulum was
not dilated, but the lumina contained a fairly dense, amorphous material.
In some sections, the Golgi apparatus was well defined. A few electron-
dense bodies were observed, and some of them were presumably Iyso-
somes. Microfilaments were observed in the cytoplasm and at the periph-
ery of the cells, usually parallel to the junctional system; the cells were
strongly attached by junctions.

Figure 3 shows that when the cells were cut perpendicularly to the dish,
they looked ultrastructurally like those of the parietal mesothelium in situ,
ie, with a few microvilli and large nuclei swelling the central part of the
cell.

Cytochemical studies showed that in resting cells high concentrations of
acid phosphatases were located in membrane-bound structures (Figure 4).
The cells generally showed a few primary lysosomes containing acid
phosphatases.

Cells Incubated With Chrysotile Fibers

In some cells after 15 minutes of exposure to chrysotile, the fibers were
seen to be in contact with cell membranes or within invaginations, consis-
tent with an engulfment of the fibers by the cells (Figure 5). The lyso-
somes were unchanged (Figure 6) and were distant from the phago-
cytosed fibers.

After 45 minutes, there were more fibers in the cells and they occurred
inside membrane-bound structures (Figure 7). The acid phosphatase reac-
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tion inside the phagosome was generallv negative; however, in some of
them, there was a dense, granular, positive reaction, indicating the pres-
ence of phagolysosomes (Figure 8).

By 4 hours after uptake of chrvsotile, many fibers were seen inside the
cytoplasm, apparently inside phagocytic vacuoles (Figure 9). Acid phos-
phatase staining verv close to the fibers was intenselv positive (Figure 10).
Primary Ivsosomes were rarelv observed at this time. Elsewhere, cvto-
plasmic features and organelles were well preserved.

Discussion
The morphologic and cytochemical studies carried out in these experi-

ments with mesothelial cells in culture demonstrated that these cells can
engage in phagocvtosis of asbestos. Some papers have already been pub-
lished on the phagocytosis of asbestos by mesothelial cells in organ cul-
ture. Rajan et al 3 showed by light microscopy the presence of crocidolite
fibers in cells of parietal pleura cultured with crocidolite. According to
Allison,4 mesothelial cells are highly phagoevtic; however, phagocytosis
was not demonstrated in his study. The phagoc.tosis of asbestos by pure
mesothelial cells in culture has not hitherto been investigated.

For phagocytosis to occur, a number of requirements must be met. Four
phases occur in the process of phagocytosis 5: chemotaxis (for migratory
cells), contact and attachment of the particle to the cell membrane,
ingestion and sequestration of the particle in the cell, and digestion (as
observed in cells that kill bacterial species). The latter phase occurs after
discharge of the Ivsosomal granule content into the phagocvtic vacuole.
The experiments described in this paper have demonstrated the three

latter phases; under in vitro conditions and with closely bound cells,
chemotaxis could not be observed. Chrvsotile fibers were, however, often
seen in contact with the plasma membrane and then ingested and segre-
gated into membrane-bound vesicles; it is in this way that they are
transported into the cytoplasm. Subsequently, there is fusion of lvTsosomal
membranes with phagosomes, followed by release of the lvsosomal gran-
ules into the phagocytic vacuole. Four hours after incubation wvith chrvso-
tile, the ultrastructure of the cells was still well preserved.

It was thus demonstrated that the various phases of phagocytosis occur
when PMC are cultured with chrvsotile fibers and that the process of
phagocvtosis is similar to that of other particles. These results are of
interest in the studv of the pathogenesis of asbestos; the degranulation
phase is of particular importance because it may be a preliminary step in
the cytolytic and carcinogenic action of asbestos fibers.
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Fiure 1-Electron micrograph of control pleural mesothelial cell (PMC) in culture. The section
was taken parallel to the bottom of the dish. (Uranyl acid and lead citrate, x 7300)
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Figure 2-Ultrastructure of control PMC in culture. i, junctional system; Ly, lysosomes; m, mito-
chondria; mt, microfilaments; N, nucleus; rer, rough endoplasmic reticulum. (Uranyl acid and
lead citrate, x 15,500) Figure 3-Electron micrograph of control PMC in culture showing some
microvilli at the apical part of the cell (arrows). The section was taken perpendicular to the bot-
tom of the dish. (Uranyl acid and lead citrate, x 5900)
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Electron micrograph of PMC incubated for 45 minutes with chrysotile fibers. Two vesicles
(arrows) surrounded by a membrane. (x 50,800)
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Figure 8-Electron micrograph of PMC incubated for 45 minutes with chrysotile fibers (arrow).
The positive acid phosphatase staining is located well inside the phagolysosomes. (x
55,350) Figure 9-Electron micrograph of PMC incubated for 4 hours with chrysotUe. There
are numerous fibers inside phagolysosomes positive to acid phosphatases. Ly, lysosome.
(Uranyl acid and lead citrate, x 50,600)



Figure 10-Acid phosphatase staining of PMC incubated for 4 hours with chrysotile. Intense
positivity is observed very close to the fibers. (x 45,950)


