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Neoplastic and Nonneoplastic Effects of
Vinyl Chloride in Mouse Lung

by Yasunosuke Suzuki*

Neoplastic effects of vinyl chloride were studied in lungs of 27 mice exposed to vinyl chloride
monomer at 2500 and 6000 ppm for 5 and 6 months (large doses and long-term exposure).
Pulmonary tumors were observed in 26 of 27 experimental animals. Light microscopy showed the
tumors to be multiple and arranged in either tubulo-papillary or adenomatous formations.
Although occasional mitotic divisions and invaginations into the bronchiolar lumen were
observed, no metastases were found. By electron microscopy, short microvilli, tight junctions
between two adjacent cells, appearance of osmiophilic lamellar bodies, large mitochondria of
irregular shape, well developed Golgi complexes, continuous or discontinuous basement
membranes, occasional appearance of “sequestration” and of crystalloids and lack of both cilia
and mucous secretory granules were observed as characteristic features of the neoplastic cells,
Some of the cells were poorly differentiated and were equipped with poorly developed organoids,
without formation of osmiophilic lamellar bodies. The pulmonary tumors corresponded to
“alveologenic” tumors. It is suggested that the neoplastic cells were transformed from type II
alveolar epithelium via its hyperplastic form.

Nonneoplastic effects of the chemical were also studied in the 27 mice. Major light microscopic
alterations observed were proliferation and hypertrophy of the terminal bronchiolar cells,
consisting of ciliated and Clara cells, hypersecretion of the epithelial mucin in the goblet cells of
hoth the bronchial and the proximal bronchiolar epitheliunt, hyperplasia of alveolar epithelium,
mobilization of alveolar macrophages and occasional presence of peribronchial or bronchiolar
chronic inflammation. Electron microscopically, Clara cells of the terminal bronchiolar
epithelium showed proliferation of the rough and smooth surfaced endoplasmic reticulum and
appearance of large and abnormally shaped mitochondria. Similar alterations were found in the
ciliated cells. Submicrescopic changes of pulmonary alveoli were represented by focal thickening
of the basement membrane, multiple foci of hyperplastic type 1I cell (the precondition of the
alveologenic tumor), active discharge of osmiophilic lamellar bodies from the type 1I cell and
phagocytosis of the bodies by macrophages, appearance of cholesterol crystalloids in the
macrophages, degeneration of alveolar septal cells and occasional appearance of a large nucleus
with swelling of the capillary endothelium.

The neoplastic effect of vinyl chloride of smaller doses (100, 10, 1 and 0 [control] ppm) and
shorter exposure {(four weeks) was studied in lungs of 120 mice. Qur preliminary observation
indicated that sacrificed animals at 40 weeks after the exposure showed productions of the
alveologenic tumor in 5 of 9 (100 ppm), 2 of 9 (10 ppm), 1 0of 9 (1 ppm) and 0 of 10 (contrel = 0 ppm).
A dose-response relation was considered in the incidence of the alveologenic tumor production of
vinyl chloride. It is concluded that mouse lung is an extremely sensitive indicator of the
oncogenicity of vinyl chloride.

Introduction

Hepatic hemangiosarcoma has been accepted as a
serious health hazard associated with viny! chloride
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exposure among workers in vinyl chloride polymer-
ization plants (1-7). A risk of lung cancer has also
been reported among the workers on the basis of
epidemiological studies (8,9).

Experimental studies in rats, mice, and hamsters
have shown that, in addition to liver, various
organs such as lung, brain, breast and skin, includ-
ing sebaceous glands, were involved in induction of
primary neoplasia by vinyl chloride. Although a
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number of studies have demonstrated that pulmo-
nary tumors can be induced by vinyl chloride in
mice, the significance of such occurrence and the
nature of the tumors have not yet been appropri-
ately explored (10-17).

The occurrence of the nonneoplastic pulmonary
abnormalities among vinyl chloride polymerization
workers has been reported on the basis of chest
x-ray (18), pulmonary function (79) and smear
eytology (1) of the worker’s sputum. No histo-
pathological evaluation of the ahnormalities has
been reported.

It is believed that a relationship between lung
cancer and vinyl chloride exposure exists from
epidemiological studies (6,8,9,20). A high incidence
of pulmonary tumors in mice exposed to vinyl
chloride has been reported by several investigators
(10-15). However, the nonneoplastic pulmonary
effects of the chemical have not been completely
explored. We have, therefore, undertaken detailed
light and electron microscopy of the mouse lung, to
characterize the neoplastic and nonneoplastic pul-
monary effects of vinyl chloride.

Materials and Methods

Twenty-seven CD1 Charles River white strain
male mice, 4 to 5 weeks old at first exposure, were
used. All of 27 mice used for this study were alive
until they were sacrificed at three separate stages.
The mice that died in the course of the experiment
were excluded from the study. Group I consisted of
six animals exposed to vinyl chloride at 2500 (three
mice) and 6000 (three mice) ppm/hr, 5 hr/day, 5
days/week, for 5 months. They were then kept for 6
days without exposure before sacrifice. Group 11
included 13 mice exposed at 2500 (seven mice) and
6000 (six mice) ppm for 6 months and were kept for
an additional 2 days for recovering before sacrifice.

Figure 1. Two pulmonary tumors induced by vinyl chioride
are seen in the peripheral part of 2a mouse lung (2500 ppm in-
group I1I). Hematoxylin and eosin; 64 x.

Group I included eight animals {seven at 2500
ppm and one at 6000 ppm) which were exposed to
vinyl chloride monomer for 6 months followed by a
37-day recovery period. The inhalation exposures
were accomplished at the Industrial Bio-Test Labo-
ratory, Northbrook, Iilinecis. In addition to the
experimental animals, 16 mice (four for group I,
four for group II, three for group III, and five
which were 12 months old) were used as controls,

To study the pulmonary effects of the chemical at
smaller doses with shorter exposure, 120 mice of
the same strain, sex and age were prepared. These
animals were divided into four groups (30 mice in

Table 1. Pulmonary tumor production in CD1 male mice with lower doses of VU and shorter exposure (4 weeks).?

1st sacrifice (immed-

Between 1st and

2nd sacrifice Between 2nd and 3rd sacriifice

VC dose, ppm iately after dosing) 2nd sacrifice (12 weeks) 3rd sacrifice (40 weeks)
100 ¥10° 0/4° /6P 01° /gt
(N = 30)
10 0/10P -0t 0/gb 0/1¢ 2/gb
(N = 30)
1 0/10° 0/10° 0/1° 1/9b
(N = 30)
0 0100 one o/ge 0/100
(N = 30)
8Reported as pulmonary tumor-bearing mice/total number of mice,
bgacrificed.
‘Found dead.
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Ficure 2. Neoplastic cells stained with PAS. An arrow
indicates fine PAS-positive material digested by diastase.
The arrow labeled M shows an abnormal mitosis (2500 ppra in
group III), 560,

each group) and were exposed to the chemieal for 4
weeks (5 hr/day, and 5 days/week) at 100 ppm, 10
ppm, 1 ppm and 0 ppm (control). The low dose
exposures were performed at the Toxicology Re-
gearch Laboratory, Health and Environmental Sci-
ences, Dow Chemical U.S.A. As shown on Table 1,
these animals were sacrificed at three different
periods: immediately after, 12 weeks after and 40
weeks after exposure to the chemical. Six (four 100
ppm, one 10 ppm, and one control) were found dead
between the first and second periods, and three
{one 100 ppm, one 10 ppm and one 1 ppm) were
found dead between the second and third periods.

Lungs were examined under a dissecting micro-
scope after the organs were removed from sacrificed
animals, to determine whether macroscopic ab-
normalities including tumeor production were pres-
ent.

For light microscopy, the organs were fixed in
10% neutral buffered formalin and embedded in
paraffin after dehydration in alcohol. Sections
(5-6 wm) were made and stained with hematoxylin-
eosin, Masson’s trichrome, Weigert's silver, per-
iodic acid-Schiff’s (PAS) with and without digestion
by diastase, elastin and Van Gieson’s picrofuchsin
technique. For electron microscopy small pieces,
smaller than 1 mm®, were taken from both pulmo-
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nary tumors and nonneoplastic pulmonary tissues
and were fixed in 1% phosphate-buffered osmic acid
at pH 7.2-7.4 for 2 hr or in 2% paraformaldehyde
fixative followed by the osmic acid. After alcohol
dehydration, the blocks were embedded in epoxy
resin. Ultrathin sections were obtained with an LKB
microtome, The sections were stained with uranyl
acetate and lead. A Siemens 101 eleetron micro-
scope was used for ultrastruetural observations.

Observations

Neoplastic Effects of Vinyl Chloride at
Heavy Doses and Long-Term
Exposures

Gross Anatomical Findings. Pulmonary tu-
mors were observed in all experimental mice except
one from the 6000 ppm series of group II (26 of 27).
None were found in 16 controls. These tumors were
round, whitish in eolor, multiple in number and
variable in size from 1 to 5 mm in diameter. No
metastases to regional lymph nodes or other organs
were observed. Neither parenchymal fibrosis nor
fibrotic adhesions of the pleura were detected.

Light Microscopy. As shown in Figure 1, the
tumors were usually seen in the peripheral part of

Ficure 3. Hyperplastic pulmonary cells are seen beneath the
visceral pleura of a mouse lung (2500 ppm in group III).
Hematoxylin and eosin; 430 x.,
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Ficure 4. Low-power electron micrograph of a well-differentiated pulmonary tumor, Arrows indicate
junctional structures between neoplastic cells. B, Basement membrane (2500 ppm in group 1}, 0sGy;

900 x

lung parenchyma, although occasionally tumors were
found in more proximal parts of the lung. No direct
connections of the tumors with bronchi or bronchi-
oles were observed. The neoplastic cells were ar-
ranged in various ways, such as tubulopapillary and
adenomatous forms. Pleomorphism and atypical
structures were not striking. However, sometimes
abnormal mitoses were observed, as shown in Fig-
ure 2 (arrow labeled M). The nuclei were round in
shape and small, and chromatin was generally finely
distributed. Nucleoli were generally poor in devel-
opment. Two different types, eosinophilic and ba-
sophilic, were distinguished in the neoplastic cells.
Some of the cells stained with PAS, and the sub-
stance so stained was digested by diastase, sug-
gesting that it was glycogen. The neoplastic tissue
was not encapsulated by connective tissue. Often,
air spaces separated neoplastic tissue from normal
tissue. Although malignant invasion, such as de-
struction of preexisting tissue, was not observed in
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the animal lungs, invagination of the neoplastic
tissue into bronchiolar air spaces was detected in
instances of extremely large tumors. Collagen and
reticular fibers showed little development in the
neoplastic tissues. In addition to neoplastic chang-
es, as shown in Figure 3, focal and multiple hyper-
plastic changes of the alveolar lining cells were
noted in lungs exposed to vinyl chloride. In Figure
3, the hyperplastic cells are seen just beneath the
visceral pleura. Since the lining cells beneath the
thin connective tissue of the visceral pleura are
known to be alveolar epithelium, the hyperplastic
cells are assumed to be alveolar epithelial cells.
Hyperplastic cells are also found in the deeper part
of lung parenchyma. Occasionally, neopiasia and
hyperplasia coexisted in the same lobe of the lung,
and the distinction between neoplastic and hyper-
plastic cells with confidence was not always clear,
as some cellular similarities were found between
the two. Identification of the cell types of both
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Fioure 5. Differentiated neoplasm seen in the animal lung shown in Fig. 3. Formation of the tubular lumen

and microviili is poor. GsGy; 6500,

neoplastic and hyperplastic cells with confidence
was not feasible at the level of light microscopy.
Electron Microscopy. Figure 4 is derived from
neoplastic tissue of the tubulo-papillary form. Ul-
trastructural characteristics of the neoplastic cell
included microvilli, large, round, or rod-shaped mi-
tochondria, well-developed Golgi complexes, and
osmiophilic lamellar bodies. Junetional structures
(arrows in Fig. 4) between adjacent neoplastic cells
and a basement membrane (B) were usually ob-
served. Figure 5 was derived from an adenomatous
area of the tumor. Neaplastic cells had poorly formed
tubular lumens and microvili and were smaller
than those shown in Figure 4. However, other
ultrastructural characteristics, such as mitochon-
dria, Golgi complexes, and osmiophilic lamellar bod-
ies, were almost identical in the two. Irregular
arrangements of mitochondrial cristae were fairly
common, and mitochondria were often wrapped by
well-developed, smooth-surfaced endoplasmic reticu-
lum (Fig. 6). Some of the neoplastic cells contained
cytoplasmic compartments formed by membrane
structures (Fig. 7). The occurrence of such com-
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partments has been reported by Svoboda (21), who
made electron microscopic observations on the neo-
plastic cells in mouse pulmonary tumors induced
spontaneously or by urethane. Occasionally, crys-
talloid structures were observed in the cytoplasm
of the neoplastic cells (Fig. 8). The above described
neoplastie cells were quite similar in nltrastructure
to type II alveolar epithelium. Capillaries in the
neoplastic tissue consisted of single layers of
nonfenestrated endothelium as seen in the normal
alveolar capillary. In addition to well-differentiated
neoplastie cells, poorly differentiated ones were also
recognized (Fig. 9). As seen in Figure 9, the cells
were cuboidal or cylindrical in shape and lacked
formation of osmiophilic lamellar bodies. Mitochon-
dria were small in size, although the cells were
relatively rich in rough-surfaced endoplasmic retic-
ulum. These cells seemed to correspond to the
basophilic ones observed by light microscopy. Ex-
cept for the lack of a large amount of glycogen,
these cells resembled immature alveolar epitheli-
um, as observed in fetal lung in late pestation.
Neither cilia nor mucinous secretory granules were
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Ficure 6. Part of the cell eytoplasm of a neoplastic cell. The Ficure 7. Intracytoplasmic compartments formed by mem-
arrow indicates irregular mitochrondrial eristae (2500 ppm in brane structures (2500 ppm in group III). OsO,; 20, 000 x,
Group IID). 0sQy; 29, 400 1.

Ficure 8. Crystalloid structure seen in the cytoplasm of a neoplastic cell (2500 ppm in group IID). 0s0y4
30,000 x .
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Ficure 9. Poorly differentiated neoplastie cells. No osmiophilic lamellar hodies are observed (6000 ppm in
group II). 0s0y; 6200x.

Figure 10. Hyperplastic type II cells are illustrated. Group 1; 6000 ppm; OsQ,; 5300 x
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Figure 11. Light microscopy of a bronchiclo-aiveolar area.
Arrows indicate the site of transition between the respira-
tory bronchiole and the alveolns. Control mousc; Masson’s
trichrome staining; 420 %,

observed in the neoplastic cells. Based on these
findings, it was strongly suggested that the neo-
plastic cells were derived from the alveolar epithe-
lium, particularly from type II cells. A hyperplastic
pulmonary alveolus is illustrated in Figure 10.
Electron microscopically, aspects of the hyperplastic
cells were evidently those of type II alveolar cells,
although they showed some differences in ultra-
structure from the normal type II cell. Mitochon-
dria were large in size and irregular in shape, and,
occasionaily, retention of huge osmiophilic lamellar
bodies was noted in the cell cytoplasm. Cristae
mitochrondriales were arranged irregulariy, and
well-developed endoplasmie reticulum was frequently
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Figure 12.
quamated bronchiolar epithelial areas are illustrated, Mas-
son’s trichrome staining; Group I; 2500 ppm, 420 x.

Proliferated and hypertrophic bronchioles. Des-

seen in the cytoplasm. Early stages of the mem-
brane formation responsible for “cytoplasmic com-
partments” were observed in the hyperplastic cell.
In many respects, the hyperplastie type 11 cell is
assumed to be the precursor of the neoplastic cell,
An intermediate form between type I and II cells
was frequently observed in the hyperplastic pul-
monary alveoli. The arrow in Figure 10 indicates a
part of the cell eytoplasm which may represent a
transitional form between type I and IT cells. Though
the secretory granules were observed in the neo-
plastic cells, based on these findings, it was strongly
suggested that the neoplastic cells were derived
from the alveolar.

Environmental Health Perspectives



Ficure 13, Hypersecretion of epithelial muein in brenchial
epithelium. Arrows indicate mucinous substance stained
with PAS. Group III; 6000 ppm, 420x.

Nonneoplastic Effects of Vinyl Chloride
at Heavy Doses with
Long-Term Exposure

Light Microscopy. In the bronehi and bronchi-
oles, as a common finding in the treated animals,
proliferation and hypertrophy of the bronchiolar
epithelium were noted. As shown in Figure 11, the
terminal and respiratory bronchioles of the control
mice were relatively simple in structure and the
transitional point (arrows) of the respiratory bron-
chiole into the alveolus was easily distinguished. To
differentiate the two areak, we found that Masson’s
trichrome was a useful stain, since the eytoplasm of
the bronchiolar cells was stained an intense brown
red. The bronchioles of all the animals treated with
viny! chloride monomer showed proliferation, and
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Figure 14. Hyperplasia of alveolar epithelium is shown.
Hematoxylin-eosin: Group II1: 2500 ppm; 670 x .

cellular hypertrophy, through the degree varied
among the animals (Fig. 12). The proliferated cells
were irregular in arrangement (Fig. 12). Frequent-
1y, hypersecretion of epithelial muein in goblet cells
of the bronehi as well as the proximal bronchioles
was observed (Fig. 13, arrows). It was noteworthy
that those alterations were still found in the ani-
mals of group III, which had a recovery time of 37
days after vinyl chloride exposure. Chronic inflam-
matory changes represented by marked lympho-
eyte infiltration into the perivaseular and peribron-
chiclar connective tissue were seen, particularty in
group II1.

The most significant finding in pulmonary alveoli
was a high incidence of alveologenic tumors in the
treated mice, as stated before. In addition to the
neoplasm, multiple foei of hyperplastic alveolar epi-
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FigurRE 15. Largeeclear macrophages{(foam cells)aswellas
small basophilicmaerophages are seeninthealveolar air spaces.
Hematoxylin-eosin; Group I11: 2500 ppm; 420 x.

thelium (Fig. 14), which were strongly suggestive
of being prenecplastic for alveologenic tumors (£22),
were frequently observed. Mobilization of alveolar
macrophages in the alveolar space was fairly com-
monly seen in the three groups of animals (Fig. 15).
In several cases, foam cells were markedly accumu-
Jated in alveolar space (Fig. 16). Two animals in
group I11 showed bronchopneumonia-like changes.
As shown in Figure 17, coexistence of the prolifer-
ated bronchioles with alveologenic tumors (arrow)
was frequently observed.

Electron Microscopy. The epithelium of the ter-
minal bronchiole consists of the Clara cell (nonciliated)
and eciliated cells; it lacks mucous-producing cells in
the mice. Both cell types are illustrated in Figure
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Figure 16. Striking accurnulation of a large namber of foam
cells. Hematoxylin-eosin: Group III: 6000 ppr; 420 x.

18, obtained from a control mouse. Clara cells lack
typical microvilli and their apical portion present a
dome-like shape (Fig. 18). The smooth-surfaced
endoplasmic reticulum and Golgi complex were well
developed. Mitochondria were generally round in
shape and their cristae were few in number (Fig.
18). Two distinet granules, a beadlike structure
(electron-dense; the long axis was 1,6-0.2 pm) and a
round phagolysosomal granule (electron-dense or
opaque; 0.6 X 0.6 um in size) were observed in the
cells. It is noteworthy that the ultrastructure of the
cell is not identical among animal species and, fur-
ther different fixation methods result in different
structural appearances of the endoplasmic reticu-
lum in the cell.

Environmental Health Perspectives
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Figure 17. Part of lung tissue showing coexistence of the
alveologenic tumor (arrow) with the proliferated bronchiole.
Masson's trichrome staining; Group I: 6000 ppm; 170 x,

The cytoplasm of the ciliated cell was relatively
clear and it contained rod-shaped mitochondria with
cristae (Fig. 18). Cilia and microvilll were seen in
the cell surface (Fig. 18). The two distinet granules
were also occasionally seen in the cell. Ultrastruc-
tural changes seen in those cell types of the treated
mice are described below.

A low-power view of the proliferated bronchiole
ig illustrated in Figure 19. Hypertrophie Clara cells
frequently included dark cells rich in rough-surfaced
endoplasmic reticnlum and free ribosomes. The cell
was usually large and its shape was occasionally
irregular. Deep interdigitation of the lateral cell
membranes of two adjacent cells was occasionally
chserved. Golgi complexes were well developed,
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and the two distinct granules described above were
increased in number in the cytoplasm. The dark
round granules are shown in Figure 19. Although
smooth-surfaced endoplasmic reticulum of the nor-
mal Clara cell was generally vesicular (with a single
osmic aeid fixation as wsed in this study, though
this cell organoid is cisternal with deuble fixation by
ghitaraldehyde and osmic acid), the hypertrophic
cells contained various forms of the organocid and
the transformation of the rough surfaced endoplas-
mic reticulum into smooth-surfaced endoplasmic re-
ticulum was easily observed (Fig. 20). Mitochondria
of abnormal shapes and large size occasionally ap-
peared. Cristae were rather clearly shown in such
abnormal mitichondria (Fig. 21).

Ciliated cells were also involved in the prolifer-
ated alteration. The shape of the cells was oecasion-
ally irregular. Golgl complexes were sometimes
well developed and phagolysosomal granules as well
as round dense granules frequently appeared in the
cytoplasm (Fig. 22). Large round mitochendria in
which cristae were féewer in number were seen. In
some ciliated cells, the rough and smooth surfaced
endoplasmic reticulum were markedly developed
(Fig. 22).

Although light microscopie observations failed to
detect details of damages in the pulmonary alveo-
lus, various ultrastructural alterations of the alveo-
lar cells were revealed by electron microscopy.

Mobilized alveolar macrophages were rich in
phagolysosomal granules, as shown in Figure 23.
Other cell organelles were also well developed.
Basophilic macrophages contained a large number
of free ribosomes as well as the rough-surfaced
endoplasmic reticulum, while clear macrophages
were represented by intracytoplasmie osmiophilic
lamellar bodies (Fig. 23) which seemed to be phago-
cytosed from the alveolar space. Oceasionally, cho-
lesterol crystalloids were found in the macrophages
(Fig. 24, arrows).

As shown in Figure 10, hyperplastic alveolar
epithelium consisted of type 1! cells, precursors of
alveolar tumor (15). The evolutional process of the
neoplastic transformation has been reported (15).
Deformation of the cell shape, appearance of giant
mitochondria with abnormal cristae, retention of
large osmiophilic lamellar bodies, early introcyto-
plasmic “sequestration,” and oceasional huge lipid
gramiles were observed. Microvilli of the cell sur-
face were frequently decreased in number. These
alterations were observed in almost all mice ex-
posed to vinyl chloride, regardless of difference in
dose and duration of recovery time.

Swelling of the cytoplasm and appearance of ly-
sosomal granules were occasionally observed in type
I cells. Transformation of the type I cells into the
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Ficure 1B. Part of the terminal bronchiole. Clara cells and ciliated cells are illustrated. Contrel mouse;

0s0y4; 6700 %,

type 11 cells was suggested, since intermediate cell
types between the two were found on the alveclar
lining.

Focal thickening of the basement membrane was
commonly seen (Fig. 25). Sometimes, the thickened
basement membrane showed a fibrillar appearance
(“f” in Fig. 26} and contained cell debris (arrows in
Fig. 26) which seemed to be derived from alveolar
septal cells, _

In additidn to swelling of the cytoplasm, lyso-
somal granules and a large nucleus (Fig. 27), seg-
mented or nonsegmented, were sometines observed
in the alveclar endothelium.

Alveolar septal cells frequently showed hyper-
trophy (h in Fig. 28) and degeneration (arrows in
Fig. 28). In some cases, focal reticulosis was ob-
served in the alveolar septum,

From these light and electron microscopic stud-
ies, mouse lungs exposed to vinyl chloride at 2500
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and 6000 ppm for & and 6 months clearly showed
nonneoplastie pulmonary changes in both bronchio-
lar and alveolar cells. Since these findings were not
detected in control mice, they are considered re-
lated to vinyl chloride.

Neoplastic Effects of Vinyl Chloride at
Smaller Doses with a Shorter Exposure

Detailed studies on pulmonary effeets of vinyl
chloride at smaller doses (1, 10 and 100 ppm) with a
sharter exposure (4 weeks, 5 hr/day, & days/ week)
are still in a process of analyses in 90 mice. Howev-
er, as shown in Table 1, our preliminary study that
involved gross anatomieal and histological observa-
tions revealed that alveologenic tumors were in-
duced in 5 of 9 (100 ppm), 2 of 9 (10 ppm) and 1 of 9
(1 ppm), while the tumor was not seen in 10 controls

Environmental Health Perspectives



Ficure 19. Proliferated bronchiolar epithelium, Group 1: 6000 ppm; 3300 x .

{0 ppm) at 40 weeks after vinyl chloride exposure.
Size and number of the induced fumors were generally
smaller than those of the tumors produced by the
chemical of larger doses (2500 ppm and 6,000 ppm)
and longer exposure (5 and 6 months).

A dose response relation was suggested in pro-
duction of alveologenic tumor.

Discussion

Experimental studies (10-17) on the oncogenicity
of vinyl chioride have revealed that the monomer
can induce various neoplasms including hepatic
hemangicsarcoma (rat, mice, hamsters), Zymbal
gland carcinoma in the external auditory meatus
(rats), breast cancer (mice), nephroblastoma (rats),
“lung adenoma” (mice), skin trichoepithelioma (ham-
sters), lymphoma (hamsters) and forestomach pap-
iloma (hamsters)., Evidence of the pulmonary on-
cogenicity of vinyl chloride in animals has been
obtained. Viola et al. (16, 17) have reported that
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rats exposed to vinyl chioride exhibited lung cancer
(329%). Histological features of the cancers were
stated to be those of adenocarcinoma, with the
exception of a single epidermoid tumor. Maltoni
and Lefemine (13,14), however, reviewed the histo-
logical slides of Viola et al. and stated that the lung
cancers reported by the latter were not primary
tumors of the lungs, but metastatic cancers from
Zymbal glands. Maltoni and Lefemine (13,14) also
have reported on the pulmonary oncogenicity of
vinyl chloride on the basis of their own data. Though
they could not find bronchogenie carcinoma in rats,
rare pulmonary hemangiosarcomas and fibrosarcomas
were induced in these animals. Unlike the case in
rats, pulmonary tumors (“adenomas”) were found
in mice (89 of 471). Maltoni and Lefemine (13,14)
noted that some of the adenomas underwent malig-
nant transformation. Keplinger and associates (11)
have found “alveologenic adenomas” in the lungs of
mice exposed to vinyl chloride (44 of 49). Lee and
associates (12) have stated that “bronchiolar ade-
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FiGure 20. Part of the cytoplasm of a Clara cell. Various
profiles of the endeplasmie reticulum are seen. Group I; 2500
ppmy; 21,000 % .

noma” developed in mice 2 months after exposure
to vinyl chloride at 50-1000 ppm. Holmberg and
associates (10) found “alveclogenic adenoma” in 13
of 24 mice exposed to vinyl chloride at 50 ppm for
24-52 weeks. Qur present study has also confirmed
that pulmonary tumors are induced by vinyl chlo-
ride of both the large doses (2,500 and 6,000 ppm)
with long exposure (5 and 6 months) and the smaller
doses (1, 10 and 100 ppm) with a short exposure {4
weeks).

Based on all the data available, it can be con-
cluded that mouse lung is an extremely sensitive
organ for demonstrating the oncogenicity of vinyl
chloride. Gross anatomical and histological aspects
of the tumors in our investigation corresponded to
the “alveologenic tumor or cancer” of Steward et al.
(22-24). The alveologenic tumor has been induced
by various careinogens (22-28), such as polycyclic
hydrocarbons, urethane, nitrogen mustard, methyl-
cholanthrene, and nitrofur derivatives and is known
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Ficure 21. Irregular shaped mitochondria with cristae in the
eytoplasm of a Clara cell. Group I: 6000 ppm; 0s0,; 12,600 x .

to occur spontaneously with aging (6,29,50). The -
cancer induced has been distinguished from that
oceurring spontanecusly by multiple primary foci,
occasional formation of huge tumors, and occur-
rence without any relation to aging. It is also known
that in certain strains, such as A and DD, sponta-
neous tumors are quite common after 10 to 12
months of age. Spontaneous pulmonary tumors could
be excluded in our experimental animals; in addi-
tion to the above-mentioned points, neoplastie changes
in the lungs were absent in the controls.

Electron microscopically, alveolar epithelium, par-
ticularly the type II cell, was assumed to be the
precursor of vinyl chiloride-induced tumor in the
mouse lung. This assumption was derived from
ultrastructural similarities between the normal type
IT cell and the neoplastic cell. Similar suggestions
have been made by other investigators (21, 28, 31)
after studying pulmonary tumors induced by agents
other than viny! chioride,
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Ficure 22. Two ciliated cells of a terminal bronehiole. Irregular shaped mitochondria, a2 well developed
Golgi area, round dense granules and phagolysomes are shown. Group 1: 6000 ppm; 0s0y; 9800 %,

It was noteworthy that the processes of trans-
formation of the normal alveolar epithelium into the
neoplastic cell could be followed morphologically on
the level of ultrastructure; the appearance of an
intermediate form between type I and II cells in the
alveolar lining, the disappearance of type 11 cell in
the lining due to replacement by the hyperplastic
type II cells, which were transformed from the
intermediate form, and the neoplastic change of the
type I1 cells were assumed to be a sequence of the
process. The intermediate form appears in certain
pathological conditions, prior to cuboidal metapla-
sia of the attenuated alveolar epithelium (15, 32).
Embryologically, both type I and 11 cells are of the
same origin, the entodermal epithelum. Some of the
neoplastic cells, distinguished as poorly differenti-
ated, were similar in ultrastructure to the imma-
ture alveolar epithelium of fetal lung (15). From
these perspectives, the process of neoplastic alter-
ation observed in the epithelium may be interpre-
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ted as a retrograde process of the normal differen-
tiations of the alveolar epithelium, Kaufman et al.
(32) have reported that Clara cells of the mouse
bronchioles developed into neoplasms which could
oceur in a malignant form, after transplacental ex-
posure to ethylnitrosurea. However, such a Clara
cell tumor was not produced in our material.
Waxweiler and associates reported an increased
number of deaths due to lung cancer among vinyl
chloride workers (9). They observed 12 cases com-
pared to the 7.7 cases expected. Eight of the twelve
were examined histologically and were classified as
undifferentiated large-cell carcinoma (five cases)
and adenocarcinoma (three cases). Since these human
lung cancers are of bronchogenic origin, it may be
that target pulmonary ceils in viny! chioride carci-
nogenesis are different in human and mouse lung.
Neoplastic invasion and metastases were not found
in our material. However, it is known that some-
times both induced and spontaneous alveologenic
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Figure 23. Alveolar macrophage including phagolysosomes and osmiophilic lamellar bodies. Group 1: 2500

ppm; 0s0y; 5800 .

tumors (22, 34-37) of mice show such changes and
that the malignant transformation oceurs with some
delay after mitiation of the tumor. In addition,
transplantation of this tumor has been accomplished
(23). Steward and associates (22-24) therefore dubbed
it an “alveologenic tumor” or “alveologenic cancer.”
Maltoni and Lafemine (15,14) have found that some
vinyl chloride-induced pulmonary tumors undergo
transformation, although we did not observe this in
our materials,

Alveologenic tumors may be considered unique in
some ways, since it is possible to observe the pro-
cess of malignant transformation sequentially from
the precursor to the malignant cell via hyperplastic
and benign neoplastic states.

Hepatic hemangiosarcoma is recognized as a char-
acteristic malignant tumor related to vinyl chloride
exposure. The tumor can be induced in a variety of
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experimental animals (mice, rats, and hamsters)
(13,14), and histological features of the tumor are
almost identical in humans and animals, In con-
trast, the intrapulmonary target cells of vinyl ehlo-
ride oncogenesis may be different in humans and
mice. Beyond these differences, moreover, the in-
duction of aiveologenic tumors in mice by vinyl
chloride may be predictive or a risk of human
bronchogenic cancer from the chemical. Consistent
with this is the fact that various carcinogens, such
as polyeyelic aromatic hydrocarbons, nitrogen mus-
tard and chromate compounds, are known to induce
alveologenic tumors in mice, on one hand, and, on
the other, to be associated with excess bronchogenic
carcinoma among workers exposed to the carcino-
gens (§8). It is noteworthy that a similar relation
has been suggested for vinyl chloride.
Nonneoplastic pulmonary effects of vinyl chloride
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Ficure 24. Part of a macrophage. Two cholesterol crystalloids are shown. Group I1L: 2500 ppm; OsO,4;
27,000 .

Ficure 25. Thickened basement membrane of an alveolar capillary. Groﬁp 1: 6000 ppm; 0s0,; 15,000 .

October 1981 47



s

Ficure 26. Cell debris of degenerated alveolar septal cells (arrows) and fibrillar appearance of a basement
membrane (with an arrow) are illustrated. Group I: 6000 ppm; 0sQ,; 10,300 %,

have been suggested by observations among work-
ers in vinyl chloride polymerization plants. This
suggestion was based on data obtained by chest
X-ray examinations, pulmonary function tests, and
sputum cytology studies among workers. Lilis and
her associates (18) have found radiologic pulmonary
changes, such as linear, reticular, and nodular opac-
ities, in the lower and mid lung fields in a propor-
tion of cases. They found that the prevalence of
pulmonary changes increased with longer duration
of exposure and that there was a significant associa-
tion with peripheral circulatory abnormalities. How-
ever, pathological evaluation of these changes was
not available. Miller et al. (19) have examined pul-
monary function of 348 workers in a vinyl ehloride
polymerization plant. The major finding was dimi-
nution of air flow in 200 workers (57.7%). Again, no
physicopathological relations were established.
Maltoni and Lefemine (14) reported cytological
studies of sputum in viny! chloride and poly(vinyl
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chloride) workers. They found a significant increase
in cellular changes of the bronchial epithelium; squa-
mous metaplasia and squamous dysplasia were com-
mon among workers heavily exposed to vinyl chlo-
ride monomer.

Recently, McNamara and McLaughlin (39) have
confirmed that a single 1-hr exposure to vinyl chlo-
ride in doses of 500 ppm or more induced pneumonitis
in ICR mice and that aggravation of latent pulmo-
nary changes, particularly bronchopneumonia, oc-
curred in Fischer 344 rats.

Our present (40) study has shown that CI} Charles
River male mice exposed to vinyl chloride at a
heavy dose (2500 and 6000 ppm), over relatively
long term (5 and 6 months), obviously showed
bronchiolo-alveolar changes. These alterations were
recognized in almost all of the treated animals
regardless of difference in doses (2500 and 6000
ppm), duration of exposure (5 and 6 months) and
recovery time (2, 6 and 37 days).
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The types of pulmonary cells which were involved
in the structural alterations varied. It was interest-
ing that the ultrastructural changes seen in Clara
cells and to some extent in the ciliated cells were
similar to those of hepatic cells of animals exposed
to vinyl chloride; cellular hypertrophy and prolifer-
ation of the endoplasmic reticulum were common
responses, seen in both the bronchiolar epithelium
and the hepatic cells. The endoplasmic reticulum of
the hepatic cells has been suggested as the site
where vinyl chloride is metabolized, to be trans-
formed into a chemieally reactive metabolite which
is the ultimate carcinogen (36, 41-45). Although it
has not been shown that lung has the capacity to
metabolize the chemical to produce the earcinogen;
if it were so, the bronchiolar cells, particularly
Clara cells, may provide this mechanism: the cells
are normally equipped with well-developed smooth-
surfaced endoplasmic reticula and the organelles
have shown a proliferative response after mice are
exposed to vinyl chloride.

The fact (46} that vinyl chloride has a tendency to
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Figure 27. Large nucleus in the alveolar capillary endothelium. Group II: 2500 ppm; 0s0,; 7900 <,
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be soluble in lipid substances suggests that lipid-
rich pulmonary cells, such as type II cells (vich in
osmiophilic lamellar bodies) and alveolar septal cells
{containing lipid granules) may bind to vinyl chlo-
ride. If this assumption is correct, at least some of
ultrastructural alterations seen in those cells might
result from this mechanism. Both type II cells and
Clara cells have been known as surfactant factor-
producing cells (47). Hyperproduction of the surfac-
tant factor was suggested, since hyperplasia of
those cells was commonly seen in our material.
Osmiophilic lamellar bodies and cholesterol crystal-
loids, which were seen in alveolar macrophages,
may represent lipid substances bound to vinyl ehlo-
ride. They may be removed from lung as part of the
clearance mechanism for vinyl chloride. It is well
accepted that mesenchymal elements such as bone,
connective tissue, and blood vessels are involved in
responses to vinyl chloride in various organs (36,
48-50). Above all, malignant transformation of the
blood capillary endothelium, induction of hemangio-
endothelioma in liver, and the subcutaneous con-
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Ficure 28. Degenerative alterations of the alveolar septal cells (arrows) and a hypertrophic septal cell (h

with an arrow). Group I; 6000 ppm; 0s0,; 6300 x .

nective tissue, lung, and adipose tissue have been
well documented (10, 13, 14, 36).

It is reasonable to assume that the alveolar capil-
lary endothelium and the septal cell suffered toxic
effects by vinyl chloride, since these cells are part
of the mesenchymal elements in lung, sites of up-
take and excretion of the chemical and its metabo-
lites (51, 52).

A dose-response relationship has been suggested
in the production of alveolengenic tumors by vinyl
chloride. The same relationship has been seen in
occurrence of alveolitis (mouse) and bronchopneu-
monia (rats) with the chemical {39). A delayed
appearance of these inflammatory changes after
periods of recovery, following exposure to the chem-
ical, has been postulated. A threshold dose for the
induetion of the nonneoplastic pulmonary lesions
which are reported here has not been established.
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Table 6. Aceumulative angiosarcoma incidence in exposed
females, nonscheduled sacrifice group.

Angiosarcoma incidence

Interval, Group Group Group Group
weeks 2 4 6 8

16-19 010 a1 /2 25 40%)
20-23 1 0/5 37 (43%) 39 (33%)
24-27*  0/6 0/14 823 (35%) 6/22 (27%)
©28-31 1113 (7.7%) 1/22 (4.6%) 12/31 (39%) 8/34 {24%)
32-35 1714 (7.1%) 2/28 (7.1%) 14/37 (38%) 10/40 (25%)
36-39 1115 (6.7%) 3/290 (10%) 18/41 (44%) 11/46 (24%)
4043 2138 (5.3%) AT (16%) 23/49 (47%) 11/54 (20%)

2Exposures terminated.

—_iscussion

The results clearly indicate that the incidence of
angiosarcomas is higher and these tumors occur
earlier in older rats of both sexes. In addition, the
incidence of angiosarcomas is generally higher and
these tumors occur earlier in female rats than in
male rats. Therefore, it can be concluded that older
rats are more susceptible to the angiosarcoma-
inducing effect of vinyl chloride than are young
adult rats and that female rats are more susceptible
than males.

The authors have been unable to find ecmparable
studies in the scientific literature. However, Maltoni
(I) reported in a summary article of his research
with vinyl chloride that exposure duration was an
important factor in determining angiosarcoma inci-
dence. In that article, he reported that rats ex-
posed to 10,000 ppm vinyl chloride, 4 hr/day, 5
daysiweek for 17 weeks did not develop liver
angiosarcomas within a 155-week period, whereas,
18/60 (22%) of rats exposed te 6,000 ppm vinyl
chloride 4 hr/day, 5 days/week for 52 weeks (and
held for a 155-week period) developed liver
angiosarcomas. In the authors’ opinion, the differ-
ence in total dose between the two groups was not
sufficient to account for the large difference in the
angiosarcoma incidences, and that the major factor,
therefore, was probably the difference in ages
while they were being exposed.

There is suggestive evidence in the literature
that older adult humans might be more susceptible
than young adults to the carcinogenic effects of
Thorotrast. Curry et al. (2) stated in their article
that “although the latent period between thorium
injection and liver malignancy has varied from 3
years to 35 years, all of these 123 cases occurred in
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patients between 49 and 55 years of age.” There is
suggestive evidence that older beryllium workers
are more susceptible to the carcinogenic effects of
beryllium. The data of Mancuso’s study (3) of
beryllium extraction workers show an extremely
high risk for lung cancer in workers between the
ages of 38 and 65 who were exposed for relatively
short periods of time. Studies specifically designed
to test this theory in humans, as well as in animals,
with other compounds are needed.

If these findings can be reproduced in animals
with a wide variety of classes of compounds, then it
would be justifiable to modify chronie bicassay
experiments by utilizing older animals at the be-
ginning of the studies and shortening the durations
of the experiments by 6-12 months. In many cases,
this should result in decreasing costs by 20-30%
and, thereby, permit a greater number of chemicals
to be tested.

The observation in this study that the accumula-
tive incidence of angiosarcomas in the 6-week-old
group of rats did not increase with time after
discontinuation of the exposures suggests that the
carcinogen is metabolized and inhibited or excreted
before most of the animals became susceptible.
Whether or not these animals would have exhibited
a higher incidence of angiosarcoma at some later
time is not known. However, as mentioned above,
Maltoni (1) was unable to induce liver angiosarcomas
in young adult rats exposed to 10,000 ppm vinyl
chloride 4 hr/day, 5 days/week for 17 weeks and held
for a lifetime. The total dose in his experiment was
10,000 ppm x 340 hr (3,400,000 ppm-hr). The total
dose in our experiment was 948 ppm X 858 hr
(813,384 ppm-hr). Therefore, it is unlikely that the
youngest groups in our experiment would have
developed a higher incidence of angiosarcomas if
they were held for a lifetime.

The results of this study also suggest that older
people should not be preferentially placed in carci-
nogenic working environments.
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