Ultrastructure of Nitrosoheptamethyleneimine-
Induced Lung Tumors in European Hamsters
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The ultrastructure of lung tumors induced in European hamsters through chronic
subcutaneous treatment with nitrosoheptamethyleneimine (NHMI) is described. The
neoplasms demonstrated either adenomatous (adenomas and adenocarcinomas) or
mixed (tumors with areas of adenoid and squamous differentiation) pattern. Adenoma-
tous areas consisted of Clara cells and of cells with lamellated inclusion bodies in their
cytoplasm. Cells in areas with squamous differentiation contained cytoplasmic fila-
ments and filament bundles as well as dense-cored granules. (Am J Pathol 93:45-52,
1978)

BIOCHEMICAL INVESTIGATIONS of transformed cells have mostly
involved the whole tissue, since no method exists for separating the
altered from the normal cells. The primary problem has been that often
the target cell is not known at the time the tumor is microscopically
visible. This study forms part of a series aimed at characterizing experi-
mentally induced tumors by electron microscopy techniques. By this
means, it will be possible to see which of the many different cells of the
tissue were transformed and thus produced the gross tumor. This will
provide a basis for comparing biochemical examinations of carcinogen-
tissue interactions in different species. The cyclic nitrosamine nitro-
soheptamethyleneimine (NHMI) is known to induce pulmonary and up-
per digestive tract tumors in rats.'® In the European hamster, the target
organs are the respiratory tract (nasal cavities and lungs), with up to 100%
pulmonary tumors developing after relatively short periods of subcutane-
ous treatment.* In the rat, all of the lung tumors were squamous
(squamous carcinomas and papillomas) after intragastric administration,
whereas in the European hamster, adenoid (adenomas and adenocarci-
nomas) and squamous (papillomas and squamous and mixed carcinomas)
patterns were reported.* In this paper, the ultrastructure of NHMI-in-
duced lung tumors in European hamsters is described and compared with
tumors induced in the same species and in Syrian golden hamsters by
other nitrosamines.>®
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Materials and Methods

Ten male European hamsters (strain Mhh-EPH) were housed one per plastic cage. They
received a pellet diet (RMH-TMB, Hope Farms, Woerden, The Netherlands) and water
ad libitum. The animals were given a subcutaneous injection once a week with 1/5 LDs,
(66 mg/kg body weight) NHMI dissolved in olive oil until they showed clinical signs of
respiratory tract tumors (breathlessness and loss of body weight). They were then fixed in
situ by vascular perfusion with 2% cacodylate-buffered glutaraldehvde under hexo-
barbital-Na anesthesia (Evipan-Na, Bayer, Leverkusen, FRG). Samples of macroscopic-
ally visible lung tumors were excised, postfixed in 1% osmium tetroxide, dehydrated, and
embedded in Epon 812 (Ladd Research Industries, Burlington, Vt.). Sections were cut on
an LKB Ultrotome 111 (LKB, Bromma, Sweden). Semithin sections (1 u thick) were stained
with toluidine blue. Ultrathin sections were mounted on uncoated copper grids and
stained with uranyl acetate and lead citrate. Electron micrographs were taken with a
Philips 201 electron microscope at an accelerating voltage of 40 kV.

Results

All the animals had nasal cavity tumors and multiple pulmonary neo-
plasms. Under light microscopic examination, the lung tumors were fre-
quently seen to be situated near segmental bronchi and bronchioles and
they showed an adenoid or mixed (areas with adenoid and poorly keratin-
ized squamous differentiation) pattern (Figures 1 and 2). Using electron
microscopy, it could be seen that adenoid neoplasms (adenomas and
adenocarcinomas) and the areas with adenoid differentiation in mixed
tumors consisted predominantly of Clara cells and of cells morphologi-
cally resembling Type II alveolar epithelial cells. The latter typically
exhibited lamellated inclusion bodies and various amounts of smooth
endoplasmic reticulum in their cytoplasm (Figure 3) whereas the former
demonstrated abundant smooth endoplasmic reticulum only. Ciliated
cells were also occasionally found. In areas which appeared histologically
to be of squamous differentiation, electron microscopy revealed numerous
cells which possessed varying amounts of dense-cored granules and cyto-
plasmic filaments (Figures 4 and 5). It was observed that cells with many
dense-cored granules had few filaments and those with many filaments
had few granules.

Discussion

The present findings demonstrate that NHMI-induced lung tumors in
the European hamster have an ultrastructure similar to that of pulmonary
neoplasms in this species after treatment with N-dibutyvlnitrosamine ® and
in Syrian golden hamsters after treatment with diethylnitrosamine,®®
dibutylnitrosamine,®*® and nitrosomorpholine.® In the cited investigations,
as well as in the present studies, lung tumors with adenoid composition
consisted mainly of proliferated Clara cells and of cells with lamellated
inclusion bodies. The latter organelles are normally found in Type II
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alveolar epithelial cells exclusively ***** and are believed to be the source
of surfactant,’®?® a surface active material consisting of phospholipid
components.

Human alveolar cell carcinomas are composed of cells with such lamel-
lated inclusion bodies and have therefore been interpreted as deriving
from alveolar epithelial cells.’* However, serial sacrifice studies in Syrian
golden hamsters have demonstrated that such tumor cells develop from
the bronchial Clara cells.®? It is therefore most likely that the tumor cells
described have originated from the bronchial Clara cells. Cells containing
dense-cored granules, which in the present case were found in tumor areas
with squamous differentiation, were also reported to proliferate in the
bronchial epithelia of Syrian hamsters during early nitrosamine-induced
carcinogenesis.”® These cells are regarded to be of the APUD type (Amine
Precursor Uptake and Decarboxylase active), although admittedly only
one of the criteria (presence of dense-cored granules) for cells belonging
to the APUD series was investigated. APUD-type cells are numerous in
the fetal airways of humans **-** and various mammals,!®!” but they are
only occasionally found in adults. They are believed to be the source of
bronchial carcinoids and oat cell carcinomas in humans.'*? It is of interest
that such cells in the present studies were found in tumorous areas of
squamous differentiation and that their content of dense-cored granules
was small when large numbers of cvtoplasmic filaments were present.
These findings agree with the results of serial sacrifice studies in Syrian
golden hamsters, in which gradual loss of dense-cored granules coincided
with increasing occurrence of cytoplasmic filaments and filament bun-
dles® It was concluded that this process represents the morphologic
expression of a transformation of APUD cells into squamous cells
(squamous metaplasia), a concept which gains further support from the
present paper.
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Figure 1—Lung tumor with adenoid pattern in an animal treated for 40 weeks with 1/5 LD,,
NHMI. The tumor is typically located adjacent to a bronchiole. Semithin section. (Toluidine
blue, X 100) Figure 2—L ung tumor with mixed pattern in an animal treated for 42 weeks
with 1/5 LD, NHMI. Top. The neoplasm is adjacent to a segmental bronchus. Lower left. The
tumor shows squamous differentiation, whereas on the right it is adenoid. Semithin section.
(Toluidine blue, X 100)
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Figure 3—Tumor cells of adenoid neopiasm. The cytoplasm demonstrates abund smooth
endoplasmic reticulum (which is normally a typical feature of Clara cells) and lamellated inclusion
bodies (which are normally found in alveolar Type 2 cells exclusively). Electron micrograph.
(X 30,000)
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Figure 4&—Tumor cells of neoplasm with squamous differentiation.
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