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Summary

The histogenesis of early putative preneoplastic lesions, arising in exocrine
pancreas of Syrian hamsters after treatment with N-nitrosobis(2-oxopropyl)
amine (BOP), was evaluated using electron microscopy and immunohisto-
chemistry. Electron microscopical examination of pseudoductular lesions,
present in hamster pancreas 2-4 mo after treatment with BOP, demon-
strated that acinar cells forming part of these lesions frequently lose their
zymogen granules. However, convincing evidence of dedifferentiation of
acinar cells to proliferating ductal/ductular cells was not found. Most duc-
tal/ductular cells of the BOP-induced pseudoductular lesions stained posi-
tively with cytokeratins specific to ductal/ductular cells. Acinar cells were
all negative and, moreover, those lining the pseudoductular lesions were
frequently surrounded by cytoplasmic processes of adjacent cells that
stained strongly positive with the cytokeratin antibody.

The present findings indicate that the early pseudoductular lesions, in-
duced in exocrine pancreas of hamsters by BOP, originate from proliferat-
ing ductal/ductular rather than proliferating dedifferentiated acinar cells.

Key Words: Syrian hamster; preneoplastic lesions; exocrine pancreas;
histogenesis; electron microscopy; immunohistochemistry.

INTRODUCTION

By far the greatest number of human adenocarcinomas of the exocrine
pancreas are of the ductal type and only a small percentage show an acinar
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cell differentiation (7). Rats and hamsters treated with azaserine or propylated
nitrosamines, respectively, are the most frequently used experimental models
to study pancreatic carcinogenesis (2,3). These two animal models markedly
differ with respect to the histomorphology of the induced pancreatic tumors,
being of ductal/ductular cell type in the hamster and acinar cell type in the
rat (2,4,5). Because of the similarity of the induced tumors to those occurring
in humans, the hamster model has been considered to provide a unique oppor-
tunity to study pancreatic carcinogenesis (6). The histogenesis of the ductal/
ductular adenocarcinomas induced in hamsters, however, is a topic of debate
in the literature. In BOP-treated hamsters, many tumors were found to de-
velop within or in the vicinity of islets, in the form of ‘‘intra-insular ductules”’
associated with newly formed endocrine cells (nesidioblastosis).

Therefore, Pour et al. postulated that ductular and islet precursor cells are
the foundation of the ““pseudoductular lesions’” and, hence, the adenocarci-
nomas {(J,6). Recently, the centroacinar cell origin has been emphasized
(7,8). Electron microscopical examination of pancreatic tumors, induced in
hamsters by nitrosamines, has led to the conclusion that the tumors arise
from existing ducts without any involvement of acinar cells (8~/0). Other
workers, however, claim that pancreatic adenocarcinomas in hamsters
develop from acinar cells by dedifferentiation (//-15).

The differences in view on the histogenesis of pancreatic ductal/ductular
adenocarcinomas, induced in hamsters by propylated nitrosamines, concen-
trate on two key questions: 1. ‘“‘Are early pseudoductular lesions formed by
proliferating dedifferentiated acinar cells or by proliferating ductal/ductular
cells?”” and 2. ““Which category of the early, putative precancerous lesions is
linked to a high progression probability and, hence, most relevant for the
formation of pancreatic cancer?’” The purpose of the present study was to
find additional information to answer the first question by means of electron
microscopic as well as immunohistochemical techniques.

MATERIALS AND METHODS

Seventy-eight male weanling Syrian golden hamsters were obtained from
Charles River, Montreal, Canada. They were kept on softwood bedding in
macrolon cages, five animals per cage under standard laboratory conditions.
The animals were fed a semipurified diet the composition of which has been
given in a previous paper (/6). Seventy-two hamsters were injected subcuta-
neously (SC), once weekly with 20 mg BOP/kg body wt at 5, 6, and 7 wk of
age. Six animals served as untreated controls. BOP (Ash Stevens, Inc., 5861
John C. Lodge Freeway, Detroit, MI) was dissolved in 0.9% NaCl solution
immediately before use. Twenty-six animals, including two untreated con-
trols, were sacrificed 2, 3, or 4 mo after the last treatment with the carcinogen.

The animals were anesthesized by ether, exsanguinated by cannulating the
abdominal aorta, and then examined for gross pathological changes. The en-
tire pancreas and liver from each animal were excised and weighed. At each in-
terval, part of the pancreata from 12 BOP-treated animals and one untreated
control were processed for electron microscopy. For this purpose, the tissue
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was fixed for 20 h in 2% paraformaldehyde with 1% glutaraldehyde in 0.1M
cacodylate buffer (pH 7.35, 900 mOsm) and stored in 2% paraformaldehyde
in 0.1M cacodylate buffer (pH 7.35, 820 mOsm). Graded aceton-water mix-
tures were used for dehydration. An Epon-Araldite mixture was used for
embedding. Semi-thin sections, stained with 1% toluidine blue in 1% borax
solution, and ultra-thin sections, contrasted with magnesium uranyl acetate
and lead citrate, were cut on a Reighert Ultracut E and examined with a Zeiss
photomicroscope and a Philips EM410LS electron microscope at 60 kV, The
remaining parts of the pancreata were fixed in 10% buffered formalin and
processed for microscopy by conventional methods, step-sectioned at 4 um,
and stained with hematoxylin and eosin (H&E).

The pancreata of the 12 remaining BOP-treated animals and one untreated
control killed at each time interval were fixed for 18 h in formaldehyde sub-
limate and subsequently processed in paraffin for immunohistochemical,
as well as for routine (H&E), light microscopy. Sections 4 um thick were
mounted on glass slides and dried.

The polyclonal antiserum to cytokeratin filaments contained subunits
against 48, 51, 52, 56, 58, and 60 kD, as previously described (17,18), and
differentiated ductal, ductular, and centroacinar cells from acinar cells in the
hamster pancreas. Specific antiserum to hamster acinar cells was a monoclonal
antibody raised in mice, as reported by Parsa et al. (19). All aforementioned
antibodies were obtained from Dakopatts a/s, Glostrup, Denmark, except
for the antibody against hamster acinar cells, kindly provided by I. Parsa.

After deparaffination, mercury deposits were removed by lugol, and the
slides were bleached with sodium thiosulphate. Subsequently, endogenous
peroxidase was blocked by 0.3% hydrogen peroxide in methanol. Thereafter,
the slides were washed in phosphate-buffered saline (PBS, 0.01A, pH 7.4).
The cytokeratin antigen was demonstrated by the peroxidase-anti-peroxidase
method and the acinar cell antigen was demonstrated by an indirect method
(20). The specificity of the cytokeratin reaction was verified by absorption
with purified keratin and by replacing the specific antiserum with PBS.

RESULTS

At each sacrifice, the pancreata of the hamsters showed pseudoductular
lesions lined by flattened, cuboidal, or columnar epithelium. The incidence
and size of the pseudoductular lesions demonstrated an increase in time result-
ing in the presence of more lesions with a greater diameter at 4 mo than at 2
mo posttreatment. However, at each sacrifice, the size of the various pseudo-
ductular lesions observed varied considerably. Qualitatively, the pseudoduc-
tular lesions did not reveal striking differences at the three intervals except
after 2 mo relatively more acinar cells appeared to form part of the pseudo-
ductular lesions than after 4 mo.

In normal hamster pancreas, strong specific positivity was seen in ductal,
ductular, and centroacinar cells. Much fainter staining was seen in the pan-
creatic islets. No staining at all was observed in normal acinar cells. The duc-
tal/ductular cells lining the pseudoductular lesions stained positively with the
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Fig. 1. Pseudoductular lesion lined by cuboidal eplithelium in hamster pancreas
4 mo after treatment with BOP. Immunoperoxidase stain with antibody to cytokera-
tin. Note the strong positive staining of the cuboidal pseudoductular cells (% 350).

cytokeratin antibody (Fig. 1). The acinar cells forming part of the pseudo-
ductular lesions could be easily recognized by their zymogen granules; they
did not stain at all with the cytokeratin antibody (Figs. 2A,B). When apply-
ing an antibody specific to hamster acinar cells, the pseudoductular lesions
frequently appeared to be lined by one or more acinar cells that occasionally
were seen to be expelled into the lumen of the pseudoductule (Fig. 3). This
“‘pushing away’’ of acinar cells was also observed with electron microscopy
(Fig. 4).

Two months after the last injection of BOP, electron microscopical exam-
ination of the exocrine pancreas revealed several acinar cells with dilatation
of the rough endoplasmic reticulum and marked mitochondrial swelling. At
subsequent sacrifices, distension of the luminae of some acini and loss of
zymogens in several acinar cells became more prominent. Occasionally, auto-
phagic vacuoles packed with zymogen granules were seen. The luminal sur-
face of the pseudoductular lesions were frequently covered by cytoplasmic
processes of adjacent centroacinar cells (Figs. 5A,B and 6A,B), which were
stained with the polyclonal cytokeratin antiserum (Figs. 2A,B).
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Fig. 2. (A) Acinar cells forming part of a pseudoductular lesion in hamster pan-
creas 4 mo after treatment with BOP. Immunoperoxidase stain with antibody to
cytokeratin. Pseudoductular cells are clearly positive, whereas the acinar cells are
negative, Note the cytokeratin-positive cytoplasmic processes of the adjacent pseudo-
ductular cells (arrowheads) on the luminal surface of the acinar cell (x 875). (B) Pan-
creas of a hamster 3 mo after treatment with BOP. Immunoperoxidase staining with
antibody to cytokeratin, Cytokeratin-positive pseudoductular cell between two neg-
ative acinar cells (arrowhead). Note the pseudoductular cell growing over the
luminal surface of the neighboring acinar cell (arrow) ( x 875).

DISCUSSION

Several workers have postulated that not only ductal/ductular cells, but
also acinar cells, may play an important role in the development of early
pseudoductular lesions and ultimate ductular adenocarcinomas in BOP-
treated hamsters (14, 15,21). According to Flaks, the development of ductular
adenocarcinomas comprises two steps: dedifferentiation of the acinar cells to
duct-like cells, followed by proliferation of these dedifferentiated acinar
cells.

It is difficult to understand, however, how cells that can hardly be distin-
guished from ductular or centroacinar cells can be classified with certainty as
former acinar cells. The main characteristics of the acinar cells are the pres-
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Fig. 3. Acinar cells within pseudoductular lesions in hamster pancreas 4 mo after
BOP treatment. Immunoperoxidase stain with antibody to acinar cells. Note the un-
stained pseudoductular cells situated around the beneath the acinar cell giving the
impression of the acinar cell being pushed into the lumen (arrowhead) ( x 875).

ence of abundant rough endoplasmic reticulum and zymogen granules. Cells
with loss of zymogens could be considered either as transitional cells between
acinar and ductal/ductular cells, or degenerating cells. However, since these
cells did not show a typical ductal cytokeratin pattern or signs of proliferat-
ing activity, their participation in the development of pseudoductules is
rather speculative. Loss of zymogen granules, whether or not by selective
autophagy, and dilatation of rough endoplasmic reticulum have been inter-
preted as signs of a dedifferentiation process to which acinar cells of BOP-
treated hamster pancreas are thought to be subjected (/4, 15). These features,
however, are in no way indicative of a proliferative process and can also be
found in cells subjected to various toxic substances (22).

The changes seen in the acinar cells are, in our view, indicative for a toxic
effect exerted by the carcinogen. It is not illogical to assume that the loss of
acinar cells results in proliferation of centroacinar cells. Using a multi-
injection protocol, the number of acinar cells, as well as centroacinar cells,
affected by the cytotoxic or carcinogenic action of BOP will be increased. We
observed that acinar cells, being part of pseudoductular lesions, are either
pushed away into the lumen of the pseudoductule or completely surrounded
by processes of adjacent centroacinar cells.
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Fig. 4. Pancreas of a hamster 2 mo after treatment with BOP. The acinar cell has
been expelled into the lumen of a pseudoductular lesion (arrowhead). Note the
dilated rough endoplasmic reticulum. Bar =2um.

Our electron microscopical observations are in accordance with those of
Pour et al. (5,7,8,24), who also described formation of cytoplasmic processes
of centroacinar cells surrounding the acinar cells, leading to the isolation of
acinar cells from the lumen and subsequent degeneration. We did not find
any evidence for dedifferentiation of acinar cells to proliferating duct-like
cells. Essentially, our findings are comparable with those of Willemer et al.
(23) who induced pancreatitis in rats by cerulein and oleic acid and found
that acinar cells, forming part of pseudoductules or tubular complexes, rep-
resent degenerating acinar cells that have no regenerative potency and lost
their secretory and membrane characteristics (23). Therefore, it may be con-
cluded from the present findings that the early pseudoductular lesions found
in hamster pancreas 2, 3, and 4 mo after treatment with BOP originate from
proliferating ductal/ductular cells rather than from dedifferentiated acinar
cells. On the other hand, it is possible that degeneration of the acinar cells
caused by the toxic effect of BOP plays an important role, if not a ‘‘conditio
sine qua non,’’ in the carcinogenesis process. Bell and Ray (25) found that
BOP-induced ductular adenocarcinomas in exocrine pancreas of hamsters
stained positive with the cytokeratin antibody. It is tempting to combine
their findings with those presented in this paper and those reported by Pour
et al. (8,24) and to conclude that proliferating centroacinar cells are mainly
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Fig. 5. (A) Pseudoductular lesion containing acinar cells in hamster pancreas, 4
mo after treatment with BOP. One acinar cell showing a strong reduction of zymogen
granules is completely covered on the luminal surface by cytoplasmic processes of
adjacent centroacinar cell(s) (arrowhead). Note the (enlarged) centroacinar cells
adjacent to the acinar cells (arrows). Bar = 5um. (B) Detail of Fig. 1. The cytoplasmic
processes covering the acinar cell is part of the cell that lacks much endoplasmic
reticulum and zymogen granules, indicating a ductal/ductular rather than an acinar
origin. Bar =0.5um.
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Fig. 6. (A) Hamster pancreas 3 mo after treatment with BOP showing a pseudo-
ductular lesion containing one acinar cell. Note the cytoplasmic process of the adja-
cent centroacinar cell on the luminal surface (arrowhead). Bar =5um. (B) Detail
of Fig. 2A. Note the swollen mitochondria. Bar =2um.
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involved in the formation of pseudoductular lesions and, hence, in the devel-
opment of ductular adenocarcinomas in the exocrine pancreas of hamsters
treated with BOP or its analogs. However, the relationship between the
various types of early putative preneoplastic pseudoductular lesions and the
ultimate ductular adenocarcinomas is not fully elucidated and needs to be
further evaluated.
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