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ABSTRACT

This study was designed to analyze the effect of two pancreaticotrophic
peptides on pancreatic carcinogenesis in the azaserine-rat model. The
rats were treated with bombesin or caerulein for 16 weeks after initiation
with azaserine. Two-week-old Lewis rats were given injections of a single
dose of azaserine (30 mg/kg) and the control pups received an injection
of saline. They were divided into ten groups for peptide treatment as
follows: Group 1, azaserine-saline; Group 2, azaserine-bombesin, 10 mil
kg; Group 3, azaserine-bombesin, 30 Mg/kg;Group 4, azaserine-caerulein,
5 Mg/kg;Group 5, azaserine-caerulein, 15 Mg/kg;Group 6, control-saline;
Group 7, control-bombesin, 10 Mg/kg;Group 8, control-bombesin, 30 Mg/
kg; Group 9, control-caerulein, 5 Mg/kg;and Group 10, control-caerulein,
15 Mg/kg. At 3 weeks of age, they were weaned. Peptides or saline were
injected 3 consecutive days a week for 16 weeks. Rats were autopsied 4
months after the administration of azaserine. Pancreatic weight was
increased by bombesin and decreased by caerulein treatment. Quantitative
histolÃ³gica!analysis of azaserine-induced atypical acinar cell nodules in
the pancreas showed that the size and number of atypical acinar cell
nodules were increased in both bombesin- and caerulein-treated groups.
Thus, these peptides appear to stimulate the growth of preneoplastic
acinar cell lesions.

INTRODUCTION

In recent years, several experimental models have been de
veloped in rodents for the chemical induction of carcinoma in
the exocrine pancreas (for review see Ref. l). In hamsters, duct-
like cancers are induced by BOP4 or its related compounds. In
rats, azaserine induces acinar cell adenomas and adenocarci-
nomas of the pancreas within 1-2 years. Focal atypical acinar
cell lesions develop 1-2 months following azaserine treatment
and are considered to be preneoplastic lesions in rat pancreas.
The acronym AACN has been used to designate both foci (small
lesions) and nodules (larger lesions) of atypical acinar cells. We
currently use a short-term model for study of modulation of
pancreatic carcinogenesis in rats (2-4). The number and/or size
of two-dimensional transections of AACN have been used as
indicators of pancreatic carcinogenesis. The quantitative ster-
eological methods applied to the study of hepatic foci (5, 6)
have been adapted to azaserine-induced pancreatic nodules (4).
Two different populations of nodules, acidophilic and baso-
philic, have been described and appear to have different growth
potentials (4, 7, 8).

Carcinogenesis in the pancreas has been enhanced when cell
proliferation was stimulated either during or following exposure
to azaserine (9-11). Of particular interest is the possibility that
gut hormones such as cholecystokinin and gastrin-releasing
peptide may, via their pancreaticotrophic activity, foster pan
creatic carcinogenesis by stimulating the growth of initiated
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cells. Caerulein and bombesin, structural analogues, respec
tively, of cholecystokinin and gastrin-releasing peptide, have
been shown to be trophic for the pancreas in the rat (12-14).
The aim of this study is to characterize the effect of bombesin
and caerulein on the growth of AACN during early stages of
azaserine-induced pancreatic carcinogenesis.

MATERIALS AND METHODS

Animals. Inbred Lewis rats (Charles River Breeding Laboratories,
Wilmington, MA) were used. Suckling pups (75 males) were caged with
8 darns fed ad libitum a purified control diet, AIN-76A (AIN) (Teklad,
Madison, WI) without the antioxidant ethoxyquin (4). At 3 weeks of
age, they were weaned. They were housed in polycarbonate "shoebox"

cages with aspen bedding in groups of two or three. AIN diet and
deionized water were available ad libitum.

Carcinogen. At 2 weeks of age, 50 pups received a single i.p. injection
of azaserine (30 mg/kg body weight; Calbiochem-Behring, La Jolla,
CA) dissolved in 0.9% NaCl solution (3 mg/ml) while the 25 others
received saline alone.

Peptide Treatments. Bombesin and hydrolyzed gelatin were pur
chased from Sigma Chemical Co. (St. Louis, MO); caerulein was kindly
provided as a gift by Farmitalia (Italy). Bombesin (10 or 30 Mg/kg body
weight), caerulein (5 or 15 fig/kg body weight), or saline were admin
istered s.c. in 15% hydrolyzed galatin, 3 consecutive days a week for 16
weeks beginning at 2 weeks of age. The rats were divided into ten
groups as follows: Group 1, azaserine-saline; Group 2, azaserine-bom
besin, 10 Mg/kg; Group 3, azaserine-bombesin, 30 Mg/kg; Group 4,
azaserine-caerulein, 5 Mg/kg; Group 5, azaserine-caerulein, 15 Mg/kg;
Group 6, control-saline; Group 7, control-bombesin, 10 Mg/kg; Group
8, control-bombesin, 30 Mg/kg; Group 9, control-caerulein, 5 Mg/kg;
Group 10, control-caerulein, 15 Mg/kg.

Tissue Sampling and HistolÃ³gica! Study. Sixteen weeks after the
azaserine or saline administration, the rats were sacrificed by decapi
tation under ether anesthesia. The entire pancreas was removed,
trimmed free of fat and lymph nodes, weighed, Fixed in Bouin's fixative,

and subsequently divided into two portions, head and tail, by a transec-
tion near the superior mesenteric artery. The two portions were em
bedded in paraffin. Sections were stained with hematoxylin and eosin
and the tail sections were used for quantitative microscopy (3, 4); both
head and tail sections were scanned for adenomas or carcinomas.

In the pancreas, azaserine-induced foci were identified and classified

as acidophilic or basophilic according to the criteria of Rao et al. (7)
and Roebuck et al. (4). All slides were examined by a single observer
without knowledge of treatment and selected slides were examined by
two other observers. From 112 to 342 mm2 of pancreatic tissue from

each rat was screened for focal transections. From the observed number
and area of the focal transections. the mean number and mean size of
the foci within each pancreas were determined by the quantitative
stereological methods of Pugh et al. (6). Details of the adaptation of
these methods to pancreas have been previously described (4, 8).

Statistical analysis of the body and pancreatic weights and focal data
were done by an analysis of variance followed by a Mann-Whitney U
test (body and pancreatic weights) or a Newman-Keuls two-tailed test
(focal data). Statistical significance was assumed when /' < 0.05.

RESULTS

The growth of the rat was not modified by the administration
of bombesin or caerulein in azaserine-treated or control groups
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Table 1 Effect ofbombesin or caerulein administration to azaserine-treated rats on body weight, pancreatic weight, and the observed data on acidophilic and basophilic
AACN

GroupControl-saline

Control-bombesin10Control-bombesin
30Control-caerulein
5Control-caerulein
15Azaserine-salineAzaserine-bombesin

10Azaserine-bombesin
30Azaserine-caerulein
5AzaserÃne-caerulein

ISNo.5

S5551010101010RatBody

wt
(8)445

Â±6"
396 Â±8*410
Â±5*432

Â±9437
Â±9441

Â±7435
Â±7436
Â±7451
+6432

Â±8Acidophilic

AACNPancreatic

wt(mg)1183

Â±69
1546 +71*1637
Â±21*847

Â±41*543
Â±83*1221

Â±381856
+72'1574

Â±48'1096
+42''647
Â±44*No./section0

00l(3f025

Â±254
Â±766
Â±392

Â±1652
Â±5Mean

area
(mm2 x100)0.612.0

Â±0.823.2
Â±1.831.4
Â±1.058.9
+3.031.8
Â±2.7Basophilic

AACNNo./section0001(2)1(3)2Â±012+

13Â±
110

+221
Â±2Mean

area
(mm2 x100)0.40.61.8

Â±0.32.2
Â±0.32.6
Â±0.52.7
Â±0.37.0
Â±0.6

â€¢Mean Â±SE.
* P < 0.01 when compared to saline.
c Numbers in parentheses, number of rats in which we observed AACN.
Ã¡P< 0.001 when compared to saline.

(Table 1). Because the carcinogen and first peptide injections
were administered before weaning, the rats from various litters
were not randomly distributed within groups. The rats in litters
used for control bombesin groups were slightly smaller than
average providing a possible explanation for the difference in
body weight reported in Table 1.

The effects of peptide treatment and/or azaserine injection
on pancreatic weights are represented in Table 1. In the control
rats, the pancreatic weight was significantly increased by a
chronic treatment with bombesin (P < 0.01) whereas caerulein
induced a decrease of this parameter (P < 0.01). In the azaser
ine-treated rats, the results were comparable.

HistolÃ³gica! study by light microscopy is illustrated in Figs.
1 to 4. There was no apparent increase in mitoses in the
pancreatic acinar cells in control groups treated with bombesin
(<0.01% mitotic index), and the pancreases appeared normal.
The pancreases from caerulein-treated rats contained histologie
changes characteristic of chronic pancreatitis and the number
of mitoses in acinar cells was increased (0.2% mitotic index).
There was fibrosis within and between lobules and both diffuse
and focal infiltration by lymphocytes in some pancreases. Atro
phy of acinar tissue and fibrosis were the most constant features.
The severity of these changes was rated in the non-carcinogen-
treated control groups. There was no clear evidence of dose-

Fig. 1. Pancreas from an azaserine- and caerulein-treated rat showing two
AACN, left and center, and nonnodular acinar tissue, right. The latter shows
atrophy, inflammation, and slight fibrosis, i.e., changes of chronic pancreatitis.
Neither the large acidophilic nodule, left, nor the small basophilic focus, center,
show changes of pancreatitis. H & E. Bar, I(K)pni.

Fig. 2. Early carcinoma, in situ stage, in the pancreas of an azaserine- and
caerulein-treated rat. H & E. Bar, 100 firn.

Fig. 3. Early carcinoma, in situ stage, in the pancreas of azaserine- and
caerulein-treated rat. H & E. Bar, 100 um.

response relationship with regard to the extent of the histolog-
ical changes. Even in the high level caerulein group, the acinar
structure of the AACN was completely preserved (Fig. 1) al
though some acini showed an enlargement of their lumen
suggesting duct-like transformation. Among azaserine-induced
caerulein-treated rats, we observed two early carcinomas (Figs.
2 and 3) and one similar but smaller lesion was present in the

3274

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/12/3273/2427803/cr0470123273.pdf by guest on 19 M

ay 2023



D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/12/3273/2427803/cr0470123273.pdf by guest on 19 M

ay 2023



EFFECT OF BOMBESIN AND CAERULEIN ON PANCREATIC CARCINOGENESIS

"week-end schedule" than on a continuous schedule (yielding

the same doses) probably because discontinuous treatment
avoids the desensitization of cells to the stimulus (17).

The effect of CCK or caerulein on experimental induction of
pancreatic carcinoma has been studied previously in the ham
ster. While two reports have demonstrated a promoting effect
on BOP-induced carcinogenesis (18, 19), a third did not show
any change (20), and a fourth suggested a protective effect (33).
Several authors have observed the promoting effect of feeding
raw soy flour (10, 11), soybean trypsin inhibitor (10), or a
synthetic trypsin inhibitor (FOY-305) (34) on azaserine-in-
duced pancreatic carcinogenesis in the rat and have suggested
that this effect might be regulated through cholecystokinin
release. Recently, Miazza et al. (21) have demonstrated that
pancreaticobiliary diversion induced pancreatic carcinoma
through cholecystokinin release in rats. These observations
support the carcinogenic influence of cholecystokinin in the rat
pancreas. However, the effect of exogenous trophic peptides on
carcinogenesis in the rat pancreas has not been studied directly.
The experiment reported here shows that the combination of
caerulein with azaserine results in a much greater number and
size of AACN in the rat pancreas. Moreover, carcinomas ap
peared earlier when caerulein was administered after azaserine.

Although caerulein induced atrophy and fibrosis in the nor
mal pancreas, the AACN showed a very normal and well
preserved acinar structure. This raises the issue of altered
phenotype within the AACN although the cells appear histo-
logically similar to normal cells. The low dose of caerulein
induced a slight atrophy of the pancreas (decrease of pancreatic
weight) and a marked increase in tumor burden whereas the
higher dose of caerulein decreased pancreatic weight even more
but still increased the tumor burden in the gland. In this latter
instance, the increase in tumor burden ("volume %") is inflated

by the atrophy of the nonnodular pancreas. One puzzling fea
ture of the data is the smaller mean nodule size in the high-
dose caerulein group than in the low-dose group. This may
reflect an indirect effect of the atrophie change in the pancreases
of the high-dose rats, e.g., a reduction in blood supply.

The number of AACN identified in caerulein-treated groups
was greater than in the control group. This may reflect growth
of additional initiated cells with caerulein treatment but could
also reflect more complete detection of AACN. Small, well
differentiated acinar cell foci are difficult to identify in hema-
toxylin and eosin-stained sections because they appear so sim
ilar to normal pancreas (22). It may have been easier to identify
such foci in the caerulein-treated rats because of the atrophy
and fibrosis in the nonnodular pancreas. In rats treated with
the low dose of caerulein, the basophilic foci were increased to
a greater degree than the acidophilic. We found it more difficult
to classify nodules as acidophilic or basophilic in the pancreases
from caerulein-treated rats than in controls or bombesin-treated
rats. This suggests that caerulein treatment affected the phe
notype of acinar cells in foci and nodules as well as stimulating
their growth. Even though this resulted in greater variability of
counts by different observers than is usual, the trend was
consistent and indicated that the size and number of basophilic
nodules were increased by caerulein treatment. In earlier stud
ies, basophilic foci have characteristically shown lower growth
rates than acidophilic foci (4, 7).

Bombesin has not been widely studied as a gastrointestinal
peptide. Recent work has demonstrated that neuropeptides such
as bombesin acted as mitogens for Swiss 3T3 cells (23) and
stimulated growth of normal human bronchoepithelial cells and
small cell lung carcinoma (24, 25). The promotional effect of

bombesin on azaserine-induced carcinogenesis in the rat pan
creas suggests the possible importance of GRP in pancreatic
carcinogenesis. The failure of bombesin to stimulate the growth
of basophilic foci may reflect a difference in the response of
such AACN to the two peptides, but could also reflect weaker
stimulation by the doses of bombesin that were used. The fact
that bombesin failed to induce chronic pancreatitis suggests
that there was not equivalent stimulation of acinar cells by
bombesin and caerulein.

Cholecystokinin has been repeatedly proposed as a treatment
for obesity or chronic pancreatitis in the human. It is therefore
very important to investigate its effect in the genesis of human
carcinoma. Recently, Pap et al. (26) have suggested a trophic
effect of cholecystokinin treatment on human pancreas. In the
human, the consumption of fat and protein-rich diets which
induces cholecystokinin release (27) is associated with an in
creased incidence of pancreatic cancer (28). Moreover, an epi-
demiological study has demonstrated a high correlation be
tween pancreatic cancer and subtotal gastrectomy (29). The
latter patients release higher levels of cholecystokinin after fat
intake than controls (30). These observations support the hy
pothesis that transient high cholecystokinin levels may promote
pancreatic carcinogenesis in the human.

The mechanism by which caerulein and bombesin act as
tumor promoters in the pancreas may be surprisingly close to
that by which phorbol esters promote carcinogenesis in the
skin. Both peptides appear to occupy a receptor which activates
the intracellular turnover of phosphatidylinositol, mobilization
of calcium, and release of diacylglycerides (31 ). The diacylgly-
cerides, like phorbol ester, activate protein kinase C, and this
sequence has been implicated as a key event in tumor promotion
(32).
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