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ABSTRACT
Purpose: To evaluate the effects of alcohol and caffeine in a pancreatic carcinogenesis mouse model induced by 7,12-
dimethylbenzantracene (DMBA), according to the PanIN classification system. Methods: 120 male, Mus musculus, CF-
1 mice were divided into four groups. Animals received either water or caffeine or alcohol or alcohol + caffeine in their
drinking water. In all animals, 1 mg of DMBA was implanted into the head of the pancreas. After 30 days, euthanasia was
performed; excised pancreata were then fixed in formalin, stained with hematoxylin-eosin and categorized as follows:
normal ducts, reactive hyperplasia, PanIN-1A, PanIN-1B, PanIN-2, PanIN-3 or adenocarcinoma. Results: PanIN lesions
were verified in all groups. Adenocarcinoma was detected in 15% of animals in the caffeine group, 16.6% in the water
group, 23.8% in the alcohol + caffeine group and 52.9% in the alcohol group (P<0.05). Conclusions: The experimental
pancreatic carcinogenesis mouse model using DMBA effectively induces PanIN lesions and pancreatic adenocarcinoma.
This study verified the association between alcohol use and pancreatic adenocarcinoma; caffeine did not present the
same effect
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RESUMO
Objetivo: Avaliar os efeitos do álcool e da cafeína na carcinogênese pancreática induzida pelo 7,12-dimetilbenzantraceno
(DMBA) em camundongos, descrevendo as lesões de acordo com a classificação das neoplasias pacreáticas intraepiteliais
(PanIN). Métodos: 120 camundogos machos, Mus musculus, CF-1 foram divididos em quatro grupos. Animais receberam
água ou cafeína ou álcool ou álcool + cafeína para beber. Em todos animais, 1 mg de DMBA foi implantado na cabeça do
pâncreas. Após 30 dias, eutanásia foi realizada, o pâncreas foi removido, fixado em formalina e corado com hematoxilina
e eosina sendo classificado em: ductos normais, hiperplasia reativa, PanIN-1A, PanIN-1B, PanIN-2, PanIN-3 ou
adenocarcinoma. Resultados: Neoplasias pancreáticas intraepiteliais foram encontradas em todos grupos. Adenocarcinoma
foi detectado em 15% dos animais do grupo cafeína, 16,6% do grupo água, 23,8% do grupo álcool + cafeína e 52,9% do
grupo álcool (P<0,05). Conclusões: O modelo experimental de carcinogênese pancreática em camundongos utilizando
DMBA induz neoplasias pancreáticas intraepiteliais (PanIN) e adenocarcinoma pancreático. Este estudoverificou
associação entre álcool e adenocarcinoma pancreático, enquanto a cafeína não demonstrou este efeito.
Descritores: Cafeína. 9,10-Dimetil-1,2-benzantraceno. Adenocarcinoma. Pâncreas. Camundongos.
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Introduction

The 5-year survival rate of pancreatic ductal
adenocarcinoma (PDA) is below 5%1;2. The incurability
of this “dismal disease” is reflected in identical annual
incidence and mortality figures 3. Approximately 80%
of patients present unresectable disease when they are
diagnosed 2. Therefore, for most patients, only a
palliative treatment is offered. These data highlight the
importance of the diagnosis of early pancreatic lesions
and the identification of possible PDA promoters.
Although the identification and treatment of pre-invasive
pancreatic ductal lesions may potentially prevent PDA,
the study of these precursor lesions in the pancreas has
been impaired due to the lack of internationally accepted
nomenclature and diagnosis criteria 4. Recent studies
have characterized pancreatic intraepithelial lesions
(PanIN), thereby unifying the nomenclature and
proposing a morphological progression model for PDA
4-7 as well as correlating these early lesions with specific
molecular genetic alterations 6;8. Animal models for
pancreatic cancer should mimic all aspects of human
disease 9. Chemical agents (N-nitroso-bis(2-oxopropyl)
amine and 7,12-dimethylbenzanthracene) and transgenic
mice (PDX-1-Cre;LSL-KRASG12D and P48+/Cre;LSL-
KRASG12D) are the pancreatic carcinogenesis models
more used. Pancreatic implantation of 7,12-
dimethylbenzanthracene (DMBA) have previously been
reported 10-15 and produces a phenotype of ductal
adenocarcinoma with mutated K-ras 11;16. Zehnder et al.
first described the induction of PDA in mice using
DMBA, reducing the time of neoplasia induction to only
2 months 14. Osvaldt et al. related the  development of
PanIN and ductal adenocarcinoma in a DMBA-induced
model in mice 15. The aim of the this study was to evaluate

the effects of alcohol and caffeine in a DMBA-induced
pancreatic carcinogenesis mouse model according to the
PanIN classification system.

Methods

Animal model

Animal care are provided according to the Guide
for the Care and Use of Laboratory Animals 17. A total
of 120 Mus musculus strain CF1 male adult mice, kept
in a luminosity circadian cycle with environmental
temperature control (18–23oC) and relative humidity
control (40–70%), were divided into four groups. These
groups received solutions in the pre- and post-operative
periods for 30 days according to their group (Table 1).
The animals were anesthetized with 0.04 mg/kg
subcutaneous atropine as a premedication, followed 10
min later by ketamine(50mg/kg) and xylazine(20mg/kg)
intraperitoneally. Mice were submitted to pre-operative
fasting for 6h. Median laparotomy and dissection of the
pancreas via delicate release of the stomach and
transversal colon was performed. Purse-string sutures
of 5 mm in diameter, using 7-0 polypropylene threads,
were performed at the head of the pancreas. Obstruction
of the biliopancreatic duct had to be avoided. In addition,
implantation of 1 mg of DMBA crystals (Sigma, lot
21K3688, St. Louis, MO) was performed, with the aid
of an previously calibrated infusion cannula. The
simultaneous closing of the purse-string suture around
the introductory device was performed according to a
previously described technique 15.The site of
implantation was checked to ensure that spillage of
DMBA did not occur.

TABLE 1 - Characterization of the experimental groups

Group Pancreas Pre-operative1 Post-operative1

Water DMBA Water Water
Alcohol DMBA Alcohol Alcohol
Caffeine DMBA Caffeine Caffeine
Alcohol + DMBA Alcohol + Alcohol +
caffeine caffeine caffeine

1Pre- and post-operative periods each of 30 days’ duration

Solutions

a) Caffeine: 1,3,7-trimethylxanthine pure
anhydrous caffeine (Caffeine, lot 110K0264; Sigma-
Aldrich, Saint Louis, MO) was dissolved in water at room
temperature at a rate of 40 mg/1000 ml of water.

b) Alcohol: Cereal alcohol 96 GL was diluted in
water at room temperature and a concentration of 6%
alcohol/volume was used.

The consumption of drinking solutions offered to
the animals was recorded daily and then the average
consumption for each animal was calculated.

Histological analysis

Thirty days after the procedure and use of the
respective solutions according to the assigned group,
euthanasia was performed in a carbonic gas chamber
(using CO2). The pancreata were excised, fixed in 10%
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buffered formalin, embedded in paraffin and stained with
hematoxylin and eosin. The histological analysis was
performed by two pathologists in a blinded fashion and
categorized as follows. They assessed the pancreata by
means of the PanIN classification system 5. Normal
ductal and ductular epithelium is a cuboidal to low-
columnar epithelium with amphophilic cytoplasm.
Reactive hyperplasia was defined as an increase in the
number of epithelial cells alongside the DMBA
implantation pouch. PanIN-1A are flat epithelial lesions
composed of tall columnar cells with basally located
nuclei and abundant supranuclear mucin. The nuclei are
small, and round to oval in shape. When oval, the nuclei
are oriented perpendicular to the basement membrane.
PanIN-1B are epithelial lesions that have a papillary,
micropapillary or basally pseudostratified architecture,
but are otherwise identical to PanIN-1A. PanIN-2 are
mucinous epithelial lesions that may be flat but are
mostly papillary. Cytologically, by definition, these
lesions must have some nuclear abnormalities. These
abnormalities may include some loss of polarity, nuclear
crowding, enlarged nuclei, pseudo-stratification and
hypercromatism. These nuclear abnormalities fall short
of those seen in PanIN-3. Mitoses are rare, but when
present are non-luminal (not apical) and are not atypical.
PanIN-3 lesions are usually papillary or micropapillary;
however, they may rarely be flat. True cribriforming,
the “budding off” of small clusters of epithelial cells into
the lumen, and luminal necrosis, should all suggest the
diagnosis of PanIN-3. Cytologically, these lesions are
characterized by a loss of nuclear polarity, dystrophic
goblet cells (goblet cells with nuclei oriented towards
the lumen and mucinous cytoplasm oriented towards the
basement membrane), mitoses that may occasionally be
abnormal, nuclear irregularities and prominent (macro)
nucleoli. The lesions resemble carcinoma at the
cytonuclear level, but invasion through the basement
membrane is absent. Invasive adenocarcinoma was
diagnosed in the presence of infiltrating irregular
neoplastic glands within a desmoplastic stroma 18. The
presence of more than one alteration in the same case
has always been considered to be at the most advanced
stage.

Ethics

Experiments were approved by the Ethical
Committee of Hospital de Clinicas de Porto Alegre.

Statistical analysis

The Pearson chi-squared test and the Fisher exact
test were used to evaluate the statistical significance of
differences between comparisons. The significance level
was defined at P<0,05.

Results

This pancreatic carcinogenesis model used 120
mice, distributed into four groups of 30 animals. Of
these, 33 (27.5%) died in the post-operative period, and
were therefore excluded from the study. Of the remaining
87 animals, 5 (5.7%) were also excluded because
histological analysis was impaired by the autolysis of
the material examined. Therefore, a total of 38 animals
were lost (31.6%). In the DMBA + water group, 6
animals were lost (20%); in the DMBA + alcohol group,
13 animals were lost (43.3%); in the DMBA + caffeine
group, 10 animals were lost (33.3%), and in the DMBA
+ alcohol + caffeine group, 9 animals were lost (30%).
No statistical differences in relation to the losses between
groups were observed (P=0.2780, Chi-squared test).

Consumption of solutions

The consumption of drinking solutions offered to
the animals was similar in all groups (Table 2).

TABLE 2 - Average solution volume (ml) daily ingested
per mouse from the different groups

Group Pre-operative Post-operative

Water + DMBA 8.02 6.80
Alcohol + DMBA 8.90 9.10
Caffeine + DMBA 9.88 9.30
Alcohol + caffeine + DMBA 9.50 9.28

Histological analysis

The histological findings ranged from normal ducts,
reactive hyperplasia and all PanIN-type alterations
(Figure 1), to invasive adenocarcinoma (Figure 2). The
frequency of the histological diagnoses in the different
groups is summarized in Table 3. Statistical analysis of
these histological data showed that the alcohol group
had a significantly greater incidence of invasive
adenocarcinoma (P<0.05) than the water group (control
group) or the caffeine group. No statistical differences
were observed when the other groups were compared.
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FIGURE 1 - Precursor lesions classified as PanIN: A) PanIN-1A with cylindrical epithelium, magnification of ×40 from
the original; B) PanIN-1B with papillary projections (arrows), magnification of ×20 from the original; C)
PanIN-1B with papillary projections (arrows), magnification of ×10 from the original; D) PanIN-2 with
papillary projections with nucleuses at different heights (arrow), magnification of ×20 from the original; E)
PanIN-2 with papillary projections (arrows), magnification of ×20 in the original; F) PanIN-3, magnification
of ×10 from the original; G) PanIN-3 with decapitation (arrow), magnification of ×10 from the original; H)
PanIN-3 with cribiform feature, magnification of ×20 from the original. Slides stained using the hematoxylin
and eosin technique
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FIGURE 2 - Histological sections pointing out invasive pancreas adenocarcinoma. A) Animal from alcohol group, magnification
of ×20 from the original; B) Animal from alcohol + caffeine group, magnification of ×20 from the original; C)
Desmoplasic stroma with atypical glands, magnification of ×20 from the original; D) Animal from alcohol group,
magnification of ×20 from the original; E) and F) Desmoplasic stroma with atypical glands, magnification of ×20
from the original. Slides stained using the hematoxylin and eosin technique

TABLE 3 - Frequency of histological diagnoses in the different groups

Reactive                        PanIN Invasive
n Normal hyperplasia Ia Ib II III carcinoma

DMBA + water 24 0 4 1 4 8 3 4 (16.6%)
DMBA + alcohol 17 1 1 0 1 3 2 9 (52.9%)a
DMBA + caffeine 20 3 1 1 4 4 4 3 (15%)
DMBA + alcohol +
caffeine 21 1 0 1 2 10 2 5 (23.8%)

P<0.05 (Fisher exact Test)
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Discussion

The experimental model adopted in the present
study allowed the induction of pancreatic carcinogenesis
through the implantation of DMBA in the pancreas, as
previously described by Dissin et al.10, Rivera et al. 11

and Bockman et al.12. The animal selected for the
experimental studies mentioned above was the rat, with
the observation period ranging from 4 to 12 months for
pancreatic carcinogenesis induction. In our study, the
animal selected for experimental use was the mouse, as
described by Zehnder et al.14 and Osvaldt et al.15, and a
reduced time period was needed for pancreatic
carcinogenesis induction. The model adopted was
satisfactory because the development of precursor
lesions (PanINs), as well as of invasive adenocarcinoma,
was observed in all groups studied. The total number of
losses was 38 (31.6%) and no statistical differences in
the comparison between groups were observed. This loss
rate is comparable to the loss rates found in other studies
involving DMBA 15;16. In its histological analysis, this
study used the PanIN classification system originally
proposed by Klimstra and Longnecker in 1994 19. The
original PanIN definitions used were officially published
in 2001 5. Previous studies used the same experimental
model but did not adopt this classification system to
describe pre-invasive lesions 10-14;16;20. A recent study
described the PanIN lesions in transgenic mice 21. PanINs
are defined as epithelial neoplasic proliferations in small-
caliber pancreatic ducts 22 and may be divided into three
groups. The diagnostic criteria for each PanIN group
were described before. Invasive adenocarcinomas
generally demonstrate the following, which are
considered the main histological characteristics
distinguishing them from PanINs: a) incomplete glands;
b) variation in nuclear size of >4:1 in a single duct; c)
intraluminal necrosis; d) perineural and vascular
invasion; e) glands next to muscular vessels; and f) a
haphazard growth pattern 22. The identification of
possible promotive or protective PDA factors is another
endpoint under study. The use of tobacco is an identified
risk factor and it is estimated that tobacco is responsible
for up to 30% of the pancreatic tumors that occur and
that the risk remains increased for a period of 10–15
years after smoking cessation 23-26. Caffeine has been
widely studied as an agent that induces different types
of neoplasia. Cohort epidemiological studies have
demonstrated no association between caffeine and cancer
in any type of organ 27.  A case–case study has
demonstrated that the activation of the K-ras oncogene
is more frequent in patients with pancreatic cancer who
make regular use of coffee compared with those who do
not; therefore, caffeine could modulate the activation of
the K-ras oncogene 28.  On the other hand, most
epidemiological studies do not demonstrate an
association between the consumption of caffeine and

pancreatic cancer 29-32. Our study also did not show an
association between caffeine and pancreatic cancer, as
the relative frequency of invasive adenocarcinoma in the
caffeine group (15%) was similar to that of the water
group (16.6%). When the alcohol group and the alcohol
+ caffeine group were compared, a reduction in the
adenocarcinoma frequency in the alcohol + caffeine
group without reaching statistical significance was
observed, which could demonstrate the possible
protective effect of caffeine in this experimental model.
The association between the consumption of alcohol and
pancreatic cancer has been widely researched.
Epidemiological studies on the consumption of alcohol
and the risk of cancer in humans confirm the increased
risk of mouth, pharyngeal, laryngeal, esophagus and liver
cancer in alcoholics 33;34. Studies have demonstrated the
association between the consumption of alcohol and
pancreatic cancer 29;35, although the vast majority of
epidemiological studies do not confirm this association
31;32;36. There is only indirect epidemiological evidence
of this association, as the consumption of alcohol
increases the risk of pancreatitis 37 and pancreatitis
increases the risk of pancreatic cancer 38. In the present
study, a higher relative frequency of invasive
adenocarcinoma was found in the alcohol group (P<0.05;
Fisher exact test), demonstrating an association between
alcohol and pancreatic cancer in this experimental model.
This association could be partly explained by the
following reason: alcohol causes pancreatitis (tissue
inflammation) and the concomitant presence of DMBA
and an accelerated process of cell division causes DNA-
repair mechanisms to be overloaded 15. In humans, this
occurs in a similar way. Exposure to DMBA and others
polycyclic aromatic hydrocarbons occurs through the
smoking of tobacco 39. Pancreatic tissue with chronic
inflammation (alcoholic pancreatitis) has an increased
risk of cancer when it is exposed to tobacco smoke 40.
Loss of p16 expression occurs in high-grade PanINs
arising in patients with chronic pancreatitis 41.

Conclusions

This experimental model of pancreatic
carcinogenesis using DMBA in mice is effective for the
induction of the PanIN lesions and invasive pancreatic
adenocarcinoma. The adoption of this systematized
classification to identify and characterize pre-invasive
lesions allows the comparison of results between
researchers. In this study, the association between alcohol
and pancreatic cancer was observed, but caffeine did not
demonstrate this effect.
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