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Dimethylbenzanthracene (DMBA) induces pancreatic
adenocarcinomas in rats 9 months after carcinogen
exposure, with precursor lesions (tubular com-
plexes) developing 1 month after initiation of treat-
ment. Because previous studies have suggested an aci-
nar cell of origin for these tumors, we investigated
the expression pattern of ductal, acinar, and islet cell
markers in these cancers to gain insight into their
phenotype and cell of origin. Pancreatic neoplasms
were induced in rats by implantation of DMBA into
the head of the pancreas. Lesions studied included 10
early tubular complexes (DMBA for 2 weeks), 8 tubu-
lar complexes (DMBA for 1 month), and 10 adenocar-
cinomas (DMBA for 9 months). Normal rat pancreas
served as a control. For comparison, 5 human ductal
adenocarcinomas were also evaluated. Immunohisto-
chemistry with ductal (keratin, cytokeratin 19, cyto-
keratin 20), acinar (chymotrypsin), and islet (chro-
mogranin A) cell markers was performed to analyze
the tissues. Rat tubular complexes and adenocarcino-
mas revealed strong expression of keratin, cytokera-
tin 19, and cytokeratin 20 in the cytoplasm of all
neoplastic cells, absence of chymotrypsin, and rare
immunoreactivity to chromogranin A. Human adeno-
carcinomas showed strong expression of keratin and
cytokeratin 19 in all neoplastic cells, expression of
cytokeratin 20 in 5–20% of cells, and absence of chy-
motrypsin and chromogranin A. Pancreatic adenocar-
cinomas induced by DMBA in rats express markers
consistent with a ductal phenotype, as observed in
human tumors. Ductal marker expression in early
tumor stages suggests a ductal cell of origin. (Am J
Pathol 1999, 154:1223–1229)

Chemical carcinogenesis using dimethylbenzanthracene
(DMBA) has been shown to induce pancreatic tumors in
rats with potential for local invasion and peritoneal me-
tastases.1 Tumors produced show a duct-like phenotype
reminiscent of pancreatic neoplasms in man. Moreover,

surrounding pancreatic ducts display features of hyper-
plasia, dysplasia, and carcinoma in situ, suggesting a
gradual transition from normal duct epithelium to invasive
carcinoma.

Despite the ductal phenotype of most human pancre-
atic carcinomas, there is still considerable debate as to
the cell of origin of these tumors. Most adenocarcinomas
are presumed to originate from ductal cells because they
show mucin production, lack secretory granules, and
have morphological features of ductal cells. However,
cases of human ductal pancreatic neoplasms with prom-
inent neuroendocrine and acinar differentiation have
been described in the literature, suggesting a pluripotent
cell of origin.2,3

Experimental rodent models of pancreatic carcinoma
have also contributed to the existing debate. Duct-like
cell lines have been derived from a transplantable acinar
cell carcinoma induced by asazerine in rats.4 The authors
suggest that some pancreatic carcinomas with a ductal
phenotype might result from transformation, dedifferenti-
ation, and/or metaplasia of acinar cells. In a different
model, islet cells have been implicated as cells of origin
for pancreatic neoplasms induced by N-nitroso-bis(2-
oxypropyl) amine (BOP) in Syrian female hamsters.5 Neo-
plastic duct-like complexes have been observed in the
vicinity of islets of Langerhans in hamster pancreata ex-
posed to BOP, suggesting a role for neuroendocrine cells
in pancreatic tumorigenesis. These investigators have
also observed differentiation of cultured islet cells into
ductular and acinar cells and have used this information
to explain their findings in BOP-induced tumors.6

To further characterize DMBA pancreatic tumors in
rats, we studied the pattern of expression of various
ductal, acinar and islet cell markers in these lesions. Our
goals were to determine whether DMBA tumors express
markers consistent with a ductal phenotype, to determine
whether tumor marker expression is consistent with hu-
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man pancreatic adenocarcinomas, and to look at marker
expression in early tumor stages to gain insight into the
cell of origin of these neoplasms.

Cytokeratins were selected as ductal markers for this
study. Cytokeratins are constituents of the intermediate-
sized filaments of epithelial cells.7 Epithelial cells express
characteristic combinations of cytokeratins according to
their location and degree of differentiation. Differential
cytokeratin expression by immunohistochemistry allows
differentiation of ductal cells from acinar or islet cells in
the normal pancreas.8,9 Moreover, during transformation
of normal epithelia to malignant cells, the cell-type spec-
ificity of cytokeratins is largely conserved.10 This property
makes them valuable clinical tools for histological tumor
diagnosis, providing key information pertaining to tumor
origin and degree of differentiation.11–13

Cytokeratin 19 (400 amino acids, 44.1 kd) is a widely
distributed cytokeratin expressed in many simple epithe-
lia. Cytokeratins 7 and 19 are the classic pancreatic
ductal cell intermediate filaments and have been used in
many studies to identify normal as well as neoplastic
pancreatic ducts.14 In contrast, cytokeratin 20 (424
amino acids, 48.6 kd) is a recently discovered interme-
diate filament, distinct from other cytokeratins and ex-
pressed only in gastrointestinal epithelia, the urothelium,
and Merkel cells. It has significant value in tumor histo-
diagnosis because it is expressed mainly in carcinomas
derived from cytokeratin 20-positive epithelia, being ab-
sent in most other carcinomas. As such, it has been
shown to be very useful in the diagnosis of bile tract and
pancreatic neoplasms.15

For pancreatic acinar cells, chymotrypsin was chosen
as marker molecule. Chymotrypsin is a pancreatic en-
zyme involved in protein digestion. This enzyme is ex-
pressed within the secretory granules on the apical as-
pect of acinar cells. Chymotrypsin has been used
immunohistochemically to characterize human tumors of
acinar or mixed acinar-endocrine origin.16

Finally, chromogranin A was used as an islet cell
marker. Chromogranin A is well established as a marker
of neuroendocrine cells.17 It is a glycoprotein involved in
the sorting of peptide hormones and neurotransmitters to
secretory granules within cells. In normal tissues it is
expressed in adrenal chromaffin cells, anterior pituitary
cells, gut enterochromaffin cells, pancreatic islet cells,
thyroid C cells, and parathyroid cells. The specificity of
expression of chromogranin A makes it a valuable tool for
classification of pancreatic tumors of neuroendocrine cell
origin.18

Materials and Methods

Tumor Induction and Tissue Harvest

Tumors were induced in rats according to our previously
established protocol.1 Briefly, male Sprague-Dawley rats
weighing approximately 150 g underwent a midline lap-
arotomy with exposure of the pancreatic head. The com-
mon bile duct was identified and a 5-mm incision was
made parallel to the course of the duct. A pocket in the

pancreatic parenchyma was developed at the incision
site, where 5 mg of DMBA crystals were implanted and
secured in place by means of a 6–0 prolene pursestring
suture. Following surgery, rats were housed in cages in
our animal care facility. Animal care was provided in
accordance with the Guide for the Care and Use of Labo-
ratory Animals (National Institutes of Health publication
85–23, 1985). The rats were allowed to have food and
water ad libitum and were exposed to 12-hour light and
dark cycles. Rat food consisted of Laboratory Rodent
Diet 5001 from Purina Mills, Inc. (St. Louis, MO). Postop-
erative care consisted of monthly weight measurements,
wound inspection, and abdominal palpation.

Three groups of carcinogen-treated animals were es-
tablished. Rats in the first group were killed 9 months
after carcinogen implantation, or earlier if moribund. At 9
months, approximately 30% of DMBA-treated animals
developed pancreatic adenocarcinomas.1 Rats in the
second group were killed 1 month after carcinogen im-
plantation, when preneoplastic lesions known as tubular
complexes occur.19 The final group consisted of animals
sacrificed 2 weeks after carcinogen exposure, when the
initial stages of tubular complex formation are presumed
to take place. Following euthanasia, animals underwent
abdominal exploration with close attention to the area of
the pancreatic head. Pancreatic tumors were identified
and representative samples fixed in formalin or snap-
frozen in Tissue-Tek O.C.T. compound, (Sakura Finetek,
Torrance, CA) at 270°C. Normal rat pancreatic tissue to
be used as a control was obtained from weight-matched
untreated animals. The study was approved by the sub-
committee on animal research at our institution.

In addition to rat neoplasms, we also obtained frozen
samples of three normal human pancreata and five hu-
man pancreatic cancers. The cancer tissues originated
from five different patients who underwent pancreati-
coduodenectomy for symptomatic tumors in the head of
the pancreas. Clinical details regarding age, sex, and
final pathological diagnosis for these patients are sum-
marized in Table 1.

Histology and Immunohistochemistry

For routine histology, 5-mm sections of formalin-fixed,
paraffin-embedded tissue were prepared and stained
with hematoxylin and eosin. All slides were reviewed in a
blinded fashion by a single pathologist and assessed for
the presence of precursor lesions (tubular complexes) or
invasive pancreatic ductal adenocarcinoma. A diagnosis
of invasive adenocarcinoma required the presence of
infiltrating irregular neoplastic glands within a desmo-
plastic stroma. The neoplastic epithelium was assessed
for nuclear crowding, hyperchromatism, and mitotic ac-
tivity to determine the degree of tumor differentiation.

For immunohistochemistry, the following primary anti-
bodies were obtained as ductal cell markers: anti-cytok-
eratin 19 (mouse monoclonal, RPN 1165, dilution 1:10,
Amersham, Buckinghamshire, UK), anti-cytokeratin 20
(mouse monoclonal, Ks20.8, dilution 1:50, Dako, Carpin-
teria, CA), and anti-keratin, wide spectrum screening
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(rabbit polyclonal, dilution 1:500, Dako). Primary antibod-
ies obtained against acinar cell were anti-chymotrypsin
(mouse monoclonal, 4E1, dilution 1:1000, Biogenesis,
Sandown, NH) and against neuroendocrine cells, anti-
chromogranin A (rabbit polyclonal, SP-1, dilution 1:500,
Incstar, Stillwater, MN).

Anti-cytokeratin 19 and 20 antibodies were applicable
only to acetone-fixed cryostat sections. All other antibod-
ies were used in paraffin-embedded tissues.

For immunohistochemical staining of 5-mm paraffin or
cryostat sections, the avidin-biotin-peroxidase complex
(ABC) method was applied. Paraffin sections were ini-
tially deparaffinized, rehydrated, incubated in H2O2, and
subjected to antigen retrieval by heating in 0.1 mmol/L
citrate buffer. Likewise, cryostat sections were prepared
by fixing in acetone and blocking endogenous peroxi-
dase activity with H2O2. Both paraffin and cryostat sec-
tions were then processed in identical fashion. To block
nonspecific antibody binding, blocking serum (Vector
ABC Kit, Vector Lab, Burlingame, CA) was applied for 20
minutes, then washed off. Primary antibodies in appro-
priate dilutions were then applied and slides were incu-
bated overnight in a moist chamber at 4°C. Controls were
incubated with either phosphate buffered saline and/or
purified mouse IgG standards in the same dilution as the
primary antibodies. The next day unbound antibody was
washed off and slides were incubated in secondary bio-
tinylated anti-mouse or anti-rabbit antibodies, followed by
ABC reagent (Vector ABC Kit). Slides were then devel-
oped in AEC solution (80 mg of 3-amino-9-ethylcarbazole
in 10 ml of NN-dimethyl formamide diluted in 29.6 ml of
0.2 mol/L acetic acid, 70.4 ml of 0.2 mol/L sodium ace-
tate, 0.4 ml of H2O2, and 100 ml of distilled water). Fol-
lowing fixation, slides were counterstained with Lerner’s
no. 1 hematoxylin and mounted on glycergel (DAKO) for
light microscopy.

Results

Normal Pancreas (Control)

In normal rat pancreatic tissue, antibodies against cyto-
keratin 19 selectively stained the cytoplasm of all ductal
cells. Staining with polyclonal anti-keratin and monoclo-
nal anti-cytokeratin 19 antibodies was identical in the
normal pancreas. In contrast, anti-cytokeratin 20 antibod-
ies labeled a subpopulation of ductal cells, having stron-

ger reactivity with intralobular and interlobular ductules
(.50% positive cells), and weaker reactivity in scattered
cells of large and intermediate-sized pancreatic ducts
(5–20% positive cells). None of these ductal markers
showed cross-reactivity with acinar or islet cells.

Chymotrypsin immunolocalization was in the granules
of the apical cytoplasm of acinar cells. Staining was
strong and granular. Anti-chromogranin A antibodies se-
lectively labeled individual cells within the islets of Lang-
erhans. Not all cells within the islets stained with anti-
chromogranin A antibodies, and most positive cells were
found along the periphery of the islets. Antibodies against
chymotrypsin did not react with ductal or islet cells,
whereas antibodies against chromogranin A showed no
cross-reactivity with ductal or acinar cells.

Three specimens of normal human pancreatic tissue
were also evaluated with the ductal markers. The results
confirmed the observations made in normal rat pancre-
atic tissue as described above.

Rat Pancreatic Adenocarcinomas

Table 2 demonstrates the laparotomy findings, gross pa-
thology, and histological diagnosis of the 10 tumors se-
lected for the study. Most tumors were harvested 9
months after carcinogen exposure, but animal no. 9 had
a sizable mass after only 5 months. Almost all tumors
were .2 cm in diameter and demonstrated considerable
gastric outlet and biliary ductal obstruction. Overall, his-
tology revealed ductal adenocarcinoma with mucin pro-
duction and intestinal differentiation. Most neoplasms
showed extensive local growth with occasional invasion
of adjacent organs; three specimens showed intra-ab-
dominal lymph node metastasis.

Immunohistochemistry with keratin, cytokeratin 19, and
cytokeratin 20 antibodies showed strong cytoplasmic
staining in .90% of the cells comprising the epithelia of
the neoplastic glands, as seen in Figure 1, B and C. No
difference in expression of ductal markers, especially
between cytokeratin 19 and 20, was noted within tumors.

Chymotrypsin immunoreactivity was absent in all tu-
mors studied, as seen in Figure 2A.

Anti-chromogranin A antibodies labeled single scat-
tered cells within the neoplastic epithelia as seen in Fig-
ure 2B. These cells accounted for ,2% of the cells in the

Table 1. Human Pancreatic Tumors Analyzed

Specimen no. Age/sex Pathological diagnosis Cytokeratin 19 Cytokeratin 20

1 71/M 1.5 cm ductal adenocarcinoma G2-3, 1/10 postive LN 1111 1
2 78/F 1.1 cm ductal adenocarcinoma G2, 0/8 positive LN 1111 11
3 68/F 2.3 cm ductal adenocarcinoma G2, 9/13 postive LN 1111 11
4 66/M 2.5 cm ductal adenocarcinoma G3, 5/25 postive LN 1111 1
5 68/M 3 cm ductal adenocarcinoma G3, 2/13 postive LN 1111 1

M or F, male or female; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4, undifferentiated; LN, lymph node(s); 1,
5–20% positive cells; 11, 20–50% positive cells; 111, 50–90% positive cells; 1111, .90% positive cells.
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transformed glands and were more prevalent in well dif-
ferentiated than in moderately differentiated tumors.

Preneoplastic Changes 1 Month after DMBA
Implantation

Precursor lesions of DMBA adenocarcinomas, known as
tubular complexes, were collected from rats 1 month after

carcinogen implantation. Eight different lesions were se-
lected for the study. Histological evaluation revealed mul-
tiple conglomerates of tubular structures at a distance of
1–4 mm from implantation sites, with significant associ-

Figure 1. Ductal cell markers in DMBA-induced rat pancreatic neoplasms. A:
Adenocarcinoma (hematoxylin and eosin stain, paraffin section, original
magnification, 3100). B: Adenocarcinoma, cytokeratin 19 (cryostat section,
ABC reaction, original magnification, 3100). C: Adenocarcinoma, same tu-
mor as in B now stained for cytokeratin 20 (cryostat section, ABC reaction,
original magnification, 3100). D: Tubular complex at 1 month, cytokeratin 19
(cryostat section, ABC reaction, original magnification, 3200).

Figure 2. Acinar and islet cell markers in DMBA adenocarcinomas. A: Chy-
motrypsin. Note absence of staining in tumor (left) and positive staining in
surrounding normal pancreas (right) (paraffin section, ABC reaction, original
magnification, 350). B: Chromogranin A, scattered single cells staining
within neoplastic epithelium (paraffin section, ABC reaction, original mag-
nification, 3200).

Table 2. Gross and Microscopic Findings of Tumors Analyzed

Rat
no.

Survival
(days) Gross pathology Microscopic diagnosis CK-19 CK-20

1 270 3.8 3 4 3 2.7 cm mass HOP, LN metastasis G2 mucinous ductal adenocarcinoma 1111 1111
2 270 5 3 3.5 3 3 cm mass HOP G2 mucinous ductal adenocarcinoma 1111 1111
3 270 3 3 2 3 2.2 cm mass HOP invading

duodenum and colon
G2 mucinous ductal adenocarcinoma 1111 1111

4 270 2 3 1.8 3 2 cm mass HOP G2 mucinous ductal adenocarcinoma 1111 1111
5 215 3.5 3 3 3 4 cm mass HOP, LN metastasis G2 mucinous ductal adenocarcinoma 1111 1111
6 249 4.5 3 4 3 3.5 cm mass HOP G1 ductal adenocarcinoma 1111 1111
7 250 6.5 3 6 3 5 cm mass HOP invading

liver and stomach, LN metastasis
G2 mucinous ductal adenocarcinoma 1111 1111

8 249 5 3 4.5 3 3 cm mass HOP G2 mucinous ductal adenocarcinoma 1111 1111
9 158 3 3 3 3 3 cm mass HOP G2 mucinous ductal adenocarcinoma 1111 1111

10 231 5 3 7 mm mass HOP G2 mucinous ductal adenocarcinoma 1111 1111

HOP, head of the pancreas; LN, lymph node; G1, grade 1 or well-differentiated; G2, grade 2 or moderately differentiated; CK, cytokeratin; 1111,
.90% positive cells.
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ated inflammation and early fibrosis. Cellular mitoses
were scant and zymogen granules were not detectable.
Most lesions were pathologically graded as ductular hy-
perplasias, but at least two contained carcinoma in situ.
Immunohistochemistry with ductal markers revealed
strong staining in all cells forming tubular complexes
(Figure 1D). Intensity of staining did not depend on radial
distance from the DMBA pocket, and all tubular com-
plexes identified stained positive for cytokeratin 19, cy-
tokeratin 20, and keratin. Staining for chymotrypsin or
chromogranin A was absent within the tubular com-
plexes, but present in the surrounding normal pancreas
within acinar cells and islet cells respectively.

Preneoplastic Changes 2 Weeks after DMBA
Treatment

Early stages of tubular complex formation were studied
by analyzing pancreata two weeks after DMBA implanta-
tion. Ten lesions from 10 different animals were evalu-
ated. Histology revealed aggregates of tubular structures
with identical characteristics to lesions observed at 1
month (Figure 3A). In comparison to lesions at 1 month,
these tubular complexes were smaller in size and in-
cluded fewer tubules per complex. Early tubular com-
plexes showed strong keratin expression by immunohis-
tochemistry, irrespective of their radial distance from the
center of the carcinogen implantation site (Figure 3B). No
chymotrypsin or chromogranin A immunoreactivity was
noted within any of the tubular complexes identified (Fig-
ure 3C). Apoptotic acinar cells with residual chymotryp-
sin expression were observed within areas of inflamma-
tion and early fibrosis, but these were never observed in
tubular configuration.

Human Pancreatic Adenocarcinomas

Five human pancreatic adenocarcinomas were tested for
markers of ductal or acinar cells; results are summarized
in Table 1. Keratin and cytokeratin 19 antibodies labeled
.90% of the neoplastic epithelium in all tumors studied.
Staining was strong and cytoplasmic. In contrast, cyto-
keratin 20 expression was heterogenous, being present
in 10 to 50% of the neoplastic epithelia. Staining was
strong, but restricted to single cells or group of cells
within neoplastic glands. No immunoreactivity to chymo-
trypsin or chromogranin A was observed in any of the
tumors studied.

Discussion

Pancreatic cancer is the fifth leading cause of cancer-
related mortality in the United States.20 It is a devastating
disease with a 5-year survival rate of less than 3%. Fac-
tors involved in this extremely poor prognosis include late
presentation, unavailable screening protocols, and lim-
ited therapeutic options. As opposed to colon or breast
cancer, precursor lesions in pancreatic carcinoma are
poorly understood, curtailing attempts at early tumor de-
tection. In this setting, experimental models offer a good

method to study the evolution, natural history, and effec-
tive therapy of cancer of the pancreas.

It has been difficult to develop an animal model resem-
bling human pancreatic cancer, which appears to be
ductal adenocarcinoma. Chemical carcinogenesis using
azaserine in rats has been plagued by the development
of acinar cell carcinomas.21 Transgenic mice models,
although very successful in targeting and inducing pan-
creatic neoplasms, have resulted mostly in acinar and
mixed acinar-ductal carcinomas.22 Models involving xe-
nografting of human tissue in nude mice bypass the
process of multistage carcinogenesis, and eliminate im-
munological modulation of tumor growth and spread.23

At the moment, the most successful model involves
chemical carcinogenesis using BOP in hamsters. BOP
has been shown to induce ductal pancreatic adenocar-
cinomas24 with genetic mutations analogous to their hu-
man counterparts.25

Figure 3. Immunohistochemistry of rat tubular complex developing 2 weeks
after DMBA implantation. A: Tubular complex is in the center of the photo-
graph flanked by normal pancreatic tissue on either side (hematoxylin and
eosin stain, paraffin section, original magnification, 3150). B: Keratin. Note
strong staining of tubular complex epithelium and small ducts within sur-
rounding pancreatic parenchyma on the right. (paraffin section, ABC reac-
tion, original magnification, 3150). C: Chymotrypsin (paraffin section, ABC
reaction, original magnification, 3150).
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The only model of pancreatic ductal adenocarcinoma
in the common laboratory rat involves DMBA carcinogen-
esis.26 Recent studies from our laboratory demonstrated
that DMBA was the only known carcinogenic agent that
reliably induces ductal pancreatic cancers in rats.1 At
present, the DMBA model has been characterized by
plain histology and by a complex series of structural-
morphological studies by Bockman in 1981.27 These
studies involved three-dimensional cast reconstructions
of normal pancreas and DMBA neoplasms, and electron
microscopic analysis. Bockman concluded that DMBA
tumors were not ductal in origin, but resulted from dedif-
ferentiation of acinar cells. Through dedifferentiation, a
process involving halting of cellular synthesis and zymo-
gen granule disappearance, acinar cells were thought to
take on the appearance of ducts or ductules.28

The present study employs immunohistochemistry to
characterize these tumors in more detail. We demon-
strate that pancreatic adenocarcinomas induced by
DMBA in rats express cytokeratins 19 and 20, markers of
ductal cells in the normal pancreas. Cytokeratin 19 and
20 expression has been reported in human pancreatic
ductal adenocarcinomas7,15 and was confirmed by im-
munohistochemistry of five different human pancreatic
tumors in this study. Ductal marker expression, therefore,
is similar in the pancreatic neoplasms of humans and
DMBA-treated rats.

The presence of ductal markers and absence of acinar
markers are consistent with a ductal cell of origin for
DMBA carcinomas, if we assume that the cytokeratin
pattern of the cell of origin is preserved in the process of
neoplasia.11–13 It is possible, however, that ductal cell
markers are acquired by acinar cells during the develop-
ment of carcinoma. Ductal metaplasia has been de-
scribed in other models of pancreatic cancer, particularly
in association with azaserine-induced pancreatic carci-
nomas in the rat and acinar cell carcinomas in the Ela-1-
myc transgenic mice.4,22 To address this issue, we ex-
amined cell marker expression during early tumor stages.
The premise for this study is that the identification of
antigenic phenotypes in early tumor stages may provide
insights into the cell of origin for these tumors. If acinar
cells, along with ductal cells, participate in the origin of
DMBA tumors by dedifferentiation or metaplasia, it
should be possible to identify intermediate cells contain-
ing both acinar and ductal markers.

The earliest DMBA precursor lesions described in the
medical literature are known as tubular complexes, ap-
pearing 1–3 months after carcinogen treatment.19 Our
results confirm the presence of these precursor lesions
following DMBA exposure 1 month in duration. Theoreti-
cally, tubular complexes could originate from ductal
cells, acinar cells, or a combination of these two cell
types. To study the process of tubular complex formation,
we analyzed pancreatic changes occurring 2 weeks after
DMBA implantation. Although it is likely that these com-
plexes begin to form immediately after DMBA treatment,
attempts at evaluating lesions earlier than 2 weeks were
uninformative due to superimposed chemical pancreati-
tis. It is significant that other studies have described
tubular complexes in association with acute and chronic

pancreatitis, suggesting that inflammation may also play
a role in the formation of these structures.29–31

Our results demonstrate that tubular complexes ex-
press the same cytokeratins as normal pancreatic ducts
and advanced DMBA tumors. A ductal phenotype was
observed in precursor lesions as early as 2 weeks after
carcinogen exposure, irrespective of their radial distance
from the implantation site. In contrast, chymotrypsin ex-
pression was not observed within tubular complexes, and
apoptotic acinar cells were noted to blend with the on-
going pancreatic fibrosis without degeneration into duct-
like structures. These results suggest targeting of ductal
cells at the initial stages of DMBA carcinogenesis, without
evidence for metaplasia and dedifferentiation in the pro-
cess. Similar patterns of ductal cytokeratin expression
have been described in pancreatic tumors and prema-
lignant lesions induced by BOP in hamsters and have
been used to support the hypothesis of a ductal cell of
origin.32 However, because we were unable to study the
earliest effects of DMBA, a determination of the cell of
origin of tubular complexes cannot conclusively be made
at this time and awaits analysis of pancreatic changes
occurring during the first days after carcinogen treat-
ment.

It is interesting that a subpopulation of ductal cells was
recognized by cytokeratin 20 antibodies in the normal
pancreas, with a predilection for small intralobular/inter-
lobular ductules over larger pancreatic ducts. This ob-
servation was previously reported in the original paper
describing the characterization of cytokeratin 20.15 Be-
cause cytokeratin 20 is known to be present mostly in
malignancies derived from cytokeratin 20-positive pre-
cursor cells, the expression of this keratin by DMBA
tumors suggests a ductular cell of origin. Indeed, be-
cause ductular cells comprise approximately 80% of the
cells in the pancreatic duct system of the rat, they would
appear, at least statistically, to be the most likely targets
for DMBA-induced carcinogenesis.33 Similarly, the differ-
ence in expression of cytokeratin 20 between rat and
human tumors could be a reflection of slightly different
cells of origin for these neoplasms (ductular versus duct
cells respectively).

The significance of neuroendocrine cells detected
within the neoplastic epithelium of DMBA tumors is un-
known. Scattered goblet, brush, and neuroendocrine
cells are known to be present among the principal cells of
pancreatic ducts.34 In addition, scattered neuroendo-
crine cells have been observed in some human pancre-
atic ductal adenocarcinomas, especially well-differenti-
ated neoplasms.35,36 DMBA tumors are usually well to
moderately differentiated, and the presence of neuroen-
docrine cells correlates with the level of differentiation.
Overall, neuroendocrine cells were observed infrequently
and their role, if any, in the pathogenesis of these tumors
remains to be elucidated.

In summary, our study demonstrates that DMBA in-
duces duct-like neoplasms in the rat pancreas with pro-
tein expression concordant with human pancreatic tu-
mors. Evaluation of precursor lesions suggests that these
tumors arise from ductal cell transformation. Further char-
acterization is ongoing in our laboratory to determine
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whether genetic/mutational changes (K-ras, p16, p53) in
DMBA tumors recapitulate their human counterparts. Pre-
liminary data already demonstrates the presence of ac-
tivating codon 12 K-ras mutations.37 If other mutational
changes in these tumors prove similar to those found in
human malignancies, the model could be uniquely useful
in the study of the origin, biology, metastasis, and treat-
ment of pancreatic carcinoma.
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