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Emerging evidence suggests a dichotomy in the
dysplasia–CIS-invasive carcinoma sequence in the
pancreas. Pancreatic intraepithelial neoplasms
(PanINs; small, incidental duct lesions) progress to
invasive ductal adenocarcinomas (5-y survival of
<15%), whereas intraductal papillary mucinous
neoplasms (large, intraductal tumors with ductal
dilatation) are often associated with colloid carci-
noma (5-y survival of >55%). We explored the rela-
tionship of these lesions by examining the expres-
sion of MUC1 and MUC2, glycoproteins reportedly
reflecting “aggressive” and “indolent” phenotypes
in pancreas cancer, respectively. Immunohisto-
chemical labeling with MUC1 (clone Ma695) and
MUC2 (clone Ccp58) antibodies was performed on
PanINs (n � 43), intraductal papillary mucinous
neoplasms (n � 74), ductal adenocarcinomas (n �
136), and colloid carcinomas (n � 15). Fifty-four
percent of the intraductal papillary mucinous neo-
plasms expressed MUC2, whereas none of the Pan-
INs did. In contrast, PanINs, especially higher grade
lesions, were often positive forMUC1 (61% of PanIN
3), whereas the expression of this glycoprotein was
infrequent in intraductal papillary mucinous neo-
plasms (20%). This dichotomy was further accentu-
ated in the invasive carcinomas with which these
two preinvasive pathways are respectively associ-

ated: all colloid carcinomas were MUC2� (100%)
and MUC1� (0%), whereas the labeling pattern was
the reverse for ductal adenocarcinomas: 63% were
MUC1� and only 1% were MUC2�. These results
support a dichotomy in the dysplasia–CIS sequence
in the pancreas. Because these two pathways often
lead to different types of invasive carcinomas, this is
an invaluablemodel for the study of carcinogenesis.
The findings here also support the previous impres-
sion that MUC2 (the mucin associated with gel for-
mation) is a marker of the “indolent” pathway (in-
traductal papillary mucinous neoplasm and colloid
carcinoma), whereas MUC1 (the glycoprotein
known to have an inhibitory role in cell–cell and
cell–stroma interactions as well as in immunoresis-
tance of tumor cells) is a marker of the “aggressive”
pathway (PanIN to ductal adenocarcinoma).
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The vast majority of pancreatic neoplasms are duc-
tal adenocarcinomas, characterized morphologi-
cally by invasive tubular units that are often asso-
ciated with a dense desmoplastic stroma. Ductal
adenocarcinomas are among the most lethal can-
cers, with an overall 5-year patient survival rate of
�5% (1–3). As is true for other epithelial malignan-
cies, ductal adenocarcinomas are believed to arise
from morphologically distinct precursor lesions (4–
12). A uniform nomenclature and standardized di-
agnostic criteria for these precursor lesions have
recently been adopted, and the accepted terminol-
ogy is now pancreatic intraepithelial neoplasia (Pa-
nIN; 13).
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A form of pancreatic neoplasia distinct from duc-
tal adenocarcinoma has also recently been recog-
nized. This type of pancreatic neoplasia forms pap-
illary masses within the large ducts of the pancreas,
giving rise to clinically detectable cystic change.
These tumors had been previously reported under a
variety of names, such as “villous adenoma” (14,
15), “intraductal papillary tumor” (16, 17), “mucin-
producing tumor” (18, 19), “ductectatic mucinous
cystic tumor” (20–22), and “mucinous duct ecta-
sia,” but have recently been unified under the head-
ing intraductal papillary mucinous neoplasms
(IPMNs; 2, 3, 23), the term that is also endorsed by
the World Health Organization (3). IPMNs can be
distinguished from the more widely recognized
mucinous cystic neoplasms. The latter generally
afflict younger women, tend to be located in the tail
of the pancreas, and contain ovarian-like stroma
(23–28).

In approximately 30% of patients with IPMN,
there is an associated invasive carcinoma (18, 29–
37). The invasive component may resemble ordi-
nary ductal adenocarcinoma. However, more com-
monly, it is a distinctive mucinous type of invasive
carcinoma referred to as mucinous noncystic, mu-
conodular (18, 31, 32, 34), or colloid carcinoma (38,
39). Colloid carcinomas of the pancreas have an
indolent clinical course. The 5-year survival rate of
patients with resected colloid carcinoma, including
those with lymph node metastasis and perineurial
invasion, is 55% (38, 39), significantly better than
that of patients with resected conventional ductal
adenocarcinoma, which is �15%.

The MUCs are a group of genes that transcribe
for glycoproteins (mucins) that are differentially ex-
pressed in various tumor types (40–49). In fact,
MUC1 (mammary-type mucin) and MUC2
(intestinal-type mucin) have been reported as
markers of “aggressive” and “indolent” phenotypes
in pancreas cancer, respectively (41, 43, 44). MUC1
was found to have an inhibitory role in cell–cell and
cell–stroma interaction, mostly through integrins,
and it is also said to have a role in immunoresis-
tance of neoplastic cells to cytotoxic T cells. MUC2,
on the other hand, is associated with gel formation
via polymers that are linked end to end by disulfide
bonds. It may also have a role in regulation of cell
proliferation via the cysteine-rich domains.

Emerging evidence suggests that IPMN and col-
loid (mucinous noncystic) carcinoma form a dis-
tinct pathway of carcinogenesis in the pancreas (38,
39) and that MUC2 may be the marker of this path-
way (50). Furthermore, ordinary ductal carcinoma
of the pancreas was found to lack expression of this
marker but showed MUC1 expression instead (41,
43, 44, 50). There is, therefore, preliminary evidence
of a dichotomy in pancreatic carcinogenesis. How-
ever, the expression of these markers in PanINs, the

precursors of ductal adenocarcinoma, has not been
documented. This study was undertaken to test the
expression of these markers in a large number of
cases of ductal adenocarcinoma, colloid carcinoma,
IPMN, as well as in PanINs in an attempt to clarify
the relationships among these entities.

MATERIALS AND METHODS

Cases
One-hundred thirty-six ordinary ductal adeno-

carcinomas, 15 colloid carcinomas, 74 IPMNs, and
forty-three examples of PanIN were gathered from
the files of the Karmanos Cancer Institute—Wayne
State University, The Johns Hopkins Hospital, and
Memorial Sloan-Kettering Cancer Center. Of the 74
IPMNs, 26 were either adenomas or borderline le-
sions, and 48 were carcinomas, as classified accord-
ing to the World Health Organization criteria (3). Of
those with intraductal papillary mucinous carci-
noma, 33 had associated invasive carcinoma; only
the in situ component of these cases was included
for interpretation. Of the 43 PanINs, 30 were graded
as PanIN 1 or 2, and 13 were graded as PanIN 3
according to the grading scheme adopted recently
(13). Twenty-four of these PanINs originated from
patients with ductal adenocarcinoma, and 19, from
patients with no primary carcinoma in the pan-
creas. Representative sections from formalin-fixed
and paraffin-embedded tissues were obtained, and
5-�m sections were prepared on sialyated slides for
immunolabeling.

Immunohistochemical Stains
The immunohistochemical stains were per-

formed by the avidin–biotin peroxidase complex
method. The commercial antibodies MUC-1 (clone
Ma695) and MUC-2 (clone Ma695) and MUC-2
(clone Ccp58), along with the secondary antibody
and detection kit, were purchased from Vector Lab-
oratories (Burlingame, CA). After deparaffinization
and blocking of endogenous peroxidase, tissue sec-
tions were steamed in 10 mM, pH 6.0, citrate buffer
for 20 minutes and allowed to stand in the hot
buffer for an additional 20 minutes. MUC1 and
MUC2 antibodies, diluted 1:1000, were incubated
with the tissue sections for 60 and 90 minutes,
respectively. Biotinylated anti-mouse and avidin-
biotin complex were applied for 10 minutes each.
After color development with 3-amino-9-
ethylcarbazole, sections were counterstained with
hematoxylin.

Benign and neoplastic breast and colon tissue
were used as controls for MUC1 and MUC2 anti-
bodies, respectively.
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Evaluation of the Labeling
The labeling of both antibodies was evaluated in

each of three compartments: cytoplasmic, apical-
membranous, and luminal. Each compartment was
scored both for the extent and the intensity of la-
beling. The extent was recorded semiquantitatively
as the percentage of the cells that showed labeling:
0 for �10% of the cells, focal for 10–50%, and dif-
fuse for �50%. The intensity was scored as negative
(for no labeling), weak, and strong.

For the purpose of comparative analysis, labeling
of any intensity in �10% of the cells was considered
to be expression.

Statistical Analysis
Pairwise comparisons were used between the

preinvasive and invasive components of the pre-
sumed dichotomous pathways separately: PanIN 1
and 2 with IPM adenoma/borderline, PanIN 3 with
IPM carcinoma, and ductal adenocarcinoma with
colloid carcinoma. Fisher exact test was used for the
comparisons in which some cells had an expected
value of �5. �2 test was used for the remainder.

RESULTS

Normal Tissue
The controls labeled appropriately. In the normal

pancreas, MUC1 was expressed in the intralobular
small ductules (those in close proximity to the cen-
troacinar area) that were lined by small, cuboidal
cells with minimal cytoplasm. These served as in-
ternal controls. The labeling in these ductules was
limited to the apical membrane, forming a thin,
faint band. No intracytoplasmic labeling was seen.
The interlobular ducts, acini, and islets were nega-
tive for MUC1. No MUC2 labeling was noted in the
normal pancreas.

Neoplastic Pancreas
In most instances, when present, the labeling for

these markers was substantial in a given case. This
was especially true for MUC2. Eighty-four percent
of the MUC2 expressors had diffuse and strong
labeling. For MUC1, 46% of the expressors had dif-
fuse and strong labeling; in the remainder, it was
focal but strong.

MUC1
Most ductal adenocarcinomas expressed MUC1

diffusely and strongly (80% apical–membranous,
75% luminal–secretory, and 65% cytoplasmic),
whereas expression was absent in all cytologic com-
partments of CCs (P � .001). In general, the expres-
sion of MUC1 in IPMNs and PanINs was low, espe-
cially in the lower grade lesions: �10% of the cases

with PanINs 1–2 or IPM adenoma-borderline ex-
pressed this marker. However, the expression in-
creased with increasing grade of dysplasia in both
pathways; furthermore, there was a significant dif-
ference between the two pathways: MUC1 was ex-
pressed more frequently in PanIN 3 (61%) than in
IPM carcinoma in situ (20%), P � .01.

MUC2
MUC2 was mostly expressed in the cytoplasm,

with only negligible labeling in the apical-
membranous region. As expected, the labeling in
the stromal and luminal mucin was negligible; this
is known to be due to the alteration in the glyco-
sylation pattern of the secreted MUC2 that renders
it undetectable by the antibody. The cytoplasmic
expression of MUC2 was significantly higher in col-
loid carcinomas (15/15 cases, 100%) than in ductal
adenocarcinomas (1/136 cases, �1%), P � .0001.
There was a significant difference when comparing
the cytoplasmic expression between IPMNs (54% of
the cases labeling with this marker) and PanINs (all
negative), P � .001. There also appeared to be pro-
gressive increase in the expression of MUC2 from
early IPMNs (adenoma and borderline) to higher
grade IPMNs (carcinoma in situ) to colloid carcino-
mas: 30%, 54%, and 100%, respectively.

Further Analysis of MUC1 and MUC2 Expressors
in Proposed Pathways

PanIN–DA Pathway (Fig. 1): MUC1�, MUC2�

Ductal Adenocarcinoma. Sixty-five percent of
ductal adenocarcinomas were positive for MUC1,
whereas MUC2 was detected in only 1/136 cases.
This MUC2-positive ductal adenocarcinoma had
significant intraluminal mucin formation as well as
focal mucin extravasation and features overlapping
between ductal adenocarcinoma and colloid carci-
noma. Also, the tumor in this case was located near
the ampulla.

PanIN. Although overall MUC1 expression was
low in PanINs (including PanIN1, which is referred
to as mucinous metaplasia/mucinous duct lesion),
MUC1 expression in the higher grade lesions
(PanIN3) was similar to that of ductal adenocarci-
nomas (61% and 63%, respectively). No MUC2 ex-
pression was detected in PanINs.

IPMN–Colloid Carcinoma Pathway (Fig. 2):
MUC1�, MUC2�

Colloid Carcinoma. All 15 of 15 colloid carcino-
mas were positive for MUC2 and negative for
MUC1.

IPMN. Overall MUC2 expression was 46%, and in
higher grade lesions (IPM carcinoma in situ), more
than half expressed this marker. In addition, how-
ever, 12 cases of IPMNs (16%) also expressed
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MUC1. When these cases were reviewed, seven of
them were found to have pancreatobiliary-type pa-
pillae, an uncommon subtype of IPMNs, seen in
20% of the cases; most IPMNs have gastric or intes-
tinal phenotype (23, 51). More important, 6 of these
12 MUC1-positive IPMNs were associated with
tubular-type invasion. The incidence of tubular-
type invasion in MUC1-positive versus MUC1-
negative IPMNs was 50% and 16%, respectively.
MUC1 expression in the IPMN had a specificity of
90% for the presence of tubular type invasion (as
opposed to colloid-type invasion) in the same case.

The expressions of the markers in different types
of neoplasia in the three different cytologic com-
partments are summarized in Table 1 and Figure 3.

DISCUSSION

It is largely accepted that carcinogenesis in epi-
thelial organs follows the hyperplasia-dysplasia–
CIS-invasive carcinoma sequence. The preinvasive
steps of this process have been identified in the
pancreas as microscopic intraductal epithelial pro-
liferations (4–12). The incidence of these lesions
increase with age, and more atypical forms are
much more frequently observed in patients with

invasive ductal adenocarcinoma than they are in
patients without a cancer (52). The morphologic
characteristics of these lesions parallel the dyspla-
sia–CIS progression model in other organ systems.
These observations suggest that these proliferations
represent precursors of invasive ductal adenocarci-
noma in the pancreas. This is also strongly sup-
ported by the recent molecular studies. Various
terms have been applied to these lesions, including
hyperplasia, atypical hyperplasia, dysplasia, and
duct lesion, among others (4–7, 12, 53, 54). Re-
cently, a new terminology analogous to those used
in other organ systems has been adopted: pancre-
atic intraepithelial neoplasms (PanIN; 13).

In addition to these microscopic forms of dyspla-
sia, there are larger, grossly identifiable mass-
forming forms of intraductal preinvasive neoplasia
that have been recently unified under the category
of IPMNs. These probably represent the pancreatic
counterpart of a distinct pathway of carcinogenesis
that is seen in other epithelial organs and that is
characterized by large papillary fronds forming
clinically detectable intraluminal masses. The pro-
totypical example of this phenomenon is papillary

Figure 1. A, MUC1 in PanIN. Predominantly membranous and
focally cytoplasmic MUC1 labeling in pancreatic intraepithelial
neoplasm of grade 3. B, MUC1 in ductal adenocarcinoma. Strong
cytoplasmic labeling of invasive tubular units is depicted.

Figure 2. MUC2 in IPMN-colloid carcinoma pathway. Both the
intraductal papillary mucinous neoplasm and colloid carcinoma
(characterized by well delineated mucin lakes containing scanty
detached carcinoma cells) show intracytoplasmic labeling.
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transitional cell carcinoma, which appears to be
different from the microscopic “flat” precursors of
invasive urothelial carcinoma, not only morpholog-
ically but also at the clinical and genetic levels (55).

IPMNs show various stages of dysplasia from
adenoma to borderline to CIS and often exhibit a
mixture of these grades within a given lesion (2, 3,
23). Furthermore, 30% of IPMNs are associated
with invasive carcinoma, and therefore, it is
widely accepted that IPMNs are precursors of
invasive carcinoma (18, 29–37). This conclusion
is supported by recent molecular genetic obser-
vations (56). The invasive carcinomas that de-
velop from IPMNs are either of the conventional

ductal (tubular) type or the colloid (muconodu-
lar, mucinous noncystic) type (23). The associa-
tion with colloid carcinoma is of special impor-
tance, because the biologic behavior of colloid
carcinoma, with or without an identifiable IPMN
component, is strikingly better than that of ductal
adenocarcinoma. The 5-year survival rate of pa-
tients with resected colloid carcinoma is �55%
(as opposed to �15% for those with ductal ade-
nocarcinoma); even those patients with locally
advanced tumors (lymph node metastasis or per-
ineurial invasion) may live many years (38, 39).
Furthermore, there is preliminary evidence that
the molecular pathogenesis of colloid carcinoma

FIGURE 3. MUC2 in IPMN-colloid carcinoma pathway. Both the intraductal papillary mucinous neoplasm and colloid carcinoma (characterized by
well-delineated mucin lakes containing scanty detached carcinoma cells) show intracytoplasmic labeling.

TABLE 1. Expressions of the Markers in Different Types of Neoplasia in the Three Different Cytologic Compartments

PanIN Ductal
Adenoca

IPMN Colloid
Ca1 2 3 Overall Ad Bor Ca Overall

MUC1
Cy 0/11 3/17 8/13 11/43 86/136 0/11 2/15 10/48 12/74 0/15
Me 0/11 2/17 0/13 2/43 99/136 1/11 2/15 16/48 19/74 0/15
Lu 0/11 2/17 0/13 2/43 105/136 0/11 1/15 14/48 15/74 0/15

MUC2
Cy 0/11 0/17 0/13 0/43 1/136 0/11 8/15 26/48 34/74 15/15
Me 0/11 0/17 0/13 0/43 0/136 0/11 0/15 0/48 0/74 0/15
Lu 0/11 0/17 0/13 0/43 0/136 0/11 4/15 10/48 4/74 —

PanIN, pancreatic intraepithelial neoplasia; IPMN, intraductal papillary mucinous neoplasms; Ad, adenoma; Bor, borderline; Ca, carcinoma; Cy,
cytoplasmic; Me, membraneous/apical; Lu, luminal.

Numbers (X/Y), number of cases that expressed the marker in �10% of the cells/number of cases examined.
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may be different from that of ductal adenocarci-
noma (38).

The hypothesis put forth here is that IPMN pro-
gressing to colloid carcinoma versus PanIN pro-
gressing to ductal adenocarcinoma form two sepa-
rate pathways of carcinogenesis (see Fig. 3). This
hypothesis is based on the distinct morphologic
and clinical characteristics of these lesions dis-
cussed above. IPMNs progress to form large papil-
lary nodules and maintain their growth intralumi-
nally, often leading to marked cystic dilatation of
the ducts that, in turn, allows 70% of them to be-
come clinically detectable before they invade into
the stroma. In addition, in many instances, the
IPMN pathway progresses to a colloid-type invasive
carcinoma, an indolent form of invasive carcinoma,
instead of ductal adenocarcinoma. By contrast,
PanINs remain clinically quiescent and progress to
a much more aggressive form of cancer, ductal
adenocarcinoma.

In this study, the expression of MUC1 and MUC2,
mucin (glycoprotein) antigens (40, 41, 43, 44) was
investigated in these proposed pathways. It had
been previously documented in various organ sys-
tems that significant alterations in mucin chemistry
take place during neoplastic transformation of se-
cretory epithelial tissue (57–61). In the pancreas,
dysplasia is often associated with a change to acidic
sialomucin, which can be demonstrated by mucin
histochemical stains (62, 63). Immunohistochemis-
try, however, is a more powerful tool in recognizing
subgroups of different mucins. Recently developed
antibodies for MUC1 (mammary-type mucin) and
MUC2 (the intestinal/goblet type) have been used
to detect differential mucin expression in pancre-
atic neoplasia (40–49). MUC1 is a membranous
glycoprotein that has an inhibitory role in cell–cell
and cell–stroma interaction, mainly through its re-
action with integrins. Also, MUC1 has been found
to have a role in immunoresistance of the tumor
cells to cytotoxic T cells. MUC2, on the other hand,
is a glycoprotein that is associated with gel forma-
tion through disulfide bonds.

The results in this study of MUC expression in
ductal adenocarcinoma, colloid carcinoma, and
IPMN are in accordance with those that have been
reported in the literature (41–50). In addition, this
study provides further evidence for the existence of
a dichotomy in pancreatic neoplasia by demon-
strating opposite patterns of MUC expression in
PanIN–ductal adenocarcinoma versus IPMN–col-
loid carcinoma pathways.

Fifty-four percent of the IPMNs were found to
express MUC2, whereas none of the PanINs labeled
with this marker. In contrast, MUC1 expression was
detected in 61% of high-grade PanINs (PanINs 3)
and in only 20% of high-grade IPMNs (IPM carci-
nomas in situ). This dichotomy was further accen-

tuated with regard to the invasive carcinomas with
which these two pathways are respectively associ-
ated: colloid carcinomas were exclusively MUC2�
(100%) and MUC1� (0), whereas 60% of DAs ex-
pressed MUC1, and only 1%, MUC2. In most in-
stances, when expressed, these glycoproteins were
present in a substantial number of cells. Almost half
of the MUC1 expressors and �80% of MUC2 ex-
pressors had diffuse positivity (�50% of the cells).
Furthermore, even in cases with focal positivity, the
intensity was strong.

Thus, the differential expression of MUC1 and
MUC2 documented in this study supports the hy-
pothesis that there are two distinct pathways of
carcinogenesis in the pancreas: (1) PanIN progress-
ing to infiltrating ductal adenocarcinoma and (2)
IPMN progressing to colloid carcinoma. Of note,
the studies by Kimura et al. (64), performed on
small cystic lesions of the pancreas, lend interesting
insight to this hypothesis. In their study of 300
autopsies with small cystic lesions in the pancreas,
these authors found that invasive carcinoma was
present almost exclusively in the cysts that mea-
sured 5–8 mm but not in those that were larger or
smaller. Based on these findings, it can be postu-
lated that the PanIN pathway tends to progress to
invasion before it reaches a significant (clinically
detectable) size, as depicted in the lower arm of
Figure 3. IPMNs, on the other hand, continue ex-
panding within the lumen of the larger ducts and
reach clinical detectability in most cases before
they invade to the stroma (upper arm of Fig. 3). The
differences between these two pathways appear to
be even greater than merely their growth tenden-
cies and propensity for invasion. More important,
the IPMN pathway often leads to colloid-type inva-
sive carcinoma, which has a significantly better
prognosis than does the conventional ductal (tubu-
lar) carcinoma. Moreover, early evidence suggests
that even the ductal-type invasive carcinomas aris-
ing from IPMNs may have a different biology and a
more protracted clinical course than those that
arise from PanINs (35). The differences in the
MUC1 and MUC2 expression in these two pathways
add further support to this dichotomy.

What appears to distort an almost perfect mirror
image expression are those few IPMNs that ex-
pressed MUC1 (20%, 12 cases). In fact, this outlier
group is likely to shed important light on the mech-
anisms of this dichotomy. When these cases were
further analyzed, 7 of them (58%) were found to
have pancreatobiliary-type papillae, seen in only
20% of IPMNs; most IPMNs have gastric or intesti-
nal phenotype (23, 51). This suggests that the mor-
phologic appearance of the intraductal component
(pancreatobiliary versus intestinal) may correlate
with the type and the aggressiveness of the invasive
component. More important, 6 of these 12 MUC1-
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positive IPMNs were associated with tubular-type
invasion. The incidence of tubular-type invasion in
MUC1-positive versus MUC1-negative IPMNs was
50% and 16%, respectively (P � .009). Furthermore,
MUC1 expression in the IPMN was a good predictor
of the type of invasion associated with the same
case, with a specificity of 90% for tubular type over
colloid type. These findings suggest that the IPMNs
that express MUC1 may form a biologically distinct
subgroup of this entity. This subgroup appears to
be closer to the PanIN–ductal adenocarcinoma
pathway.

Based on these findings, one can conclude that
the IPMN–colloid carcinoma pathway can also be
regarded as the MUC2–intestinal pathway with an
indolent behavior. By contrast, PanIN–ductal ade-
nocarcinoma is associated with MUC1–pancreato-
biliary pathway, which is biologically aggressive.
One of the main questions, then, is whether the
MUC1 and MUC2 expression in these two pathways
is simply an epiphenomenon or is one of the deter-
minants for the preferential progression of an in-
traductal neoplastic cell towards one of these path-
ways. Because MUC1 has an inhibitory role in the
cell–cell and cell–stroma interaction as well as in
immune recognition of the neoplastic cells by cy-
totoxic T cells, it is conceivable that it has a role in
progression of the neoplastic cells to ductal-type
invasion. Ductal adenocarcinoma is infamous for
rapid dissemination despite its often well-
differentiated appearance. It long has been sus-
pected that intercellular and cell–stromal signaling
pathways may have a role in the ease with which
ductal adenocarcinoma cells spread. It is possible
that MUC1 is a factor in this interaction. There is
even stronger evidence for the role of MUC2 in the
preferential progression of the intraductal neoplas-
tic cells toward the opposite pathway. MUC2 is
known to be the secretory-type mucin (43), released
easily from the cell, and is responsible for gel for-
mation via disulfide bond linkage. Colloid carci-
noma has been referred to in the past as “gelati-
nous” carcinoma (65). It has long been suspected
that the stromal mucin characteristic of colloid car-
cinoma in the exocrine organs acts as a containing
factor, limiting the growth of the tumor and hence
its indolent behavior (38, 66, 67). Thus, MUC2 may
have a role in the restricted growth of these tumors.
This may also be the explanation of the relatively
slow growth of those rare ductal adenocarcinomas
that have abundant extracellular mucin reminis-
cent of colloid carcinoma. These cases are reported
to be MUC2� and MUC1�, placing them closer to
colloid carcinoma than ductal adenocarcinoma
(Klöeppel G, Lüttges J, personal communication,
November 2000).

In conclusion, a dichotomy in carcinogenesis ap-
pears to exist in the pancreas in forms of PanINs

versus IPMNs, which differ not only clinically, mor-
phologically, and biologically but also immunophe-
notypically from each other. This has the potential
to shed light on the mechanisms of neoplastic
transformation. These two pathways are associated
with different types of invasive carcinomas (ductal
adenocarcinoma versus colloid carcinoma) with rel-
ative specificity. MUC1 and MUC2 may be key fac-
tors in the progression of intraductal cells towards
one of these pathways. It is evident that further
investigation into the molecular mechanisms of
this dichotomy will be very informative in deter-
mining the mechanisms of carcinogenesis. Equally
important will be identifying the reasons for the
overlap and crossover areas.
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