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ABSTRACT
Purpose: Mucins are important biomolecules that frequently display an altered expression under pathological
conditions. In a search for a unique and reliable marker(s)
specific for pancreatic adenocarcinoma, we investigated the
expression of different MUC genes in pancreatic tumors and
tumor cell lines, in chronic pancreatitis, and in the normal
pancreas.
Experimental Design: Total RNA from 16 pancreatic
tumors, 10 chronic pancreatitis tissues, 7 normal pancreas
tissues, and 15 pancreatic tumor cell lines were analyzed by
reverse transcription-PCR with primers specific for MUC1,
MUC2, MUC3, MUC4, MUC5AC, MUC5B, MUC6, and
MUC7 genes and by RNA slot blot analyses.
Results: Our results revealed that of all of the mucins
examined, only MUC4 displayed a differential expression
that was specific for pancreatic adenocarcinoma. Indeed, a
substantial number of tumor tissue samples (12 of 16) and
tumor cell lines (11 of 15) expressed MUC4 mRNA, whereas
samples from chronic pancreatitis (0 of 10) and the normal
pancreas (0 of 7) tissues failed to exhibit any detectable level
of this mucin. In contrast, no significant alteration was
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observed in the expression of the other mucins relative to
that in the normal pancreas samples.
Conclusions: Overall, this work demonstrates that pancreatic mucin MUC4 is a tumor-associated mucin. Furthermore, the present study introduces a novel avenue to discriminate between pancreatic adenocarcinoma and
pancreatitis. Future investigations of the role played by
MUC4 in pancreatic adenocarcinoma may prove to be useful
in the formulation of strategies for the diagnosis and therapeutic treatment of this malignancy.

INTRODUCTION
Adenocarcinoma of pancreatic ducts is the fifth leading
cause of cancer-related deaths in the United States (1, 2). This
type of neoplasia is characterized by a poor prognosis, which
can be attributed to a delayed detection of the disease onset and
a lack of effective treatment. Despite the efforts made to unveil
the principles governing the initiation and progression of this
devastating malignancy and to identify the factors that confer its
particular aggressiveness, the exact succession of molecular
events underlying the development of this devastating malignancy has remained unsolved (3, 4). The management of pancreatic cancer is therefore an ongoing challenge.
From a clinical standpoint, the development of methods
that are sensitive and specific enough to permit an early diagnosis of pancreatic adenocarcinoma may greatly facilitate the
detection and subsequent treatment of this disease. However, an
important factor adds another level of complexity to this already
demanding task. In fact, numerous overlapping symptomatological features are known to link pancreatic adenocarcinoma to the
inflammatory disease, chronic pancreatitis, thereby, often obscuring the distinction between both pathological cases (3).
Furthermore, although these two types of disorders are not
necessarily interconnected, several lines of evidence suggest
that chronic pancreatitis may precede pancreatic adenocarcinoma and may even constitute a predisposing condition to
malignancy (5). A variety of biochemical, genetic, and imaging
techniques have been developed for diagnostic purposes and/or
for monitoring the outcome of pancreatic adenocarcinoma treatment. Yet, a correct differential diagnosis has not been successfully achieved through the use of these reagents alone (6 –9).
Likewise, inconclusive results were obtained from alternative
methods targeting autoantibodies specific for the tumor suppressor gene p53, which is frequently overexpressed and mutated in
pancreatic adenocarcinoma (10, 11). On the other hand, the
combined implementation of imaging techniques and other biomolecular tools may provide enhanced sensitivity and specificity to the diagnostic procedure (12). Nonetheless, the accuracy of these methods can be compromised by the presence of
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lesions of different etiology, which may result in misdiagnoses.
In consideration of the potentials and limitations inherent in
each of these methods, the need for efficient differential diagnostic markers that specifically discriminate pancreatic adenocarcinoma cannot be overemphasized. In that regard, MUCs4
may represent potential candidates for such a purpose, with
respect to their biochemical properties relating to malignant
conditions.
MUCs are high molecular weight glycoproteins that are
widely expressed in epithelial cells. Fourteen MUC genes have
been identified thus far (13–20). Under normal physiological
conditions, MUCs are known to play a protective role for the
adjoining epithelial tissues. The involvement of MUCs in the
renewal and differentiation of the epithelium, as well as in
modulation of cell adhesion and in cell signaling, has also been
proposed (15, 21–25). However, in various instances, changes in
the biochemical characteristics of MUCs were shown to occur in
both preneoplastic and neoplastic lesions (26, 27). Malignant
transformation of epithelial cells was generally associated with
the abnormal glycosylation of MUCs (28).
In general, MUCs follow a defined spatial and temporal
pattern of expression throughout the development of an organism. However, recent studies have demonstrated the association of a deregulated expression of MUCs with various types of
malignancies. In pancreatic adenocarcinoma, tumors and tumor
cell lines can overexpress MUC1 (29 –31). Additionally, an
aberrant expression of MUC4 in pancreatic tumors and cell lines
has been reported, a MUC that is usually undetectable in normal
pancreas (32–34).
In the present study, we examined the expression of the
well-characterized MUCs (MUC1–7) in pancreatic adenocarcinoma and compared the expression profiles with those observed
in chronic pancreatitis and normal pancreas samples. The overall goal was to identify a MUC(s) that is differentially expressed
in pancreatic adenocarcinoma and that potentially may represent
a specific marker of carcinoma. We performed analyses by
semiquantitative RT-PCR experiments using primers contained
within nonrepetitive sequences of the MUC genes and by RNA
slot blotting using probes generated from repetitive MUC sequences. Our data indicate that, among all MUCs tested, only
MUC4 showed an aberrant expression in pancreatic tumors and
tumor cell lines. This dysregulation was specific for adenocarcinoma because MUC4 transcripts remained undetectable in
chronic pancreatitis samples. Furthermore, the MUC4 expression profile observed in pancreatic tumor cell lines may suggest
a link between the level of MUC4 mRNA and the tumor cell
differentiation stage. In contrast, no significant alteration was
found in the expression patterns of the other MUC genes with
respect to normal versus diseased states.

MATERIALS AND METHODS
Tissue Specimens and Cell Lines. Sixteen pancreatic
adenocarcinoma and 10 chronic pancreatitis tissue samples were
obtained at the time of primary surgery from consenting pa-
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The abbreviations used are: MUC, mucin; RT-PCR, reverse transcription-PCR; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

tients. Seven normal pancreatic tissue samples obtained from
previously healthy organ donors were also used in this study.
Samples were collected under approved protocol by the Institutional Review Board at the University of Nebraska Medical
Center, and the Department of Visceral and Transplantation
Surgery, University of Bern. Informed consent was obtained
from all subjects. Tissue specimens were frozen in liquid nitrogen and stored at ⫺80°C until processing for RNA extraction.
Fifteen pancreatic adenocarcinoma cell lines with different
levels of differentiation (poorly, moderately, and well-differentiated) were also examined for MUC expression. These included
ASPC-1, BxPC3, CaPan-1, CaPan-2, Colo357, HCG25, HPAC,
HPAF, HS766T, MiaPaCa, Panc89, Panc-1, QGP1, SC2P9, and
T3M4.
RNA Isolation. Total RNA was isolated from tissue
samples and cell lines by the guanidinium isothiocyanatecesium chloride ultracentrifugation method (35). Tissue samples
were manually ground to a fine powder in liquid nitrogen with
mortar and pestle and resuspended in guanidinium isothiocyanate buffer. Cultured adenocarcinoma cells at subconfluence
were rinsed twice in ice-cold PBS and solubilized in guanidinium isothiocyanate buffer. Total RNAs from tissue and cell
homogenates were extracted as described previously (36).
RT-PCR Analysis. Total RNA (1 g) was reverse transcribed by the SUPERSCRIPT II RNase H⫺ Reverse Transcriptase system (Life Technologies, Inc.). Samples were subjected to PCR amplification in a final reaction volume of 50 l
containing 5 l of 10⫻ buffer (Life Technologies, Inc.), 1.5 l
of 50 mM MgCl2 (Life Technologies, Inc.), 5 l of 10 mM
deoxynucleotide triphosphates, 10 pmol of each primer, and 2.5
units of Taq DNA polymerase (Life Technologies, Inc.). Unless
stated otherwise, PCR parameters were as follows: hot start and
first denaturation at 94°C for 4 min, followed by 30 cycles (25
cycles for MUC1) of denaturation at 94°C for 30 s; primer
annealing was carried out at 60°C for 30 s, and elongation at
72°C for 45 s. Final elongation was conducted at 72°C for 15
min. For MUC3A, MUC5AC, and MUC6, amplification was
performed with AmpliTaq Gold (1.25 units/50-l reaction;
Perkin-Elmer) in the presence of 10% DMSO (final concentration). PCR conditions were as follows: hot start and first denaturation at 96°C (enzyme activation) for 4 min, followed by 30
cycles of denaturation at 96°C for 30 s; primer annealing was
carried out at 60°C for 1 min;, and elongation at 72°C for 45 s.
PCR products were electrophoretically resolved on 1% agarose
gel stained with ethidium bromide. After exposure to UV light,
the density of DNA bands was determined using the GelExpert
software system (Nucleotech). Density values for MUC-specific
amplification products were normalized against those for the
internal control, GAPDH. The primers used in this study were
generated from regions contained within nonrepetitive sequences of MUC genes (33).
RNA Slot Blot Analysis. Total RNA (10 g) per sample
was denatured in loading buffer containing formamide/formaldehyde and applied to nylon membrane (GeneScreenPlus Hybridization Transfer Membrane; NEN Life Sciences) by vacuum
suction with a 48-well slot filtration manifold system (Life
Technologies, Inc.). Membranes were prehybridized in 6⫻
saline/sodium phosphate/EDTA, 5⫻ Denhardt’s reagent, 0.5%
SDS, 50% formamide, and 100 g/ml sheared salmon sperm
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Fig. 1 Expression of MUC genes in normal pancreas. We analyzed
total RNA from normal pancreatic tissue by RT-PCR using primers
specific for MUC1, MUC2, MUC3A, MUC4, MUC5AC, MUC5B,
MUC6, and MUC7. GAPDH was used as an internal control. PCR
products were electrophoresed on 1% agarose gel containing ethidium
bromide. Data shown are representative of seven normal pancreatic
samples from different individuals.

DNA for 12 h at 42°C. Hybridization was performed under the
same conditions with 32P-labeled cDNA probes specific for
each of the MUCs tested (37–39). Probes consisted of DNA
fragments spanning repetitive MUC sequences. Membranes
were washed in 0.1⫻ saline/sodium citrate and 0.1% SDS at
65°C for 30 min and exposed to a PhosphorImager (Molecular
Dynamics) screen. We performed subsequent analyses using
ImageQuant software (Molecular Dynamics). Membranes were
stripped and rehybridized with cDNA probes specific for
GAPDH to account for any differences in the amount of RNA
loaded.

RESULTS
Expression of MUC Genes in Normal Pancreatic
Samples. To establish the basis for subsequent experiments
and to challenge our system, we first examined the expression of
MUC genes in normal pancreatic samples. Total RNAs from
tissue samples were subjected to RT-PCR and Northern slot blot
analyses. Various tissues of known MUC expression profiles
were included as controls. In agreement with data published in
earlier reports, we have consistently detected MUC1, MUC5AC,
MUC5B, and MUC6 in normal pancreatic samples (32, 34, 37).
In contrast, MUC2, MUC3A, MUC4, and MUC7 were not
expressed in any of the normal pancreatic tissue samples tested
(Fig. 1). The authenticity of the PCR amplification products was
confirmed by DNA sequencing and comparison with MUC
sequences published previously (33). Additionally, the results
from RT-PCR analyses paralleled those from slot blotting with
the exception of MUC1 expression in the cell line Panc-1, for
which the more sensitive RT-PCR proved more useful in detecting lower levels of MUC transcripts (Fig. 2).
MUC4 Is Aberrantly Expressed in Pancreatic Adenocarcinoma but not in Chronic Pancreatitis. Dysregulation
of MUC genes is of frequent occurrence in malignancies of
epithelial origin. This observation, combined with the biomolecular properties of MUCs, suggests that these molecules have
a potential role as tumor markers. We and others have reported
previously (32–34) the aberrant expression of MUC4 in pancreatic adenocarcinoma. We intended to further investigate whether
MUC4 deregulation was specific for pancreatic adenocarcinoma

and whether this abnormal expression could facilitate the distinction between pancreatic adenocarcinoma and chronic pancreatitis.
We examined the expression of MUC genes in a panel of
15 pancreatic tumor cell lines, 16 pancreatic tumor tissue samples, and 10 chronic pancreatitis tissue samples. As shown in
Tables 1 and 2, results from RT-PCR analyses revealed an
aberrant expression of MUC4 in a large portion of the pancreatic
tumors [12 of 16 (75%)] and tumor cell lines [11 of 15 (73%)].
In contrast, none of the chronic pancreatitis samples tested
expressed this MUC (Table 3), suggesting that MUC4 upregulation was specific for and restricted to pancreatic adenocarcinoma. Furthermore, using the semiquantitative RT-PCR
method, we found that the profile of MUC4 expression in
pancreatic tumor cell lines seemed to indicate a correlation
between MUC4 mRNA levels and the differentiation stage of
the cell lines. MUC4 transcripts were not detected in the poorly
differentiated cell lines HCG-25 and Panc-1. In contrast, a
substantial up-regulation of MUC4 was observed in moderately
(BxPC3, Panc89, and T3M4) and well-differentiated (CaPan-1,
CaPan-2, Colo357, HPAF, and S2CP9) cell lines (Table 2). A
more pronounced fluctuation of MUC4 level was recorded in
pancreatic tumor samples (Table 1). This was probably attributable to the heterogeneous nature of the tissues under study.
Moreover, a close examination of the clinical data on patients
did not reveal any obvious relationship between MUC4 levels
and tumor differentiation stage or Tumor-Node-Metastasis
scores (Table 2). Although such lack of correlation appears to be
in conflict with the observations made in cell lines (Table 1),
this disparity may be connected, in part, to the variation in the
amount of stromal tissues present in the tumors and to the
heterogeneity associated with the sampling procedures. A more
systematic and comprehensive analysis of an entire pancreas
may be necessary to resolve this issue.
Expression Profiles of other MUC Genes. We further
aimed to determine whether any additional information could be
obtained from the expression profiles of the other well-characterized MUCs. We subjected the same set of samples analyzed
for MUC4 expression to RT-PCR using primers specific for
MUC1, MUC2, MUC3A, MUC5AC, MUC5B, MUC6, and
MUC7. As expected, relatively high levels of MUC1 transcripts
were detected in most pancreatic tumors and tumor cell lines
(Tables 1 and 2). This MUC was detected at lower levels in the
majority of the chronic pancreatitis samples tested, as compared
with the normal pancreatic samples (Table 3). On the other
hand, MUC2 appeared to be up-regulated in 7 of 15 (47%) of the
tumor cell lines. However, this is likely to represent an in vitro
artifact because no MUC2 transcript could be detected in any of
the tumor tissue samples tested. Furthermore, a down-regulation
of the secreted MUCs MUC5AC [7 of 15 (47%)], MUC5B [6 of
15 (40%)], and MUC6 [12 of 15 (80%)] was observed in tumor
cell lines. MUC3 and MUC7 remained undetectable in all samples under study. This was identical to the pattern observed in
the normal pancreatic samples. In summary, these data demonstrate that, unlike MUC4, none of the other MUCs included in
our study displayed a distinguishing feature that was specific for
pancreatic adenocarcinoma or that may discriminate pancreatic
adenocarcinoma from chronic pancreatitis.
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Fig. 2 MUC gene expression by RT-PCR and RNA slot blot analyses. A, total RNA from normal tissue samples (lung, pancreas, small intestine,
stomach, and trachea) and pancreatic tumor cell lines (HPAF and Panc-1) was analyzed by RT-PCR using primers specific for MUC1, MUC2,
MUC3A, MUC4, MUC5AC, MUC5B, MUC6, and MUC7. GAPDH was used as an internal control. PCR products were electrophoresed on 1% agarose
gel containing ethidium bromide. The various tissues of known MUC expression profiles were included as controls. B, RNA slot blot analysis of MUC
gene expression in normal pancreas and pancreatic adenocarcinoma cell lines. Blots were generated and processed as described in “Materials and
Methods” with total RNA from normal tissue samples (lung, pancreas, small intestine, stomach, and trachea) and pancreatic adenocarcinoma cell lines
(HPAF and Panc-1). All samples were tested in duplicate. Membranes were hybridized with 32P-labeled, MUC-specific cDNA probes, stripped, and
rehybridized with a probe specific for GAPDH (internal control). For each panel, blots are displayed in pairs with those reacted with MUC- and
GAPDH-specific probes shown to the left and right of the panel, respectively. The tissue sources are indicated below each pair of blots.

DISCUSSION
Management of pancreatic cancer in humans is one the
most puzzling challenges facing clinicians and researchers. In
general, the majority of treatment options for pancreatic cancer
patients have proven inefficient because of the common refractory response of this malignancy to the widely used treatment
methods, leaving surgery as the only “curative” treatment option
for eligible patients (40, 41).
However, because of the recent advances in the field of
cancer research (42– 44), a wealth of information has been made
available that can be explored to design strategies aimed at the
improvement of pancreatic cancer management. Nonetheless,
most of the treatment methodologies that can be envisaged rely
on a timely and accurate diagnosis of the disease. Most importantly, the particular aggressiveness and high rate of metastases
associated with pancreatic adenocarcinoma represent a considerable impediment to the performance of proper treatment.
Furthermore, the development of chronic pancreatitis alone or in
the peritumoral regions constitutes an additional complication to

the problem. A legitimate approach to circumvent these quandaries would emphasize the identification of specific and reliable tumor-associated molecular markers, which may greatly
help achieve an early diagnosis. In the present study, we point
out the potential role of MUC4 as a marker for pancreatic
adenocarcinoma. Our data clearly demonstrated that MUC4 was
aberrantly expressed in the majority of the pancreatic tumors
and tumor cell lines investigated. This was in stark contrast to
the normal pancreatic and chronic pancreatitis samples, which
did not express MUC4 transcripts at a detectable level. These
findings bear a practical significance to the extent that this MUC
can be considered as a tumor-associated molecule. Interestingly
enough, the inclusion of MUC4 in diagnostic procedures may
also eliminate any concerns posed by the potential interference
by chronic pancreatitis. Various investigators have proposed the
combined use of newer molecular techniques and imaging procedures as an improved alternative to the currently available
diagnostic methods (12). The use of MUC4 as a differential
diagnostic marker in this context would seem appropriate. On
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Table 1 Expression of MUC genes in pancreatic tumor cell lines by RT-PCR analysis
Total RNA from 15 pancreatic tumor cell lines was isolated and subjected to semiquantitative RT-PCR as described in “Materials and Methods.”
Amplification products were resolved on 1% agarose gel containing ethidium bromide. After exposure to UV light, the density of DNA bands was
determined using the GelExpert software system (Nucleotech). Density values for MUC-specific amplification products were normalized against those
for the internal control, GAPDH.
Expression levelb
Cell lines

D.S.a

MUC1

MUC2

MUC3A

MUC4

MUC5AC

MUC5B

MUC6

MUC7

SC2P9
Capan 1
Capan 2
HPAF
Panc1
ASPC-1
HCG25
T3M4
Colo357
BxPC3
MiaPaCa
HPAC
QGP1
HS766T
Panc89
Pancreasc
Tracheac
S.I.c
S.G.c

WD
WD
WD
WD
PD
ND
PD
MD
WD
MD
ND
ND
ND
ND
MD

⫹
⫹⫹⫹
⫹⫹
⫹⫹⫹
⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹
⫹⫹⫹⫹
⫹⫹⫹
⫹
⫹⫹⫹⫹
⫹
⫹
ND
⫹⫹⫹
⫹⫹
⫹
ND

⫹⫹
⫹⫹⫹
⫺
⫹
⫺
⫺
⫺
⫹⫹⫹
⫺
⫹⫹
⫺
⫺
⫺
⫹
⫹⫹
⫺
⫹⫹
⫹⫹⫹⫹
⫺

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹⫹⫹⫹
⫺

⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫺
⫹⫹
⫺
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫺
⫹⫹⫹
⫹⫹⫹
⫺
⫹⫹⫹
⫺
⫹⫹⫹
⫹
⫹⫹⫹

⫹⫹
⫹⫹⫹
⫺
⫹⫹⫹
⫹⫹
⫺
⫺
⫺
⫹⫹
⫺
⫺
⫹⫹
⫺
⫹⫹⫹
⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫺
⫺

⫺
⫹⫹⫹
⫺
⫹⫹
⫹⫹⫹
⫹⫹⫹
⫺
⫹
⫹⫹⫹
⫹
⫺
⫺
⫺
⫹⫹
⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫺
⫹⫹

⫺
⫹⫹⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹⫹⫹
⫺
⫺
⫺
⫹⫹
⫺
⫹⫹⫹⫹
⫺
⫹⫹⫹⫹
⫺

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹⫹⫹⫹

a

D.S., differentiation stage; PD, poorly differentiated; MD, moderately differentiated; WD, well differentiated; ND, not determined.
⫺, no expression; ⫹, low level; ⫹⫹, moderate level; ⫹⫹⫹, high level; ⫹⫹⫹⫹, very high level; ND, not determined.
c
Normal tissue samples were included as controls. S.I., small intestine; S.G., salivary gland.
b

Table 2 Expression of MUC genes in pancreatic adenocarcinoma by RT-PCR analysis
Total RNA from 16 pancreatic tumor samples was isolated and subjected to semiquantitative RT-PCR as described in “Materials and Methods.”
Amplification products were resolved on 1% agarose gel containing ethidium bromide. After exposure to UV light, the density of DNA bands was
determined using the GelExpert software system (Nucleotech). Density values for MUC-specific amplification products were normalized against those
for the internal control, GAPDH.
Expression levelc

Clinical data
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
a
b
c

Age (yr)
84
67
73
57
74
74
63
60
72
50
43
75
73
64
77
62

Sex
F
M
F
M
F
F
M
F
F
F
F
F
F
M
F
M

D.S.a
3
2
2
2
3
2
3
2
3
2
2
2
1
1
4
3

TNMb

MUC1

MUC2

MUC3A

MUC4

MUC5AC

MUC5B

MUC6

MUC7

200
100
210
210
310
310
310
210
300
210
300
310
300
100
410
310

⫹⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫹⫹
⫹⫹⫹⫹
⫹⫹⫹
⫹⫹
⫹⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫹

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

⫺
⫹
⫺
⫺
⫹⫹⫹
⫹
⫹
⫹
⫹
⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫺
⫹⫹
⫹⫹
⫹

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

⫹
⫹
⫹
⫹
⫹⫹
⫹
⫹
⫹⫹⫹⫹
⫹
⫹
⫹
⫹
⫹
⫹⫹⫹
⫹
⫹

⫹⫹⫹⫹
⫹
⫹
⫹
⫹
⫹⫹
⫹
⫹⫹
⫹
⫹⫹
⫹⫹
⫹
⫹
⫹⫹⫹
⫹
⫹⫹⫹⫹

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

c

D.S., differentiation stage.
Tumor-Node-Metastasis classification.
⫺, no expression; ⫹, low level; ⫹⫹, moderate level; ⫹⫹⫹, high level; ⫹⫹⫹⫹, very high level.

the other hand, on the basis of semiquantitative RT-PCR analyses of tumor cell lines, a correlation appeared to exist between
the level of MUC4 expression and the degree of differentiation
of the cell lines under study. This may further facilitate the
detection of MUC4 in biopsies, because a more elevated expres-

sion of MUC4 was observed in moderately and well-differentiated cell lines as compared with their poorly differentiated
counterpart. Studies using “real-time” PCR are under way in our
laboratory to confirm these observations and to evaluate the
situation in tumor tissues.
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Table 3 Expression of MUC genes in chronic pancreatitis by RT-PCR analysis
Total RNA from 10 chronic pancreatitis samples was isolated and subjected to semiquantitative RT-PCR as described in “Materials and
Methods.” Amplification products were resolved on 1% agarose gel containing ethidium bromide. After exposure to UV light, the density of DNA
bands was determined using the GelExpert software system (Nucleotech). Density values for MUC-specific amplification products were normalized
against those for the internal control, GAPDH.
Expression levela
Sample

MUC1

MUC2

MUC3A

MUC4

MUC5AC

MUC5B

MUC6

MUC7

1
2
3
4
5
6
7
8
9
10

⫹a
⫹
⫹
⫹
⫹
⫹
⫹⫹⫹⫹
⫹
⫹
⫹

⫺
⫺
⫺
⫺
⫺
⫺
⫺
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Previous studies have documented the expression profiles
of MUCs in the human pancreas under normal and pathological
conditions (32, 45–50). The analytical methods used in these
studies primarily included immunohistochemistry, in situ hybridization, and Northern blotting. On one hand, despite the
valuable information that can be obtained from immunohistochemical and in situ hybridization analyses, these techniques are
inherently characterized by a restricted versatility, because they
do not generally allow for a concomitant examination of multiple MUCs in individual samples. On the other hand, the use of
Northern blotting may help overcome such a limitation; however, the repetitive nature of the probe sequences used in earlier
studies is likely to compromise the specificity of this technique
to some extent. Here, our experiments were primarily based on
the RT-PCR protocol, which has provided us with the advantage
of using primers contained within unique, nonrepetitive MUC
sequences, thereby conferring enhanced sensitivity and specificity to our assays. Indeed, under our experimental conditions
(RT-PCR), we were unable to detect MUC3A in any of the
pancreatic samples (normal and diseased) tested. This was in
conflict with the apparently nonspecific positive signal from
assays on the basis of repetitive-sequence probes (Fig. 2; Refs.
32 and 50). In consideration of the sequence similarities among
MUC3A, MUC11, and MUC12 (19), we suspect that the detection of MUC3A in pancreatic samples reported in previous
studies may have resulted from a cross-hybridization with
MUC11 and/or MUC12. In support of these statements, we have
screened a large number of pancreatic tissue samples (normal
and tumor) for MUC11 and MUC12 expression and have consistently detected transcripts for these MUCs in all specimens
analyzed.5
In conclusion, we propose that MUC4 is a tumor-associated
MUC with potential use as a diagnostic molecular marker. In
addition, our work introduces a novel avenue to discriminate between pancreatic adenocarcinoma and chronic pancreatitis. These

5

Unpublished results.

findings may impact the development of highly specific techniques
that allow the detection of the MUC4 antigen in the circulation,
which, in turn, may represent a significant step toward the diagnosis of pancreatic adenocarcinoma at its earliest stage of development. In that regard, the results from another study conducted in
our laboratory strongly corroborate these statements. Indeed, we
have demonstrated through a RT-PCR-based screening procedure that MUC4 mRNA was expressed in the peripheral blood
mononuclear cells of pancreatic cancer patients but remained
undetectable in those of healthy individuals and of patients
affected by other types of cancer (51). These observations
constitute a clear indication of the potential use of MUC4 as a
powerful tumor cell-independent marker of pancreatic cancer. It
should be noted, however, that although the aberrant expression
of MUC4 in pancreatic tumors and tumor cell lines was shown
to occur at a relatively high frequency, a comparatively smaller,
yet not negligible, fraction of these pathological samples failed
to express transcripts of the target molecule, thereby evading the
detection system (Tables 1 and 2). To minimize the incidence of
potential false-negative results, a combination of the MUC4based detection assay with some of the protocols established
previously (12, 52–54) may be necessary.
Overall, further studies on the biological characterization
of this molecule should yield valuable information that may help
elucidate the mechanisms underlying human pancreatic carcinogenesis and that may facilitate the design of therapeutic
strategies.
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