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I
nWestern countries, Lauren’s histologic classifi-
cation system for gastric carcinomas is largely
used (Lauren, 1965). It classifies human gastric

carcinomas from a standard haematoxylin and eosin
stain, into two main groups, the intestinal and diffuse
types, corresponding to differentiated and undiffer-
entiated types (Nakamura et al., 1968; Sugano et
al., 1982), respectively. In terms of histogenesis, it is
generally accepted that the Lauren’s intestinal-type
gastric carcinoma is preceded by the sequential steps
of chronic gastritis, intestinal metaplasia, dysplasia,
and intramucosal carcinoma (Uchino et al., 1993),
whereas diffuse-type gastric carcinoma seems to
originate via hyperplastic or de novo changes,with or
without concurrent non-metaplastic dysplasia
(Correa et al., 1992). Nonetheless, conflicting data
have recently emerged regarding such histogenetic
relationships from studies concerning mucins expres-
sion in gastric cancerous and pre-cancerous lesions
(Baldus et al., 1998; Machado et al., 2000;
Tsukashita et al., 2001; Gurbuz et al., 2002;Wada
et al., 2005).Mucins are high-molecular-weight gly-
coproteins consisting of a central polypeptidic struc-
ture (apomucin) to which numerous carbohydrate
chains are attached by an O-glycosidic linkage.They
can be divided into two types, secretory and mem-
brane-bound mucins, respectively. At present, 20 dif-
ferent human genes encoding for apomucins have
been identified (MUC1, 2, 3A, 3B, 4, 5AC, 5B, 6, 7,
8, 9, 11, 12, 13, 15, 16, 17, 18, 19, 20) (Swallow et
al., 1987a;Swallow et al., 1987b;Gum et al., 1989;
Gum et al., 1990; Porchet et al., 1991;Toribara et
al., 1991; Fox et al., 1992; Bobek et al., 1993;
Gross et al., 1993; Shankar et al., 1994; Guyonnet-
Duperat et al., 1995; Ho et al., 1995a; Lapensèe et
al., 1997; Williams et al., 1999; Wu et al., 2001;
Williams et al., 2001; Yin et al., 2001; Pallesen et
al., 2002; Gum et al., 2002; Chen et al., 2004;
Higuchi et al., 2004). MUC1 and MUC2 are the
most widely investigated mucins in gastric carcino-
mas. MUC1 has been detected in mucous cells of the
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Laurèn’s system subdivides gastric cancers into an intestinal
type and a diffuse type. This histological classification mir-
rors histogenetic hypotheses according to which the intestin-
al-type cancer derives from intestinal metaplasia and dys-
plasia, while the diffuse-type originates directly from gastric
mucosa, with or without a preceding non-metaplastic dys-
plasia. Studies concerning mucins expression in gastric neo-
plastic and preneoplastic lesions have provided contradicto-
ry data concerning such histogenetic relationships. The aim
of the present study was to verify whether a correlation
between mucins phenotype and Lauren’s classification sub-
sists. 40 gastric adenocarcinomas, subdivided, according to
Laurèn’s classification, into 27 intestinal-type, 10 diffuse-
type and 3 unclassified cases, were examined for MUC1 and
MUC2 immunohistochemical expression. Intestinal-type car-
cinomas displayed a MUC1-positive staining in 23/27 cases
and a MUC2-positive immunoreaction in 10/27 cases.
Diffuse-type carcinomas expressed MUC1 in 3/10 and
MUC2 in 8/10 cases, respectively. According to the mucins
expression pattern, three phenotypes were identified: the
gastric phenotype (MUC1+/MUC2–); the gastro-intestinal
phenotype (MUC1+/MUC2+) and the intestinal phenotype
(MUC1–/MUC2+). The gastric phenotype was significantly
higherin intestinal-type adenocarcinomas, whereas cases
showing an intestinal phenotype were significantly more fre-
quent in diffuse-type adenocarcinomas. These findings pro-
vide evidence for a lack of correlation between Lauren’s clas-
sification and MUC1 and MUC2 phenotypes. In particular,
the term intestinal-type tumour as referred to gland-forming
gastric cancer does not seem to reflect an immunohisto-
chemical phenotype.
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surface epithelium and neck region of the antrum, as
well as in pyloric glands and in oxynthic glands of
the body region in normal gastric mucosa (Ho et al.,
1993; 1995b; Lesuffleur et al., 1994). During gas-
tric carcinogenesis, expression of underglycosylated
forms of MUC1 mucin has been demonstrated
(Baldus et al., 1998; Reis et al., 1998) and their
presence seems to be closely tied to a poor progno-
sis (Akyurek N et al., 2002; Kocer et al., 2004).
MUC2 mucin, expressed in the colon, small intestine
and airways, and not found in normal gastric
mucosa, is detected in intestinal metaplasia and in
gastric carcinoma (Filipe et al., 1996); it is consid-
ered a prognostic factor associated with an
unfavourable outcome in patients with gastric can-
cer (Zhang et al., 2004; Leteurtre et al., 2006).
Despite the many studies that have been performed,
conflicting data have emerged as to correlations
between mucins phenotype and gastric carcinoma

classification systems (Machado et al., 2000;
Tsukashita et al., 2001; Gurbuz et al., 2002;
Roessler et al., 2005; Kabashima et al., 2005;
Leturtre et al., 2006). Lauren’s hypothesis, accord-
ing to which gland-forming gastric cancer is related
to intestinal differentiation, remains still to be vali-
dated. Indeed, whereas some authors find a higher
rate of MUC2 expression in intestinal-type cancer
compared to diffuse-type (Baldus et al., 1998;Kocer
et al., 2004), others report a low prevalence of this
intestinal marker of differentiation in intestinal-type
gastric adenocarcinomas (Machado et al., 2000;
Tsukashita et al., 2001), in contrast with histogenet-
ic theory according to which gastric intestinal-type
cancer would derive via chronic gastritis, intestinal
metaplasia and dysplasia. In the present study we
determined MUC1 andMUC2 immunohistochemical
expression profiles in a series of gastric cancers pre-
liminarily classified according to Laurèn’s system,
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Table 1. Clinico-pathological characteristics and mucins expression profile in 40 gastric adenocarcinomas.

Case Age Gender Localization WHO Classif. Laurèn Classif. WHO Grade pTNM MUC1 MUC2

1 74 F Cardias SCR Diffuse MD T2N1Mx 0 2
2 73 M Cardias SCR Diffuse WD T3N1Mx 0 1
3 63 F Corpus SCR Diffuse WD T3N3Mx 0 2
4 60 F Corpus SCR Diffuse MD T2N1Mx 0 1
5 73 M Corpus SRC Diffuse MD T2N1Mx 0 2
6 76 M Corpus Mucinous Unclassified WD T2N1Mx 2 2
7 69 F Corpus Tubular Intest WD T3N1Mx 1 0
8 77 M Corpus Tubular Intest WD T2N0Mx 2 0
9 66 M Corpus SCR Diffuse WD T2N0Mx 0 1
10 71 F Antrum SCR Diffuse MD T2N1Mx 0 2
11 72 F Antrum Tubular Intest WD T2N0Mx 0 2
12 69 F Corpus Tubular Intest MD T1N0Mx 1 0
13 78 M Cardias SCR Diffuse WD T2N1Mx 2 0
14 54 F Antrum SCR Diffuse MD T2N3Mx 1 0
15 66 M Corpus Mucinous Unclassified WD T2N0Mx 0 2
16 74 F Corpus Tubular Intest WD T1N2Mx 1 0
17 70 M Antrum SCR Diffuse MD T1N0Mx 1 2
18 66 F Corpus Tubular Intest WD T2N1Mx 1 0
19 74 F Corpus Tubular Intest MD T2N1Mx 2 0
20 77 M Corpus Tubular Intest WD T1N0Mx 2 0
21 73 M Corpus Tubular Intest WD T2N1Mx 1 0
22 77 M Antrum Tubular Intest MD T1N0Mx 1 0
23 71 M Corpus Tubular Intest WD T2N1Mx 2 0
24 57 M Antrum Tubular Intest WD T1N0Mx 2 0
25 61 M Corpus Tubular Intest MD T2N1Mx 2 0
26 66 F Antrum Tubular Intest WD T2N0Mx 1 2
27 71 M Corpus Tubular Intest MD T2N1Mx 1 0
28 74 F Corpus Papillar Intest WD T2n1Mx 1 0
29 77 M Corpus Mucinous Unclassified WD T1N0Mx 2 0
30 71 M Corpus Tubular Intest MD T2N1Mx 1 2
31 59 M Antrum Tubular Intest WD T2N1Mx 2 2
32 70 F Corpus Tubular Intest WD T1N0Mx 0 2
33 64 F Antrum Tubular Intest WD T2N1Mx 2 0
34 66 M Corpus Tubular Intest MD T2N1Mx 2 1
35 59 F Corpus Tubular Intest WD T3N1Mx 1 2
36 74 F Antrum Tubular Intest WD T2N1Mx 1 0
37 77 M Corpus Tubular Intest MD T1N0Mx 0 1
38 65 M Corpus Tubular Intest WD T3N1Mx 1 1
39 66 M Corpus Tubular Intest MD T2N1Mx 1 0
40 77 M Antrum Tubular Intest WD T2N1Mx 0 2
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and aimed to investigate whether any correlation
exists between MUC1 and MUC2 mucin phenotypes
and Lauren’s classification system.

Materials and Methods
40 cases of gastric adenocarcinomas were select-

ed from the files of the Department of Human
Pathology, University of Messina, Italy.Tissue sam-
ples were obtained from surgical resection; for each
case, age and gender of the patient, tumour location,
grading and pTNM stage were evaluated by review-
ing clinical charts and pathological records.Patients
that had undergone pre-operative chemotherapy
were excluded from the study. According to the
Lauren’s system, cases were subdivided into 27
intestinal-type, 10 diffuse-type, and 3 unclassified
adenocarcinomas. Helicobacter Pylori infection was
not evidenced in any sample. Immunohistochemical

procedures were performed on 4 µm formalin fixed,
paraffin embedded, tissue sections obtained from
each representative paraffin block. Briefly, endoge-
nous peroxidase activity was preliminarily blocked
with 3% H2O2 in PBS for 30 min at room tempera-
ture. Sections were successively incubated at 4°C
overnight with the following primary monoclonal
antibodies: NCL-MUC1 (Ma695; 1:100,
Novocastra, Newcastle, UK) and NCL-MUC2
(Ccp58; 1:100, Novocastra Newcastle, UK).
Microwave pre-treatment using 0.01M sodium cit-
rate buffer was employed for each immunoreaction.
The bound primary antibody was visualized by the
avidin-biotin-peroxidase detection complex (ABC)
method with a commercial kit (Vectastain ABC
Elite Kit, Vector Laboratories, Burlingame,
Calif.,USA), according to the manufacturer's
instructions. 3-3' diaminobenzidine (DAB) was used
as the chromogen. Sections of breast carcinoma for
MUC1 and normal small bowel mucosa for MUC2
were used as positive controls. Negative control
slides were also made by omitting the primary anti-
body. The extent of positivity for MUC1 and MUC2
was scored according to the percentage of stained
neoplastic cells: 0= <5% positive cells; 1= 5-50%
positive cells;2= 51%-100% positive cells.The per-
centages of positive cells were estimated in several
optical fields (10x objective lens). Scoring was per-
formed blindly by two pathologists (G.B.,V.B.) with
an inter-observer concordance of nearly 100%.
When disagreement was present, the mean value
was considered. According to MUC1 and MUC2
immunohistochemical expression patterns, gastric
carcinomas of our series were then subdivided into:
gastric (G) (MUC1+/MUC2–), gastro-intestinal (GI)
(MUC1+/MUC2+) and intestinal (I) (MUC1–

/MUC2+). Statistical correlations between clinico-
pathological characteristics and mucin phenotype as
well as extent of positive immunoreaction were
peformed by the Chi-square test. P values less than
0.05 were considered to be statistically significant.

Results
Clinico-pathological characteristics and MUC1

and MUC2 immunohistochemical expression pat-
terns are shown in Table 1. Staining for MUC1
mucin, but not for MUC2, was evidenced in normal
gastric epithelium present in analyzed samples,
while MUC2-positive staining was always identified
in intestinal metaplasia areas in proximity to some
intestinal-type cancers (Figure 1).

Figure 1. a. Normal gastric glands are not labelled by MUC2
antibody, whereas MUC2 staining is clearly evident in intestinal
metaplasia (MUC2 staining; original magnification x100). b.
MUC1 intense immunoreaction in mucous neck cells of gastric
normal epithelium (MUC1 staining, original magnification
x200).
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Immunoreactivity for MUC1 and MUC2 was
observed in 28 cases (70%) and in 20 cases (50%),
respectively, out of the 40 analyzed gastric adeno-
carcinomas. In particular, MUC1 was expressed in
23/27 intestinal-type adenocarcinomas and in 3/10
diffuse-type adenocarcinomas, whereas 10/27
intestinal-type and 8/10 diffuse-type adenocarcino-
mas exhibited an MUC2-positive immunoreaction.
The three analyzed unclassified adenocarcinomas,
corresponding to mucinous histopathological sub-
types of WHO classification, expressed MUC1 in
2/3 and MUC2 in 2/3 cases, respectively. MUC1

staining was mainly localized at the apical mem-
brane in the intestinal-type carcinoma and in the
cytoplasm in the diffuse-type (Figure 2 a, b, c).The
immunostaining for MUC2 was detected in the
cytoplasm of both examined histopathological sub-
types (Figure 3 a, b, c). Classifying analyzed sam-
ples according to mucin phenotypes, we found that
the rate of cases with a G phenotype
(MUC1+/MUC2–) was significantly (p=0.025) high-
er in intestinal-type carcinomas than in diffuse-type,
while the opposite happened for cases displaying an
I phenotype, whose rate was significantly
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Figure 2. a. Intestinal-type adenocarcinoma showing a MUC1 positive immnunoreaction mainly localized at the apical membrane of
the cells (MUC1 staining; original magnification x100). b. Cells of diffuse-type adenocarcinoma labelled by MUC1 antibody (MUC 1
staining; original magnification x100). c. Gastric mucinous adenocarcinoma displaying a MUC1positive staining (MUC1 staining; orig-
inal magnification x100).

a

b C
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(p=0.025) higher in diffuse-type carcinomas
(Figures 4 and 5). Taking into consideration the
three analyzed unclassified carcinomas, one exhib-
ited a G phenotype, another a GI phenotype, and the
third an I phenotype. No statistically significant
correlations were found between mucin phenotypes
and other clinico-pathological parameters (Table
2). Pertaining to staining extent, a statistically sig-
nificant difference was only found between MUC1
percentage of positive cells and cancer histopatho-
logical subtypes as shown in Table 3.

Discussion
In the present study, we analyzed MUC1 and

MUC2 immunohistochemical expression in a series
of 40 gastric adenocarcinomas, classified according
to Laurèn’s system. In agreement with other
authors (Baldus et al.,1998; Akyurek et al., 2002;
Gurbuz et al., 2002; Reis et al., 1998; Lee et al.,
2001; Pinto-de-Sousa et al., 2002, Roessler et al.,
2005; Leteurtre et al., 2006), who demonstrated a
lack of correlation between mucin phenotypes and
Lauren’s histopathological classification, we found
that MUC1 expression was significantly higher in

Table 2. Correlation between mucin phenotype and clinico-
pathological parameters.

N Gastric Gastro-intestinal Intestinal
Phenotype Phenotype Phenotype

(MUC1+/MUC2–) (MUC1+/MUC2+) (MUC1–/MUC2+)

Total number
Age 40 20 8 12
<70 17 8 5 4
≥70

Gender 23 12 3 8
Male 23 11 6 6
Female 17 9 2 6

Histotype
(Laurèn Classification)*

Intestinal 27 17 6 4
Diffuse 10 2 1 7
Unclassified 3 1 1 1

Localization
Cardias 3 1 0 2
Corpus 26 14 5 7
Antrum 11 5 3 3

Grade
(Intestinal histotype)

1 (WD) 18 11 4 3
2 (MD) 9 6 3 0

pTNM
T1 9 6 1 2
T2 26 13 5 8
T3 5 1 2 2
N0 13 6 2 5
N1 24 12 6 6
N2 1 1 0 0
N3 2 1 0 1

* p =0.025.

Table 3. Correlation between mucins staining extent and clinicopathological parameters.

N MUC1 Staining area MUC2 Staining area

0 1 2 0 1 2
(<5% Positive cells) (5-50% positive cells) (51-100% positive cells) (<5% Positive cells) (5-50% positive cells) (51-100% positive cells)

Total number 40 12 16 12 20 6 14

Age
<70 17 4 8 5 8 4 5
?70 23 8 8 7 12 2 9

Gender
Male 23 6 7 10 11 5 7
Female 17 6 9 2 9 1 7

Histotype (Laurèn Class.)
Intestinal 27 * 4 14 9 17 3 7
Diffuse 10 7 2 1 2 3 5
Unclassified 3 1 0 2 1 0 2

Location
Cardias 3 2 0 1 0 0 0
Corpus 26 7 11 8 14 5 7
Antrum 11 3 5 3 5 0 6

Grade (Intestinal Histotype)
1 WD 18 3 9 6 11 1 2
2 MD 9 1 5 3 6 2 1

TNM
T1 9 2 4 3 6 1 2
T2 26 8 9 9 13 3 10
T3 5 2 3 0 1 2 2
N0 13 5 4 4 6 2 5
N1 24 6 10 8 12 4 8
N2 1 0 1 0 1 0 0
N3 2 1 1 0 1 0 1

* p= 0.010.
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gland-forming (intestinal-type) tumours than in dif-
fuse ones, whereas MUC2 stained positive in a sig-
nificantly greater proportion of diffuse-type carci-
nomas than of intestinal-type.
Moreover,when cases were stratified according to

mucin phenotypes, we found that, among intestinal-
type considered adenocarcinomas, only 4/27 exhib-
ited an I phenotype (MUC1–/MUC2+), while the
majority of cases (17/27) displayed a G phenotype
(MUC1+/MUC2–) and 6/27 cases co-expressed both
mucins. These findings seem to be in contrast with

an absolute origin of intestinal-type adenocarcino-
mas via intestinal metaplasia. Indeed, the hypothe-
sis of a direct derivation from native gastric cells
seems to be more suitable for the majority of intes-
tinal-type tumours of our series, which, as men-
tioned above, mostly presented a G phenotype, with
an absence of expression of the intestinal mucin
MUC2.Thus, intestinal metaplasia would not be an
indispensable factor in the development of this gas-
tric carcinoma histopathological subtype.
Nevertheless, the presence of a mucin GI phenotype
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Figure 3. a. Cytoplasmic staining for MUC2 is evident in intestinal-type adenocarcinoma (MUC2 staining; original magnification x200).
b. Signet ring cell carcinoma showing a diffuse, intense labelling for MUC2 (MUC2 staining; original magnification x100). c. Neoplastic
elements floating in extracellular mucin in the context of a mucinous carcinoma display a positive immunoreaction for MUC2 (MUC2
staining; original magnification x100).

a

b c
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in 6/27 intestinal-type adenocarcinomas of our
series might reflect a histogenetic origin of such
cases from incomplete intestinal metaplasia.
Indeed, as is known, this latter is an unstable lesion,
associated with the development of intestinal type
gastric cancer (Filipe et al., 1994; Cassaro et al.,
2000) which shows both gastric and intestinal phe-
notypes (Silva et al., 2002). Incomplete intestinal
metaplasia gradually shifts towards the complete
type, with loss of the gastric phenotype and perma-
nence of the intestinal phenotype (Inada et al.,
1997;Tatematsu et al., 2003). A small percentage
of cases, only expressing MUC2, might, therefore,
originate from complete intestinal metaplasia.
On the other hand, diffuse-type carcinomas of our

series mostly tended to exhibit an I phenotype
(7/10 cases), showing a positive immunoreaction

Figure 4. a, b. Consecutive sections of a gastric intestinal-type adenocarcinoma. MUC1-positive immunoreaction was evidenced in
most cells (a. MUC1 staining, original magnification x200), whereas only scattered elements were labelled by MUC2 antibody (b.
MUC2 staining, original magnification x200). c, d. Consecutive sections of a diffuse-type adenocarcinoma displaying a slight
immunoreaction for MUC1 (c. MUC1 staining, original magnification x200) and a strong diffuse labelling for MUC2 (d. MUC2 staining,
original magnification x200).

Figure 5. The graph illustrates the distribution of the three
mucin phenotypic groups in intestinal-type, diffuse-type and
unclassified type of Lauren’s classification. The percentage of
cases displaying a G phenotype was significantly higher in
intestinal-type tumours, whereas a significantly higher propor-
tion of cases showing an I phenotype was evidenced in diffuse-
type tumours.
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for only MUC2 in the majority of cases. High fre-
quency of an I phenotype in undifferentiated (dif-
fuse-type) gastric adenocarcinomas has already
been found by other authors (Kabashima et al.,
2005). Diffuse-type carcinomas are commonly
thought to arise from gastric mucosa without pre-
ceding intestinal metaplasia (Correa et al., 1992).
Intestinal phenotypes in signet ring cell carcinomas
seems to be successively acquired during tumour
progression together with gastric wall infiltration
(Yamachika et al., 1997; Bamba et al., 2001). In
our casuistry, the predominance of an I phenotype
among diffuse type adenocarcinomas might there-
fore be related to the prevalence of deeply infiltrat-
ing tumours. 9/10 cases, indeed, invaded muscolaris
propria, subserosa or serosa (T2-T3).Moreover, the
only T1 case displayed a GI phenotype.Throughout
the use of CK7 as marker of de-differentiation,
Kirchner et al., (2001) demonstrated the presence
of un-differentiated epithelial cells in the early
stages of development of gastric carcinoma, espe-
cially of the diffuse-type, and within areas of intes-
tinal metaplasia and non-atrophic chronic gastritis.
In particular, these workers speculated that inflam-
matory chronic stimulus could trigger a repetitive
process of de-differentiation and re-differentiation,
with a subsequent accumulation of genetic alter-
ations leading to cancer development. Therefore,
both diffuse and intestinal histo-pathological sub-
types of gastric cancer may derive from such un-dif-
ferentiated elements, with preceding loss of the
original phenotype and subsequent acquirement of
a different phenotype.The putative origin of gastric
malignancies from undifferentiated elements is cor-
roborated by the results achieved by Kawachi et al.,
(2003), showing an absence of either gastric or
intestinal phenotypes in microscopic differentiated
gastric carcinomas. Subsequently, we may also
speculate that diffuse cancers in our series might
have arisen from such de-differentiated cells with a
further acquisition, during cancer progression, of an
intestinal phenotype.
On the contrary, a correlation between chronic

gastritis-metaplasia and dedifferentiation might
explain our finding of a low proportion of a mucin I
phenotype and a prevalence of a mucin G phenotype
among analyzed intestinal-type cancer. Such types
of gastric adenocarcinomas, in fact, as previously
mentioned, are thought originatefrom chronic gas-
tritis-intestinal metaplasia-displasia. Loss of an
intestinal phenotype, and subsequent acquirement

of a gastric one might be due to de-differentiation
at the stage of metaplasia.
In conclusion, our observations demonstrate that

Laurèn’s Classification of gastric cancer does not
fit mucin phenotypes of these neoplasias. In fact,
Laurèn’s intestinal type adenocarcinomas often dis-
play a gastric mucin phenotype; furthermore, so-
called diffuse carcinomas frequently exhibit differ-
entiation towards an intestinal mucin phenotype;
hence, in particular, in our opinion, the notion of
intestinal-type carcinoma seems not to be fully
appropriate for a lesion mostly exhibiting a gastric
rather than an intestinal phenotype upon immuno-
histochemical analysis.

References

Akyurek N, Akyol G, Dursun A, Yamac D, Gunel N. Expression of
MUC1 and MUC2 mucins in gastric carcinomas: their relationship
with clinicopathologic parameters and prognosis. Pathol Res Pract
2002;198:665-74.

Baldus SE, Zirbes TK, Engel S, Hanisch FG, Monig SP, Lorenzen J et
al. Correlation of the immunohistochemical reactivity of mucin cores
MUC1 and MUC2 with histopathological subtype and prognosis of
gastric carcinomas. Int J Cancer. 1998;79:133-8.

Bamba M, Sugihara H, Kushima R, Okada K,Tsukashita S, Horinouchi
M et al.Time-dependent expression of intestinal phenotype in signet
ring cell carcinomas of the human stomach. Virchows Arch
2001;438:49-56.

Bobek LA, Tsai H, Biesbrock AR, Levine MJ. Molecular cloning,
sequence and specificity of gene expression of the gene encoding the
lower molecular weight human salivary mucin (MUC 7). J Biol
Chem 1993;268:20563-9.

Cassaro M, Rugge M, Gutierrez O, Leandro G, Graham DY, Genta RM.
Topographic patterns of intestinal metaplasia and gastric cancer.
Am J Gastroenterol 2000;95:1431-8.

Chen Y, Zhao YH, Kalaslavadi TB, Hamati E, Nehrke K, Le AD et al.
Genome-wide search and identification of a novel gel-forming mucin
MUC19/Muc19 in glandular tissues. Am J Respir Cell Mol Biol
2004 30:155-65.

Correa P.Human gastric carcinogenesis: a multistep and multifactorial
process- First American Cancer Society Award Lecture on Cancer
Epidemiology and Prevenction. Cancer Res 1992;52:6735-40

Filipe MI, Munoz N, Matko I, Kato I, Pompe-Kirn V, Jutersek A et al.
Intestinal metaplasia types and the risk of gastric cancer: a cohort
study in Slovenia. Int J Cancer 1994;57:324–9

Filipe MI, Linehan JM,Durrant LG, Price MR, Smeeton NC, Pathak S
et al. Expression of a peptide epitope of the colonic MUC2 in pre-
cursor lesions to gastric carcinoma. Eur J Cancer Prev
1996;5:287-95.

Fox MF, Lahbib F, Pratt W, Attwood J, Gum J, Kim Y et al. Regional
localization of the intestinal mucin gene MUC3 to chromosome
7q22. Ann Hum Genet 1992;56:281-7.

Gross MS, Guyonnet-Duperat V, Porchet N, Bernheim A, Aubert JP,
Nguyen VC.Mucin 4 (MUC4) gene: regional assignment (3q29) and
RFLP analysis. Ann Genet 1992;35:21-6.

Gum JR, Byrd JC, Hicks JW, Toribara NW, Lamport DTA, Kim YS.
Molecular cloning of human intestinal mucin cDNAs. Sequence
analysis and evidence for genetic polymorphism. J Biol Chem
1989;264:6480-7.

Gum JR, Hicks JW, Swallow DM, Lagace RL, Byrd JC, Lamport DT
et al.Molecular cloning of cDNAs derived from a novel human intes-
tinal mucin gene. Biochem Biophys Res Commun 1990;171:407-
15.

V. Barresi et al.



309

Original Paper

Gum JR Jr, Crawley SC, Hicks JW, Szymkowski DE, KimYS.MUC17,
a novel membrane-tethered mucin. Biochem Biophys Res Commun
2002;291:466-75.

GürbuzY,KahlkeV,Klöppel G.How do gastric carcinoma classification
systems relate to mucin expression patterns? An immunohistochem-
ical analysis in a series of advanced gastric carcinomas. Virchows
Arch. 2002;440:505-511.

Guyonnet-Duperat V, Audie JP, Debailleul V, Laine A, Buisine MP,
Galiegue-Zouitina S et al. Charcterization of the human mucin gene
MUC5AC.A consensus cystein-rich domain for 11p15 mucin genes?
Biochem J 1995;305:211-19.

Higuchi T, OritaT, Nakanishi S, Katsuya K,Watanabe H,Yamasaki Y et
al. Molecular cloning, genomic structure, and expression analysis of
MUC20, a novel mucin protein, up-regulated in injured kidney. J Biol
Chem 2004;279:1968-79.

Ho SB, Niehans GA, Lyftogt C, Yan PS, Cherwitz DL, Gum ET et al.
Heterogeneity of mucin gene expression in normal and neoplastic
tissues. Cancer Res 1993;53:641-51.

Ho SB, Robertson AM, Shekels LL Lyftogt CT, Niehans GA,Toribara
NW. Expression cloning of gastric mucin complementary DNA and
localization of mucin gene expression. Gastroenterology. 1995;
109:735-47.

Ho SB, Shekels LL,Toribara NW, Kim YS, Lyftogt C, Cherwitz DL et
al. Mucin gene expression in normal, preneoplastic, and neoplastic
human gastric epithelium. Cancer Res. 1995;55:2681-90.

Inada K, Nakanishi H, Fujimitsu Y, Shimizu N, Ichinose M, Miki K et
al. Gastric and intestinal mixed and solely intestinal types of intes-
tinal metaplasia in the human stomach. Pathol Int 1997;47:831–
41.

Kabashima A, Yao T, Maehara Y,Tsuneyoshi M. Relationship between
biological behavior and phenotypic expression in undifferentiated-
type gastric carcinomas. Gastric Cancer 2005;8:220-7.

Kawachi H,Takizwa T, Eishi Y, Shimizu S, Kumagai J, Funata N et al.
Absence of either a gastric or intestinal phenotype in microscopic
differentiated gastric carcinomas. J Pathol 2003; 199:436-46.

Kirchner T,Muller S, Hattori T,Mukaisyo K, Papadopoulos T, Brabletz
T et al. Metaplasia, intraepithelial neoplasia and early cancer of the
stomach are related to dedifferentiated epithelial cells defined by
cytokeratin-7 expression in gastritis.Virchows Arch 2001;439:512-
22.

Kocer B, Soran A, Kiyak G, Erdogan S, Eroglu A, Bozkurt B et al.
Prognostic significance of mucin expression in gastric carcinoma.
Dig Dis Sciences 2004; 49:954-64.

Lapensée L, Paquette Y, Bleau G. Allelic polymorphism and chromoso-
mal localization of the human oviductin gene (MUC9). Fertil Steril
1997;68:702-8.

Lauren P.The two histological main types of gastric carcinoma: diffuse
and so-called intestinal type (an attempt at histo-clinical classifica-
tion). Acta Pathol Microbiol Scand 1965;64:31-49.

Lee HS, Lee HK, Kim HS,Yang HK, Kim YI, KimWH.MUC1,MUC2,
MUC5 and MUC6 expression in gastric carcinomas. Their role as
prognostic indicators. Cancer 2001;92:1427-34.

Lesuffleur T, Zweibaum A, Real FX. Mucins in normal and neoplastic
human gastrointestinal tissues. Crit Rev Oncol/Hematol
1994;17:153:80.

Leteurtre E, Zerimech F, Piessen G,Wacrenier A, Leroy X, Copin MC
et al. Relationships between mucinous gastric carcinoma, MUC2
expression and survival.World J Gastroenterol. 2006;12:3324-31.

Machado JC, Nogueira AMMF, Carneiro F, Reis CA, Sobrinho-Simoes
M. Gastric carcinoma exhibits distinct types of cell differentiation:
an immunohistochemical study of trefoil peptides (TTF1 andTTF2)
and mucins (MUC I, MUC 2, MUC 5AC, and MUC6). J Pathol
2000;190:437-43.

Nakamura K, Sugano H,Takagi K. Carcinoma of the stomach in incip-
ient phase: its histogenesis and histological appearance. Gann
1968;59:251-8.

Pallesen LT, Berglund L, Rasmussen LK, Petersen TE, Rasmussen JT.
Isolation and characterization of MUC15, a novel cell membrane-
associated mucin. Eur J Biochem 2002;269:2755-63.

Pinto-de-Sousa J, David L, Reis CA, Gomes R, Silva L, Pimenta A.
Mucins MUC1,MUC2,MUC5AC and MUC6 expression in the eval-

uation of differentiation and clinico-biological behaviour of gastric
carcinoma.Virchows Arch 2002;440:304-10.

Porchet N,NguyenVC,Dufosse J,Audie JP,Guyonnet-Duperat V,Gross
MS et al. Molecular cloning and chromosomal localization of a
novel human tracheo-bronchial mucin cDNA containing tandemly
repeated sequences of 48 base pairs. Biochem Biophys Res Commun
1991;175:414-22.

Reis CA, David L, Seixas M, Burchell J, Sobrinho-Simoes M.
Expression of fully and under-glycosylated forms of MUC1 Mucin in
gastric carcinoma. Int J Cancer 1998;79:402-10.

Roessler K,Monig SP, Schneider PM,Hanisch FG, Landsberg S,Thiele
J et al. Co-expression of CDX2 and MUC2 in gastric carcinomas:
correlations with clinico-pathological parameters and prognosis.
World J Gastroenterol 2005;11:3182-8.

Shankar V, Gilmore MS, Elkins RC, Sachdev GP. A novel human air-
way mucin cDNA encodes a protein with unique tandem-repeat
organization. Biochem J. 1994;300:295-8.

Silva E,Teixeira A, David L, Carneiro F, Reis CA, Sobrinho-Simoes J et
al. Mucins as key molecules for the classification of intestinal meta-
plasia of the stomach.Virchows Arch 2002;440:311-7.

Sugano H,Nakamura K,KatoY.Pathological studies on human gastric
cancer. Acta Pathol Jpn 1982;32:329-47.

Swallow DM,Gendler S, Griffiths B, Corney G,Taylor-Papadimitriou J,
Bramwell ME.The human tumour associated epithelial mucins are
coded by an express hypervariable gene locus PUM. Nature
1987;328:82-4.

Swallow DM, Gendler S, Griffiths B, Kearney A, Povey S, Sheer D et
al. The hypervariable gene locus PUM, which codes for the tumour
associated epithelial mucins, is located on chromosome 1, within the
region 1q21-24. Ann Human Genet 1987;51:289-94.

Tatematsu M, Tsukamoto T, Inada K. Stem cells and gastric cancer:
role of gastric and intestinal mixed intestinal metaplasia. Cancer Sci
2003;94:135–41.

Toribara NW,Gum JR Jr, Culhane PJ, Lagace RE,Hicks JW,Petersen
GM et al. MUC-2 human small intestinal mucin gene structure:
Repeated arrays and polymorphisms. J Clin Invest. 1991;88:1005-
13.

Tsukashita S, Kushima R, Bamba M, Sugihara H, Hattori T. Muc gene
expression and histogenesis of adenocarcinoma of the stomach. Int
J Cancer 2001;94:166-70.

Uchino S, Noguchi M, Ochiai A, Saito T, Kobayashi M, Hirohashi S.
p53 mutation in gastric cancer: a genetic model for carcinogenesis
is common to gastric and colorectal cancer. Int J Cancer
1993;54:759-64.

Wada R, Yamaguchi T, Tanizaki T. Mucin phenotypic expression and
p53 gene abnormality of gastric super-minute well-differentiated
adenocarcinoma: re-evaluation with relationship between histogene-
sis of well-differentiated adenocarcinoma and intestinal metaplasia
in distal stomach. J Carcinog 2005;4:14.

Williams SJ, Mc-Guckin MA, Gotley DC, Eyre HJ, Sutherland GR,
Antalis TM. Two novel mucin genes down-regulated in colorectal
cancer identified by differential display. Cancer Res. 1999;59:4083-
4089.

Williams SJ, Wreschner DH, Tran M, Eyre HJ, Sutherland GR,
McGuckin MA.Muc13, a novel human cell surface mucin expressed
by epithelial and hemopoietic cells. J Biol Chem 2001;276:18327-
36.

Wu GJ, Wu MW,Wang SW, Liu Z, Qu P, Peng Q et al. Isolation and
characterization of the major form of human MUC18 cDNA gene
and correlation of MUC18 over-expression in prostate cancer cell
lines and tissues with malignant progression. Gene 2001;279:17-
31.

Yamachika T, Inada K, Fujimitsu Y, Nakamura S,Yamamura Y, Kitou
T et al. Intestinalization of gastric signet ring cell carcinomas with
progression.Virchows Arch. 1997; 431:103-10.

Yin BW, Lloyd KO. Molecular cloning of CA125 ovarian cancer anti-
gen: identification as a new mucin (MUC16). J Biol Chem
2001;276:27371-5.

Zhang H, Zhang Q, ZhaoT, Li Y,Yi Y. Expression of mucins and E-cad-
herin in gastric carcinoma and their clinical significance. World J
Gastroenterol 2004;10:3044-7.



310

V. Barresi et al.


