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Abstract. Background: MUC-1 is synthesized as a single
polypeptide that then undergoes proteolytic cleavage, and is
associated with the epidermal growth factor receptor tyrosine
kinases. In malignancies, MUC-1 may function as an anti-
adhesion molecule, but can also promote adhesion and
presumably metastasis. Materials and Methods: Expression of
MUC-1, -2, -4 and -5AC was evaluated on tissue microarrays of
gastric carcinomas (n=237) and adjacent non-cancerous
mucosa specimens (n=89) by immunohistochemistry and
compared with clinicopathological parameters and survival time
of the patients. Results: MUC-1 was found to be highly
expressed in gastric carcinomas in comparison with non-
cancerous mucosa (p<0.05) and positively correlated with depth
of invasion, lymphatic and venous invasion, lymph node
metastasis, UICC staging and MUC-4 expression (p<0.05), but
not with age, tumor size, MUC-2 or MUC-5AC expression
(p>0.05). Intestinal-type carcinomas showed more MUC-1
expression than their diffuse-type counterparts (p<0.05).
Kaplan-Meier analysis indicated that the cumulative survival
rate of patients with no MUC-1 expression was significantly
higher than those with weak, moderate or strong expression in
gastric carcinomas (p<0.05), but no difference was observed
when tumors were stratified according to the depth of invasion
(p>0.05). Cox’s analysis showed three independent prognostic
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factors, depth of invasion, lymphatic invasion and venous
invasion, to affect the relationship between MUC-1 expression
and prognosis. Conclusion: Up-regulation of MUC-1 expression
may be involved in pathogenesis, invasion, metastasis and
differentiation of gastric carcinoma. Altered expression might
therefore be employed as an indicator of pathobiological
behavior of gastric carcinoma. MUC-1 expression was found to
be a prognostic factor for gastric carcinoma patients, albeit not
independent of parameters of invasion.

Despite a worldwide decline in incidence and mortality since
the second half of the 20th century, gastric cancer still ranks
as the fourth most common cancer and the second most
frequent cause of death from cancer, accounting for 10.4%
of cancer deaths worldwide. It continues to be a major health
concern because of the slow decrease in incidence in Asia
and high mortality from diagnosed gastric carcinomas in the
West (1, 2). Malignant transformation of gastric epithelial
cells is biologically a multi-step and multi-factorial process,
resulting from accumulated genetic alterations. When the
stomach suffers from infection with Helicobacter pylori
(HP), a group I carcinogen, HP lipopolysaccharides decrease
the synthesis of mucins, which normally form a gel layer and
function as a protective and lubricating factor against luminal
acid, proteolytic enzymes and DNA damage from various
carcinogens (3, 4).

Mucins are high molecular weight epithelial glycoproteins
that are heavily glycosylated with many oligosaccharide side
chains linked to a protein backbone called apomucin (5).
Thus far, at least 19 mucins have been identified and divided
into two distinct classes according to their structure and
function: (i) secreted types: MUC-2, -5AC, -5B, -6, -7, -8, -
9 and -19; (ii) membrane-associated types: MUC-1, -3A, -
3B, -4,-12,-13,-15,-16, -17 and -20 (6). Secreted mucins
are glycoproteins constituting the major macromolecular
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component of mucus, while membrane-associated mucins
contribute to epithelial cell-cell interactions (7). Their
patterns of expression, especially of secreted mucins, appear
to be relatively cell-, tissue-, or organ- specific (6).
Qualitative and quantitative alteration of mucin expression
in preneoplastic and neoplastic lesions has suggested
potential roles in neoplastic processes, as reviewed by Cozzi
et al. (7). Furthermore, numerous pieces of evidence indicate
a close association between aberrant mucin expression and
aggressive behavior of malignancies (6-12).

MUC-1 is synthesized as a single polypeptide that then
undergoes proteolytic cleavage, creating a heterodimer that
remains associated during its post-translational processing in
the Golgi apparatus (13). MUC-1 protein belongs to the
group of membrane-bound mucins that contain a large
extracellular domain with 30-90 tandem repeats of the 20-
amino acid peptide PAPGSTAPPAHGVTSAPDTR, along
with a 31-amino acid transmembrane domain and a short
cytoplasmic tail (11). The MUC-1 gene can generate
isoforms MUC-1/TM, MUC-1/Y, MUC1-/Z and MUC-
1/SEC by alterative splicing (14). MUC-1 has been shown
to be associated with the epidermal growth factor receptor
tyrosine kinases through the binding of its cytoplasmic tail
to Grb2/SOS, indicating an involvement in cellular signaling
(15). In malignancies, MUC-1 may function as an anti-
adhesion molecule facilitating release of cells from tumor
nests (8, 11,16). It can paradoxically also promote adhesion
and presumably metastasis by presenting carbohydrate
ligands to adhesion molecules on endothelial cells (17). It
has further been proposed that enhanced levels of MUCI1
expression on cancer cells may mask extracellular domains
from immune surveillance, confer a survival advantage and
play an important role in the ability of tumors to invade and
metastasize (7, 16).

Japan is a high-risk area of gastric carcinoma worldwide
and the observed gastric carcinomas are characterized as
follows: (i) predominance in the distal stomach; (ii)
frequently detected at an early stage (nearly 50% ); (iii)
mostly restricted to the elderly population; (iv) comparatively
good prognosis (1). In this study, the expression of MUC-1,
2, 4 and 5AC was investigated with intermittent microwave
immunohistochemistry and tissue microarrays (TMAs) from
237 Japanese gastric carcinomas to clarify clinicopathological
and prognostic roles of MUC-1 expression.

Materials and Methods

Patients. Gastric carcinomas (n=237) and adjacent non-cancerous
mucosa (n=89) were collected from surgical resection at our related
hospital from 1993 to 2002. The patients with gastric carcinomas
were 170 men and 67 women (35-88 years, mean=66.2years).
Nodal metastasis or involvement was detected in 95 cases. None of
the patients underwent chemotherapy or radiotherapy before surgery.
All provided consent for use of tumor tissue for clinical research
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and our University Ethical Committee approved the research
protocol. All patients were followed up by consulting their case
documents and by telephone.

Pathology. All tissues were fixed in 10% neutralized formalin,
embedded in paraffin and cut into 4 um sections stained with
hematoxylin and eosin (HE) to confirm the histological diagnosis
and microscopic characteristics. The staging for each gastric
carcinoma was evaluated according to the Internationale le Contre
Cancer (UICC) system indicating the extent of tumor spread (18).
Histological architecture was defined in terms of Lauren’s
classification (19). Furthermore, tumor size, depth of invasion,
lymphatic and venous invasion, and lymph node metastasis of
tumors were determined.

Tissue microarray (TMA). From HE stained sections of the
selected tumor cases, representative areas of solid tumor were
selected for sampling and 2 mm-diameter tissue cores per donor
block were punched out and transferred to a recipient block with
a maximum of 48 cores using a Tissue Microarrayer (AZUMAYA
KIN-1, Japan). Thin sections (4 pm) were consecutively cut from
the microarrays and transferred to polylysine-coated glass slides.
HE staining was performed for confirmation of tumor tissue
(Figure la).

Immunohistochemistry. Serial sections of TMA were deparaffinized with
xylene, dehydrated with alcohol, and subjected to immunohistochemical
staining with intermittent microwave radiation as previously described
(20). Mouse anti-human MUC-1 (NovoCastra,UK), anti-human MUC-
2 (NovoCastra), anti-human MUC-4 (NovoCastra) and anti-human
MUC-5AC (NovoCastra) antibodies were used at 1: 100 dilution to
detect the respective proteins, with anti-mouse Envison-PO (DAKO,
USA) as the secondary antibody. Binding was visualized with 3,3’-
diaminobenzidine (DAB) and counterstaining with Mayer’s hematoxylin
was performed to aid orientation. Omission of the primary antibody was
used as a negative control.

Immunoreactivity for MUC-1 and MUC-4 was localized in the
cytoplasm and membrane, while MUC-2 and MUC-5AC showed a
cytoplasmic pattern (Figure 1 b-i). One hundred cells were
randomly selected and counted from five representative fields of
each section blindly by three independent observers (Takano Y,
Zheng HC and Li XH) and the percentages of positive cells in the
total counted were graded semi-quantitatively using a four-tier
scoring system: negative (—), 0-5% ; weakly positive (+), 6-25% ;
moderately positive (++), 26-50% ; and strongly positive (+++),
51-100% .

Statistical analysis. Statistical evaluation was performed using the
Spearman correlation test to analyze rank data. Kaplan—Meier
survival plots were generated and comparisons between survival
curves were made with the log-rank statistic. The Cox proportional
hazards model was employed for multivariate analysis. SPSS 10.0
software was applied to analyze all data and p<0.05 was considered
statistically significant.

Results

As indicated in Figure 1, MUC-1 was detected in some
gastric glands, but not in the surface epithelium, intestinal
metaplasia or gastric pits. However, MUC-2 was strongly
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Figure 1. HE staining and immunohistochemistry of gastric samples. HE staining of TMA of gastric carcinoma (a). Immunoreactivity to MUC-1 and
MUC-4 was distributed to the cytoplasm and membrane, while MUC-2 and MUC-5AC staining was limited to the cytoplasm. MUC-1 was detected in
some gastric glands (b), while MUC-2 was positively expressed in goblet cells of intestinal metaplasia (c). MUC-4(d) and MUC-5AC (e) were
immunoreactive mainly in the surface epithelial cells. There was strong diffuse expression of MUC-1(f), MUC-2(g), MUC-4(h) and MUC-5AC in

gastric carcinoma (i).

expressed in goblet cells of intestinal metaplasia. MUC-4
was immunoreactive mainly in the membranes of the
surface epithelial cells and gastric pits, and occasionally in
vascular endothelial cells. MUC-5AC positivity was
observed in superficial epithelium, gastric pits and some
gastric glands. There was strong diffuse expression of
MUC-1, -2, -4 and -5AC in the cytoplasm of carcinoma
(Figure 1). Statistically, MUC-1 expression was greater in
gastric carcinomas than in adjacent non-cancerous mucosa
(p<0.05, Table I).

As summarized in Table II, MUC-1 expression was
positively correlated with the depth of invasion, lymphatic
and venous invasion, lymph node metastasis, UICC staging
and MUC-4 expression (p<0.05). There was significant

Table I. MUC-1 expression in gastric carcinomas.

Groups n MUC-1 expression

- +  ++ +++ PR(%) P-value
Non-cancerous mucosa 89 68 19 2 0 235 <0.001
Carcinomas 237 132 46 22 37 443

PR: positive rate.

variation in MUC-1 expression with age, tumor size, and
MUC-2 or -5AC expression (p>0.05). Intestinal-type
carcinomas showed more MUC-1 expression than their
diffuse-type counterparts (p<0.05).
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Table II. Relationship  between MUC-1

clinicopathological features of gastric carcinomas.

expression  and

Clinico- n MUC-1 expression
pathological
feature - + ++ +++ PR(% ) P-value
Age (years) 0.256
<65 92 57 14 5 16 380
=65 145 75 32 17 21 483
Tumor size (cm) 0.101
<4 115 68 25 11 11 409
=4 122 64 21 11 26 475
Depth of invasion 0.007
Tis-T1 120 75 25 9 11 375
T2-T4 117 57 21 13 26 513
Lymphatic invasion 0.005
- 147 91 29 11 16 381
+ 90 41 17 11 21 544
Venous invasion <0.001
- 210 124 45 18 23 410
+ 27 8 1 4 14 704
Lymph node metastasis 0011
- 142 87 27 13 15 387
+ 95 45 19 9 22 526
UICC staging 0.007
0-I 147 9 29 13 15 388
I-1v 90 42 17 9 22 533
Lauren’s classification 0.002
Intestinal type 131 63 26 15 27 519
Diffuse type 106 69 20 7 10 349
MUC-2 expression 0.475
- 156 8 29 16 26 455
+ 81 47 17 6 11 420
MUC-4 expression 0.004
- 127 81 22 10 14 362
+ 110 51 24 12 23 536
0.233

MUC-5AC expression
- 99 51 19 12 17 485
+ 133 81 27 10 20 413

PR, positive rate; T;g: carcinoma in situ; T|: involvement of the lamina
propria and submucosa; T,: muscularis propria and subserosa; Tj:
serosa; Ty,: invasion through the serosa.

Follow-up information was available on 237 of the gastric
carcinoma patients for periods ranging from 0.2 months to
12.2 years (mean=70.8 months). Figure 2 shows survival
curves stratified according to MUC-1 expression for all (a),
early(b) and advanced (c) gastric carcinomas. Univariate
analyses using the Kaplan-Meier method indicated
cumulative survival rate of patients with no MUC-1
expression to be significantly higher than these patients with
weak, moderate or strong expression in all gastric
carcinomas (p<0.05), but no difference was observed when
tumors were stratified according to the depth of invasion
(p>0.05). Multivariate analysis using the Cox’s proportional
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Figure 2. Correlation between Status of MUC-1 and prognosis of the
gastric carcinoma patients. Kaplan-Meier curves for cumulative survival
rates of patients with all (a), early (EGC, b) and advanced (AGC, c)
gastric carcinomas according to MUC-1 expression. EGC, invasion
within the mucosa and submucosa; AGC, invasion below muscularis
properia.



Li et al: MUC-1 in Gastric Carcinomas

Table III. Multivariate analysis of clinicopathological variables for survival with gastric carcinomas.

Group Clinicopathological parameter Relative risk (95% CI ) P-value
A Age (=65 years) 2.175(1.351-3.501) 0.001
B Tumor size (=4 cm) 1.613(0.849-3.064) 0.144
C Depth of invasion (into muscularis propria) 5.176(2.074-12.919) <0.001
D Lymphatic invasion (+) 4.402(2.477-7.824) <0.001
E Venous invasion (+) 1.856(1.115-3.089) 0.017
F Lymph node metastasis (+) 2.376(0.748-7.544) 0.142
G UICC staging (1I-1V) 0.374(0.116-1.203) 0.099
H Lauren’s classification (Diffuse-type) 1.324(0.797-2.200) 0.279
1 MUC-1 expression (+ to +++) 1.297(0.824-2.040) 0.261

CI: confidence interval.

hazard model indicated that age, depth of invasion, lymphatic
and venous invasion, but not MUC-1, were independent
prognostic factors (Table III). Further analysis showed that
these three local invasion factors influenced the relationship
between MUC-1 expression and survival time of carcinoma
patients (Table IV).

Discussion

In the present study, we found a low positive rate for MUC-1
in gastric mucosa, lower than in gastric carcinomas, in line
with previous reports (9, 11). Thus MUC-1 up-regulation may
play some role in the malignant transformation of gastric
epithelial cells. Enhanced MUC-1 expression has been
observed in several other kinds of malignancies, such as
breast, colon and pancreatic cancer (10, 12, 16). Increased
expression of MUC-1 is generally thought to be related to the
level of transcription or gene dosage (21, 22). An increase of
MUC-1 mRNA expression after stimulation of cultured gastric
carcinoma cells with TNF-a has already been observed (23)
and IFN-y and TNF-o have synergistic effects on the cell
surface expression of MUC-1 in normal breast epithelium and
breast cancer cells (24). Therefore, these cytokines in gastric
carcinomas or the tumor microenvironment might be
postulated to induce MUC-I mRNA expression and
subsequently up-regulate its protein level.

Changed MUC-1 expression in cancer progression and
metastasis is characterized by increased levels, altered
glycosylation, and aberrant surface distribution patterns (7). In
the present study, the results demonstrated gastric carcinomas
with positive MUC-1 expression to display deep invasion,
frequent lymphatic or venous invasion, more lymph node
metastasis and high tumor staging, in line with earlier findings
(8,9, 11) indicating that up-regulated MUC-1 expression is
closely linked to progression and might be considered as a
good indicator of pathobiological behavior. Indeed, Suwa et al.
(25) found that MUC-1 cDNA transfection into human gastric

Table IV. Multivariate analysis of MUC-1 expression and other
concordant factors for survival with gastric carcinomas.

Groups(from Table III) H Relative risk (95% CI ) P-value
1 1.662(1.100-2.512) 0.016
I+C 1.387(0.916-2.101) 0.122
1+D 1.257(0.826-1.914) 0.286
I+E 1.396(0.910-2.141) 0.126
I+C+D 1.208(0.796-1.833) 0.375
1+C+E 1.282(0.840-1.957) 0.250
1+D+E 1.094(0.708-1.691) 0.686
I+C+D+E 1.096(0.714-1.682) 0.676

CI: confidence interval.

cancer cells enhanced in vivo growth and invasiveness. The
MUC-1 cytoplasmic domain might compete for and interact
with B-catenin through a similar motif as E-cadherin, thus
suppressing cell—cell adhesion (26).

Previous reports provided evidence that mucin expression
is also closely associated with differentiation of gastric
carcinomas (6, 27). In the present study, it was found that
intestinal-type gastric carcinomas had higher MUC-1
expression compared with diffuse counterpart lesions.
Baldus’s data are also consistent with our findings using both
monoclonal and polyclonal antibodies against MUC-1 (27).
Therefore, we hypothesized that MUC-1 is a possible
differentiation indicator of gastric carcinoma and could be
employed to separate intestinal- from diffuse-type
carcinomas. It should be noted that Wang et al. and Kocer et
al. reported no difference in MUC-1 expression between the
two types of carcinoma (8, 28). The discrepancy might be
attributable to their small numbers of cancer cases or
population differences. Asia is epidemiologically a high-
incidence area of gastric carcinoma, which determined the
similar MUC-1 expression pattern in Japan, Taiwan and
Chongqing of China (8, 11).
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Regarding our experimental methods, we used microwave
intermittent irradiation for incubation of primary and
secondary antibodies, which is known to increase sensitivity
and specificity of immunohistochemistry. For statistics, the
Spearman correlation analysis was employed for the present
rank data, making full use of our semi-quantitative results.
Additionally, the specimens used in this study were fixed in
freshly-prepared 10% formalin for periods of up to 4 days,
which facilitates antigen retrieval. These three aspects
improved our data’s reliability in combination with a large
number of Japanese carcinomas.

To clarify the prognostic significance, here we analyzed
the relation of MUC-1 expression with the survival of 237
patients with gastric carcinoma and revealed a link between
its positivity and poor survival, in concordance with previous
reports (8, 27-29). If stratified according to invasion of
depth, this close association disappears, indicating that
MUC-1 was not an independent factor for the prognosis of
gastric carcinoma patients in the present study. Multivariate
analysis demonstrated three independent prognostic factors,
depth of invasion, lymphatic and venous invasion as
influencing the relationship between MUC-1 expression and
prognosis, revealing that the prognostic significance of
MUC-1 is dependent on local invasion in gastric carcinoma.
However, it was documented that MUC-1 could be employed
as an independent factor for worse prognosis of gastric
carcinoma using PEM, but not HMFG-2 antibody, providing
an evidence that the prognostic significance of MUC-1 was
obtained in some specific conditions.

In summary, up-regulation of MUC-1 expression may be
involved in pathogenesis, invasion and metastasis of gastric
carcinomas. MUC-1 might underlie the molecular mechanisms
for the differentiation of intestinal- and diffuse-type carcinomas.
Altered expression might therefore be employed as an indicator
of pathobiological behavior and prognosis of gastric carcinoma.
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