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Abstract

AIM: To investigate the expression of three types of mucin
(MUC1, MUC2, MUC5AC) and E-cadherin in human gastric
carcinomas and their clinical significance.

METHODS: Ninety-four gastric cancer specimens were
classified according to WHO criteria and detected by immun-
ohistochemical assay of expression of mucins and E-cadherin.

RESULTS: The positive expression rates of MUC1, MUC2,
MUCS5AC and E-cadherin were 82% (77/94), 84% (79/94),
40% (38/94) and 56% (53/94) respectively. MUC1 expression
was significantly correlated with the types of cancer (the
positive rates of MUC1 in well and moderately differentiated
tubular adenocarcinoma, poorly differentiated adenocarcinoma,
signet-ring cell carcinoma and mucinous carcinoma were
91%, 87%, 71%, 71%, respectively, P<0.05), age of
patients (the positive rates of it among the people who are
younger than 40 years, between 40-60 years and over 60 year
were 74%, 81%, 89%, P<0.05), lymph nodes involvement
(the positive rates in the non-interfered group and the interfered
group were 78%, 85%, P<0.05) and tumor size (the positive
rates in the tumors with the size less than 3 cm, 3-6 cm
and larger than 6 cm were 69%, 92%, 69%, P<0.05); MUC2
expression was significantly associated with types of cancers
and had the strongest expression in mucinous carcinomas
(the positive rates of MUC2 in well and moderately differentiated
tubular adenocarcinoma, poorly differentiated adenocarcinoma,
signet-ring cell carcinoma and mucinous carcinoma were
94%, 70%, 81%, 100%, £<0.05), but it had no obvious relation
to age, gender, tumor location, lymph nodes involvement,
depth of invasion and metastasis to extra-gastric organs
(P>0.05); MUC5AC expression was not related to any of
the characteristics investigated except that it had relation
to gender, whereas MUC5AC showed the tendency to higher
expression in less invasive lesions and lower expression in
advanced stage cancers (~>0.05); No significant difference
was found for E-cadherin expression. There were strong
positive relationships between the expression of MUC1
and E-cadherin, MUC2 and E-cadherin, MUC1 and MUC2
(R=0.33,R=0.22, R = 0.32, respectively, A<0.05). According
to the COX proportional hazards model, older patients,

involvement of lymph nodes, different types of gastric
cancer and MUC2 expression were significantly associated
with poorer outcome of gastric carcinoma patients (3 = 0.08,
B=3.94, B =1.33, B = 0.75, respectively, P<0.05).

CONCLUSION: MUC1 and MUC2 are good markers of different
types of gastric cancer. MUC2 is especially a good marker
of mucinous carcinoma. MUC1, MUC2 may interfere with
the function of E-cadherin in gastric carcinomas, and have
synergic effect on progression of gastric cancers.
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INTRODUCTION

Mucins, the high molecular weight glycoproteins that contain
oligosaccharides, are the major components of the mucous gel
covering the surface of epithelial tissue. Their main functions
are thought to be lubrication and protection of the epithelial
surfacel™3. To date, at least thirteen mucins have been found®.

MUCZ1, an epithelia mucin glycoprotein, ishighly expressed
in lactating mammary glandsl. Under pathological conditions,
such as colon adnenocarcinomaand pancreas adnenocarcinoma
or stomach adnenocarcinoma, MUC1 would change its
expression fashion and ratel®. MUC2, a gel-forming mucin,
highly expresses in normal intestinal tissues and has no
expression in normal gastric mucosa. However, it had de novo
expression in stomach when the mucosa underwent metaplasia
and carcinoma®. MUCS5AC, a gastric type mucin in gastric
cardia and body mucosa, is decreased when the tissue has
cancers”. E-cadherin isacalcium-dependent cell-cell adhesion
molecule and its expression decreases in the carcinomactissues
thus contributing to cancer progression and correlate with
patients’ prognosis'®.

Despite many studies have been donein gastric carcinoma
tissue, the results are till in contradiction. Some reported that
MUCL could well predict the patients' prognosis, while others
thought not. MUC2 showed the same result®*?. MUC5AC isa
relatively less studied molecule, and its expression decreases
in advanced cancersthanin early cancerd®Y. Study on E-cadherin
also remains contradictory™*, What' s more, few studies have
been done about their relationships, especially between E-
cadherin and the mucins. The present study was designed to
provide some useful information on these molecules.

MATERIALS AND METHODS

Materials

Ninety-four patients with gastric adenocarcinomas confirmed
pathologically and underwent gastrectomy in our hospital from
January 1989 to December 2000 were Systemically selected
for the study. Patients' age, gender, tumor location, depth of
invasion, local lymph nodes involvement, metastasis, tumor
sizewereall obtained fromtheorigina records. Specimenswere
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histologically classified according to WHO criteria by two
experienced pathologists . Among these subjects, there were
33 moderately and highly-differentiated tubular carcinomas,
23 poorly differentiated adenocarcinomas, 31 signet-ring cell
carcinomas and 7 mucinous carcinomas. There were 64 male
and 30female patientswith amean age of 52.1+12.1 years(range
25-75 years). The mean tumor sizewas 4.5+2.0 cm in diameter
(range 1-10 cm). A total of 48 patients provided full information
during follow-up.

Reagents and methods

Antibodies against MUC1, MUC2 and MUC5AC were
purchased from Shenzhen Jingmei Biotechnology, Inc., and
the antibody against E-cadherin was from Fujian Maixin Co,
Ltd. All the 94 formalin-fixed, paraffin-embedded specimens
were sliced sequentially with athickness of 4 um. According to
the protocol, these tissue sections were dewaxed, rehydrated,
incubated with 30 mL/L hydrogen peroxide in methanol for
30 min to block endogenous peroxidase, and then washed with
PBS (phosphate buffered saline, pH 7.4). After that, they were
incubated with non-immunized horse serum for 30 min at
room temperature, washed again, and incubated with the
specific antibodiesovernight at 4 'C or 1 hat 37 'C. They were
washed again, incubated with the secondary antibody (Biotin
labeled goat anti-rabbit antibody) and streptavidin-biotin
peroxidase for 30 min separately, visualized with 3,3’-
diaminobenzidine tetra-hydrochl oride and H,O,, counterstained
with haematoxylin. Primary antibodies were replaced with PBS
buffer as negative control.

Table 1 protein expression in gastric carcinoma

In order to obtain a more precise relation between mucins
and the clinical indicators, a semiquantitative analysis was
performed to evaluate positively stained cells in carcinoma
tissues as +++, ++, + or -. We examined 10 fields of each
cancerous tissue at high magnification (x400) and scored the
intensity of color as 0 for non-stained,1 for the color of yellow,
2 for brown-yellow, 3 for brown; the rate of positive cell was
judged as negative (0) if it waslessthan 5%, 1 for 5-25%, 2 for
26-50%, 3 for over 50%. The mean intensity scores were
multiplied by the rate scores. Negative group (-) was defined
when the result was 0, 1-3 was mild-positive (+), 4-5 was
moderate-positive (++) and equal or greater than 6 was strong
positive (+++).

Statistical analysis

X2 test, the hazards proportional analysis (COX) and the
correlation analysiswere used to determine differences between
groups using SPSS 10.0 software. Statistical significance was
established at P<0.05.

RESULTS

Expression and distribution of MUC1, MUC2, MUC5AC and
E-cadherin

The positivity rate of MUC1 was 82% in the cancerous tissues.
It expressedin the cytoplasm diffusely or stained onthemembrane
of the cells. There were significant differencesin its expression
among different types of the cancer (P<0.05) with the highest
expression rate in well and moderately differentiated tubular

MUC1 MuUC2 MUCS5AC E-cadherin
n
+ ++ +++ + ++ +++ - + ++ +++ - + ++ +++

Types of cancer P = 0.005 P = 0.001 NS NS

WMDTA 33 3 2 3 25 2 3 7 21 21 6 0 6 10 8 5 10

PDA 23 3 11 2 7 7 6 5 5 15 4 1 3 11 5 3 4

SRCC 31 9 10 2 10 6 9 10 6 14 5 8 15 8 4 4

MC 7 2 1 0 4 0 0 0 7 6 0 0 1 5 2 0 0
Age(yr) P =0.03 NS NS NS

<40 19 5 4 2 8 3 6 5 5 12 2 2 3 10 7 1 1

>40, <60 48 9 18 1 20 10 9 10 19 26 10 3 9 20 9 8 11

>60 27 3 2 4 18 3 2 7 15 18 2 1 6 11 7 3 6
Sex NS NS P =0.02 NS

male 64 13 14 4 33 10 10 14 30 42 5 3 14 28 17 7 12

female 30 4 10 3 13 6 7 8 9 14 9 3 4 13 6 5 6
Location NS NS NS NS

Upper 1/3 13 0 4 1 8 1 2 0 10 12 0 0 1 3 4 1 5

Middle 173 23 6 6 0 11 4 3 6 10 12 3 2 6 11 7 2 3

Lower 1/3 58 11 14 6 27 11 12 16 19 32 11 4 11 27 12 9 10
Invasion NS NS NS NS

within mucosa 7 2 1 0 4 3 2 0 2 5 0 0 2 4 1 0 2

& sub-mucosa

Muscular layer 19 5 7 1 6 5 4 6 4 9 1 3 6 9 3 5 2

Serosa 68 10 16 6 36 8 11 16 33 42 13 3 10 28 19 7 14
Metastasis to LN P =0.031 NS NS NS

No 40 9 14 10 7 9 9 11 11 25 4 3 8 20 8 5 7

Yes 54 8 10 7 29 7 8 11 28 31 10 3 10 21 15 7 11
Metastasis to other NS NS NS NS
organs

No 70 14 19 7 30 13 12 18 27 42 7 5 16 32 19 8 11

Yes 24 3 5 0 16 3 5 4 12 14 7 1 2 9 4 4 7
Tumor size (cm) P =0.044 NS NS NS

<3 29 9 4 4 12 9 6 6 8 17 5 0 7 12 7 3 7

3-6 52 4 17 3 28 5 10 15 22 29 9 5 9 20 15 6 11

>6 13 4 3 0 6 2 1 1 9 10 0 1 2 9 1 3 0

NS: no significant difference; WMDTA: well and moderately differentiated tubular adenocarcinoma; PDA: Poorly differentiated
adenocarcinoma; SRCC: Signet-ring cell; MC: mucinous carcinoma; LN: lymph node.
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Figure 1 Results of immunohistochemical staining in gastric cancers (original magnification SP x400). A: MUC5AC expression;
B: E-cadherin expression; C: MUCL1 expression; D: MUC?2 expression.

adenocarcinomas (91%). Moreover, its expression level had
significant relationship with patients’ age, local lymph nodes
involvement and tumor size (P<0.05). MUC2 had a positive
expression rate of 84%, with the highest expression level in
mucinous carcinomas (100%) and lowest expression level in
signet-ring cell carcinoma (19%). Furthermore, it a so showed
significant differences in expression among different types of
cancer (P<0.05). MUC5AC had a positive expression rate of
40% and the lowest expression level in mucinous carcinoma
(14%), but no significant differencesin expression levelsamong
different types of cancer were found (P>0.05). It expressed
mainly in the cytoplasm. E-cadherin had a positive expression
rate of 56% with the highest expression in well and moderately
differentiated cancers (70%) and the lowest in mucinous type
(29%). There was no significant difference of expression level
among different types of cancer (P>0.05). Its positive expression
was on the membrane and in the cytoplasm of cancerous cells.
The expression of MUC2, MUC5AC, E-cadherin were not
significantly different with regards to clinicopathol ogical
characterigtics (Tablel, Figurel).

Relationship between proteins’ expression and prognostic
factors

There were significantly positive relationships between MUC1
and MUC2, MUC1 and E-cadherin, MUC2 and E-cadherin
(P<0.05). According to COX analysis, patients’ age, lymph
node involvement, types of the cancer and the level of MUC2
expression were the factors related to patients' survival after
operation (figures not shown).

DISCUSSION

We confirmed that mucin expression was associated with
differentiation characteristics of gastric carcinoma. MUC1 was
expressed in most of the studied gastric cancerous specimens
(82%), being consistent with other studies*®. MUC1 expression
related to clinical characteristics such as patients’ age, tumor
size and local lymph nodes involvement. MUC1 expressed
higher in older patients with larger tumor or with more ymph
nodes involvement. On the other hand, though the expression

of MUC1 was not significantly associated with the metastasis
and depth of invasion (P>0.05), it <till had the tendency toward
higher expression in advanced stage of cancer. However, we
failed to find that MUC1 had the prognostic role in gastric
cancer patients, which is different with Ustsunomiya’'s
conclusion', but consistent with Reis's conclusion*. These
contradictory resultsmight be dueto our relatively small number
of follow-up patients after operation.

MUC2, theintestinal mucin, expressed in mogt of the studied
cases (86%), higher than that in other studies*™, However our
result was in accordance with other results concerning its
overwhelming expression in mucinous carcinomas!>.,
Contradictory to some reports that MUC2 indicated good
prognosis®, our study found that MUC2 could predict poor
outcome. Our in vitro study used anti-sense oligonucleotide
of MUC2 to inhibit the growth of gastric cancer cells, while
Sternberg used the anti-sense oligonucleotide of MUC2 in
colon cellsin vitro and in vivo and found that it decreased the
adherence ability of cellsto E-selectin and resulted ininhibition
of liver metastasis''’. Both supported our conclusion that
MUC2 might contribute to gastric cancer progress.

MUCS5A C was thought to be gastric mucin and expressed
higher in early stage of cancersthan in the advanced stage!®.
MUCS5AC rarely expressed in mucinous carcinoma except in
one case. Between different sex groups, MUC5AC had
significant difference (P<0.05).

E-cadherin is a calcium-dependent molecule, and actsas a
tumor-inhibitory factor. Some studies have shown that the lower
expression level it had, the faster the tumor progressedi*2. But
we could not draw a conclusion like this despite the tendency
shown at present. While we noted its highest expression in the
well and moderately differentiated tubular carcinoma which
supported the view on its contribution to tubular structure
formation'9.

Although some studies showed that MUC1 expression in
gastric cancers was negatively correlated with the expression
of E-cadherin?”, we found the positive relationships between
them, what's more, the correlation of MUC1, MUC2 and E-
cadherin werefirst studied by us. BothMUC1 and MUC2 might
contribute to the progress of gastric cancer, and they might
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restrain the role of E-cadherin.

In summary, MUC1 may contribute to gastric cancers
progress, larger tumor size and metastasis to lymph nodes, at
the same time, it may inhibit E-cadherin. MUC2 had the same
role as MUC1,besides, it may be an indicator for prognosis of
gastric cancer patients and good marker for mucinous cancers.
E-cadherin could not be used a tangible marker to indicate
gastric cancers progress but may play arole in the tubular
formation. Therole of MUCS5AC in gastric cancers needs more
investigation.
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