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ABSTRACT
 

Background and Objectives:Histochemical studies have shown that differentiated gastric
 

cancer(D-GC)can be classified according to the phenotype of expressed mucin.In the present study,

we investigated the biological divergence of early stage D-GCs expressing different types of mucin.

Methods:Specimens from 73 surgically resected early stage D-GCs were classified on the basis
 

of the phenotype of expressed mucin and immunohistochemical staining for p53,c-erbB-2,and Ki-

67 protein. We also examined the relationship between the nature of adjacent mucosa and the
 

mucin phenotype of D-GC.

Results:Expression of p53 protein did not differ among the samples. C-erbB-2 was overex-

pressed in some D-GCs but not in those expressing gastric-type mucin. Although the ratio of Ki-

67-positive cancer cells was similar among D-GCs with different types of mucin,the distribution of
 

these cells in cancer glands differed. In addition,we identified pure-type intestinal metaplasia in
 

11.8% of D-GCs expressing gastric-type mucin and in 46.5% of D-GCs expressing intestinal-type
 

mucin.

Conclusion:These findings suggest that biological properties and the nature of the gastric
 

mucosa adjacent to the tumor differ between early stage D-GCs expressing gastric-type and those
 

expressing intestinal-type mucin. (Jikeikai Med J 2003;50:29-36)
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INTRODUCTION
 

Gastric cancers were originally classified into two
 

major types according to the tendency to form glands,

namely intestinal and diffuse types that are related to
 

differentiated and undifferentiated types,respectively.

The differentiated gastric cancer(D-GC)was believed
 

to develop in the mucosa of intestinal metaplasia and
 

to exhibit properties of intestinal mucosal cells .

However,recent developments in mucin immuno-

histochemistry have shown that approximately 30%

of D-GCs express a type of mucin characteristic of the
 

gastric mucosa . This type of D-GC has been

 

defined as the gastric-type mucin phenotype (G-

phenotype). The G-phenotype has increased malig-

nant potential during the incipient phase of invasion
 

and metastasis and can therefore be distinguished
 

clinicopathologically from D-GCs that express intesti-

nal-type mucin (I-phenotype) .

To investigate the biological divergence of early
 

D-GCs expressing various mucin phenotypes, we
 

examined 73 early stage D-GCs and classified them
 

into four phenotypes on the basis of mucin histo-

chemistry. We then examined the relations between
 

the mucin phenotype and the expression of proteins

(c-erb B-2 , p53 , and Ki-67 ) associated with
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the development and proliferation of D-GC. We also
 

histochemically investigated the nature of mucin in
 

adjacent noncancerous mucosa and its relation to the
 

mucin phenotype of D-GCs.

MATERIALS AND METHODS
 

Patients
 
We studied specimens of 73 early stage D-GCs

 
that were surgically resected from June 1994 through

 
September 1999. Twenty-three patients had sub-

mucosal cancer, and 50 patients had intramucosal
 

cancer according to the criteria of the Japanese
 

Research Society of Gastric Cancer . Some of the
 

intramucosal cancers may be regarded as severe
 

dysplasia by pathologists outside Japan. However,

such tumors represent initial lesions of cancers that
 

invade the submucosa.

The macroscopic appearance of the early D-GCs
 

was as follows:elevated, flat and depressed. The
 

median maximal diameter of these tumors (tumor
 

size)was 18 mm.

The resected tumors were fixed in 10% buffered
 

formalin and cut into 5 mm-thick slices. Slices en-

compassing the maximal diameter of a tumor were
 

embedded in paraffin, and 3μm-thick sections were
 

cut for hematoxylin-eosin staining. The samples
 

were histologically classified according  to the
 

Japanese Research Society of Gastric Cancer as
 

follows:papillary adenocarcinoma, well  differ-

entiated tubular adenocarcinoma, and moderately
 

differentiated tubular adenocarcinoma. The clin-

icopathological features of these specimens are sum-

marized in Table 1.

Classification of D-GCs on the basis of histochemical
 

analysis of expressed mucin
 

Mucin was histochemically analyzed in 3μm-thick
 

sections of paraffin-embedded specimens. The
 

mucin phenotypes were determined with galactose-

oxidase/Schiff (GOS), paradoxical concanavalin A

(ConA) ,and high-iron diamine/alcian blue (pH 2.5;

HID-AB)staining as described by Egashira et al.

The GOS stain identifies gastric gland surface mucous
 

cell-type mucin,ConA stains stable class III mucosub-

stances of gastric gland neck cell and pyloric gland
 

cell-type mucin, and HID-AB stains mucin of the
 

intestinal phenotype. The results of the mucin histo-

chemistry were used to classify D-GCs into four
 

phenotypes as follows:G-phenotype, in which at
 

least 90% of cancer cells were positive for GOS or
 

ConA staining or both;I-phenotype,in which at least
 

90% of cancer cells were positive for HID-AB but
 

negative for GOS and ConA staining ;mixed mucin
 

phenotype(M-phenotype),in which cancer cells were
 

stained by one of these methods but could not be
 

classified as either G-or I-phenotypes;and the null
 

mucin phenotype(N-phenotype),in which cancer cells
 

were not stained by any of these methods .

Immunohistochemical analyses
 

Immunohistochemical analyses were performed
 

on 3μm-thick sections. Sections were processed for
 

c-erb B-2,p53,and Ki-67 immunostaining as follows.

After sections were heated in a microwave oven with
 

minor modifications,proteins were visualized with the
 

avidin-biotin complex method (ABC Kit,Vector Lab-

oratories, Burlingame, CA, USA). Briefly, sections
 

were incubated overnight at room temperature with
 

the primary antibodies, monoclonal anti-c-erb B-2
 

antibody(Nichirei,Tokyo,Japan)diluted 1:200,anti-

p53 antibody(Novocastra,Newcastle,UK)diluted 1:

100,and anti-Ki-67 antibody(Immunotech,Marseille,

France) diluted 1:100, then processed and stained
 

according to the manufacturer’s instructions.

Immunoreactivity was evaluated with light
 

microscopy. When the cancer cell plasma membrane

 

M.MATSUOKA,et al. Vol.50,No.1 30

 

Table 1. Clinicopathological features in 73 early stage D-

GC
 
Characteristic  Value

 
Age(years):Mean±SD(range) 57.3±9.2 (39-79)

Gender (male:female) 67:6
 

Location (C:M :A) 5:40:28
 

Macroscopic type(elevated:flat:depressed) 24:3:46
 

Size(mm):Mean±SD (range) 22.9±19.6 (2-120)

Histology(pap:well:mod) 4:50:19
 

Lymph node metastasis(negative:positive) 71:2
 

Submucosal invasion (－ :＋) 50:23
 

pap,papillary;well,well differentiated;mod,moderately
 

differentiated



 

was distinctly stained for c-erb B-2,the specimen was
 

considered positive(overexpressed),regardless of the
 

percentage of stained cells. If the membrane was not
 

stained for c-erb B-2, the specimen was considered
 

negative. Only distinct nuclear p53 staining was
 

considered positive.

The frequency of cancer cells positive for Ki-67
 

was evaluated as the percentage labeling index

(LI%) . The distribution of Ki-67-positive cancer
 

cells was evaluated in 10 randomly selected cancer
 

glands from each specimen which were equally
 

divided into upper-,middle-,and lower-third layers.

A total of 500 cancer cells in each layer were inves-

tigated to calculate the LI%. We then determined
 

differences in the LI% in these layers.

Examination of adjacent noncancerous mucosa
 

Various degrees of intestinal metaplasia were
 

evident in the adjacent gastric mucosa of 66 of 73
 

specimens(90.4%). The nature of the mucin in intes-

tinal metaplasia within 5 mm of the tumor border was
 

evaluated with mucin histochemistry described above.

Intestinal metaplasia was classified on the basis of
 

mucin phenotype as follows:metaplasia with a mixed
 

gastric and intestinal mucin phenotype was considered
 

mixed gastric and intestinal metaplasia (G-IM) and
 

metaplasia with the intestinal mucin phenotype alone
 

was considered pure intestinal metaplasia (P-IM) .

Statistical analysis
 

Differences were statistically evaluated using the
 

chi-square, Fisher probability, or Mann-Whitney U
 

tests. Differences with a P value less than 0.05 were

 

considered significant.

RESULTS
 

Classification of D-GCs by mucin histochemistry
 

The phenotypes of 73 samples were classified as
 

follows:G,17(23.3%);I,43(58.9%);M,11(15.1%);

and N,2(2.7%).

Relationship between mucin phenotype of D-GC and
 

clinicopathological factors
 

The clinicopathological features of each mucin
 

phenotype are summarized in Table 2. Because only
 

two specimens were classified as N-phenotype, the
 

clinicopathological features of this type were exclud-

ed from the Table. Tumors of G-phenotype were
 

larger than tumors of I-phenotype. The rate of sub-

mucosal invasion was slightly, but not significantly,

higher in G-phenotype tumors. Papillary adenocar-

cinomas were of G-phenotype or M-phenotype or
 

both but not of I-phenotype. Lymph node metastasis
 

was found in only 3 patients.

Expression of c-erbB-2 and p53 protein
 

c-erb B-2 was expressed in 19 specimens (26.0%)

and was frequently associated with the I- and M-

phenotypes (Fig.1). In contrast, c-erb B-2 was not
 

expressed in G-phenotype cancers (Table 3). The
 

relationship between positive c-erb B-2 expression
 

and clinicopathological factors in M-and I-phenotype
 

cancers is summarized in Table 4. The rate of c-

erb B-2 expression was slightly,but not significantly,

higher in well differentiated tubular adenocarcinoma
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Table 2. Clinicopathological features in various mucin phenotypes of early stage D-GC
 

Characteristics  G-phenotype(n＝17) M-phenotype(n＝11) I-phenotype(n＝43)

Age(years):Mean±SD(range) 60.3±8.3(49-79) 59.8±9.0 (43-73) 5.0±9.1 (26-72)

Gender (male:female) 16:1  11:0  38:5
 

Location (C:M :A) 1:10:6  0:4:7  4:24:15
 

Macroscopic type(elevated:flat:depressed) 6:0:11  3:0:8  14:3:26
 

Size(mm):Mean±SD (range) 31.5±24.1(10-120) 22.8±25.3(2-100) 19.9±14.8(2-80)

Histology(pap:well:mod) 2:11:4  2:6:3  0:32:11
 

Lymph node metastasis (negative:positive) 15:2  11:0  43:0
 

Submucosal invasion (－ :＋) 9 :8  7:4  32:11

p＜0.05;pap,papillary;well,well differentiated;mod,moderately differentiated
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than in moderately differentiated tubular adenocar-

cinoma. Expression of c-erb B-2 and depth of inva-

sion were not correlated.Tumors positive for c-erb B-

2 were significantly larger than tumors negative for c-

erb B-2.

Staining for p53 was positive in 31 specimens

(42.5%) and did not  correlate with the mucin
 

phenotype of D-GC.

LI% and the mucin phenotype of D-GC
 

The LI% was similar in D-GCs of various mucin
 

phenotypes. The LI% of G-phenotype cancerous
 

glands was higher in the upper-third and middle-third
 

layers than in the lower-third layer. The LI% of I-

phenotype glands was significantly higher in the
 

middle-third layer than in the upper-third or lower-

third layer. In the upper-third layer,the LI% of G-

phenotype D-GCs was significantly higher than that
 

of I-phenotype D-GCs. In contrast, the LI% values

 

a

 

c

 

Fig.1. Immunohistochemical staining of gastric cancer
 

There is a nuclear staining for p53(a)and strong membrane immunoreactivity for c-erb B-2(b)in a tumor
 

cell of the I-phenotype.
There is a nuclear staining for p53(c),but no membrane immunoreactivity for c-erb B-2(d)in a tumor cell

 
of the G-phenotype.

Table 3. Expression of c-erb B-2 and p53 protein in D-

GC with various mucin phenotypes
 

Number of cases positively expressing
 

c-erb B-2(%) p53(%)

G-phenotype(n＝17) 0(0) 7(41.2)

M-phenotype(n＝11) 2(18.2) 7(63.6)

I-phenotype(n＝43) 17(39.5) 16(37.2)

N-phenotype(n＝2) 0(0) 1(50)

p＜0.01

 

b

 

d
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of the G-phenotype D-GCs in the lower-third layers
 

were lower than those of the I-phenotype D-GCs

(Table 5).

Mucin phenotype of D-GC and surrounding intestinal
 

metaplasia
 

Intestinal metaplasia was G-IM in 38 of 66 speci-

mens (57.6%) and P-IM in 28 specimens (42.4%).

However, intestinal metaplasia was not evident in 7
 

specimens,of which 4 were of the I-phenotype. The
 

relation between the mucin phenotype of D-GC and
 

the type of adjacent intestinal metaplasia is shown in
 

Table 6. Intestinal metaplasia of the G-IM type was
 

more frequently associated with the G-phenotype
 

than with the M-phenotype or I-phenotype.

DISCUSSION
 

Approximately 30% of D-GCs principally express
 

gastric-type mucin . This type of D-GC should be
 

distinguishable from other types because of its ten-

dency to invade and metastasize during the incipient
 

phase . Here, we investigated the nature of ex-

pressed mucin in 73 early stage D-GCs, including 50
 

intramucosal cancers, and their clinicopathological
 

and biological features. We also examined the histo-

chemical nature of mucin in surrounding noncancer-

ous mucosa with respect to the histopathological
 

background of D-GC.

Table 5. LI% of upper,middle and lower layers of can-
cerous gland showing each mucin phenotype

 
LI%

G-phenotype  M-phenotype  I-phenotype
(n＝17) (n＝11) (n＝43)

Upper layer  41.8±18.5  34.6±17.2  31.8±19.9

Middle layer  42.3±17.2  43.9±20.1 42.6±17.1

Lower layer  19.6±13.7  23.5±10.3 27.6±14.4

Whole gland  34.7±11.6  34.0±12.3  34.2±13.5

p＜0.01; p＜0.001

 

Table 4a. The relation between positive expression c-

erb B-2 and clinicopathological features in I-

phenotype D-GC

 

Characteristics
 

c-erb B-2
 

negative
(n＝26)

c-erb B-2
 

positive
(n＝17)

Age(years):
Mean±SD (range)

53.5±8.9
(31-70)

57.6±8.5
(44-72)

Gender (male:female) 23:3  15:2
 

Location (C:M :A) 2:13:11  2:11:4
 

Macroscopic type
(elevated:flat:depressed)

6:3:17  8:0:9
 

Size (mm):
Mean±SD (range)

18.2±12.0
(2-52)

22.6±18.7
(2-80)

Histology(pap:well:mod) 0:18:8  0:14:3
 

Submucosal invasion (－ :＋) 19 :7  13:4

p＜0.01 by U test;pap,papillary;well,well differentiat-
ed;mod,moderately differentiated

 

Table 4b. The relation between positive expression c-

erb B-2 and clinicopathological features in M-

phenotype D-GC

 

Characteristics
 

c-erb B-2
 

negative
(n＝9)

c-erb B-2
 

positive
(n＝2)

Age(years):
Mean±SD (range)

61.7±9.1
(43-73)

51.5±6.4
(47-56)

Gender (male:female) 9 :0  2:0
 

Location (C:M:A) 0:4:5  0:0:2
 

Macroscopic type
(elevated:flat:depressed)

2:0:7  1:0:0
 

Size(mm):
Mean±SD (range)

16.6±6.0
(6-23)

51.0±69.3
(2-100)

Histology(pap:well:mod) 1:5:3  1:1:0
 

Submucosal invasion (－ :＋) 7:2  0:2

p＜0.01 by U test;pap,papillary;well,well differentiat-
ed;mod,moderately differentiated

 

Table 6. Relation between mucin phenotype of gastric cancer and mucin histo-
chemical findings of intestinal metaplasia in the surrounding mucosa

 
G-phenotype M-phenotype  I-phenotype  N-phenotype

(%) (%) (%) (%)

G-IM (n＝38) 14/17(82.3) 4/11(36.4) 19/43(44.2) 1/2(50)

P-IM (n＝28) 2/17(11.8) 5/11(45.4) 20/43(46.5) 1/2(50)

No metaplasia (n＝7) 1/17( 5.9) 2/11(18.2) 4/43( 9.3) 0/2( 0)

p＜0.05
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We found G-phenotype mucin expression in
 

23.3% of early stage D-GCs. However,Egashira et
 

al.have reported that the rate of the G-phenotype is
 

as high as 41.1% in minute(smaller than 5 mm)D-GCs
 

and even higher in cancers smaller than 2.45 mm .

This difference might be explained by their hypothesis
 

that some very early G-phenotype D-GCs metamor-

phose into M-or I-phenotype D-GCs during tumor
 

expansion. We studied G-phenotype D-GCs with a
 

mean diameter of 31.5 mm,which were significantly
 

larger than tumors of the I-phenotype. This finding
 

may be related to the comparatively low rate of G-

phenotype tumors found in this study. Another
 

important feature of G-phenotype tumors in our study
 

was that the rate of submucosal invasion was relative-

ly higher than with I-phenotype tumors. Our findings
 

of tumor size and the relatively high rate of sub-

mucosal invasion in G-phenotype D-GCs suggest that
 

G-phenotype D-GCs are difficult to correctly diag-

nose at a very early stage . Conversely, tumors of
 

the G-phenotype might grow so rapidly that they
 

would be more likely than tumors of the I-phenotype
 

to be diagnosed as relatively large tumors with sub-

mucosal invasion.

Further differences in clinicopathological fea-

tures between the G- and I-phenotypes were not
 

statistically significant. However, differences in
 

tumor histology and a tendency toward lymph node
 

metastasis were distinct. Indeed, no papillary
 

adenocarcinomas were of the I-phenotype and metas-

tasis to regional lymph nodes was found only from
 

tumors G-phenotype. The finding that G-phenotype
 

D-GCs tend to metastasize to lymph nodes is consis-

tent with previous findings .

Furthermore, to determine differences in the
 

biological features of D-GCs with various mucin
 

phenotypes,we examined the expression of c-erb B-2,

p53,and Ki-67. The p53 gene is a tumor suppressor;

overexpression of its product indicates that the gene
 

has mutated. Overexpression of the p53 gene product
 

is widespread in D-GC but rare in undifferentiated
 

gastric cancer . However, whether p53 expression
 

differs among various mucin phenotypes has not been
 

studied. The present study showed frequent expres-

sion of the p53 gene product in early stage D-GCs with

 

various mucin phenotypes.

In contrast, expression of the c-erb B-2 protein
 

was restricted to I-and M-phenotype D-GCs. The
 

oncogene c-erb B-2 is mapped to 17q21, encodes the
 

receptor for an epidermal growth factor-like growth
 

factor,and shows tyrosine kinase activity. This gene
 

is preferentially overexpressed in D-GC and is as-

sociated with the stage of disease. The c-erbB-2
 

protein is reportedly overexpressed in 29.5% to 76.5%

of D-GCs but in only 9.0% to 29.4% of undifferentiat-

ed cancers . The overexpression of c-erb B-2 has
 

been implicated in the prognosis of D-GC . The
 

present study found that c-erb B-2 was overexpressed
 

by 18.2% and 39.5% of tumors of the M- and I-

phenotype D-GCs but not by no tumors of the G-or
 

N-phenotype. Thus,we have shown that c-erb B-2
 

overexpression selectively participates in the develop-

ment and progression of I-and M-phenotype D-GCs.

Because overexpression of c-erb B-2 protein indi-

cates a poor prognosis for patients with gastric can-

cer, we further examined the features of I-and M

-phenotype D-GCs  overexpressing  c-erb B-2.

Tumors overexpressing c-erb B-2 were significantly
 

larger,but their depth of invasion was not related to
 

c-erb B-2 overexpression;therefore, we could not
 

define the significance of c-erb B-2 overexpression in
 

early stage D-GCs. However, this issue should be
 

examined further in advanced D-GCs.

Ki-67 is a protein that is expressed in the nucleus
 

during the G1,S,G2,and M phases but not during the
 

G0 phase. Thus,the LI% for Ki-67 indicates prolifer-

ative activity . Our findings on Ki-67 expression
 

suggest that the proliferative activity of D-GCs is
 

similar regardless of mucin phenotype. However,the
 

distribution of Ki-67-positive cancer cells in cancer-

ous glands differs between G- and I-phenotype
 

tumors. The LI% of the upper-third layer was signif-

icantly higher in G-phenotype cancers than in I-or
 

M-phenotype cancers. This finding suggests that G-

phenotype cancers tend to extend to the surface of the
 

gastric mucosa, causing G-phenotype D-GCs to be
 

significantly larger than I-phenotype D-GCs in the
 

present study.

The development of D-GCs has been considered
 

to be closely related to intestinal metaplasia . The
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present study has shown that 90.4% of D-GCs were
 

accompanied by intestinal metaplasia in the surround-

ing gastric mucosa. In addition,the mucin phenotype
 

of intestinal metaplasia is differs between cancers of
 

the G-phenotype and those of the I-phenotype. The
 

rate of G-IM was significantly higher in G-phenotype
 

D-GCs,whereas the rate of P-IM was higher in I-

phenotype D-GCs than in G-phenotype D-GCs.

These findings indicate that G-phenotype cancers
 

develop in areas of intestinal metaplasia that express
 

mixed gastric-type and intestinal-type mucin or that
 

I-phenotype D-GCs arise from areas of intestinal
 

metaplasia that express only intestinal-type mucin.

However,the mucin phenotype of early stage D-GCs
 

may not be related to the nature of the mucin in the
 

surrounding gastric mucosa. P-IM was observed in
 

11.8% of G-phenotype cancers, whereas 9.3% of I-

phenotype D-GCs were not associated with meta-

plasia in the surrounding gastric mucosa. These
 

findings indicate that the mucin phenotype of D-GCs
 

cannot be determined on the basis of the mucin
 

phenotype of the environmental gastric mucosa.

In conclusion, these findings suggest that early
 

stage G-phenotype D-GCs differ from I-phenotype D-

GCs in c-erb B-2 protein expression, the distribution
 

of Ki-67-positive cancer cells in the cancerous gland,

and the nature of the gastric mucosa adjacent to the
 

tumor.
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