
I-phenotype tumors than in HGM-positive tumors, MUC6-
positive tumors, CD10-negative tumors and G-phenotype 
tumors (32.7% vs  7.1%, P  < 0.0001; 27.8% vs  14.0%, P  
= 0.0182; 37.3% vs  10.4%, P  < 0.0001; and 38.5% vs  
9.5%, P  = 0.0017, respectively). The frequency of MSI 
was significantly higher in MUC6-positive tumors, CD10-
negative tumors and G-phenotype tumors than in MUC6-
negative tumors, CD10-positive tumors and I-phenotype 
tumors (24.8% vs  6.7%, P  = 0.0009; 22.2% vs  8.0%, 
P  = 0.0143; and 28.6% vs  9.6%, P  = 0.0353, respec-
tively).

CONCLUSION: The tumor differentiation phenotype is 
closely related to tumor invasion and genetic alterations 
in gastric differentiated-type tumors.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric carcinoma is histologically classified into two types, 
differentiated- and undifferentiated-type or intestinal- and 
diffuse-type, based on the prevalent gland formation[1,2]. 
The pathogenesis and genetic alterations leading to these 
two distinct types of  adenocarcinoma are generally con-
sidered different. Previous molecular genetic studies have 
shown that carcinogenesis is a multistep process charac-
terized by accumulating genetic alterations[3,4]. K-ras muta-
tions, c-erbB-2 amplification, APC mutations, allelic loss 
of  the Bcl-II and DCC loci, and microsatellite instability 
(MSI) are preferentially associated with differentiated-type 
carcinoma[5,6]. Conversely, the reduced or absent expres-
sion of  E-cadherin and K-sam amplification are unique to 
undifferentiated-type carcinoma. The abnormal expres-
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Abstract
AIM: To clarify the relations between tumor differentia-
tion phenotype and tumor invasion or genetic alterations 
in gastric differentiated-type tumors.

METHODS: We examined the tumor differentiation 
phenotype, the presence of mutations in APC  and p53 , 
and the microsatellite instability (MSI) status in 48 gas-
tric adenomas and 171 differentiated-type carcinomas. 
The tumor differentiation phenotype was determined 
by examining the expression of human gastric mucin 
(HGM), MUC6, MUC2 and CD10. The tumors were then 
classified into gastric- (G-), gastric and intestinal mixed- 
(GI-), or intestinal- (I-) phenotypes, according to the 
immunopositivity of the above markers. The presence of 
mutations in APC  and p53  and the MSI status were also 
investigated in all the tumors.

RESULTS: Gastric adenomas were significantly associ-
ated with CD10 expression, I-phenotype tumors and the 
presence of APC  mutations, compared with carcinomas 
(66.7% vs  25.1%, P  < 0.0001; 56.3% vs  14.6%, P  < 
0.0001; 39.6% vs  14.0%, P  < 0.0001, respectively) and 
inversely associated with expressions of HGM and MUC6 
and the presence of p53  mutations (10.4% vs  62.6%, 
P  < 0.0001; 39.6% vs  64.3%, P  = 0.003; 2.0% vs  
26.3%, P  = 0.001, respectively). The frequency of APC  
mutations was significantly higher in HGM-negative tu-
mors, MUC6-negative tumors, CD10-positive tumors and 
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sion and amplification of  Met, the inactivation of  the p53 
tumor suppressor gene, the abnormal transcription of  
CD44, and the loss of  telomerase are common events in 
both types[3,4,7]. Recently, several authors have reported 
that gastric carcinomas can be classified as having either a 
gastric- (G-), gastric and intestinal mixed- (GI-) or intes-
tinal- (I-) phenotype, depending on the immunopositiv-
ity of  human gastric mucin (HGM), MUC6, MUC2 and 
CD10 stainings [8-10]. HGM, MUC6, MUC2 and CD10 
are specifically expressed in gastric surface mucous cells, 
pyloric gland cells, intestinal goblet cells of  the mature 
gastrointestinal tract, and the brush border of  intestinal 
epithelial cells, respectively. We previously reported that 
G-phenotype tumors account for 27.7% of  differentiated 
tumors, and are often referred to as intestinal-type tumors 
according to Lauren, while I-phenotype tumors account 
for 10.1% of  undifferentiated tumors[8]. The phenotypic 
marker expression of  tumors is conventionally thought to 
imitate that of  the tissue of  origin[11-13]. Thus, the above 
data suggest that gastric carcinomas can occur in various 
types of  gastric mucosa, although differentiated tumors are 
generally thought to arise from gastric mucosa with intes-
tinal metaplasia while undifferentiated tumors are thought 
to arise from ordinary gastric mucosa without intestinal 
metaplasia[1,2]. Recently, G-phenotype tumors have been as-
sociated with a poorer outcome and greater malignant po-
tential, compared with tumors of  other phenotype[8-10,14-17]. 
Therefore, this phenotypic classification is useful not only 
for investigating the tumorigenesis of  gastric carcinoma, 
but also for evaluating tumor aggressiveness. Phenotypic 
expression in gastric neoplasm has also been suggested to 
depend on genetic changes[18]. However, there are conflict-
ing opinions regarding the relations between tumor differ-
entiation phenotype and tumor invasion or genetic altera-
tions in gastric differentiated-type tumors.

In the present s tudy, we examined the tumor 
differentiation phenotype, mutations in APC and p53 
genes, and the MSI status in 48 gastric adenomas and 171 
differentiated-type adenocarcinomas to clarify the relations 
between tumor differentiation phenotype and tumor 
invasion or genetic alterations in gastric differentiated-type 
tumors.

MATERIALS AND METHODS
Patients
The present series consisted of  48 patients with gastric 
adenoma having undergone an endoscopic biopsy or an 
endoscopic mucosal resection and 171 patients with dif-
ferentiated-type gastric adenocarcinoma having undergone 
surgical resection between 2001 and 2003 at Showa Uni-
versity Hospital. Written informed consent was obtained 
from all the patients before they were included in the pres-
ent study.

Histological review
The specimens were fixed with 10% buffered formalin and 
embedded in paraffin. Consecutive sections (4 μm thick) 
were stained with hematoxylin and eosin (HE) and immu-
nohistochemical stains for the histopathological examina-

tion. The intramucosal neoplastic lesions were histologi-
cally classified according to the general rules established 
by the Vienna classification[19]. Forty-eight adenomas (35 
low-grade adenomas and 13 high-grade adenomas), 132 
differentiated-type, early-stage carcinomas (80 intramu-
cosal carcinomas and 52 carcinomas with invasion to the 
submucosal layer), and 39 differentiated-type, advanced-
stage carcinomas (13 carcinomas with invasion to the mus-
cularis propria layer, 15 carcinomas with invasion to the 
subserosa, and 11 carcinomas with invasion to the serosa) 
were identified.

Analysis of tumor differentiation phenotype
The following mouse monoclonal antibodies were used: 
45M1 (Novocastra Laboratories Ltd, UK) diluted 1:50 to 
detect HGM, CLH5 (Novocastra Laboratories Ltd, UK) 
diluted 1:50 to detect MUC6 glycoprotein, Ccp58 (No-
vocastra Laboratories Ltd, UK) diluted 1:100 to detect 
MUC2 glycoprotein, and 56C6 (Novocastra Laboratories 
Ltd, UK) diluted 1:40 to detect CD10 glycoprotein expres-
sion. 45M1 and CLH5 were examined as gastric-phenotype 
markers, and Ccp58 and 56C6 were examined as intestinal-
phenotype markers. 45M1 could recognize the mucin 
epitope located in the peptide core of  HGM, synonymous 
with MUC5AC. This antibody is known to react with sur-
face foveolar cells in the stomach[20] (Figure 1A). MUC6 
glycoprotein is expressed in mucous cells in the neck zone 
of  oxyntic mucosa and in antral glands[21,22] (Figure 1B). 
MUC2 glycoprotein, also known as the “intestinal-mucin 
related protein antigen”, is an intestinal apomucin that is 
known to be expressed in the supranuclear area of  goblet 
cells in regions showing intestinal metaplasia in the stom-
ach[22,23] (Figure 1C). CD10 glycoprotein is a 100-kDa cell 
metalloendopeptidase that inactivates a variety of  biologi-
cally active peptides and is known to be expressed on the 
brush border of  intestinal epithelial cells as well as in the 
germinal centers of  lymphoid follicles[24] (Figure 1D). The 
avidin-biotin-peroxidase complex immunohistochemical 
method was used for all immunohistchemical studies ac-
cording to a previously described protocol[25].

With regard to the evaluations of  HGM, MUC6, 
MUC2, and CD10 staining, distinct staining in more than 
5% of  the tumor cells was recorded as positive immunore-

Figure 1  Immunohistochemical analysis of tumor differentiation phenotype in 
gastric tumor. A: Human gastric mucin (HGM) (45M1, × 200); B: MUC6 (CLH5, × 
100); C: MUC2 (Ccp58, × 200); D: CD10 (56C6, × 200).
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activity for the relevant marker. These immunohistochemi-
cal methods were used to classify the tumors into three 
different phenotypes: tumors with gastric phenotypic cells 
accounting for more than 5% of  their cell population were 
classified as gastric- (G-) phenotype tumors, those with in-
testinal phenotypic cells accounting for more than 5% of  
their cell population were classified as intestinal- (I-) phe-
notype tumors, and those with both gastric and intestinal 
phenotypic cells accounting for more than 5% of  their cell 
population were classified as gastric and intestinal mixed- 
(GI-) phenotype tumors as previously described[8,9,26] (Figure 
2).

DNA extraction
Serial sections (10 μm thick) of  formalin-fixed, paraffin-
embedded tumor and normal mucosa were stained with 
HE and precisely microdissected under microscopic vi-
sualization using a PixCell laser capture microdissection 
system (Arcus Engineering, Mountain View, CA) to avoid 
DNA contamination from inflammatory or stromal cell 
nuclei and the DNA of  cancerous cells inconsistent with 
the overt differentiation phenotype of  the tumor. Genom-
ic DNA was extracted from the microdissected tissue as 
previously described[27].

Mutation analysis of APC and p53
APC mutations in the exon 15, codons 1260-1596 region 
were detected by fluorescence-based PCR-single-strand 
conformation polymorphism analysis (PCR-SSCP) using 
an automated DNA sequencer as previously described[28]. 
This region was amplified by 4 parts using the following 
primer sets: 5’-CAGACTTATTGTGTAGAAGA-3’ and 
5’-CTCCTGAAGAAAATTCAACA-3’, 5’-AGGGTTC-
TAGTTTATCTTCA-3’ and 5’-TCTGCTTGGTGGCAT-
GGTTT-3’, 5’-AACCATGCAGTGGAATGGTA-3’ and 5’
-AAATGGCTCATCGAGGCTCA-3’, 5’-ACTCCAGAT-
GGATTTTCTTG-3’ and 5’-GGCTGGCTTTTTTGCTT-
TAC-3’. The 5’-terminals of  the primers were labeled with 
Cy5 dye. DNA fragments were amplified by PCR from  
2 μL of  50 μL of  extracted DNA. PCR was performed 
at 94℃ for 1 min followed by 40 cycles at 94℃ for 1 min, 
at 58℃ for 1 min, and at 72℃ for 2 min. Mutations were 
detected by electrophoresis using the ALFexpress DNA 
sequencer (Amersham Biosciences, NJ, USA) with TME 
buffer (30 mmol/L Tris-HCl, 36 mmol/L MES, 1 mmol/L  
EDTA; pH 6.8) at 20℃, 25℃, and 30℃. The detected 
peaks were analyzed using the Fragment Manager program 
(Amersham Biosciences).

p53 mutations in the exon 5-8 region were detected 
by fluorescence-based PCR-SSCP using capillary elec-
trophoresis[28]. The nucleotide sequences of  the forward 
and reverse primers were as follows: 5’-TTCACTTGT-
GCCCTGACTTTC-3’ and 5’- CTCTCCAGCCCCAGCT-
GCTC-3 ’ fo r exon 5 , 5 ’ -ATTCCTCACTGATT-
GCTCTT-3’ and 5’-TCCTCCCAGAGACCCCAGTT-3’ 
for exon 6, 5’-ACAGGTCTCCCCAAGGCGCA-3’ and 
5’-TGCAGGGTGGCAAGTGGCT-3’ for exon 7, 5’
-GGTAGGACCTGATTTCCTTACTGCC-3’ and 5’
-CCCTTGGTCTCCTCCACCGCTTCTTG-3’ for exon 
8. The 5’-terminals of  the primers for p53 were labeled 
with FAM. DNA fragments were amplified by PCR from  
2 μL of  50 μL of  extracted DNA. Mutations were de-
tected by electrophoresis using a 3100 genetic analyzer 
(Applied Biosystems, CA, USA) with 2 × TME buffer (60 
mmol/L Tris-HCl, 72 mmol/L MES, 2 mmol/L EDTA). 
The precise electrophoresis conditions have been de-
scribed elsewhere[29]. The peak pattern was analyzed using 
QUISCA software, established by Higasa et al[30] and kindly 
provided by Dr. K Hayashi. The nucleotide sequences of  
DNA fragments with shifted peaks were determined using 
a genetic analyzer 310 with a BigDye Terminator (Applied 
Biosystems).

Microsatellite instability analysis
Microsatellite instability was detected using five microsat-
ellite markers: BAT-25, BAT-26, D2S123, D5S346, and 
D17S250. The primers and PCR conditions have been 
described elsewhere[31]. The 5’-terminals of  the forward 
primers were labeled with FAM. PCR was performed at 
94℃ for 1 min followed by 35 cycles at 95℃ for 30 s, at 
50℃ for 1 min, and at 70℃ for 1 min. The samples were 
capillary electrophoresed on an ABI 3100 genetic analyzer 
using Genescan analysis software (Applied Biosystems). 
An allelic shift (MSI) in a microsatellite marker was identi-
fied by the presence of  at least one additional band in the 
tumor’s DNA that was not present in the control DNA. A 
specimen was defined as MSI-high (MSI-H) when at least 
two markers showed instability, MSI-low (MSI-L) when 
only one marker showed instability, and microsatellite 
stable (MSS) when none of  the markers exhibited MSI[32].

Statistical analysis
The data were analyzed using Student t-test or Mann-
Whitney U-test and chi square test or Fisher’ exact test, 
as appropriate. P < 0.05 was considered statistically 
significant.

RESULTS
HGM, MUC6, MUC2 and CD10 expressions, tumor differ-
entiation phenotype, and genetic alterations in 219 gastric 
tumors
The expression of  HGM, MUC6, MUC2, and CD10 was 
demonstrated in 112 (51.1%), 129 (58.9%), 163 (74.4%) 
and 75 (34.2%) of  the 219 gastric tumors, respectively. 
Taking into account the observed combinations of  these 
phenotypic markers, the 219 tumors were classified into 
42 G-phenotype tumors (19.2%), 125 GI-phenotype 

Gastric-phenotype markers
           HGM MUC6
              -  +

                               MUC2   -
Intestinal-phenotype
markers
                               CD10   +

Gastric-phenotype

Intestinal-phenotype Gastric and intestinal 
mixed-phenotype 

Figure 2  Classification of tumor differentiation phenotype. The phenotypes were 
classified into three groups (gastric-phenotype, intestinal-phenotype, gastric and 
intestinal mixed-phenotype) according to the combination of the expression of 
human gastric mucin (HGM), MUC6, MUC2 and CD10.
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tumors (57.1%) and 52 I-phenotype tumors (23.7%). APC 
mutations were detected in 43 (19.6%) of  the 219 tumors. 
Of  these mutations, 30 (69.8%) were frameshift mutations 
(20 deletions and 10 insertions) (Figure 3) and 13 (30%) 
were point mutations (3 missense and 10 nonsense). p53 
mutations were detected in 47 (21.5%) of  the 219 tumors. 
Of  these mutations, 38 (80.9%) were point mutations (35 
missense and 3 nonsense) and 9 (19.1%) were frameshift 
mutations (9 deletions). MSI was observed in 38 (17.4%) 
of  the 219 tumors (Figure 4). MSI-L and MSI-H tumors 
were observed in 22 (10.0%) and 16 (7.3%) of  the 219 
tumors, respectively.

Tumor differentiation phenotype and genetic alterations in 
gastric adenoma and carcinoma
The tumor differentiation phenotype, presence of  APC 
or p53 mutations, and the MSI-status in gastric adenomas, 
early and advanced carcinomas examined in this study are 
shown in Table 1. Gastric adenomas were significantly 
associated with CD10 expression, I-phenotype and APC 
mutations compared with carcinomas (66.7% vs 25.1%, 
P < 0.0001; 56.3% vs 14.6%, P < 0.0001; and 39.6% vs 
14.0%, P < 0.0001, respectively), and inversely associated 

with HGM and MUC6 expression and p53 mutations 
(10.4% vs 62.6%, P < 0.0001; 39.6% vs 64.3%, P = 0.0030; 
4.2% vs 26.3%, P = 0.0010, respectively). There were no 
differences in any of  the variables listed in Table 1 between 
early and advanced carcinomas.

Relations between HGM, MUC6, MUC2, or CD10 expre-
ssions and genetic alterations
The relations between the expressions of  HGM, MUC6, 
MUC2, or CD10 and APC mutations, p53 mutations, and 
the MSI status in gastric tumors are shown in Table 2. 
The frequency of  APC mutation was significantly higher 
in HGM-negative, MUC6-negative and CD10-positive 
tumors than in HGM-positive, MUC6-positive and CD10-
negative tumors (32.7% vs 7.1 %, P < 0.0001; 27.8% vs 
14.0%, P = 0.0182; and 37.3% vs 10.4%, P = 0.0398, 
respectively). The frequency of  MSI was significantly 
higher in MUC6-positive and CD10-negative tumors than 
in MUC6-negative and CD10-positive tumors (24.8% 
vs 6.7%, P = 0.0009 and 22.2% vs 8.0%, P = 0.0143, 
respectively). There were no significant differences in the 
frequency of  p53 mutations according to the expressions 
of  HGM, MUC6, MUC2 or CD10.

↓
↓
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G A T T T N T TNG G G G GAAAAC C C C C
60 70
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Figure 3  Mutation analysis of the APC gene in gastric tumour. A: PCR-single-
strand conformation polymorphism (PCR-SSCP) analysis shows shift peak 
(arrowhead) as compared with the control normal DNA; B: DNA sequence analysis 
reveals frameshift mutation (CGAAG, 5 bps deletion) at codons 1321 of the APC 
gene. T: Tumor DNA, N: Normal DNA.

↓
↓
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T

Figure 4   Microsatel l i te 
i ns tab i l i t y  (MSI )  us ing 
marker BAT-26 shows a 
different allelic shift peak 
(arrowhead) as compared 
with the control normal DNA. 
T: Tumor DNA, N: Normal 
DNA.

Table 1  Phenotypic expressions, tumor differentiation 
phenotype and genetic alterations in gastric adenoma and 
carcinoma  n  (%)

Phenotypic              Adenoma         Early              Advanced        Early and 
expressions,tumor                   carcinoma        carcinoma        advanced     
differentiation                                                                carcinoma
phenotype           (n  = 48)     (n  = 132)     (n  = 39)      (n  = 171)
&genetic 
alterations

HGM
     Negative            43 (89.6)         49 (37.1)d          15 (38.5)d           64 (37.4)d

     Positive               5 (10.4)         83 (62.9)d          24 (61.5)d         107 (62.6)d

MUC6
     Negative            29 (60.4)         48 (36.4)b          13 (33.3)a            61 (35.7)b 
     Positive             19 (39.6)        84 (63.6)b          26 (66.7)a          110 (64.3)b

MUC2
     Negative              6 (12.5)         35 (26.5)           15 (38.5)a            50 (29.2)a 
     Positive             42 (87.5)         97 (73.5)           24 (61.5)a         121 (70.8)a

CD10
     Negative             16 (33.3)       100 (75.8)d          28 (71.8)c          128 (74.9)d

     Positive             32 (66.7)         32 (24.2)d          11 (28.2)c            43 (25.1)d

Tumor differentiation phenotype
     G-phenotype      2 (4.2)            30 (22.7)d         10 (25.6)d           40 (23.4)d

     GI-phenotype   19 (39.6)         82 (62.1)d          24 (61.5)d         106 (62.0)d

     I-phenotype      27 (56.3)        20 (15.2)d           5  (12.8)d           25 (14.6)d

APC
     Negative            29 (60.4)       110 (83.3)b          37 (94.9)c          147 (86.0)d

     Positive             19 (39.6)         22 (16.7)b            2 (5.1)c              24 (14.0)d

p53
     Negative             46 (95.8)        99 (75.0)b           27 (69.2)b         126 (73.7)b

     Positive               2 (4.2)          33 (25.0)b           12 (30.8)b           45 (26.3)b

MSI status
     MSS              40 (83.3)      107 (81.1)            34 (87.2)          141 (82.5)
     MSI-L               4 (8.3)          16 (12.1)               2 (5.1)              18 (10.5)
     MSI-H               4 (8.3)            9 (6.8)   3 (7.7)       12 (7.0)

HGM: Human gastric mucin, aP < 0.05, bP < 0.01, cP < 0.001, dP < 0.0001 vs 
adenoma.
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Relations between tumor differentiation phenotype and 
genetic alterations
The relations between tumor differentiation phenotype 
and APC mutations, p53 mutations and the MSI-status in 
gastric tumors are shown in Figure 5. The frequency of  
APC mutations was significantly higher in I-phenotype 
tumors than in G- phenotype and GI-phenotype tumors 
(38.5% vs 9.5% and 16.0%, P = 0.0017 and P = 0.0022, re-
spectively). The frequency of  MSI was significantly higher 
in G-phenotype tumors than in I-phenotype tumors (28.6% 
vs 9.6%, P = 0.0353). There were no significant differences 
in the frequency of  p53 mutations among the G-, GI- and 
I-phenotypes.

DISCUSSION
Our present results revealed that gastric adenomas were 
significantly associated with CD10 expression, I-phenotype 
and APC mutation and inversely associated with HGM and 
MUC6 expression and p53 mutations, compared with early 
and advanced carcinomas. Gastric adenomas were also 
significantly associated with MUC2 expression, compared 
with advanced carcinomas. Therefore, gastric adenomas 
are clearly different from early and advanced carcinomas in 
terms of  the tumor differentiation phenotype and genetic 
alterations.

With respect to the difference in the tumor differentia-
tion phenotype between gastric adenomas and carcino-
mas, our present results revealed that more than half  of  
gastric adenomas exhibited I-phenotype and the incidence 
of  I-phenotype tumor was significantly higher in gastric 
adenomas than in early and advanced carcinomas. On the 
other hand, the majority of  early and advanced carcinomas 
exhibited a G- or GI-phenotype. These findings indicate 
that the tumor differentiation phenotype is related to tu-
mor invasion in gastric differentiated-type tumors. Recent-
ly, several reports have demonstrated distinct differences 
in the biological behavior of  tumors with different phe-
notypic markers[8-10,14-18,26]. Endoh et al[34] reported that low 
positivity for Ki-67 staining along the mature collagenous 
stromal reaction in the invasive area can be seen in differ-
entiated-type carcinomas of  I-phenotype, reflecting the 
slow growth of  this tumor. We have previously reported 
that patients with G-phenotype tumors have a significantly 
poorer prognosis than those with I-phenotype tumors in 
patients with advanced gastric carcinoma[8].

In the present study, gastric adenomas were signifi-
cantly associated with APC mutations and inversely as-
sociated with p53 mutations, compared with those in early 
and advanced carcinomas. MSI is a common event in both 
gastric adenomas and differentiated-type carcinomas. The 
absence of  sequential accumulations of  genetic alterations 
between gastric adenomas and early or advanced carcino-
mas suggests that gastric differentiated-type tumors with 
APC mutations, especially gastric adenomas, may have a 
low invasive potential. Lee et al[31] suggested that gastric ad-
enomas without APC mutations have a different biological 
behavior from those with APC mutations and are precur-
sors of  differentiated-type carcinoma. Distinct differences 
in the tumor differentiation phenotype and genetic altera-
tions between gastric adenomas and differentiated-type 
carcinomas suggest that the adenoma-carcinoma sequence, 
typically seen in colorectal carcinoma, is not be a major 
pathway in tumorigenesis of  gastric differentiated-type 
tumor. Furthermore, our present findings also suggest that 
the tumor differentiation phenotype and genetic alterations 
are related to tumor aggressiveness in gastric differentiat-
ed-type tumors.

The relations between tumor differentiation phenotype 
and genetic alterations have not been examined in any 
large study on gastric adenoma and early differentiated-
type carcinoma. Our present results revealed that MSI was 

Table 2  Relationship between expressions of HGM, MUC6, MUC2 and CD10, and genetic alterations in 219 gastric tumors  n  (%)

                                             HGM                MUC6               MUC2                 CD10

                                Negative             Positive                Negative          Positive               Negative           Positive            Negative            Positive

               (n  = 107)         (n  = 112)          (n  = 90)         (n  = 129)          (n  = 56)          (n  = 163)         (n  = 144)        (n  = 75)

APC         35 (32.7)                8 (7.1)c             25 (27.8)               18 (14.0)a          10 (17.9)                   33 (20.2)                  15 (10.4)             28 (37.3)c

p53         21 (19.6)              26 (23.2)            19 (21.1)               28 (21.7)            10 (17.9)                   37 (22.7)                  28 (19.4)             19 (25.3)
 
MSI status
   MSI-L        12 (11.2)               12 (10.7)                4 (4.4)                  20 (15.5)             7 (12.5)                   17 (10.4)                   17 (11.8)               6 (8.0)
   MSI-H          7 (6.5)                   7 (6.3)                   2 (2.2)                  12 (9.3)               5 (8.9)                       9 (5.5)                     15 (10.4)               0 (0)
   Total        19 (17.8)               19 (17.0)              6 (6.7)                  32 (24.8)b         12 (21.4)                   26 (16.0)                   32 (22.2)               6 (8.0)a

HGM: Human gastric mucin, aP < 0.05, bP < 0.001, cP < 0.0001 vs negative.

Figure 5  Frequency of APC, p53 mutation and MSI in gastric- (G-), gastric 
and intestinal mixed- (GI-), and intestinal- (I-) phenotype tumors. aP = 0.0353 
(G-phenotype vs I-phenotype, 28.6% vs 9.6%), bP = 0.0017 (I-phenotype vs G- 
phenotype, 38.5% vs 9.5%), cP = 0.0022 (I-phenotype vs GI-phenotype, 38.5% vs 
16.0%).
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significantly associated with MUC6 expression and G-phe-
notype, and inversely associated with CD10 expression. On 
the other hand, APC mutation was significantly associated 
with CD10 expression and I-phenotype, and inversely as-
sociated with expressions of  HGM and MUC6, suggesting 
that the tumor differentiation phenotype is closely related 
to genetic alterations in gastric differentiated-type tumors. 
Differentiation of  gastric epithelial cells, especially pyloric 
gland cells, may be related to MSI, while differentiation of  
intestinal epithelial cells, especially absorptive cells, may be 
related to APC mutations. To the best of  our knowledge, 
this is the first report describing associations between ge-
netic alterations, such as APC mutations and MSI, and the 
expressions of  HGM, MUC6, MUC2 or CD10 in gastric 
differentiated-type tumors.

The differences in the biological behavior of  tumors 
with different phenotype as described above suggest that 
the action of  different genetic alterations depends on the 
tumor differentiation phenotype of  gastric tumors. Ka-
bashima et al[10] reported that G-phenotype tumors can po-
tentially degrade the extracelluar matrix through the over-
expression of  matrix metalloproteinases, compared with 
I-phenotype tumors. Shibata et al[17] reported that the apo-
totic index/proliferative index ratio is significantly lower in 
G-phenotype tumors than in I-phenotype tumors. Endoh 
et al18] have detected E-cadherin mutations in 21% of  dif-
ferentiated-type carcinomas with a G-phenotype, although 
this mutation is generally considered to be involved in un-
differentiated-type but not differentiated-type carcinomas. 
Our present findings show that the tumor differentiation 
phenotype is closely related to tumor invasion and genetic 
alterations in gastric differentiated-type tumors. Previous 
molecular genetics studies have shown that gastric tumori-
genesis is a multistep process with accumulation of  genetic 
alterations[3,4]. Therefore, the previous data and our present 
findings suggest that different genetic pathways according 
to the tumor differentiation phenotype might play a role in 
the tumorigenesis of  the gastric differentiated-type tumor, 
leading to their different biological behavior.

In conclusion, the tumor differentiation phenotype is 
closely related to tumor invasion and genetic alterations in 
gastric differentiated-type tumors.
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