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Microsatellite instability (MSI) is a hallmark of the
DNA mismatch repair deficiency that is one of the
pathways of gastric carcinogenesis. Clinicopathologic
characteristics of MSI� gastric cancers remain un-
clear. To determine the correlation between MSI sta-
tus and clinical features, we analyzed 327 consecutive
gastric cancers for the occurrence of MSI in the
BAT-26 marker. Because it has been proven that MSI
at BAT-26 reflects the MSI� phenotype, cancers with
alteration at BAT-26 were categorized as having the
MSI�phenotype. The expressions of hMLH1, hMSH2,
p53, MUC1, MUC2, and CEA were evaluated immu-
nohistochemically using the tissue arraymethod. The
MSI�phenotypewas found in9.5% (31/327) of gastric
cancers examined. MSI� gastric cancers were signifi-
cantly associated with older age, antral location, Bor-
rmann’s gross Type II, intestinal subtype, lower prev-
alence of lymph node metastasis, and lower pTNM
stage (P < .05). By multivariate logistic regression,
MSI� gastric cancers had a lower prevalence of lymph
node metastasis independent of tumor invasion (P <
.001). MSI� gastric cancers displayed frequent frame-
shift mutations of transforming growth factor-� type
II receptor (90.3%), BAX (61.3%), hMSH3 (38.7%),
and E2F4 (61.3%) genes and diminished hMLH1
(24/31) or hMSH2 (4/31) expressions. The MSI�
phenotype correlated with patient survival in ad-
vanced gastric carcinoma (P � .046). In conclusion,
MSI� phenotype in gastric cancers was found to
have distinct clinicopathologic characteristics and

to be predictive of a favorable outcome in advanced
carcinoma.
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Although the incidence rate of gastric cancer has
been declining steadily, gastric cancer remains the
second most common malignant tumor in the
world (1, 2) and contributes to significant cancer
mortality, particularly in Asia (China, Japan, and
Korea) and parts of Europe and Latin America. Mul-
tiple environmental factors, including Helicobacter
pylori infection (3) and dietary factors (4), have
been implicated in the initiation of gastric carcino-
genesis. Although much has been learned recently
about the molecular genetic alterations associated
with the development of gastric cancers, much
about them still has remained unclear.
Microsatellite instability (MSI) is a form of

genomic instability associated with defective DNA
mismatch repair in tumors (5). The majority of can-
cers of the hereditary nonpolyposis colon cancer
(HNPCC) syndrome (6) and about 15% of uns-
elected colorectal cancers have MSI� phenotype
(7). Clinicopathologic characteristics of MSI� colo-
rectal cancers are proximal location, younger age,
lower lymph node metastasis, and a better survival
rate (7, 8). The stomach is a frequent site of extra-
colonic cancer development in patients with
HNPCC (9) and is one of the organs in which pri-
mary sporadic tumors show MSI� phenotype (10–
15). Defects of the mismatch repair system and MSI
play an important role in early stage of gastric car-
cinogenesis. In the adenoma–carcinoma sequence
of the stomach, gastric adenoma had a high fre-
quency of MSI, and it persisted after malignant
transformation (16). To determine the correlations
between MSI status and clinicopathologic variables
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affecting the prognosis and survival of gastric can-
cer patients, we analyzed 327 consecutive cases.

MATERIALS AND METHODS

Patients and Samples
Surgically resected gastric cancer cases were ex-

amined from the files of the Department of Pathol-
ogy, Seoul National University College of Medicine
that were kept between January 1, 1995, and June
30, 1995. In total, 352 patients were treated at the
hospital and 336 specimens (95%) were available
for the study. The age, sex, tumor location, gross
type according to Borrmann’s classification, tumor
size, lymphatic invasion, and pTNM stage (17) were
evaluated by reviewing medical charts and patho-
logic records. The mean age of the patients was 54.4
years, and 93.3% of patients underwent curative
resection (R0 according to the UICC guideline). The
study included 223 advanced gastric carcinomas
and 113 early gastric carcinomas. Mean diameter of
tumor was 6.04 � 2.96 cm in advanced gastric car-
cinomas and 3.46 � 2.51 cm in early gastric carci-
nomas (P � .001). No patient had fulfilled the Am-
sterdam criteria for HNPCC (18). No patient had
received preoperative chemo- or radiotherapy.
Glass slides were reviewed to determine the histo-
logic type (according to the World Health Organi-
zation and Lauren’s classifications). The clinical
outcome of patients was followed from the date of
surgery to the date of death or to December 1, 1999.
The follow-up period was 1 ~ 60 months (mean, 42
mo). The cases lost to follow-up and to deaths from
any other causes than gastric cancer were regarded
as censored data during the analysis of survival
rates.

Microsatellite Analysis
The DNA of cancerous tissue and corresponding

normal gastric mucosa from 327 of 336 patients
with consecutive gastric cancers was obtained from
formalin-fixed, paraffin embedded surgical blocks.
The DNA was extracted by proteinase K digestion
and the phenol–chloroform procedures. The ex-
tracted DNA was amplified by PCR with fluorescent
dye–labeled primers on two mononucleotide repeat
microsatellite markers, BAT-26 and BAT-25 (located
within intron 5 of the hMSH2 gene and introns of
the c-kit oncogene, respectively). DNA was detected
by a temperature-controlled DNA Sequencer
(PRISM 377, Perkin-Elmer Corp., Foster City, CA),
and fragment analyses were carried out with Gen-
scan software (Perkin-Elmer). MSI status was deter-
mined by size variation and the occurrence of ad-
ditional bands in the PCR product from tumor DNA
and not observed in DNA from normal tissue from

the same patient (19). Because previous reports and
investigations have proven that MSI at BAT-26 re-
flects an MSI� phenotype (10, 15, 16, 20–22), can-
cers with alteration at BAT-26 were categorized as
having an MSI� phenotype (Fig. 1). In this study,
no short BAT-26 allele was found in PCR products
from corresponding normal DNA.

Frameshift Mutation Analysis
To detect frameshift mutations of the coding re-

gions in MSI� gastric cancers, the repetitive mono-
nucleotide tracts of the following genes were am-
plified using primers as previously described (23,
24): poly(A)10 tract of transforming growth factor-�
type II receptor (TGF�RII), poly(G)8 tract of insulin-
like growth factor II receptor (IGFIIR), poly(G)8 tract
of BAX, poly(C)8 tract of hMSH6, poly(A)8 tract of
hMSH3, and poly(AGC)13 tract of E2F4 genes. The
reaction involved 32 cycles at 94° C for 1 minute, 53
to 60° C for 1 minute, and 72° C for 1 minute. The
presence of additional bands in the PCR products
from tumor DNA, not observed in the DNA of nor-
mal tissue, was counted as frameshift mutations.

Immunohistochemistry
Core tissue biopsies (2 mm in diameter) were

taken from individual paraffin-embedded gastric
tumors (donor blocks) and arranged in a new re-
cipient paraffin block (tissue array block) using a
trephine apparatus (Superbiochips Laboratories,
Seoul, Korea). Each tissue array block contained
�60 cases, with a total of 336 cases in six array
blocks. An adequate case was defined as a tumor
occupying �10% of core area. As an internal con-
trol, each block contained normal gastric mucosa
from body, antrum, and intestinal metaplasia.
Four-�m sections were cut from each tissue array
block, deparaffinized, and dehydrated.

Immunohistochemical staining against hMLH1
(dilution 1:50, Clone G168-728, 1�g/mL; Pharmin-
gen, San Diego, CA), hMSH2 (1:100, Clone FE11, 0.5
�g/mL; Oncogene Science, Cambridge, MA), p53

FIGURE 1. Analysis of BAT-26 and BAT-25 alleles and frameshift
mutations in mononucleotide tracts of the various coding regions
(Arrow indicates the presence of additional bands in the PCR product.)
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protein (1:100, mouse monoclonal antibody DO7:
DAKO, Carpinteria, CA), carcinoembryonic antigen
(CEA; 1:100, mouse monoclonal antibody, DAKO),
glycosylated MUC1 (1:100, mouse monoclonal an-
tibody NCL-MUC-1: Novocastra Laboratories), and
MUC2 (1:100, mouse monoclonal antibody NCL-
MUC-2: Novocastra Laboratories) was performed
using a streptavidin-biotin-peroxidase complex
method (labeled streptavidin–biotin) after an anti-
gen retrieval process using microwaves (three times
for 5 min each) for hMSH2, p53, CEA, MUC1, and
MUC2 and using an autoclave for hMLH1. CEA and
p53 protein were not expressed in the normal mu-
cosa of all slides, but hMLH1 and hMSH2 were
expressed in the normal mucosa. MUC1 was weakly
expressed in foveolar epithelium of antrum, and
MUC2 was expressed in intestinal metaplasia. For
statistical analysis, the results of MUC1 and MUC2
immunostaining were considered to be positive if
�20% of the neoplastic cells were stained. When
�10% of cancer cells showed strong cytoplasmic
staining, CEA protein expression was considered to
be positive. Those cases with �10% of nuclear
staining in the tumor cells were considered to over-
express the p53 protein. When �10% of cancer cells
showed nuclear staining, we considered the case to
be an hMLH1 or hMSH2 expression loss (Fig. 2).

Statistical Analyses
The chi-square test or Fisher’s exact test (two-

sided) was performed to determine the correlation
between MSI� phenotype and the clinicopatho-
logic parameters. The association between MSI sta-
tus and regional lymph node metastasis was eval-
uated with multivariate logistic regression. Survival
curves were estimated using the Kaplan-Meier
product-limit method, and the significance of dif-
ferences between the survival curves was deter-
mined using the log-rank test. Multivariate survival
analysis was performed using the Cox proportional
hazards model. The results were considered to be
statistically significant when P values were �.05. All
statistical analyses were conducted using the SPSS
version 9.0 statistical software program (SPSS, Chi-
cago, IL).

RESULTS

Clinicopathologic Characteristics of MSI�
Gastric Cancers

Of the 327 tested specimens of consecutive gas-
tric cancers, 31 (9.5%) had microsatellite instability.
Three of 31 MSI� gastric cancers did not show
instability at BAT-25, but there was no gastric can-
cer with instability at BAT-25 but not at BAT-26.

FIGURE 2. Microscopic features of immunohistochemistry. MSI� gastric cancer showed complete loss of hMLH1 protein, but adjacent lymphoid
cells and stromal cells are positive for the protein (A, 200�). In another MSI� gastric cancer diminished hMSH2 protein expression were found (B,
200�), but adjacent normal mucosa expressed hMSH2 protein. Immunostaining of p53 (C, 200�), CEA (D, 100�), and MUC1 (E, 200�) and MUC2
(F, 200�) proteins revealed positive expression pattern.
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Table 1 shows the correlation between clinicopatho-
logic parameters and MSI� phenotype. Gastric can-
cers with MSI� phenotype were characterized by
older age (P � .009), antral location (P � .022), Type II
according to Borrmann’s gross classification (P �
.001), and intestinal type according to Lauren’s clas-
sification (P � .01). MSI� cancers were more likely to
be well differentiated or moderately differentiated ad-
enocarcinomas than were MSI� cancers, but this was
without statistical significance. Little difference was
noted between lymphoid infiltration of MSI� cancers
(2/29, 6%) and that of MSI� cancers (12/269, 4%).
Gastric cancers with associated gastric adenoma had
a significantly higher frequency of MSI� phenotype
(3/6) than did gastric cancers without gastric ade-
noma (28/321, P � .05).

MSI� gastric cancers were significantly associ-
ated with lower lymph node metastasis (P � .004)
and lower pTNM stage (P � .017). By multivariate

logistic regression, regardless of the depth of tumor
invasion, gastric cancers with MSI� phenotype had
a lower prevalence of lymph node metastasis (P �
.001, Table 2). However, no correlation was found
between MSI� phenotype and depth of tumor in-
vasion or distant-organ metastasis.

Frameshift Mutations in the Coding Regions
Frameshift mutations in the coding regions of

target genes were studied, and mutations were
found in 90.3% (28/31) for TGF�RII, 9.7% (3/31) for
IGFIIR, 61.3% (19/31) for BAX, 22.6% (7/31) for
hMSH6, 38.7% (12/31) for hMSH3, and 61.3% (19/
31) for E2F4 genes (Table 3). The mutation of the
TGF�RII gene showed the greatest correlation with
MSI� phenotype. Three of 31 MSI� gastric cancers
that did not show instability at BAT-25 had frame-
shift mutations of the coding regions (Table 3).

TABLE 1. Clinicopathologic Characteristics of Gastric Cancers Positive for Microsatellite Instability (MSI)

Characteristics
Total

(n � 327)
MSI� Phenotype

(n � 31)
MSI� Phenotype

(n � 296)
P Valuea

Sex 0.234
Male 221 18 203
Female 106 13 93

Mean age (y) 54.6 � 13.0 60.7 � 9.5 54.0 � 13.1 0.009
Location 0.022

Antrum 176 23 153
Body and cardia 151 8 143

Gross type (AGC) 0.001
Type I 10 0 10
Type II 33 10 23
Type III 152 15 137
Type IV 28 0 28
Subtotal 223 25 198

Gross type (EGC)
Depressed 75 4 71
Flat 5 0 5
Elevated 24 2 22
Subtotal 104 6 98

Tumor size (cm) 5.24 � 3.06 5.92 � 3.10 5.17 � 3.06 0.206
World Health Organization classification 0.167

W/D and M/D 120 16 104
P/D 137 13 124
Mucinous 20 1 19
Signet ring cell 50 1 49

Lauren’s classification 0.016
Intestinal 124 19 105
Diffuse 171 11 160
Mixed 32 1 31

Lymphatic invasion 0.673
Absent 237 24 213
Present 90 7 83

Tumor invasion 0.156
EGC 103 6 97
AGC 224 25 199

Lymph node metastasis 0.004
Absent 129 20 109
Present 198 11 187

Distant-organ metastasis 0.646
Absent 311 29 282
Present 16 2 14

pTNM stage 0.017
I and II 209 26 183
III and IV 118 5 113

AGC, advanced gastric carcinoma; EGC, early gastric carcinoma (tumor that was confined to mucosa or extended to submucosa).
a The chi-square test was used to compare all variables except mean age and tumor size, which were compared using the unpaired t test.
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Immunohistochemical Staining of Consecutive
Gastric Cancers

To understand the origin of MSI, we examined the
expression of hMLH1 and hMSH2 proteins. Of the 31
MSI� gastric cancers, 24 cancers and 4 cancers
showed markedly diminished hMLH1 and hMSH2
expressions in tumor cell nuclei, respectively. Four
cancers of 235 MSI� gastric cancers also showed neg-
ative hMLH1 expression, and none of 277 MSI� gas-
tric cancers showed negative hMSH2 expression.

Immunostaining of p53, CEA, MUC1 and MUC2
proteins was performed using the tissue array

method (Table 4). The frequency of p53 protein
expressions was found to be slightly lower in MSI�

TABLE 2. Multivariate Logistic Regression Analysis for Metastases to Regional Lymph Nodes in Consecutive

Gastric Cancers

Parameter

Lymph Node Metastasis
(Patients n) Odds Ratio

(95% CI)
P Value

Absent Present

Microsatellite instability �0.001
MSI� phenotypea 109 187 1.00
MSI� phenotype 20 11 0.16 (0.06–0.39)

Tumor invasionb �0.001
T1a 82 21 1.00
T2 44 111 12.54 (6.73–23.38)
T3 3 62 91.54 (25.51–328.52)
T4 0 4 10475.75 (0–6.41 � 1018)

CI, confidence interval.
a Patients in this category served as the reference group.
b Tumor invasion was classified according to the system of the American Joint Committee on Cancer (17).

TABLE 3. Molecular Analysis of 31 Gastric Cancers Positive for Microsatellite Instability (MSI�)

Case
No.

BAT-25
Frameshift Mutation Analysis

MSH6 MSH3 E2F4
Immunostaining

TGF�RII IGFIIR BAX MLH1 MSH2

A12 MSI� �1/wt – – – �1/wt �3/wt – �
A13 MSI� – – �1/wt – – �9/wt – �
A32 MSI� �2/wt �1/wt – – – �6/wt – �
B01 MSI� �1/wt – �1/wt – �1/wt �3/wt – �
B05 MSI� �1,�2/wt – �1/wt – – �3/wt – �
B21 MSI� �1,�2/wt – �1/wt – – – – �
B24 MSI� �1,�2/wt – �1/wt �1/wt �1/wt �3/wt – –
B27 MSI� �1/wt – �1/wt – �1/wt – – �
B41 MSI� �1/wt – �1/wt – �1/wt �3/wt – �
B47 MSI� �1,�2/wt �1/wt �1/wt – �1,�2/wt �3/wt � –
B54 MSI� �1/wt – – – – – � �
C18 MSI� �1/wt – �1/wt – – – � �
C26 MSI� �1/wt – – – – �3/wt – �
C34 MSI� �1/wt – �1/wt �1/wt – �3,�6/wt – ND
C40 MSI� �1,�1/wt – �1/wt – – – – –
C48 MSI� – – – – – – – �
D17 MSI� �1/wt – – �1/wt – �3/wt – �
D22 MSI� �1,�2/wt – �1/wt – �1/wt �3/wt – �
D36 MSI� �1,�2/wt – �1/wt – – – – �
D45 MSI� �1,�1/wt – – �1/wt – �3/wt � �
E04 MSI� – – – – – – – �
E19 MSI� �1/wt �1 �1/wt �1/wt �1/wt – – �
E30 MSI� �1/wt – �1/wt – �1/wt �3/wt – �
E49 MSI� �1/wt – – – – �3/wt – �
E53 MSI� �1/wt – – – – – � �
F06 MSI� �1/wt – �1/wt – �1/wt �6/wt – �
F13 MSI� �1/wt – �1/wt – – �3/wt – �
F36 MSI� �1/wt – – – �1/wt �3/wt – �
F39 MSI� �1/wt – – – – – � –
G45 MSI� �1/wt – �1/wt �1/wt �1/wt �9/wt – �
H58 MSI� �1/wt – �1/wt �1/wt – – � �
Total 27/31 28/31 3/31 19/31 7/31 12/31 19/31 24/31 4/31

ND, not done; MSI�, microsatellite instability was found at BAT-25; MSI�, microsatellite instability was not found at BAT-25.

TABLE 4. Correlation between Protein Expressions and

Microsatellite Instability (MSI)–Positive Phenotype

Protein Expressions MSI� MSI� P Value

p53 7/30 99/277 0.226
CEA 8/29 157/275 0.008
MUC1 10/30 66/281 0.264
MUC2 14/30 71/274 0.030
hMLH1 24/31 4/235 � 0.001
hMSH2 4/30 0/277 � 0.001
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cancers (7/30, 23%) than in MSI� cancers (99/277,
36%) but this was without statistical significance (P
� .226). Cytoplasmic expressions of CEA were
found less frequently in MSI� gastric cancers (8/29,
27.6%) than in MSI� cancers (157/275, 57.0%; P �
.008). Fourteen (47.0%) of 30 MSI� cancers ex-
pressed MUC2 mucin, whereas 71 (26.0%) of 274
MSI� cancers did (P � .030).

Survival Analysis
The survival of patients with MSI� phenotype

(5-y survival rate, 85.4 � 6.7%) was better than that
of patients with MSI� phenotype (5-y survival rate,
71.8 � 6.7%), but this was without statistical signif-
icance (P � .120). By Kaplan-Meier survival curves
stratified according to disease progression (ad-
vanced and early carcinomas), MSI� phenotype
was significantly correlated with patient survival in
advanced carcinoma (P � .046, Table 5, Fig. 3).
Frameshift mutations of TGF�RII had a survival
advantage in advanced carcinoma (P � .025), but
frameshift mutations of other target genes were not
associated with overall survival (IGFIIR, P � .228;
BAX, P � .332; hMSH6, P � .523; hMSH3, P � .129;
E2F4, P � .282). In patients who were 65 years of
age or younger, a survival advantage associated
with the MSI� phenotype was found (P � .039). In
terms of other clinicopathologic parameters, tumor
location, Lauren’s classification, lymphatic inva-
sion, and pTNM stage were found to be signifi-
cantly correlated with patient survival (P � .05). By
multivariate Cox regression model, pTNM stage
was found to be significantly and independently
associated with patient survival (P � .001), but

MSI� phenotype (P � .484) and Lauren’s classifi-
cation (P � .253) were not independently associ-
ated with patient survival. MSI� phenotype did not
show a significant survival advantage in patients
with advanced gastric carcinoma (P � .350) or pa-
tients who were 65 years of age or younger (P �
.154) independently of pTNM stage and Lauren’s
classification.

DISCUSSION

Carcinogenesis is a long-term, multistep process
driven by multiple genetic and epigenetic changes
in the susceptible cells, which gain a selective
growth advantage and undergo clonal expansion
(25). Genetic instability is an important factor in the
rapid accumulation of these genetic changes (26).
MSI� phenotype was found in 10 to 45% of gastric
cancers in previous studies, depending on the
group of cases studied and the definition of MSI
(11–15). In this study, we evaluated MSI status in
consecutive gastric cancers, and 31 of 327 gastric
cancers (9.5%) showed MSI� phenotype.

Cancers from different mutational pathways are
thought to have different clinical features. For ex-
ample, MSI� colorectal cancers were found to have
distinct clinicopathologic characteristics in a
population-based series (7). However, the clinico-
pathologic characteristics of MSI� gastric cancers
were inconclusive because of smaller or potentially
biased studies (27–29). We have found different
clinical features associated with MSI� gastric can-
cers. In our large and consecutive series, MSI�
gastric cancer was characterized by older age, an-
tral location, Borrmann’s gross Type II, intestinal
type, the lower prevalence of lymph node metasta-
sis, and a lower pTNM stage.

The incidence of small and early gastric cancer
is higher in Asia and undoubtedly has been in-
creased by early diagnosis (30). The overall 5-year
survival rate of patients with gastric cancers was
73.6% in this study: 63.0% in advanced gastric
carcinoma and 95.7% in early carcinoma (data
not shown). The MSI� phenotype did not show a
survival advantage in patients with early carci-
noma (P � .05), probably because of their high
survival rate. We stratified survival curves accord-
ing to disease progression (early versus advanced
carcinoma), and MSI� phenotype was signifi-
cantly correlated with patient survival in ad-
vanced carcinoma (P � .046). However, it was
controversial whether MSI� gastric cancers had
independent survival advantage or not. By multi-
variate Cox regression model, MSI� phenotype
was not independently associated with patient
survival. MSI� phenotype was significantly asso-
ciated with the lower prevalence of lymph node

TABLE 5. Univariate Analysis of Factors Related to

Survival (Kaplan-Meier Product–Limit Method)

Factor
% Patients
Alive at 2 y

% Patients
Alive at 5 y

P Valuea

Lauren’s classification 0.006
Intestinal 87.0 82.6
Diffuse 77.8 70.3
Mixed 64.2 57.3

pTNM stage � 0.001
I 97.1 93.5
II 86.2 77.6
III 67.9 57.1
IV 36.1 31.3

MSI in AGC 0.046
MSI� 68.6 60.4
MSI� 91.3 82.2

MSI in 65 y or younger 0.039
MSI� 86.3 73.7
MSI� 95.2 95.2

TGF�RII in AGC 0.025
Frameshift mutation (�) 67.9 59.6
Frameshift mutation (�) 95.2 85.2

BAX in AGC 0.332
Frameshift mutation (�) 69.4 61.4
Frameshift mutation (�) 86.7 73.3

AGC, advanced gastric carcinoma.
a The log-rank test was used to compare the survival curves.
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metastasis regardless of the depth of tumor inva-
sion, but no correlation between MSI� pheno-
type and depth of tumor invasion or distant-
organ metastasis was found. Therefore, MSI�
phenotype in gastric cancers may be indepen-

dently predictive of lower lymph node metastasis
and contribute to improved survival through tu-
mor downstaging.

The MSI� phenotype originates from the genetic
or epigenetic inactivation of various members of
the DNA mismatch repair gene family (31, 32). Re-
cent studies have shown that the MSI� phenotype
of sporadic gastric cancers is mainly due to the
inactivation of hMLH1 (33, 34). In this study, im-
munohistochemical staining revealed that 24 of 31
MSI� cancers showed markedly diminished
hMLH1 and 4 cases did not express hMSH2 protein,
which is similar to results reported by other studies
(29, 33, 34). In addition, loss of hMLH1 expression
was also found in 4 of 235 MSI� gastric cancers. It
is possible that MSI� cancers with diminished
hMLH1 expression found in this study have been
cancers with low frequency of MSI (35) or that
hMLH1 expression loss has been over- or underes-
timated because of the limitation of tissue array
methods.

The differences in MSI� gastric cancers were re-
stricted not only to the tumor phenotype but also to
their genotype. MSI� gastric cancers were reported
to have fewer mutations of p53 and more frequent
mutations of the TGF�RII gene than MSI� gastric
cancers (28, 29). In this study, frameshift mutation
analysis revealed that MSI� gastric cancers dis-
played a higher frequency of target gene mutations
of TGF�RII, BAX, hMSH3, and E2F4 genes. Of these
different genotypes, mutations of the TGF�RII gene
were mostly associated with patient survival in ad-
vanced carcinoma. TGF�1 is a potent growth inhib-
itor, with tumor-suppressing activity. Recently, nu-
merous experiments supported that TGF�1 not only
has transforming potential but can also drive malig-
nant progression, invasion, and metastasis, both in
vitro and in vivo (36). It therefore appears that com-
plete abrogation of TGF� signaling from mutations of
the TGF�RII gene, although leading to loss of growth
control and early tumor onset, paradoxically has a
protective effect on tumor progression.

Gastric cancers have been found to contain
higher levels of MUC1 mucin expression than nor-
mal gastric mucosa, and the expression of MUC2
mucin was observed frequently in intestinal type
gastric cancer (37, 38). As MSI� gastric cancers
were significantly associated with intestinal sub-
type, it is expected that MSI� gastric cancers
showed higher expression of MUC2 mucin than
MSI� cancers. Recently, CEA expression status in
tumors was of prognostic significance in patients,
and cytoplasmic expression was associated with
poorly differentiated adenocarcinoma, more prom-
inent serosal invasion, more frequent lymph node
metastasis, and a more advanced stage (39). Al-
though detailed mechanism was unknown, cyto-

FIGURE 3. Kaplan-Meier survival curves for patients with stomach
cancer (�: censored cases). A, pTNM stage were significantly correlated
with patient survival (P � .001). B, MSI� phenotype was significantly
associated with patient survival in advanced gastric carcinoma (AGC; P
� .046). C, MSI� phenotype was significantly associated with patient
survival in patients 65 years or younger (P � .039).

638 Modern Pathology



plasmic expression of CEA were found less fre-
quently in MSI� gastric cancers.

In summary, we detected MSI� phenotype in
9.5% of 327 gastric cancers. In our large and con-
secutive series, MSI� gastric cancer had distinct
clinical features, including old age, Borrmann’s
gross Type II, intestinal type, and lower prevalence
of lymph node metastasis. The MSI� phenotype in
gastric cancers showed the survival advantage in a
group with advanced gastric carcinoma. MSI� phe-
notype is closely associated with hMLH1 or hMSH2
proteins.
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Book Review

Ackerman AB, Guo Y, Lazova R, Kaddu S: Dif-
ferential Diagnosis in Dermatopathology II,
2nd Edition, 220 pp, Ardor Scribendi, Ltd.,
2001 ($150.00).

This volume follows the format of other volumes
in Dr. Ackerman’s series Differential Diagnosis in
Dermatopathology. Two entities comprising a
differential diagnostic problem are compared
side by side with clinical and histologic photo-
graphs with an accompanying list of helpful di-
agnostic features. The visual presentation and
list is followed by a more thorough discussion.
This format can be an effective means to learning
subtle clues in the diagnosis of dermatopatho-
logic entities. In that regard, this volume can be
helpful in the daily practice of pathologists and
dermatopathologists as well as residents in train-
ing. The addition of comparative clinical images
can be especially helpful for those coming from a
pathology background. There are inherent limi-
tations in this approach in that the differential
diagnosis in a given case is often broader than a
single pair of entities. Overall, however, this re-
mains an effective means to clarify the differen-
tial diagnosis in selected entities.

According to the preface, one of the primary
purposes of the second edition of this book re-
flects Dr. Ackerman’s wish to rework the original
text to “wrest mistakes from it, and to inject new
concepts into it.” One of the principal mistakes
Dr. Ackerman wished to correct is the quality of
the clinical and histologic photographs. The im-
provement is especially noted in the photomi-
crographs, where the color balance is improved
as compared with the previous edition. The dif-
ference in the clinical photographs is less
striking.

The current edition includes new chapters
on acute discoid lupus erythematosus versus
subacute cutaneous lupus erythematosus, inter-
stitial granuloma annulare versus interstitial my-

cosis fungoides, and mammary versus extra-
mammary Paget’s disease. The first of these
three artfully points out the lack of significant
histologic differences in cutaneous lupus ery-
thematosus. The chapter on interstitial granu-
loma annulare is useful and offers a helpful ap-
proach in dealing with that differential question.
The new chapter on Paget’s disease, by contrast,
is less helpful by its emphasis on differentiating
mammary Paget’s disease from extramammary
Paget’s disease. The more problematic situation
is differentiating primary anogenital extramam-
mary Paget’s disease from secondary intraepi-
dermal involvement from an underlying visceral
malignancy. This is given little discussion in the
text. A minor criticism is the lack of page num-
bers in the table of contents.

In summary, the Differential Diagnosis in
Dermatopathology series by Dr. Ackerman re-
mains an effective means of learning subtle his-
tologic clues for difficult problems in dermato-
pathology. The images in the 2nd edition of the
second volume are of higher quality than its pre-
decessor and some of the text discussion is up-
dated. However, the improvements in the sec-
ond edition are not revolutionary in scope. As a
stand-alone replacement for the current second
volume in the series, the second edition is mod-
estly successful. If the entire series is subse-
quently revised, this new volume would serve as
a welcome addition to many bookshelves. There-
fore, the decision to buy this book probably
should be made in part on how well one likes the
format of the series and how dissatisfied one was
with the original second volume in comparison
with the others in the series.

Steven D. Billings
Indiana University School of Medicine
Indianapolis, Indiana
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