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Abstract

Background Microsatellite instability (MSI) has been

observed in 8–39 % of sporadic gastric cancers. However,

despite numerous reports indicating a significant relation-

ship between intestinal-type histology and MSI, detailed

correlation between histological subtypes and MSI remains

obscure. The purpose of the present study is to clarify the

relationship between histological subtype and microsatel-

lite status in gastric carcinomas.

Methods Microsatellite status was examined for 464 con-

secutive gastric carcinomas from 420 patients as well as

histological subtypes and other clinicopathological findings.

Results MSI was observed in 82 carcinomas (17.7 %),

and the greatest proportions were observed in solid-type,

poorly differentiated adenocarcinoma (43.0 %) and papil-

lary adenocarcinoma (32.5 %), both being significantly

higher than those of other subtypes. The proportion

increased with advancing age (0 % at 51–64 years, 8.5 %

at 65–74 years, 18.4 % at 75–84 years, 35.3 % at

85–96 years). Compared with microsatellite-stable carci-

nomas, microsatellite-unstable carcinomas were signifi-

cantly related with older age, female gender, antral

location, and predominant papillary adenocarcinoma and

solid-type, poorly differentiated adenocarcinoma. Poorly

differentiated type carcinoma was significantly less fre-

quent than differentiated type in microsatellite-unstable

cancer at the early stage, whereas no significant difference

existed at the advanced stage.

Conclusions These results suggest that there are specific

histological subtypes with highly frequent MSI and that

gastric carcinoma with MSI originates from differentiated-

type carcinomas, indicating histological diversity during

tumor growth.

Keywords Gastric cancer � Histological subtype �
Microsatellite instability � Elderly

Introduction

Microsatellite instability (MSI) is a hallmark of DNA

mismatch repair deficiency, which is one of the pathways
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of gastric carcinogenesis. MSI has been observed in 8–39 %

of gastric carcinomas [1–6]. Microsatellite-unstable gastric

carcinomas have the following clinicopathological features:

older age, expanding growth pattern, antral location, intes-

tinal-type histology, a lower incidence of lymph node

metastasis, and favorable prognosis. Regarding molecular

mechanism, age-related hypermethylation in the hMLH1

promoter is closely associated with the development of

sporadic gastric carcinomas with MSI [7, 8].

Predominant intestinal-type histology in microsatellite-

unstable gastric carcinomas was widely accepted [2, 4, 5, 9,

10]. However, several issues remain poorly defined and are

the subject of much debate because of several reports

showing predominant poorly differentiated histology [1] or

no significant association between histological morphology

and MSI [6, 11–13]. Because most previous reports were

not concerned with histological subtype, but rather with

Lauren’s classification, a relationship between the histo-

logical subtypes of gastric carcinomas and MSI remains

obscure. The aim of the present study is to clarify the

relationship between the histological subtypes of gastric

carcinomas and microsatellite status and to examine his-

tological diversity associated with MSI.

Materials and methods

Patients

We selected 420 consecutive patients with 464 gastric

carcinomas from cases in the Tokyo Metropolitan Geriatric

Hospital between 2000 and 2008. The patients included

223 men and 197 women with a median age of 78 years

(range 51–96 years). Patients with Lynch syndrome were

excluded in this study. Three hundred eighty-four patients

had single carcinoma, 28 had double carcinomas, and 8 had

triple carcinomas. Pathological examination and medical

research were performed with informed written consent by

the patients, and this work was approved by the ethics

committee of the Tokyo Metropolitan Geriatric Hospital.

Histopathological evaluation

All tissue samples were fixed with 10 % formalin after

resection and then embedded in paraffin according to the

standard procedure. Serial sections, 3- and 10-lm thick,

were prepared for each specimen. The 3-lm-thick sections

were used for hematoxylin and eosin staining, and the

10-lm-thick sections were used for DNA extraction. Four

hundred sixty-four cases of gastric carcinoma were path-

ologically diagnosed according to the Japanese Classifica-

tion of Gastric Carcinoma (details shown in Fig. 1) [14].

Gastric carcinomas were also divided into three groups

according to the modified Nakamura classification: differ-

entiated type, undifferentiated type, and mixed type [15].

The differentiated and undifferentiated types are almost

equivalent to the intestinal and diffuse types in Lauren’s

classification. Carcinomas in which different types were

present in an area of more than 10 % were classified as

mixed type. According to the depth of invasion, gastric

carcinomas were divided into two groups: early-stage

cancers (pT1) and advanced cancers (pT2–4) [14]. Lymph

node metastasis was described according to the Japanese

Classification of Gastric Carcinoma, which was the same as

the 7th version of the TNM classification [16].

DNA extraction

One 10-lm section placed on a glass slide was used for the

representative portion of each sample. The tissues were

scraped from the semidried section with a blade under the

stereomicroscope. DNA was extracted separately from the

tumor and normal areas. The sample was incubated over-

night at 56 �C in lysis buffer (0.5 % Tween 20, 1 mM

EDTA, 10 mM, Tris–HCl pH 8.0) with 1 lg/ll proteinase

K. DNA was extracted from all these samples by a phenol–

chloroform procedure.

Microsatellite instability

We screened microsatellite status using the mononucleotide

repeats BAT25 and BAT26 according to protocols described

by other investigators [17–19]. These probes are sensitive

and recommended for the detection of microsatellite-unsta-

ble tumors, especially in cases of high-frequency MSI in

gastric carcinoma as well as colorectal carcinoma [20, 21].

Polymerase chain reaction (PCR) conditions were as follows

for both markers: 50 nM KCl, 10 mM Tris–HCl pH 8.3,

2.5 mM MgCl2, 0.2 mM dNTPs, 0.5 mM each primer, 0.4

U Taq polymerase (Takara, Kyoto, Japan), and 1 ll DNA

solution. Amplifications were performed in a thermal cycler

for 35 cycles in conditions described by other investigators

[22]. The PCR products were mixed with an equal volume

of loading buffer (95 % formamide, 0.05 % bromophenol

blue, 25 mM EDTA), then electrophoresed on denaturing

6 % polyacrylamide gels at 50 �C, and stained with silver

stain kit (Atto, Tokyo, Japan) according to the manufacturer.

Cases in which bands of different molecular weights were

observed in the tumor DNA in either marker, but were not

observed in normal DNA, were designated as microsatellite

unstable.

Survival analysis

Two hundred thirty-three patients were available for sur-

vival analysis. Cancer-specific survival rates were
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calculated using the Kaplan–Meier method, and rates were

compared by the log-rank test.

Statistical analysis

All data were subjected to statistical analysis using Stat-

View 5.0 (SAS Institute, Cary, NC, USA). Comparisons

among continuous and categorical variables were made

using the Mann–Whitney test, chi-square test, or Fisher’s

exact probability test. A P value of less than 0.05 (two

sided) was considered significant.

Results

MSI was observed in 82 (17.7 %) of 464 carcinomas. Of 82

carcinomas, 63 tumors (76.8 %) were positive for both

BAT25 and BAT26 instability, 5 tumors (6.1 %) only for

BAT25 instability, and 14 tumors (17.1 %) only for BAT26

instability. Although there was no significant change, the

proportion of MSI increased with the number of carcino-

mas in the stomach (Table 1). MSI of differentiated and

undifferentiated types accounted for 15.5 % (47/303) and

21.7 % (35/161), respectively, with no significant differ-

ence being detected between the two types (P = 0.09). The

most frequent MSI was observed in solid-type, poorly

differentiated adenocarcinoma (43.0 %, 34/79), followed

by papillary adenocarcinoma (32.5 %, 13/40) (Table 2).

The proportion of MSI in each histological subtype of early

and advanced gastric carcinomas is shown in Table 3. MSI

was most frequently found in papillary adenocarcinomas at

early stages and solid-type, poorly differentiated adeno-

carcinomas at advanced stages (Table 3). The proportion of

MSI increased with advancing age (0 % at 51–64 years,

8.5 % at 65–74 years, 18.4 % at 75–84 years, and 35.3 %

at 85–96 years) (Fig. 2). The proportion of MSI in women

(27.1 %) was significantly higher than that in men (9.6 %;

P \ 0.001). Compared with microsatellite-stable carcino-

mas, microsatellite-unstable carcinomas were significantly

related with older age, female gender, occurrence at a

lower location, and predominant papillary adenocarcinoma

and solid-type, poorly differentiated adenocarcinoma

(Table 4). Gastric carcinomas with MSI showed signifi-

cantly less frequent lymph node metastases at advanced

Fig. 1 Representative histology of six subtypes of gastric carcinoma

according to the Japanese Classification of Gastric Carcinoma: a well-

differentiated tubular adenocarcinoma (tub1); b moderately differen-

tiated tubular adenocarcinoma (tub2); c papillary adenocarcinoma

(pap); d solid-type, poorly differentiated adenocarcinoma (por1);

e non-solid-type, poorly differentiated adenocarcinoma (por2);

f signet-ring cell carcinoma (sig). Upper row: three subtypes (tub1,

tub2, and pap) are classified as differentiated type; lower row: three

subtypes (por1, por2, and sig) as undifferentiated type. Mucinous

carcinoma is classified as differentiated or undifferentiated type

according to its histological component
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stages (Table 4). There was no significant difference in

cancer-specific survival rates between microsatellite-

unstable and microsatellite-stable gastric carcinomas in

overall, stage I, stage III, and stage IV (Fig. 3). In stage II,

however, the microsatellite-stable group showed better

prognosis in comparison with the microsatellite-unstable

group (Fig. 3c, P = 0.014).

In early-stage cancers, the undifferentiated type was

significantly less frequent than the differentiated and mixed

types in microsatellite-unstable carcinomas (P = 0.02),

whereas no significant difference existed at advanced

stages (Table 5), indicating that adenocarcinomas without

a glandular component are significantly less frequent in

early stages of microsatellite-unstable gastric carcinomas.

Table 2 Relationship between histological subtypes and the pro-

portion of microsatellite instability in gastric carcinomas

Histological subtypea MSIb MSSb

tub1 13 (10.5 %) 111 (89.5 %)

tub2 19 (14.3 %) 114 (85.7 %)

pap 13 (32.5 %) 27 (67.5 %)

por1 34 (43.0 %) 45 (57.0 %)

por2 0 (0 %) 41 (100 %)

sig 1 (2.8 %) 35 (97.2 %)

muc 2 (18.2 %) 9 (81.8 %)

Data represent the number of cases with percentages in parentheses
a Subtypes: tub1, well-differentiated tubular adenocarcinoma; tub2,

moderately differentiated tubular adenocarcinoma; pap, papillary

adenocarcinoma; por1, solid-type, poorly differentiated adenocarci-

noma; por2, non-solid-type, poorly differentiated adenocarcinoma;

sig, signet-ring cell carcinoma; muc, mucinous adenocarcinoma
b Microsatellite status: MSI microsatellite-unstable, MSS microsat-

ellite-stable

Table 1 Number of patients

with single, double, and triple

gastric

carcinomas in various

microsatellite statuses

There is no significant

difference in the distribution of

microsatellite status among

single, double,

and triple carcinoma groups
a MSI microsatellite-unstable

carcinoma, MSS microsatellite-

stable carcinoma
b P = 0.119, compared with

single carcinoma
c P = 0.128, compared with

single carcinoma

Number of carcinoma Microsatellite statusa Number of patients 

Single carcinoma 

(n = 384) 

MSI 

MSS 

65 (16.9%) 

319 (83.1%) 

Double carcinomas 

(n = 28) 

MSI+MSI 

MSI+MSS 

MSS+MSS 

2 (7.1%) 

6 (21.4%) 

20 (71.4%) 

Triple carcinomas 

(n = 8) 

MSI+MSI+MSI 

MSI+MSI+MSS 

MSS+MSS+MSS 

1 (12.5%) 

2 (25%) 

5 (62.5%) 

8 (28.5%)b

3 (37.5%)c

Table 3 Proportion of microsatellite instability in each histological

subtype of early and advanced gastric carcinoma

Histological

subtypesa
Early stage

(pT1)b
Advanced stage

(pT2–4)b

Differentiated type

tub1 11/101 (10.9 %) 2/23 (8.7 %)

tub2 8/64 (12.5 %) 11/69 (15.9 %)

pap 10/24 (41.7 %) 3/16 (18.8 %)

muc 1/3 (33.3 %) 1/3 (33.3 %)

Subtotal 30/192 (15.6 %) 17/111 (15.3 %)

Undifferentiated type

por1 5/19 (26.3 %) 29/60 (48.3 %)

por2 0/7 (0 %) 0/34 (0 %)

sig 1/18 (5.6 %) 0/18 (0 %)

muc – 0/5 (0 %)

Subtotal 6/44 (13.6 %) 29/117 (24.8 %)

Total 36/236 (15.3 %) 46/228 (20.2 %)

Data represent the number of cases with percentages of microsatellite

instability in parentheses
a Subtypes: tub1, well-differentiated tubular adenocarcinoma; tub2,

moderately differentiated tubular adenocarcinoma; pap, papillary

adenocarcinoma; por1, solid-type, poorly differentiated adenocarci-

noma; por2, nonsolid-type, poorly differentiated adenocarcinoma; sig,

signet-ring cell carcinoma; and muc, mucinous adenocarcinoma
b Intramucosal carcinoma or carcinoma with submucosal invasion

(pT1) is classified as early stage; carcinoma invading muscularis

propria or deeper (pT2–4) is classified as advanced stage
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Discussion

We have shown frequent MSI in papillary and solid-type,

poorly differentiated adenocarcinomas among gastric car-

cinomas. Additionally, microsatellite-unstable gastric car-

cinomas show specific correlations with age, gender, tumor

location, less-frequent undifferentiated-type carcinoma at

early stages, and lower incidence of lymph node metastasis

at the advanced stage.

The present study demonstrates no significant difference

in the proportion of MSI between the differentiated type

and the undifferentiated type. Although predominant

intestinal-type histology in microsatellite-unstable carci-

nomas has been widely accepted [2, 4, 5, 9, 10, 23], several

reports have shown predominant poorly differentiated

histology [1], or no significant association between histo-

logical morphology and MSI [6, 11–13]. The differences

among these reports were considered to depend upon the

specific groups of cases studied and the type and number of

markers examined. As we demonstrate here, however, the

proportion of MSI is significantly correlated with histo-

logical subtype, such as papillary and solid-type, poorly

differentiated adenocarcinoma. Thus, it is likely that a

comparison of the proportions of MSI between the differ-

entiated type, including papillary adenocarcinoma, and the

undifferentiated type, including solid-type carcinoma, is

less meaningful. More useful comparisons among carci-

noma subtypes should be made according to other tumor

properties that take into account different pathways of

gastric carcinogenesis.

Fig. 2 Age-related alterations of the proportion (graphed line) of

microsatellite instability (MSI). The proportion of MSI increases with

age (8.5 % at 65–74 years, 18.4 % at 75–84 years, 35.3 % at

85–96 years; P \ 0.01). The proportion of MSI in women (27.1 %)

was significantly higher than that in men (9.6 %; P \ 0.0001). Closed

rectangles men; open rectangles women. The proportions of papillary

and solid-type, poorly differentiated adenocarcinomas in MSI-

positive tumors are 66.7 % (8/12) at 65–74 years, 60 % (24/40) at

75–84 years, and 50 % (15/30) at 85–96 years

Table 4 Comparison of clinicopathological features between

microsatellite-unstable and microsatellite-stable gastric carcinomas

MSIa MSSa P value

Age (years, median with range) 82 (68–92) 77 (51–96) \0.0001

Sex \0.0001

Male 22 201

Female 54 143

Location \0.0001

Upper 3 58

Middle 16 142

Lower 63 163

Diffuse 0 15

Rest stomach 0 4

Histological subtypeb

Differentiated type 0.005

tub1 13 111

tub2 19 114

pap 13 27

mucc 2 4

Undifferentiated type

por1 34 45 \0.001

por2 0 41

sig 1 35

mucc 0 5

Depth of invasiond

pT1 (M, SM) 36 200

pT2 (MP) 6 21 0.183

pT3 (SS) 21 62

pT4 (SE) 19 99

Lymph node metastasise

Early stage (pT1)

pN0 36 170 0.378

pN1 2 19

pN2 0 4

pN3 0 7

Advanced stage (pT2–4)

pN0 18 42 0.002

pN1 16 37

pN2 7 39

pN3 5 64

a MSI microsatellite-unstable carcinoma, MSS microsatellite-stable

carcinoma
b Subtypes: tub1, well-differentiated tubular adenocarcinoma; tub2,

moderately differentiated tubular adenocarcinoma; pap, papillary adeno-

carcinoma; por1, solid-type, poorly differentiated adenocarcinoma; por2,

nonsolid-type, poorly differentiated adenocarcinoma; sig, signet-ring cell

carcinoma; muc, mucinous adenocarcinoma
c Mucinous carcinoma is classified as differentiated or undifferentiated

type according to its histological component
d M mucosa, SM submucosa, MP muscularis propria, SS subserosa, SE

exposure of serous membrane. T classification is cited from the Japanese

Classification of Gastric Carcinoma and TNM classification (7th edition,

2009)
e N classification is cited from the Japanese Classification of Gastric

Carcinoma and TNM classification (7th edition, 2009)
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More than one third of papillary and solid-type, poorly

differentiated adenocarcinomas showed MSI in elderly

patients with gastric carcinomas. High proportions

(26–40 %) of MSI have been reported in papillary carci-

noma [8, 24]. Papillary or papillotubular adenocarcinoma

is proposed to be a distinct morphological type with a

molecular pathway of MSI because microsatellite-unstable

papillary carcinoma has been found to exhibit preferential

hypermethylation of the hMLH1 promoter, with absence of

hMLH1 expression, and frequent mutations in genes such

as BAX, TGFbRII, MSH3, and MSH6 [8]. The papillary or

papillotubular type of early gastric carcinoma also showed

centromere numerical abnormality [25]. On the other hand,

few reports have mentioned the proportion of MSI in solid-

type poorly differentiated adenocarcinomas. Although a

few reports have demonstrated a high proportion (64 %) in

poorly differentiated adenocarcinomas [1], to our best

knowledge, this is the first report to demonstrate that the

greatest frequency of MSI occurs in solid-type carcinomas.

Recent molecular studies have also demonstrated that

solid-type gastric cancers have different genetic profiles

from those of other poorly differentiated adenocarcinomas

[23]. In poorly differentiated gastric carcinomas, solid-type

carcinoma is believed to be a different entity from non-

solid-type and signet-ring cell carcinomas. Therefore, both

papillary and solid-type, poorly differentiated adenocarci-

nomas are peculiar histological subtypes that show different

characteristics from those of other types, such as tubular

adenocarcinoma and signet-ring cell carcinoma.

MSI-positive gastric carcinomas were also found to

correlate with age, gender, and tumor location. Several

reports, together with our results, have demonstrated that

Fig. 3 Kaplan–Meier analysis

of cancer-specific survival in

patients with microsatellite-

unstable (MSI) and

microsatellite-stable (MSS)

gastric carcinomas. There is no

significant difference in cancer-

specific survival rates between

microsatellite-unstable (MSI)

and microsatellite-stable (MSS)

gastric carcinomas in overall

(a), stage I (b), stage III (d), and

stage IV (e), although

microsatellite-stable carcinomas

show significantly better

prognosis (P = 0.014)

in stage II (c)
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microsatellite-unstable gastric carcinomas are significantly

associated with the elderly [2, 4–6], women [3, 5], and

antral location [2, 4, 5, 9]. These characteristics are similar

to those of medullary-type, poorly differentiated adeno-

carcinoma of the colorectum, which is a representative

MSI-positive carcinoma showing predominant occurrence

in older age, women, and the proximal colon [26]. Med-

ullary-type colorectal carcinoma shows hypermethylation

of the hMLH1 promoter with loss of hMLH1 expression

[26]. As already mentioned, papillary adenocarcinoma of

the stomach has the same features [8]. Therefore, this

evidence suggests that gastrointestinal carcinomas with

MSI predominantly occur at a specific site within each

organ in elderly women.

Microsatellite-unstable gastric carcinoma shares histo-

logical and molecular features with those occurring in

Epstein–Barr virus (EBV)-associated carcinoma: moder-

ately differentiated or poorly differentiated adenocarci-

noma with lymphocyte infiltration and hypermethylation of

the gene promoter. Age-related MSI-positive gastric car-

cinoma showed a strong relationship with hMLH1 meth-

ylation with absent hMLH1 expression [7], showing

characteristic features such as older age, female predomi-

nance, and antral location. On the other hand, EBV-asso-

ciated gastric carcinoma has a relationship with

hypermethylation of the promoter region of various genes.

In EBV-associated carcinoma, however, CpG islands in the

hMLH1 promoter region are not frequently hypermethy-

lated, resulting in a low proportion of MSI. Moreover,

EBV-associated gastric cancers preferentially occur in the

cardia or body of the stomach in relatively younger patients

with male predominance [27]. Thus, these data suggested

that despite the presence of common features, two kinds of

tumors occur in the development of different carcinogen-

esis and show different disease entities from each other.

The present study demonstrates that almost all early

gastric carcinomas with MSI are of the differentiated type,

whereas the undifferentiated-type component appears

primarily in advanced stages. In other words, gastric

carcinoma with MSI develops principally as a differenti-

ated-type tumor that then progresses to a more poorly

differentiated tumor over time. This phenomenon raises the

question of whether MSI-positive papillary adenocarci-

noma at early stages is related to solid-type, poorly dif-

ferentiated adenocarcinoma at advanced stages. Adachi

et al. reported that papillotubular differentiation in the

mucosa of tumor margins was seen in 38 % of poorly

differentiated medullary carcinomas and hypothesized that

medullary-type carcinomas arise as papillary adenocarci-

nomas in the gastric mucosa and then become solid or

medullary after tumor invasion through the gastric wall

[28]. The evidence that both papillary and solid-type ade-

nocarcinomas show similar biological behavior, such as

frequent liver metastasis [28–30], together with our results

supports this hypothesis. Thus, MSI-positive, solid-type,

poorly differentiated adenocarcinomas may develop from

glandular adenocarcinomas, exhibiting increasing histo-

logical diversity with tumor growth.

From the biological point of view, the present study

demonstrated that there was no significant difference in

prognosis between microsatellite-unstable and microsatel-

lite-stable gastric carcinomas. This result was in accor-

dance with reports by several investigators [4, 9]. However,

other reports demonstrated that microsatellite-unstable

carcinoma showed better prognosis, especially in stage II.

In contrast, our results indicated worse prognosis in

microsatellite-unstable carcinomas in stage II, which may

be the result of histological differences among the cases

examined. The reports in which microsatellite-unstable

carcinoma had an association with intestinal-type histology

preferably showed better prognosis [3, 5]. Thus, it is still

controversial whether microsatellite-unstable carcinoma

has better prognosis, even though the tumor has a lower

incidence of lymph node metastasis.

In conclusion, MSI is preferentially observed in specific

histological subtypes: papillary adenocarcinoma and solid-

type, poorly differentiated adenocarcinoma. In addition,

gastric carcinoma with MSI may originate from differen-

tiated-type carcinoma, indicating histological diversity

during tumor growth.
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Table 5 Relationship between microsatellite status and histological

type

Histological classificationa MSI MSS P value

Early stage (pT1)b

Differentiated type 25 139 0.02

Mixed type 11 33

Undifferentiated type 0 28

Advanced stage (pT2–4)b

Differentiated type 15 63 0.95

Mixed type 14 56

Undifferentiated type 17 63
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b Intramucosal carcinoma or carcinoma with submucosal invasion,
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