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The role and significance of microsatellite instability
(MSI) in gastric carcinogenesis remain unknown.
This study determined the chronology of MSI in gas-
tric carcinogenesis by examining intestinal metapla-
sia (IM) from patients with and without gastric can-
cer. DNA was obtained from gastric specimens of 75
patients with gastric IM (30 cancer, 26 peptic ulcer,
and 19 chronic gastritis patients) and was amplified
with a set of eight microsatellite markers. Eight
(26.7%) tumors and seven (9.3%) IM samples (three
from cancer-free patients) displayed high-level MSI
(three or more loci altered). Low-level MSI (one or
two loci altered) was detected in 50% of the tumors, in
40% of IM samples coexisting with cancer, and in 38%
of IM tissues of cancer-free individuals. Among the 30
cancer patients, microsatellites were more frequently
altered in IM coexisting with tumors that showed MSI
(P = 0.003). In addition, patients with low-level MSI
in the tumor tissues were more likely to have active
Helicobacter pylori infection than those with stable
tumors (P = 0.02). In conclusion, this study indicates
that MSI occurs not only in gastric IM of patients with
gastric carcinoma, but also in IM of cancer-free indi-
viduals. These data suggest that the progressive accu-
mulation of MSI in areas of IM may contribute to
gastric cancer development, representing an impor-
tant molecular event in the multistep gastric carcino-
genesis cascade. (Am J Pathol 2000, 156:537-543)

Gastric cancer is the second most frequent malignant
tumor in the world" and contributes to significant cancer
mortality, particularly in Asia. Multiple environmental fac-
tors, including Helicobacter pylori infection,? high salt in-
take,® N-nitroso compounds,* and anti-oxidant deficien-
cy® in the gastric mucosa, have been implicated in the
initiation of gastric carcinogenesis. These factors poten-
tially trigger genetic changes in the host gastric epithe-
lium, such as oncogene activation,® allelic loss of putative

tumor suppressor genes,” and genetic instability,® which
ultimately lead to cancer development.

Microsatellite instability (MSI), a form of genomic insta-
bility, was first described in hereditary nonpolyposis colo-
rectal cancer.® Since then, MSI has been reported in a
variety of familial and sporadic human cancers.'® Micro-
satellites are ubiquitous, short, repetitive DNA sequences
widely and randomly distributed throughout the human
genome, with unknown function.”" Microsatellite instabil-
ity in tumors is identified when alleles of novel sizes are
detected in microsatellite sequences derived from can-
cer DNA that are not present in normal tissues of the
same individual. Gastric cancers, both familial and spo-
radic, have been shown to exhibit various levels of MSI
(17%-59%).78:1°

Intestinal metaplasia (IM) is generally believed to be a
preneoplastic lesion of the stomach, which is epidemio-
logically linked to chronic H. pylori infection.' 12 Identifi-
cation of genetic changes common to both gastric IM
and carcinomas should broaden our understanding of
the molecular pathways of gastric carcinogenesis. In
contrast to colorectal cancer, current knowledge of these
intermediate genetic changes is still superficial and
largely limited to reports on mutations of p53 and APC
genes in IM and dysplasia.’'® Recently, several stud-
ies'®"8 reported MSI in areas of IM from gastric cancer
patients, suggesting that MSI may be an early event in
the multistep progression of gastric carcinogenesis.
However, the issue of whether foci of IM in individuals
without cancer also harbor MSI was not addressed. Be-
cause most gastric cancer patients have evidence of IM
in the stomach and not all patients with IM will develop
cancer, this question has important biological implica-
tions and perhaps clinical applications. We examined IM
tissues obtained from patients with gastric cancer and from
individuals without gastric malignancy at the time of exam-
ination, to elucidate the significance and chronology of
MSI in the multistep gastric carcinogenesis pathway.
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Materials and Methods

Patients

Gastric tissue samples were selected from archival
pathological specimens of patients undergoing upper
gastrointestinal endoscopy in Guro Hospital, Seoul, Ko-
rea. Endoscopic biopsies were obtained by a standard
mapping protocol that included six biopsies from corpus
and six biopsies from gastric antrum. Three different
groups of patients, including 30 patients with sporadic
gastric cancer, 26 patients with peptic ulcer diseases (17
with gastric ulcers and 9 with duodenal ulcers), and 19
patients with chronic gastritis, were studied. All patients
showed extensive metaplasia in the stomach. Ulcer pa-
tients also had evidence of chronic gastritis on histolog-
ical examination.

Histological Examination

Gastric carcinomas were classified into diffuse and intes-
tinal types as defined by Lauren."® For nontumor tissues
(IM and control), the Genta stain®® was used for grading
of H. pylori infection, chronic and active inflammation, and
IM according to the updated Sydney classification for
gastritis.?” Samples showing IM were further stained with
high iron diamine/Alcian blue, pH 2.5, for subtyping as
described by Filipe et al.?2 Type Ill or incomplete IM was
diagnosed only if sulfomucin was detected in the cyto-
plasm of cells with absorptive cell morphology; otherwise
IM was scored as a complete type. Active H. pylori infec-
tion was identified by the presence of typical organisms
in any of the available gastric biopsies of the same pa-
tient by histology.

* el /

B e, .8
- N bl g e B

- U (e .

G L R L5 Sy

Figure 1. Microdissection of IM. A: Tissue section from a typical area of gastric IM stained with the Genta stain. B: The immediately adjacent matched tissue section
after microdissection of the mucosa containing IM. Dissection of IM tissue for DNA extraction was performed following the contour of the black line drawn over
the matching adjacent tissue section, to exclude most of the lamina propria and the muscularis mucosae.

Preparation of Genomic DNA

Serial 5-um-thick sections of selected tissue blocks were
obtained on glass slides, and the areas of interest were
microdissected after matching with an adjacent section
stained with hematoxylin and eosin or Genta stain. Micro-
dissection was performed to enrich the DNA content from
the tumor or metaplastic tissues®® and to minimize DNA
contamination by other inflammatory or stromal cell nu-
clei. For tumor samples, tissues were selected to contain
more than 90% of the representative tumor in the section.
One or two IM samples were selected from biopsy sites
that contained sufficient IM tissue for microdissection
(more than 70% of the gastric epithelium replaced by IM
on the tissue section), and typically they were associated
with only mild chronic inflammation and did not display
atypical or dysplastic features (Figure 1, A and B). IM
tissues from cancer patients were chosen from an area
distant from dysplasia or the tumor (embedded in differ-
ent tissue blocks). Corresponding samples of gastric
mucosa that were free of tumor, metaplasia, and dyspla-
sia were obtained from each case as control tissue.
Therefore, cancer patients had three sets of samples
(IM, tumor, and control) whereas noncancer patients
had two sets (IM and control). After tissue deparaf-
finization, DNA was extracted with the QlAamp Tissue
Kit (Qiagen, Chatsworth, CA) following the manufactur-
er’'s instructions.

MSI Analysis

All samples were analyzed by a set of eight microsatellite
markers, which included the five reference panel markers
recommended by the National Cancer Institute workshop
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Figure 2. MSI in gastric carcinoma (T) and IM (M). A: Representative sam-
ples from different patients displaying MSI in tumor (BAT25 and BAT26) and
in IM (D2S123, D13S170, D17S5250, and TP53). N, Normal control. B: Samples
demonstrate MSI in both tumor and IM. The two panels on the left showed
similar banding patterns in tumor and IM, whereas the third panel showed a
different banding pattern between tumor and IM. The panel on the right
showed MSI in tumor only.

on MSI for cancer detection and familial predisposition.?®
There were three mononucleotide (A), repeat markers
(BAT25, BAT26, and BAT40) and five dinucleotide (CA),,
repeat markers (D25123, D5S346, D13S5170, D17S250,
and TP53).2* Oligonucleotides were synthesized by Life
Technologies Inc. (Gaitherburg, MD). One of the oligo-
nucleotide primers was end labeled with y-*>?P-labeled
ATP, using T4 polynucleotide kinase (Amersham, Arling-
ton Heights, IL). Polymerase chain reaction (PCR) ampli-
fications were then carried out in 50-ul reaction volumes,
containing 1X PCR reaction buffer (GeneAmp; Perkin-
Elmer, Branchburg, NJ), 20 pmol each of deoxynucle-
otide triphosphate (dATP, dCTP, dTTP, and dGTP; Pro-
mega, Madison, WI), 50 pmol of both labeled and
unlabeled primer, and 0.25 U of Tag polymerase (Ampli-
Taq Gold, Perkin Elmer). PCR products were diluted in
equal volumes of formamide gel loading buffer (80%
formamide, 0.1% xylene cyanol, 0.1% bromophenol blue,
2 mmol/L ethylenediaminetetraacetic acid), denatured at
95°C, and separated through 5.6 mol/L urea, 32% form-
amide, 7% polyacrylamide gels.?* MSI-positive samples
were confirmed by 7% polyacrylamide and 5.6 mol/L
urea sequencing gels. MS| was defined as a band shift in
either of the two alleles or the appearance of a band with
different size in the tumor or IM sample (Figure 2). All

Table 1. Characteristics of 30 Gastric Cancer Patients
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autoradiograms were independently interpreted by two
investigators (W. K. L. and A. R. S.). In discordant cases,
the opinion of a third observer was obtained. PCR was
repeated in samples displaying MSI, for confirmation of
the results. A specimen was defined as high-level MSI
(MSI-H) if more than 30% of the markers examined
showed instability, low-level MSI (MSI-L) if less than 30%
of the markers displayed instability, and microsatellite
stable (MSS) if none of the markers exhibited MS|.23

Statistical Analysis

The 2 or Fisher-exact test and unpaired Student’s t-test
were used for analysis of most of the categorical or
numerical data, respectively. In addition, the Mann-Whit-
ney U test was used in the comparison of nonparametric
differences between two groups, whereas the Kruskal-
Wallis test was applied in the analysis of differences
between three groups. A P value of less than 0.05 was
considered statistically significant.

Results

MSI in Gastric Carcinomas

Thirty gastric cancer patients (21 males and 9 females;
mean age 60.1 years, range 38-79 years) were studied.
None of them had a family history of gastric cancer or
hereditary nonpolyposis colorectal cancer syndrome.?®
Of all carcinomas, 21 (70%) were of the intestinal type,
and 9 (80%) were of the diffuse type. Tumors were located
in the distal stomach or antrum in 16 cases (53%), and
active H. pylori infection was detected in 27 cases (90%).

Among the 30 tumors examined, MSI-H was detected
in 8 (26.7%) and MSI-L in 15 tumor samples (50%). All
MSI-H tumors were of intestinal type and had evidence of
an active H. pylori infection in the stomach. Of eight
tumors displaying high-level MSI, seven were located in
the distal stomach (Table 1). H. pylori infection was more
frequent in patients with MSI-L than in those with MSS
tumors (57% versus 100%; P = 0.02). The mean ages of
patients with MSI-H, MSI-L, or MSS tumors were similar
(Table 1).

MSI in gastric cancer

Characteristic MSS (n = 7) MSI-L (n = 15) MSI-H (n = 8)
Mean age (SD) 58.6 (13.4) 60.2 (8.0) 62.6 (7.3)
Male:female 4:3 11:4 6:2
Histological type

Intestinal 4 9 8

Diffuse 3 6 0
Tumor location

Distal 3 6 7

Proximal 4 9 1
Active H. pylori infection 4 (57.1%) 15 (100%)* 8 (100%)

SD, standard deviation.
*P = 0.02.
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Table 2.

Frequency of Altered Microsatellites in Different Patient Groups

MSI subtypes

Patient group MSS MSI-L MSI-H
Tumor tissue (n = 30) 7 (23.3%)* 15 (50%) 8 (26.7%)**
IM tissue (n = 75) 39 (52%)* 29 (38.7%) 7 (9.3%)**
Cancer patients (N = 30) 14 (46.7%) 12 (40%) 4 (13.3%)
Noncancer patients (N = 45) 25 (55.6%) 17 (37.8%) 3(6.7%)

*P = 0.009; **P = 0.03.

MSIin IM

A total of 75 IM samples (30 from patients with gastric
cancer and 45 from noncancer patients) were studied.
Type Il IM was found in 40% of the patients with gastric
carcinoma and in 24% of the cancer-free patients, a
difference that did not reach statistical significance (Ta-
ble 3). Among noncancer patients, type Il IM was de-
tected in 35% of patients with gastric ulcer, 22% with
duodenal ulcer, and 16% with simple chronic gastritis.
The overall frequency of IM samples that exhibited
MSI-H was 9.3%, whereas MSI-L was detected in 38.7%
of IM samples (Table 2). Notably, compared with tumor
samples, IM specimens were more often MSS (52% ver-
sus 23.3%; P = 0.009) and less frequently showed high-
level instability (26.7% versus 9.3%; P = 0.03; Table 2).
Moreover, IM samples from cancer patients had a higher
frequency of MSI-H when compared with IM tissues from
cancer-free patients, but the difference was not statisti-
cally significant (13.3% versus 6.7%; P = 0.4; Table 2).
Among the 30 cancer patients, microsatellites were more

100% No. of altered
loci in IM:
80% - 4
60% -
40% A
20% A
0% I T

MSS MSI-L MSI-H

Figure 3. Frequency of altered microsatellites in IM of patients with coex-
isting MSI-H, MSI-L, and MSS tumors. The number of altered microsatellite
markers in IM (0, 1, 2, 3, and 4) of different tumor groups is indicated by
different filling patterns, which are defined on the right side of the Figure. IM
samples from patients with MSI-H tumors had significantly more loci altered
than those from MSI-L or MSS (P = 0.003).

Table 3. Characteristics of All Patients with Intestinal Metaplasia

frequently altered in IM coexisting with tumors that
showed instability (Figure 3). IM with instability at one or
more loci was found in 75% of the cases with MSI-H
tumor and 60% of the cases with MSI-L, but none was
found in the patients with MSS tumors. In addition, IM
samples from patients with MSI-H tumors had signifi-
cantly more altered loci than IM samples from patients
with MSI-L or MSS tumors (P = 0.003).

The overall rate of active H. pylori infection among the
75 patients with IM was 93.3%, and there was no signif-
icant difference in prevalence of H. pylori between the
three groups of patients (Table 3). Other gastric histolog-
ical features, such as degree of acute inflammation,
chronic inflammation, severity, and subtypes of IM, were
not significantly different in patients with MSI-H, MSI-L, or
MSS IM. The mean ages of the three groups of patients
were similar. It is important that, when microsatellite loci
were altered in both tumor and IM, the patterns of af-
fected markers were usually similar; however, discrepan-
cies were observed in three cases (Table 4 and Figure 2).

Microsatellite Marker Alterations

For each marker analyzed, MSI was more frequently de-
tected in tumor tissues than in IM (Figure 4). In general,
dinucleotide repeat markers were more frequently altered
than mononucleotide repeat markers, and alterations in
the BAT26 and TP53 markers were significantly more
frequent in tumor than in IM (P = 0.02). The results of our
expanded panel of eight microsatellite markers and the
NCIl-recommended panel are listed in Table 5. The num-
bers of patients classified into MSI-H were similar in both
panels, but the number of cases with low-level instability
increased when the expanded panel was used. Interest-
ingly, when instability in the BAT markers was compared
with all other markers, slightly over one third of the MSI-H
tumors and IM tissues had BAT instability, and a minority
of the MSI-L tumors and IM tissues displayed BAT alter-
ations (Table 6).

Characteristic MSS (n = 39) MSI-L (n = 29) MSI-H (n = 7)
Mean age (SD) 53.9 (12.7) 56.2 (13.3) 57.4(7.3)
Male:female 31:11 24:8 8:3
H. pylori infection 35 (89.7%) 28 (96.6%) 7 (100%)
IM subtypes

Incomplete 34.2% 29.6% 28.6%

Complete 65.8% 29.6% 28.6%

SD, standard deviation.
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Table 4. Patterns of Altered Microsatellites in All 16 Gastric Cancer Patients with Instability in IM

Case no. Age Sex Site BAT25 BAT26 BAT40 D25S123 D5S346 D135170 D175250 TP53
17 63 F T N N N N N N MSI N
IM N N N N N MSI MSI N
18 68 M T N N N N MSI MSI N MSI
IM N N N N N MSI N N
19 61 M T N N N MSI N MSI MSI N
IM N N N MSI N MSI MSI N
54 55 M T N MSI N MSI N MSI N N
IM N N N MSI N MSI N N
81 57 M T N N N MSI N MSI N MSI
IM N N N N N N N MSI
87 59 M T N N N N MSI MSI MSI MSI
IM N N N N N MSI MSI MSI
94 79 F T N N N N N MSI N N
IM N N N N N MSI MSI MSI
97 59 M T N N MSI N N N N N
IM N N MSI N N N N N
99 49 M T N MSI N MSI N N N N
IM N N N MSI N N N N
100 77 F T MSI MSI N N N MSI N N
IM N N N MSI N MSI N N
102 55 M T N MSI N N N N N N
IM N MSI N N N N N N
118 61 F T N N N N N MSI N MSI
IM N N MSI MSI N MSI N N
150 56 M T N N N MSI N N MSI N
IM N N N MSI N N MSI N
KO57 66 F T MSI MSI MSI MSI N MSI MSI N
IM N N MSI MSI N MSI MSI N
KO61 66 M T N N N N N N N MSI
IM N N N N N N N MSI
KO100 53 M T N N N N N MSI N N
IM N N N N N MSI N N

T, tumor; IM, intestinal metaplasia; N, normal.

To test whether MSI occurred in the histologically nor-
mal gastric mucosa from individuals without gastric dis-
ease, we compared the allelic patterns of DNA extracted
from endoscopic biopsies obtained from different parts of
the stomach (corpus and antrum) of seven individuals.
MSI, defined by the appearance of a nonidentical al-
lele(s) in the two biopsies, was not detected in any indi-
viduals with normal gastric mucosa (data not shown).

Discussion

This is the first study to examine the frequency and pat-
terns of microsatellite alterations in IM, a premalignant
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Figure 4. Patterns of microsatellite marker alterations in tumor and IM. *,
Markers BAT26 and TP53 were more frequently altered in tumor than in IM
(P =0.02).

gastric mucosal lesion, in individuals without gastric can-
cer and its association with MSI in gastric cancer. If MSI
plays an early and significant role in gastric carcinogen-
esis, one might expect to find MSI in metaplastic tissues
before the development of cancer. In this study, a high
level of MSI was detected in 26.7% of gastric cancers
and in 9.3% of the IM tissues examined. In addition,
MSI-stable tumors were associated with MSI-stable IM.
These findings suggest a sequential accumulation of in-
stability in the histological progression from IM to cancer.
Supporting this hypothesis, we also noted that MSI in IM
was more readily detected in individuals with MSI-H tu-

Table 5. Comparison of Microsatellite Alterations by Using
NCI-Recommended Panel (5 Markers) and the
Expanded Panel (8 Markers) in Tumor Metaplasia
and IM

Expanded panel
Tissue Alteration MSS  MSI-L  MSI-H  Total
Tumor
MSS 7 7 0 14
NCI Panel  MSI-L 0 6 3 9
MSI-H 0 2 5 7
Total 7 15 8 30
M
MSS 39 8 0 47
NCI Panel  MSI-L 0 17 3 20
MSI-H 0 4 4 8
Total 39 29 7 75
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Table 6. Comparison of Alterations in Mononucleotide
Microsatellite Markers and All Markers

MSS MSI-L MSI-H
Tumor 0/7 3/15 3/8
IM 0/39 4/29 3/7

mors than in those with MSS or MSI-L tumors (Figure 4).
Together, these findings suggest an early and important
role of MSI in the gastric carcinogenesis pathway, and
they may define a subset of individuals particularly sus-
ceptible to gastric cancer.

Although previous reports'®~'® had addressed the is-
sue of MSI in premalignant gastric lesions, the conclu-
sions were based on relatively small numbers of cancer
patients, and analyses of IM in patients without gastric
cancer were not performed. Two studies from Japan'®”
examined IM tissues from patients with intestinal-type
gastric cancer and detected MSI in 33% (3 of 9) and 27%
(4 of 15) IM tissues, respectively. All cases showed a
single altered locus that was identical in IM and tumor,
and MSI was limited to incomplete-type IM. In the current
study, microsatellites were similarly affected in both com-
plete and incomplete IM subtypes (Table 3). Hamamoto
et al’” examined multiple sections from gastrectomy
specimens and demonstrated the topographical distribu-
tion of microsatellite alterations at a single locus
(D1S191) in different IM samples surrounding gastric
cancer. In contrast, we identified MSI in IM tissues from
gastric endoscopic biopsies that were remote from the
primary tumor or in patients without cancer, indicating a
potentially significant role of MSI in premalignant meta-
plastic areas that are not in close proximity to the tumor.

In contrast to gastric tumors without MSI, MSI-H gastric
tumors tended to exhibit characteristic features such as
predominant distal location and were of intestinal type,
similar to a previous report.2 The pathogenetic mecha-
nisms of MSI-H tumors are better defined than those of
MSI-L and MSS tumors. MSI-H tumors may harbor frame-
shift mutations in coding regions of some cancer-related
genes, such as BAX, IGFRIl, TGFBRIl, hMSH3, and
hMSHB,'82627 thereby favoring cancer development.
The clinical significance of MSI-L in tumors is less well
understood. In the current study, low levels of instability
were frequently detected in both tumors and IM samples,
which may be attributed to the use of the expanded
microsatellite markers panel. BAT or mononucleotide
marker alterations are good indicators of MSI-H colorec-
tal cancer with underlying DNA mismatch repair deficien-
cies, and discordances between mononucleotide simple
repeats and dinucleotide repeats appear to be unusu-
al.2®2829 glightly over one third of the MSI-H gastric
tumors and IM tissues had alterations in the BAT markers.
Therefore, the majority of MSI-H cases were scored on
their dinucleotide repeat instability. The reason for the
discordance in instability between the BAT loci and the
dinucleotide loci is not clear.

Interestingly, the expression of DNA mismatch repair
proteins in mismatch-competent cells might be tran-
siently suppressed in the presence of oxidative stress.3°

In the gastric mucosa, reactive oxygen species are com-
monly released in inflamed gastric mucosa as a result of
chronic H. pylori infection, and they could be responsible
for the DNA mismatch repair deficiency underlying some
MSI-H gastric cancers.®' All tumor and IM samples with
MSI-H in this study had evidence of active H. pylori infec-
tion in the stomach. Whether inflammation resulting from
chronic H. pylori infection can account for the frequent
low-level instability and predominant dinucleotide repeat
alterations might deserve further evaluation. Nonethe-
less, it is tempting to speculate that chronic H. pylori
infection, by its effects on cell proliferation and apopto-
sis,®*#3% may accelerate the accumulation of genetic al-
terations in the gastric mucosa that would then be carried
on to IM and cancer. This was supported by the obser-
vation of Wu et al, who reported a significant association
between H. pylori infection and gastric cancer with MSI-
H.®4 It is interesting that H. pylori was present in the great
majority of stomachs with IM (MSI-positive and MSS) and
in 100% of patients with MSI-positive tumors, but was
absent in about 50% of the stomachs with MSS tumors.
This difference can be explained by several possibilities:
1) MSS tumors might develop through molecular path-
ways that characterize a specific background gastric
mucosa that constitutes an unfavorable environment for
H. pylori; 2) patients with MSI-positive tumors might be
infected with more virulent H. pylori strains; 3) host fac-
tor(s) determining susceptibility to MSI development
might affect the ability of H. pylori to persist in the gastric
environment of patients that ultimately develop MSI-pos-
itive tumors. A possibly important role of host suscepti-
bility factors in the development of MSI-positive gastric
cancer was suggested by previous studies recognizing a
significantly higher frequency of MSI in gastric cancer
samples from Korean individuals when compared with
tumors from American or Colombian patients.®®

Altered microsatellites have been identified in Barrett's
esophagus®® and non-neoplastic colonic mucosa of ul-
cerative colitis patients.®” Together with the findings of
MSI in IM, altered microsatellites have been detected in
the most common premalignant gastrointestinal lesions
and are likely to play an early role in the carcinogenesis
pathway of gastrointestinal malignancies. Although gas-
tric cancer is a common disease, molecular markers for
early diagnosis of the disease are lacking. Given the early
involvement of MSI in the multistep gastric carcinogene-
sis model, detection of MSI may serve as a surrogate
marker for the risk of gastric cancer development. It
might be helpful to identify high-risk patients, by deter-
mining MSI of preneoplastic lesions, such that close mon-
itoring or potential intervention can be instituted. Because
the majority of patients with IM will not progress to cancer
and only a proportion of these patients harbored MSI, it is
conceivable that patients with IM displaying MSI are at
greater risk of developing gastric cancer than those with-
out instability.

In conclusion, we have demonstrated a high frequency
of MSlI in gastric IM from patients with and without gastric
cancer. Taking into consideration the progressive in-
crease in MSI frequency from premalignant to malignant
lesions, our results suggest the early involvement and



continuous accumulation of MSI in gastric cells that have
entered the multistep gastric carcinogenesis pathway.
The role of detection of MSI in premalignant gastric le-
sions as a surrogate marker of risk of gastric cancer
development warrants further investigation
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