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Summary To assess a role of microsatellite instability (MSI) in the development of gastric adenocarcinoma or adenoma from chronic
gastritis, we analysed mutations of five microsatellite loci in gastritis, adenoma and adenocarcinoma retrospectively. Gastric mucosa was
biopsied from the same area in each patient at different periods and examined for MSI. Only one of 55 patients with chronic gastritis revealed
MSI-H phenotype and the other 54 patients showed microsatellite stable (MSS) phenotypes. In six of 17 patients with gastric adenoma or
well-differentiated adenocarcinoma, MSI-positive phenotypes were demonstrated. Interestingly, all of six patients showing MSI, including
three high-level MSI (MSI-H) cases and three low-level (MSH-L) cases, had already revealed MSI at the stage of chronic gastritis. In two of
three MSI-H cases, the identical MSI patterns had been observed at the stage of gastritis 1.5—-7 years before the final diagnosis of
adenocarcinoma. The adjacent gastritis mucosa within 10 mm from the carcinoma demonstrated MSI as well. MSI was not found in any of 35
patients with Helicobacter pyloriinfection, but found in one of 30 patients without infection. Moreover, two of three cases of gastric adenoma
or well-differentiated adenocarcinoma with MSI-H at the stage of chronic gastritis showed no evidence of Helicobacter pylori infection
throughout the observation periods. These results indicate that MSI in biopsy specimens at the stage of chronic gastritis may predict the risk
of the progression to adenoma and well-differentiated adenocarcinoma, and that Helicobacter pylori infection itself may not induce MSI
directly in the gastric mucosa. © 2000 Cancer Research Campaign
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Gastric cancer is still the second leading cause of cancer deathltowever, no direct evidence proving that well-differentiated
Japan, although its incidence and mortality tends to be decreasirgdenocarcinoma and adenoma arise from intestinal metaplasia-
With recent development of minimum invasive surgery such asssociated gastritis mucosa with MSI has been reported.
endoscopic mucosectomy and laparoscopic gastrectomy, it is The mechanism responsible for MSI in sporadic gastric cancer
crucial to find out lesions with gastric adenoma and adenocarchas not been elucidated. Gastric mucosal atrophy and intestinal
noma at the early stage. However, no good predictable marker fonetaplasia are considered as the earliest phenotypic changes in the
development of adenoma and well-differentiated adenocarcinomaascade of events leading from normal mucosa to intestinal type
from non-malignant gastritis mucosa has been established. gastric cancer (Correa, 1992; Rugge et al., 1994; Sipponen et al.,
Microsatellite instability (MSI) or replication error (RER) at 1984).Helicobacter pylori(H. pylori) infection has been reported
microsatellite loci is mutator phenotype of genetic instabilityas an important risk factor for gastric carcinogenesis (Nomura
resulting from DNA mismatch repair failure of genes (Bronneret al., 1991; Parsonnet et al., 1991). However, the association
etal., 1994; Leach et al., 1993; Parsons et al., 1993). MSI has belketweenH. pylori infection and gastric carcinogenesis is still
described in several cancers (Eshleman and Markowitz, 1995; Hdnypothetical. In the present study, we first analysed mutations of
et al., 1993) and is thought an important predisposition for humamicrosatellite loci in biopsied paraffin-embedded tissues from
multistep carcinogenesis (Aaltonen et al., 1993; lonov et al.patients retrospectively, to elucidate whether MSI leads to the
1993). Recent studies have demonstrated that MSI positive phenprogression from intestinal metaplasia-associated gastritis mucosa
types were found in 20-40% of patients with gastric adenoto gastric adenoma and adenocarcinoma. We also investigated
carcinoma (Chong et al., 1994; Dos Santos et al., 1996) and alsdetherH. pylori infection had a direct effect on MSI in the
detected in gastritis mucosa adjacent to gastric adenocarcinorgastric mucosa of adenoma and adenocarcinoma.
(Semba et al., 1996). These results support that MSI may be an
important and early event in gastric carcinogenesis of the intestinal
type epithelium (Buonsanti et al., 1997; Chung et al., 1996)MATERIALS AND METHODS
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obtained. Serial biopsied gastric tissues were obtained from 13tage of chronic gastritis, the presencédopylori infection was
patients with gastric adenoma or well-differentiated adenocarcialso assessed by rapid urease test for gastritis mucosa and ure
noma to examine MSI phenotypes, endoscopic and histologicéireath-test as described previously (Goodwin and Hendall, 1997).
findings retrospectively, for 1-7 years before the final diagnosis.

To investigate the relationship between MSI phenotypes a”ﬁEsuurs

mucosa of chronic gastritis adjacent to the carcinoma, specimens

obtained by mucosectomy were examined in elevated-type earMutations of five microsatellite loci were examined in paraffin-
gastric adenocarcinoma. Histological examination confirmed thaémbedded sections from 55 patients with chronic gastritis. Only
the adjacent mucosa was free of adenocarcinoma and adenomae of 55 patients (2%) with chronic gastritis, including 38
Tissues from non-tumour or non-inflammatory mucosa of thepatients associated with intestinal metaplasia, revealed MSI-H
gastrointestinal tract, showing no dysplasia or metaplasia, wergghenotypes and the other 54 patients showed MSS phenotypes
used as a control in analysis of microsatellite alterations. AllTherefore, the frequency of MSI detected in chronic gastritis was
samples were fixed in formalin and embedded in paraffin. Allextremely low.

human studies are approved by the ethical review board of our We then analysed MSI-positive phenotypes using serial
institution. paraffin-embedded sections of biopsied gastric tissues in 17
patients with gastric adenoma or well-differentiated adenocarci-
noma. We also examined endoscopic and histological findings in
those patients retrospectively for 1-7 years before final diagnosis.
Microsatellite alterations on chromosomes 2p (D2S123), 3gMSI-positive phenotypes were demonstrated in six of 17 (35%)
(D3S1067), 5q (D5S409), 13g (D13S153), and 17p (TP53) wereases (Figure 1). One patient with gastric adenoma (case 7) ant
examined in paired tumour and normal DNA, as the alterationsvo patients with adenocarcinoma (cases 3 and 15) revealed MSI-
on those chromosomes have been demonstrated in gastric cardi- and three other patients (cases 2, 10 and 11) showed MSI-L.
nomas. DNA was extracted by a standard proteinase K digestidnterestingly, all three patients who showed MSI-H and three who
and phenol/chloroform extraction procedure. The extracted DNAhowed MSI-L at the time of final diagnosis revealed MSI-positive
was amplified by PCR with an appropriate pair of biotinylatedphenotypes in the specimens obtained at the stage of chronic
primers for each locus. The sequences of the primers used in thgastritis. In two of three MSI-H cases, the identical MSI patterns at
study were described previously (Tamura et al., 1995). Thirty-fivehe stage of adenocarcinoma had been already observed at th
cycles of PCR were performed using a denaturation step°@f 94 stage of intestinal metaplasia-associated gastritis 1.5-7 years
for 0.5 min, an annealing step of*&4for 1 min, and an elongation before the final diagnosis. In case 3, the sample of intestinal meta-
step of 72C for 1 min in a total volume of 5@l in 1 x PCR buffer  plasia-associated gastritis demonstrated MSI with an identical
containing 20 pM of each primer, 1 mM MgC0.2 mM of each  banding pattern as compared with thaadénocarcinomgFigure
deoxynucleotide triphosphate, 0.5 units AmpliTag DNA poly-2A). In case 7, the sample of intestinal metaplasia-associated
merase, and 100 ng genomic DNA.4%f the PCR product were gastritis demonstrated MSI with a distinct banding pattern as
added with 5ul of a 10x gel loading buffer, and heated at @4for compared with that acidenomdFigure 2B).

3 min. Electrophoresis was performed on a 6% polyacrylamide gel

containing 7 M urea at 30 W for 3.5-4 h. The gel was transferred

Analysis of microsatellite alterations

to membrane, treated with streptavidin-biotin methods, an Years before final diagnosis

exposed to X-ray film for 30 min. Briefly, the biotinylated DNA, 7 6 5 4 3 2 1 0 H. pylori infectior

blotted onto a positive-charged nylon membrane was detected w

a chemiluminescence method according to the manufacture MSH;'ase3 O—O—m negative

recommended procedure (Imaging high, Chemilumi, Toyobo C« N.D. + +

Osaka, Japan). Biotin was linked to alkaline phosphatase with u ~ case 7 9_“’"2% positive

of streptavidin. ALP activity was then detected with a chemilu case 15 () O O | negative

minogenic substrate. The autoradiogram analysis of sample a + nD. ND. Tt

control patterns was carried out. MSI-L .
MSI was determined by the mobility shift of PCR products. Ir ~ *° 2 NO_D, O+ A.,. negave

gastric adenoma or adenocarcinoma with MSI, additional banc  case 10 Q—O—Q—I negative

were found in the ngrmal allele regions. _On tht_e_ basis of_ th case 11 T O A .+ positive

number of microsatellite markers displaying instability per lesion ¥ + +

three groups were defined. MSI in two or more markers was cla + Mmsi positive N.D. not determined
sified as high-level MSI (MSI-H), MSI in one marker was inter- {3 chronic gastritis A Adenoma M Adenocarcinoma
preted as low-level MSI (MSI-L), and no MSI was defined as

. . LW Figure 1  Microsatellite instability, histological findings and H. pylori infection
microsatellite stable (MSS) (Boland et al., 1998; Kim et al. ‘(. biopsy specimens. Mutations of microsatellite loci in six patients with

1999). gastric adenoma and well-differentiated adenocarcinoma, who showed MSI-
positive phenotypes in final diagnosis, were analysed retrospectively for
1.5-7 years before final diagnosis using serial gastric mucosa biopsied from
Diagnosis of H. pylori infection the same area at different time points. Interestingly, all of six patients showing
MSI including three high-level MSI (MSI-H) cases and three low-level (MSH-
All gastric mucosal samples were stained with haematoxylin-eosL) cases had already revealed MSI at the stage of chronic gastritis 1.5-7
and microscopically evaluated by the pathologists for the prese years before the final diagnosis of gastric adenoma and adenocarcinoma.

. : . . . wo of three cases with gastric well-differentiated adenocarcinoma who
of H. pylori. In patients with gastric adenoma or well-differenti- spowed MsI-H at the stage of chronic gastritis and in final diagnosis showed

ated adenocarcinoma who showed MSI-positive phenotypes at ino evidence of H. pylori infection throughout the observation periods.
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Figure 2 Microsatellite instability banding patterns in cases 3 and 7 with
gastric well-differentiated adenocarcinoma and adenoma, respectively,
showed MSI-positive phenotypes in final diagnosis. (A) In case 3, identical
MSI patterns at the stage of adenocarcinoma (Ca) had been already
observed at the stage of intestinal metaplasia-associated gastritis (Gast) 1.5
years before the final diagnosis at two loci. Control DNA (Cont) was extracted
from tissues of non-tumour or non-inflammatory mucosa of the

gastrointestinal tract of the same patient. Primer used in this study was Figure 3 (A) Schematic picture and histological findings of resected
D13S153. (B) In case 7, MSI patterns at the stage of adenoma (Adenoma) mucosa by endoscopic mucosectomy in case 15 with gastric well-

were quite different from those in the sample of intestinal metaplasia- differentiated adenocarcinoma who showed MSI-positive phenotypes in final
associated gastritis (Gast) at 2.5 years before final diagnosis at two different diagnosis. Biopsied specimens were obtained from four different parts of the
loci. Primers used in left and right panels were D5S409 and D13S153, mucosa with gastritis (1, 2, 3 and 4) adjacent to elevated type early gastric
respectively. adenocarcinoma (a, b and c). (B) MSI banding patterns, in four different parts

of the mucosa with gastritis (Gast 1, 2, 3 and 4) adjacent to elevated type
early gastric adenocarcinoma (Ca a, b and c), demonstrated MSI. Two

We then examined MSI in the gastritis mucosa adjacent to thdifferent MSI banding patterns were observed in the mucosa of the gastritis
. . . . ... and adenocarcinoma from the same patient. Primer used in this study was

carcinoma to investigate the correlation between MSI-positivéyagqgg7.
phenotypes and histological findings. In case 15, adjacent mucosa
was resected by mucosectomy with elevated-type early gastric
adenocarcinoma. All four specimens obtained from different partsvell-differentiated adenocarcinoma who showed MSI-H at the
of the mucosa with gastritis, within 10 mm away from gastricstage of chronic gastritis and in final diagnosis showed no
adenocarcinoma, demonstrated MSI (Figures 3A and 3B). Twevidence oH. pyloriinfection throughout the observation periods
different MSI banding patterns were observed in the adjacer(Figure 1).
gastritis mucosa and adenocarcinoma from the same patient.

To assess the effect &f. pylori infection on MSI, we then
analysed MSI-positive phenotypes in 55 patients with chronicmscuss")N
gastritis with or without infection. Only one case of 55 showedin Japan, gastric lesions that Western pathologists classify into
MSI, but this case showed no evidencéiopylori infection. MSI precancerous lesions are often diagnosed as gastric carcinoma
was not found in any of 35 patients (10 with superficial gastritis(Schlemper et al., 1997). However, 2-4% of mucosal carcinomas
11 with atrophic gastritis without intestinal metaplasia and 14and 14—-20% of submucosal carcinomas that Western pathologists
with atrophic gastritis with intestinal metaplasia) with pylori would diagnose as adenoma or dysplasia showed lymph-node
infection. Moreover, two of three cases with gastric adenoma ametastasis (Sano et al., 1992). In addition, cumulative mortality
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rate of gastric cancer in Japan is extremely high as compared witthronic gastritis and in final diagnosis showed no eviden¢¢ of
that in Western countries. Therefore, diagnosis of gastric carcpylori infection throughout the observation periods. These results
noma at the early stage of the disease is crucial in Japan. indicate thatH. pylori infection is not correlated with MSI in the
Several studies demonstrated that MSI-positive phenotypegastric mucosa and may not cause MSI directly in adenoma and
were found in 20-40% of patients with gastric cancers, andvell-differentiated adenocarcinoma.
more frequently in well-differentiated and antral gastric adeno- Recent reports suggest that MSI-L does not qualify a gastric
carcinoma (Chong et al., 1994; Dos Santos et al., 1996). Moreoverancer as a mutator phenotype from a clinical point, because the
MSiI-positive phenotypes were also detected in intestinal metaaccurrence of MSI at a few loci may represent the inherent insta-
plasia-associated gastritis mucosa adjacent to well-differentiatedility of microsatellite markers or an abnormality of one of the
gastric adenocarcinoma (Semba et al., 1996). These resulBNA polymerases. MSI-H, described in hereditary nonpolyposis
suggest that MSI may be an early event in gastric carcinogenesisglorectal cancer-associated tumours (Boland et al., 1998), may
especially in the intestinal type cancer. However, there is no direéhdicate abnormalities of DNA mismatch repair genes in gastric
evidence supporting that well-differentiated adenocarcinoma andancer. However, there is considerable debate and controversy
adenoma arise from chronic gastritis mucosa with MSI. In theegarding the separation of tumours with low frequency versus
present study, we demonstrated that the frequency of MSI ithose lacking MSI (MSS). In the present study, we observed that
gastric adenoma and well-differentiated adenocarcinoma werte frequency of MSI-L in non-malignant gastritis mucosa was
almost the same as previously reported data. However, thextremely low and three cases with MSI-L in gastritis eventually
frequency of MSI detected in chronic gastritis was extremely lowdeveloped into gastric adenoma and adenocarcinoma. Therefore
We thus analysed MSI-positive phenotypes using serial sectiondSI-L phenotypes may be clinically significant in carcinogenesis
of gastric mucosa biopsied from the same area at different timef the stomach.
points. To avoid a sampling error for doing biopsy in the gastritis We are now doing prospective studies to prove that patients with
mucosa at different time-points, we investigated correlatiorintestinal metaplasia-associated gastritis showing MSI developed
between MSI-positive phenotypes and histological findings ofgastric adenoma and well-differentiated adenocarcinoma. We have
gastric adenocarcinoma and adjacent gastritis mucosa to the carfiund a patient with intestinal metaplasia-associated chronic
noma. Several different areas in the adjacent gastritis mucosmstritis who had MSI in the gastritis mucosa developed well-
within 10 mm of the cancer showed the same MSI as carcinomdifferentiated adenocarcinoma in the same area after a 3-year
This result indicates that serial MSI-positive phenotype analysis adbservation period (unpublished observation). Taken together with
the same area at different time-points is feasible. MSI analysithis finding, the present study indicates that microsatellite insta-
using serial biopsied gastric tissues demonstrated that MShility, both MSI-H and MSI-L, in the biopsy specimens of mucosa
positive phenotypes were observed in six of 17 patients withvith chronic gastritis may identify patients at risk of developing
gastric adenoma or well-differentiated adenocarcinoma and atjastric adenoma and well-differentiated adenocarcinoma.
three patients who showed MSI-H in final diagnosis revealed MSI
at the stage of chronic gastritis. This result is in contrast to our
finding that only 2% of chronic gastritis showed MSI. In two of ACKNOWLEDGEMENTS
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