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Microsatellite instability (MSI) is observed in 13–44%
of gastric carcinoma. The etiology of MSI in gastric
carcinoma has not been clearly defined. To assess the
role of mismatch repair in the development of MSI in
gastric cancer, expression of hMSH2 and hMLH1 was
explored. We examined 117 gastric carcinomas for
MSI and observed instability at one or more loci in 19
(16%) of these tumors. Of the 19 tumors with MSI,
nine exhibited low-rate MSI (MSI-L) with instability at
<17% of loci, whereas the remaining 10 exhibited
high-rate MSI (MSI-H) with instability at >33% of loci
examined. Immunohistochemical staining for hMLH1
and hMSH2 was performed on eight of the tumors
with MSI-H, five with MSI-L, and 15 tumors without
MSI. All eight tumors with MSI-H showed loss of stain-
ing for either hMLH1 (n 5 5) or hMSH2 (n 5 3). In
contrast, tumors with MSI-L or without MSI all
showed normal hMSH2 and hMLH1 protein expres-
sion patterns. Moreover, all eight of the tumors with
MSI-H also showed instability at BAT-26, whereas
none of the MSI-L tumors or tumors without instabil-
ity showed instability at BAT-26. These findings sug-
gest that the majority of high-level MSI in gastric can-
cer is associated with defects of the mismatch repair
pathway. Although larger studies are needed, BAT-26
appears to be a sensitive and specific marker for the
MSI-H phenotype in gastric carcinoma. (Am J Pathol
1999, 155:205–211)

Microsatellite instability (MSI) is a form of genetic insta-
bility observed in virtually all tumors from patients with
hereditary nonpolyposis colorectal cancer (HNPCC) and
in a subset of various sporadic tumors, including colo-
rectal, gastric and endometrial cancer.1–17 The majority
of HNPCC patients have germline mutations of one of
several DNA mismatch repair (MMR) genes, most fre-
quently hMSH2 or hMLH1.18–21 Somatic mutations, which
inactivate the remaining wild-type allele, lead to defective
MMR and a form of genomic instability known as micro-
satellite instability. Defective MMR is thought to promote
tumorigenesis by accelerating the accumulation of muta-
tions in oncogenes and tumor suppressor genes.22–24

MSI has been observed in a subset of gastric carcino-
mas ranging from 13% to 44%, depending on the group
of cases studied and the type and number of markers
examined.5,25 Interestingly, mutations of hMSH2 and
hMLH1, germline or somatic, are infrequent in sporadic
tumors with MSI, including gastric carcinoma.26,27 Stud-
ies of MSI1 sporadic colorectal cancer observed a fre-
quent absence of hMLH1 expression, despite the lack of
identifiable germline or somatic mutations of the hMLH1
gene.28,29 More recent studies have shown that hyper-
methylation of the hMLH1 promoter rather than inactivat-
ing germline/somatic mutations appear to underlie the
loss of hMLH1 expression.30,31 In this study, immunohis-
tochemical stains for hMLH1 and hMSH2 were performed
on gastric carcinoma with high-level (MSI-H), low-level
(MSI-L), or no MSI (MSS). Our results shed further light on
the origin of high-level MSI in gastric carcinoma.

Materials and Methods

Sample Collection and Processing

One hundred seventeen surgically resected primary gas-
tric adenocarcinoma specimens were collected and
stored at 280°C over the past decade from hospitals in
the United States and the Tuscany region of Italy. Normal
tissue or peripheral blood samples were obtained from
these patients as well. Sample collections were per-
formed according to internal review board–approved
protocols. Tumor, node, metastasis (TNM) staging of re-
sected cancers was assessed according to the consen-
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sus criteria adopted by the American Joint Committee on
Cancer.32 Histopathology was assessed by our gastroin-
testinal pathologist (CAM), who was blinded to the MSI
and immunohistochemistry results. Tumor infiltrating lym-
phocytes (TILs) and neutrophils (TINs) were scored on a
scale of 0–4, with 1 indicating that ,25% of cells present
were of the given type, 2 indicating 25–50%, 3 indicating
50–75%, and 4 indicating .75%. The presence of ne-
crosis was scored as minimal if ,10% of cells were part
of necrosis and overt if .10% of cells present were part
of necrosis. Cryostat sectioning and microdissection of
gastric cancer specimens to enrich for greater than 70%

neoplastic cells were performed as described previous-
ly.33 High-molecular-weight DNA was extracted from the
tumor and normal samples by established organic meth-
ods.33

Microsatellite Analyses

Primers for 32 microsatellite marker analysis were ob-
tained from Research Genetics (Huntsville, Alabama).
The primer pairs used in this study were D2S1384,
D3S2402, D5S816, D6S1017, D7S817, D8S1179,
D9S934, D11S1999, D15S657, D15S643, D17S974,
D22S683, D1S1589, D21S1440, D3S1284, D4S1551,
D4S1601, D4S43, D6S305, D6S404, D8S261, D9S171,
D10S541, D12S104, D13S154, D13S159, D16S402,
D17S784, D20S851, BAT-26, BAT-25, and TGF-b RII.
One of the paired primers was end-labeled with [g-32P]
ATP in a standard tyrosine kinase reaction and used for
polymerase chain reaction amplification in 10-ml reaction
volumes according to established protocols. Amplifica-
tion was performed on each tumor and normal DNA
sample pair and subsequently electrophoresed on 7%
acrylamide gels for autoradiographic analysis. Microsat-
ellite instability was scored as present when a novel,
abnormal sized band occurred in the tumor sample when
compared to the corresponding normal DNA sample.

Immunohistochemistry

Immunohistochemical staining for hMLH1 and hMSH2
was performed as previously described.28 The antibody
to hMSH2 (Clone FE11, 0.5 mg/ml; Oncogene Science) is

Figure 1. Representative examples of microsatellite instability observed in
our panel of primary gastric carcinomas. On analysis of marker D8S261 (A),
case 3 exhibits abnormal sized alleles in the tumor DNA (lane T) compared
to its corresponding normal DNA (lane N). The relatively monomorphic
BAT-26 marker (B) displays instability in cases 1 and 3, with abnormally
small sized alleles in the tumor DNA compared to the paired normal DNA.

Table 1. Profile of Microsatellite Instable Gastric Cancers

Case

Markers* Total no.
of MSI

loci

Rate of
MSI
(%)‡

Mono
(3)† Tetra (12) Tri (2) Di (15)

G6 2§ 4 1 4 11 34
G15 2§ 5 1 6 14 44
G22 3§ 9 2 11 25 78
G30 0 2 0 2 4 13
G38 3§ 5 1 3 13 41
G49 0 2 0 1 3 9
G52 0 0 0 1 1 3
G56 0 2 0 1 3 9
G59 0 2 0 3 5 16
G61 3§ 2 1 9 15 47
G63 1 2 0 0 3 9
G65 3§ 6 1 7 17 53
G99 1 0 0 2 3 9
G106 3§ 7 0 4 14 44
G111 0 0 0 2 2 6
G119 0 2 0 2 4 13
G134 3§ 7 1 7 18 56
G135 3§ 6 0 9 18 56
G165 3§ 8 1 8 20 63

*Number of microsatellite markers analyzed in parentheses. Tetra,
Tetranucleotide repeat; Tri, trinucleotide repeat; Di, dinucleotide repeat;
Mono, mononucleotide.

†BAT-26, BAT-25, and TGF-beta RII mononucleotide repeats
analyzed.

‡The rate of MSI is the proportion of instable loci observed
compared to the total number of loci examined (n 5 32).

§Bat-26 locus instability.
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a mouse monoclonal antibody generated with a carboxy-
terminal fragment of the hMSH2 protein, whereas the
hMLH1 antibody (clone G168-728, 1 mg/ml; Pharmingen)
is a mouse monoclonal antibody that was prepared with
full-length hMLH1 protein. Lymphocytes and normal ep-
ithelium exhibit strong nuclear staining for hMSH2 and
hMLH1 and thus served as positive internal controls for
staining of these proteins.

Statistical Analysis

Chi-square tests were used to test for associations be-
tween MSI and BAT-26 and clinicopathologic features.
The Wilcoxon rank-sum test was used to test for differ-
ences in age between the MSI categories. Because of the
limited number of cases determined to be unstable, all
associations were considered to be exploratory. Associ-
ations with a P value of ,0.05 were interpreted to denote
potentially meaningful associations.

Results

Nineteen (16%) of 117 gastric carcinomas demonstrated
microsatellite instability at one or more loci of 10 markers
initially analyzed, including BAT-26. Representative ex-
amples of tumors with MSI are shown in Figure 1. Twenty-
two additional microsatellite markers of various repeat
lengths located throughout the genome were utilized to
obtain a more detailed profile of instability in these 19
instable cases (see Table 1). A total of 12 tetra-, two tri-,
15 di-, and three mononucleotide microsatellite markers
were analyzed for these instable cases. Nine of the 19
tumors demonstrated MSI at ,17% of loci analyzed (MSI-
L), whereas the other 10 demonstrated MSI at .33% of
the loci (MSI-H), ranging from 10 to 24 instable loci.

Strikingly, all 10 MSI-H tumors demonstrated instability
at the mononucleotide marker BAT-26, whereas no MSI-L
tumors or tumors without microsatellite instability exhib-
ited instability at BAT-26. BAT-25 exhibited instability in

Figure 2. Representative examples of loss of hMSH2 or hMLH1 expression in two gastric carcinomas (G61 and G65) with high-level instability (MSI-H). The
neoplastic cells in the tumor of case G61 show a loss of hMSH2 (B) expression but normal hMLH1 (A) protein expression in the neoplastic cells. The neoplastic
cells in the tumor of case G65 display a loss of hMLH1 (C) but normal hMSH2 (D) protein expression in the neoplastic cells. Lymphocytes that show strong nuclear
staining for hMSH2 and hMLH1 serve as positive internal controls (B and C).

BAT-26 Instability and Defective Mismatch Repair 207
AJP July 1999, Vol. 155, No. 1



all 10 MSI-H tumors and in two of nine MSI-L tumors.
TGFBRII was instable in eight of 10 MSI-H tumors and
none of nine MSI-L tumors. In the MSI-H tumors, the rate
of MSI for individual markers ranged from 11% to 77% for
the dinucleotide markers and from 0% to 77% for the
tetranucleotide repeats. There was no apparent correla-
tion between the “complexity” of the repeat and the rate
of MSI with that marker.

Thirteen of the MSI1 tumors (eight MSI-H and five
MSI-L) and 15 MSS tumors with an absence of MSI were
subsequently evaluated for expression of the mismatch
repair (MMR) proteins hMSH2 and hMLH1. Paraffin-em-
bedded tumor was not available for one MSI-H and five
MSI-L tumors. The neoplastic cells of all eight MSI-H
tumors showed a loss of protein staining for either hMLH1
(n 5 5) or hMSH2 (n 5 3) (Figure 2). No tumor exhibited
a loss of both MMR proteins. In contrast, the five MSI-L
tumors and all 15 tumors without MSI had normal hMLH1
and hMSH2 protein expression patterns. Loss of MMR
protein expression correlated perfectly with BAT-26 in-
stability observed in these tumors (see Table 2).

The clinicopathological characteristics of our gastric
carcinomas are summarized in Table 3. From medical
records available to us, no case met the criteria for
HNPCC. The sister of case G106 had been diagnosed
with “esophageal cancer,” and the father of patient G38
had been diagnosed with colon cancer; however, further
details were not obtainable.

BAT-26 instability was found to be significantly (P ,
0.001) associated with MSI-H and mismatch repair loss of
protein expression (ie, hMLH1 or hMSH2). Exploratory
analyses found a mid or distal location, higher scores of
tumor infiltrating lymphocytes, and early stage to be as-
sociated with MSI-H and BAT-26 instability. Interestingly,
an association of MSI-H was also noted with cases from
the endemic region of Italy. Moreover, all nine MSI-L
cases were from the nonendemic region of North Amer-

ica, although this finding may be a function of the small
sample sizes. No other associations were considered
noteworthy.

Discussion

MSI1 gastric carcinomas in this study could be divided
into two groups, those with high-level instability (ie, MSI at
$33% of loci) and those with low-level instability (ie, MSI
at #17% of loci). All MSI-H tumors available for immuno-
staining exhibited a loss of either hMLH1 (n 5 5) or
hMSH2 (n 5 3), whereas all available MSI-L (n 5 5) and
15 MSS tumors showed normal hMLH1 and hMSH2 ex-
pression. These findings strongly suggest that defective
mismatch repair due to loss of hMLH1 or hMSH2 expres-
sion underlies the MSI phenotype in MSI-H gastric tu-
mors, but not MSI-L tumors. High-level MSI was associ-
ated with loss of hMLH1 or hMSH2 expression in all of the
tumors studied, suggesting that other defects of alterna-
tive MMR genes will infrequently be the cause of MSI-H in
gastric carcinoma.

Somatic or germline mutations of hMSH2 and hMLH1
have been infrequently observed in sporadic gastric can-
cers. Keller et al found that only one of 30 patients with
varying degrees of family history of gastric cancer had a
germline missense hMLH1 mutation.26 Another study
found three somatic hMLH1 mutations but no germline
hMSH2 or hMLH1 mutations in 18 RER1 gastric tu-
mors.27 Wu et al found a single hMSH2 somatic missense
mutations in 12 MSI gastric cancer patients.34 Recent
studies suggest that silencing of the hMLH1 gene
through hypermethylation of the hMLH1 promoter may
account for the majority of defective MMR and MSI ob-
served in sporadic colorectal, endometrial, and gastric
cancers.30,31,35–37

Recent studies, although small in number of patients
analyzed, indicate that the majority of tumors with loss of
hMSH2 expression have germline hMSH2 mutations.28,30

If this trend holds, it would suggest that most patients
whose tumors show loss of hMSH2 actually have the
HNPCC trait. Intriguingly, the father of patient G38 had
colon cancer and the sister of G106 had a history of an
“esophageal cancer.” Furthermore, patient G38, who had
a stage IIIb gastric carcinoma resected in 1994, is still
alive, consistent with the unusually good prognosis that is
sometimes observed for malignancies in HNPCC pa-
tients.38–40 Unfortunately, the lack of a detailed family
history for our three patients demonstrating loss of
hMSH2 protein expression in their gastric tumor (G38,
G61, G106) does not allow further determination of
HNPCC status in these kindred cases. Studies are under
way to assess whether these three patients have hMSH2
germline mutations.

Although the number of tumors with MSI-H was rela-
tively small, it appears that certain di- and tetranucleotide
repeats are more likely to exhibit MSI in MSI-H tumors
than other di- and tetranucleotide repeats. For example,
the dinucleotide D12S104 exhibited MSI in seven of nine
tumors, whereas dinucleotides D8S261, D9S171, and
D10S541 exhibited MSI in only one of the nine tumors.

Table 2. Correlation of MSI with hMLH1 and hMSH2
Expression

Case
MSI

status*
BAT-26
Status† IHC‡

G15 MSI-H I hMLH1 loss
G65 MSI-H I hMLH1 loss
G134 MSI-H I hMLH1 loss
G135 MSI-H I hMLH1 loss
G165 MSI-H I hMLH1 loss
G38 MSI-H I hMSH2 loss
G61 MSI-H I hMSH2 loss
G106 MSI-H I hMSH2 loss
G30 MSI-L S No loss
G56 MSI-L S No loss
G59 MSI-L S No loss
G99 MSI-L S No loss
G119 MSI-L S No loss

*MSI status was categorized as MSI-H for cases demonstrating
.33% of loci instable and MSI-L for cases demonstrating ,17% of loci
instable.

†I, Instability observed in the tumor DNA; S, no instability observed
at this mononucleotide repeat marker.

‡Immunohistochemical staining results: No loss, positive nuclear
staining of neoplastic cells for hMHL1 and hMSH2 observed; loss,
absence of nuclear neoplastic cell staining for hMLH1 or hMSH2.
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Thibodeau et al have also observed that different dinu-
cleotide repeats show different rates of MSI in MSI-H
tumors.41 The likelihood that a microsatellite repeat will
be susceptible to instability may relate to the inherent
mutation rate at that locus. Studies have shown variability
in the mutation rates of di-, tri-, and tetranucleotide re-
peats in CEPH families.42 Dietmaier et al43 found that
pure dinucleotide repeats were less likely to exhibit MSI
in MSI-H tumors than complex dinucleotide repeats.
However, we did not observe an association between the
complexity of the di- or tetranucleotide repeat and the
frequency of MSI observed in the MSI-H tumors.

In this study we find that the MSI-H phenotype shows
statistically significant associations with tumor location
(distal and mid-stomach), early stage, tumor infiltrating
lymphocytes, and geographic region of occurrence.

These findings lend further support to the hypothesis that
MSI-H gastric tumors exhibit distinct clinicopathological
characteristics. Other groups have consistently noted an
association of the MSI-H phenotype with intestinal sub-
type, distal location (eg, antral), and more favorable
prognosis.8–10,14,44–49 Furthermore, some but not all
studies have noted associations between the MSI-H phe-
notype and less frequent lymph node metastasis,8,10,49

greater depth of invasion,8 near-diploid DNA content,10

and tumoral lymphoid infiltration.8,10,48,49 A possible ex-
planation for the unique clinicopathological phenotype
observed in MSI-H gastric tumors may be the occurrence
of mutations in a distinct set of cancer-related genes
differing from those in tumors with no or low-level MSI.
Tumor suppressor genes that have been shown to be
critical targets of defective MMR in MSI-H tumors include

Table 3. Associations of MSI with Clinicopathological Features

Feature Status

MSS MSI-L MSI-H

P value*(n 5 98) (n 5 9) (n 5 10)

BAT-26 Stable 98 9 0 ,0.001
Instable 0 0 10

Age Median (range) 66 (44–80) 70 (51–77) 70 (53–88) 0.436†

Gender Male 71 8 6 0.348
Female 27 1 4

Stage‡ I/II 37 2 7 0.038
III/IV 61 7 3

Grade Good 10 3 0 0.151
Moderate 34 0 6
Poor 54 6 4

Histology§ I 71 8 9 0.523
D 26 1 1
Mixed 1 0 0

Location Proximal 34 4 0 0.022
Mid/distal 64 5 10

Region¶ N.A. 68 9 4 0.036
Italy 30 0 6

Pathological features\ (n 5 15) (n 5 5) (n 5 8)
Mucin/intra** Neg 11 3 8 0.081

Pos 4 2 0
Mucin/extra†† Neg 12 5 6 0.533

Pos 3 0 2
Crohn’s-like reaction‡‡ Neg 8 2 2 0.111

Pos 3 1 4
N/A 4 2 2

Growth pattern Cribiform 3 1 0 0.393
Solid 6 2 4
Glandular 6 2 4

TIL‡‡ 1 12 5 3 0.016
2 1 0 4
3 2 0 1

TIN§§ 1 13 4 6 0.273
2 2 1 1
3 0 0 1

Necrosis Minimal 12 4 6 0.771
Overt 3 1 2

*Chi-square test for MSS 1 MSI-L versus MSI-H.
†Wilcoxon rank-sum test.
‡TNM stage according to AJCC criteria.32

§Histopathology according to Lauren’s classification: I 5 intestinal, D 5 diffuse.
¶Region of sample collection. N.A., North America.
\The cases studied for IHC were also analyzed for these pathological features.
**Mucin production, either intracellularly (Intra) and/or extracellularly (Extra).
††Crohn’s like reaction presence was scored as present (Pos) or absent (Neg) or not able to be determined from sample analyzed (N/A). This p-

value excludes N/A cases.
‡‡Tumor infiltrating lymphocytes (TIL) were scored on a scale of 0–4.
§§Tumor infiltrating neutrophiles (TIN) were scored on a scale of 0–4.
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TGF-b RII, IGFIIR, BAX, hMSH6, and hMSH3
genes.8,46,49–60 These same genes are infrequently mu-
tated in MSI-L or MSS tumors.49,51 In this study we found
instability of the poly A tract of the TGF-b RII gene in eight
of the 10 MSI-H tumors but none of the MSI-L tumors. This
provides further evidence for a role of TGF-b RII inacti-
vation in MSI-H tumors.

Because MSI-H gastric carcinomas appear to be clini-
copathologically distinct, it may prove valuable to have
markers that identify this subgroup of gastric cancers.
Markers with high sensitivity and specificity for the iden-
tification of MSI-H tumors would reduce the number of
markers needed to identify this phenotype and increase
the clinical feasibility of such testing. Although larger
studies should be conducted, our findings suggest that
BAT-26 instability may be a sensitive and specific marker
of the MSI-H phenotype in gastric carcinomas. An addi-
tional advantage of utilizing BAT-26 for analysis is that
there is not an absolute requirement for matching normal
DNA.61

In summary, the results of this study suggest that de-
fective expression of hMLH1 or hMSH2 accounts for the
defective MMR observed in most gastric cancers with
high-level MSI. Our study is the first to demonstrate a
significant correlation between BAT-26 instability and
loss of hMSH2 or hMLH1 protein expression in MSI-H
gastric tumors. These findings have important implica-
tions for the characterization and clinical stratification of
patients with gastric cancer.
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