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Review
The role of microsatellite instability in gastric carcinoma
Background
During the past four years, the genetic basis of the hereditary non-polyposis colorectal cancer (HNPCC) syndrome
has emerged.1 2 Most HNPCC carcinomas exhibit a mutator phenotype characterised by widespread alterations in
the length of repetitive DNA sequences (that is, microsatellite instability). A defect in one or more of the known
DNA mismatch repair genes results in the disruption of an
enzyme system which maintains the integrity of repetitive
sequences which are usually stably inherited.3 Germline
mutations in hMLH1, hMSH2, hPMS1, hPMS2, and
possibly GTBP may account for over 90% of cases of
HNPCC.4–8
A proportion of HNPCC kindreds (the so-called Lynch
II families) are associated with a high frequency of
extracolonic carcinomas, most commonly aVecting the
stomach and endometrium.9 Endometrial and gastric carcinomas from HNPCC kindreds show evidence of microsatellite instability.10 The relation between microsatellite
instability and gastric carcinoma has received considerable
attention because of the suggestion that this mutator phenotype may also be found in sporadic carcinomas that are
characteristic of the HNPCC syndrome.11 The implication
is that there may be a group of sporadic gastric carcinomas
which are either unrecognised HNPCC cases or a different
biological subset of neoplasms, possibly requiring different
clinical management.
The literature emerging from both the East and West
concerning the role of microsatellite instability in gastric
carcinoma is both conflicting and confusing. A number of
factors have contributed to this, which include the diversity
of populations studied, diVerences in the quantity and
selection of microsatellite loci which are analysed,
diVerences in the definition of a mutator phenotype used
by various authors, and studies of small numbers of cases.
It is essential to determine whether the detection of microsatellite instability in gastric carcinomas is clinically important or purely of academic interest.

Definitions and methods of detection
Microsatellites are ubiquitous short repetitive DNA
sequences which exhibit length polymorphisms and show
variation between individuals.3 Microsatellite instability
occurs when novel sized alleles are detected in microsatellite sequences derived from carcinoma DNA which are
absent in the normal constitutional DNA from the same
person. The presence of microsatellite instability at at least
one locus may be termed microsatellite instability positive.
HNPCC associated carcinomas show microsatellite instability in the majority of microsatellite loci analysed and are
categorised as replication error positive (RER+).1 There is
currently no agreed definition as to the proportion of
unstable microsatellite loci required to classify a case as
RER+, but it is proposed that such a case should display
microsatellite instability in at least 29% of microsatellite
loci examined.1 Carcinomas demonstrating instability in
less than 29% of loci may be more appropriately referred to
as manifesting low frequency microsatellite instability. The
relevance of defining these categories will become
apparent.

Polymerase chain reaction (PCR) amplification of
microsatellite sequences, followed by electrophoresis of
radiolabelled amplification products and autoradiography
is the traditional method used to detect microsatellite
instability.1 2 Recently, an automated fluorescence PCR
microsatellite assay has been successfully developed. This
non-radioactive assay facilitates the interpretation of
results and enables a rapid throughput of samples.12
Prevalence of microsatellite instability and RER in
gastric carcinomas
SPORADIC CARCINOMAS

First reports of microsatellite instability in gastric carcinoma emerged from populations with a relatively high
incidence of this disease such as the Japanese. Han et al
analysed D2S136 and TP53 microsatellite loci with radioactive PCR technology and found that 39% of cases of
sporadic gastric carcinoma were positive for microsatellite
instability.13 A larger Japanese study found microsatellite
instability in 33% of 76 cases in their analysis of two loci.14
This contrasts with sporadic colorectal carcinoma, where
frequencies of 9–12% have been reported.1 2 15 Both of the
Japanese studies analysed small numbers of microsatellite
loci and, as a consequence, reported misleading microsatellite instability frequencies rather than RER+ cases. Their
results could have easily been a chance observation.
Nakashima et al examined six markers and reported
RER+ in 16% of their small series of 25 patients.16 A single
Japanese study which used the potentially more accurate
fluorescence PCR technique showed that only 5% of cases
had evidence of RER, although overall 23% showed
evidence of microsatellite instability.17 It should be emphasised that although these studies examined a larger number
of loci, the number of cases analysed was less than 30.
Bearing this in mind, the proportion of Japanese
carcinomas which are RER+ may be much lower than suggested by the initial reports which used small numbers of
loci.
Because there is considerable geographical variation in
the incidence and possibly the aetiology of gastric
carcinoma, reports of the prevalence of microsatellite
instability in relatively low as well as high risk populations
have emerged. One study from the United States has
shown that 15% of carcinomas are RER+.18 A German
study of 46 gastric carcinomas showed that, despite a
frequency of microsatellite instability of 24%, the frequency of RER+ was only 4%.19 Schneider et al used a
panel of 42 markers and found that only 5% of 78 cases
were RER+.20 These data suggest that the frequency of
RER+ in gastric carcinomas from Western (relatively low
risk) populations is probably similar to that in Japan—that
is, up to 15%, despite an overall prevalence of microsatellite instability in the region of 30%. The frequency of
RER+ in gastric carcinomas is similar to that observed in
sporadic colorectal carcinoma.1 2 15 21
LOW FREQUENCY MICROSATELLITE INSTABILITY VERSUS RER+

Most studies from both the East and West have
demonstrated a significant proportion of gastric carcinomas with low frequency microsatellite instability (when
<29% of loci are aVected). This is a frequent observation in
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carcinomas arising in the upper third of the stomach.22 In a
study of 138 microsatellite loci, Gleeson et al found that
only one of 38 gastric cardiac carcinomas was RER+.
Almost every remaining case (84%) showed low frequency
microsatellite instability (0.8–11.4% of loci examined).
The aetiology of this level of instability is as yet
undetermined but may reflect a “background” mutation
rate in this type of carcinoma or could relate to an intrinsic
instability of microsatellite sequences.22
Clinicopathological correlations with microsatellite
instability and RER
HISTOPATHOLOGICAL CLASSIFICATION

In colorectal cancer, sporadic cases showing RER+ share
clinicopathological features with colorectal carcinomas
from HNPCC kindreds. They tend to occur predominantly in the right side of the colon, are mucinous and
poorly diVerentiated.1 21 23 Attempts have been made to
correlate the presence of microsatellite instability with a
particular clinicopathological profile in gastric carcinoma.
However, this is diYcult owing to the diVerences in
histopathological classification adopted by Eastern and
Western groups, and the heterogeneity in the groups of
carcinomas studied.
The Japanese categorise carcinomas according to the
degree of tumour diVerentiation. A statistically significant
diVerence between the incidence of microsatellite instability in poor (64%) versus well (17%) diVerentiated carcinomas has been shown.13 However, this was contradicted by
Semba et al who analysed a larger number of loci and
reported a higher frequency in well (33%) compared with
poorly (18%) diVerentiated carcinomas (NS).24 When carcinomas are classified according to Lauren, European
authors have shown that RER+ occurs predominantly in
intestinal-type carcinomas but less frequently in the diffuse
subtype.19
TUMOUR LOCATION AND STAGE

There is no firm relation between the location of the carcinoma and the presence or absence of RER+. There are
reports of microsatellite instability predominantly in the
distal stomach16 but also fairly equally distributed in sites
throughout the stomach.25 This is may be related to diVerences in the populations studied. RER+ has been found in
both early and advanced gastric carcinomas26 and it is suggested that the frequency increases with advancing
stage.14 27 The detection of microsatellite instability in
intestinal metaplasia suggests that replication errors may
be present early in the carcinogenic process.24 However, the
pattern by which RERs accumulate during the progression
of gastric carcinoma is as yet undetermined.
Relationship with prognosis
HNPCC associated colorectal carcinomas are associated
with improved survival when compared with sporadic
colorectal carcinomas.28 RER+ sporadic colorectal neoplasms are also associated with a survival advantage over
RER− cases.15 21
Dos Santos et al have shown in a study of 61 gastric carcinomas from Portugal, that a greater proportion of the 12
RER+ cases survived to six years compared with the 49
RER− cases (p < 0.05).29 Patients with low frequency microsatellite instability had a similar outcome to those without microsatellite instability. The survival diVerence could
be explained by the fact that the frequency of RER+ was
35% for node negative cases and 14% among node positive
cases (p < 0.05). This observation is interesting and
requires further exploration on larger numbers of patients.
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Association between RER+ and genetic
predisposition
RELATION WITH A POSITIVE FAMILY HISTORY

There are reports of the detection of microsatellite
instability in small numbers of patients with a family
history of gastric cancer which are interesting but
inconclusive.30 31 In an attempt to establish a genetic link
between gastric carcinoma and microsatellite instability,
Keller et al found that in cases with a family history of at
least two first degree relatives aVected by gastric or colon
cancer, 56% were positive for microsatellite instability
(p < 0.05).19 Of patients with at least two first or second
degree relatives aVected by stomach or colorectal cancer,
78% showed microsatellite instability (p < 0.01). Unfortunately, the figures for RER+ in these separate groups were
not given. Others have failed to reveal an association
between RER+ and any family history of cancer in first
degree relatives.16 Both of these studies were on small
numbers of cases and require confirmation on larger series.
Recently, Keller et al used a standardised postal questionnaire to assess family history,32 and found that in cases
where at least one first degree relative was aVected by gastric cancer, 20% showed RER+. This was higher than the
RER+ frequency of 4% found in randomly selected cases
from a previous study of the same population of patients,
using similar microsatellite loci.19
RELATION WITH MULTIPLE PRIMARY CANCERS

Multiple synchronous gastric cancers are rarer than
synchronous colorectal carcinomas. In the colorectum, a
higher proportion of carcinomas with microsatellite instability have synchronous neoplasms than those without.12 A
recent study from Japan suggested that 53% of multiple
gastric cancers33 showed microsatellite instability compared with 21%16 of solitary primary gastric carcinomas
(p < 0.05). Although first impressions of these figures are
impressive, the frequency of RER+ (at least 29% of loci
demonstrating instability) in the study by Nakashima et al
is in fact 30% among multiple synchronous gastric
carcinomas with the remainder showing low level microsatellite instability. Although a statistically significant
diVerence between the frequency of microsatellite instability in these two groups of cases was identified,16 33 the definitions of RER+ used by Nakashima et al in each study are
diVerent and therefore statistical comparisons are inappropriate. An association between RER+ and the development
of multiple synchronous gastric carcinomas requires
confirmation.
Patients from HNPCC kindreds are at risk of developing
a second primary carcinoma and based on this Horii et al
have demonstrated an incidence of microsatellite instability
in 89% of 38 patients with multiple primary cancers
(including gastric) compared with 11% in unselected
single primary carcinomas (p < 0.0001).34 The prevalence
of RER+ was 79% overall and 60% among the 25 patients
who had a gastric carcinoma. The patients analysed in this
study may have a predisposing inherited genetic defect
which may or may not be related to HNPCC, and they
require further mutational analysis.
The studies of multiple cancers have highlighted some
important issues. There is heterogeneity in the detection of
microsatellite instability in diVerent carcinomas within the
same patient. Of the 30 patients demonstrating RER+ in the
study by Horii et al, only 13 (43%) patients showed this phenomenon in every multiple cancer tested. In Nakashima et
al’s report, one of the seven RER+ patients showed
concordance in the presence of microsatellite instability
between carcinomas from the same patient.33 These multiple
primary carcinomas may either be arising by separate
molecular pathways or be diVerent clones which have devel-
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oped on the background of a mutator phenotype. The clinical implication of this heterogeneity is that false negatives
could occur if microsatellite instability was being used as a
screening tool to detect patients at increased risk of developing cancer.

an extremely rare occurrence. It is possible, however, that
inherited or acquired defects in other genes involved in the
repair of DNA replication errors may predispose to this
mutator phenotype.
PATIENTS WITH A FAMILY HISTORY OF GASTRIC CARCINOMA

PREVALENCE OF RER+ IN YOUNG PATIENTS WITH GASTRIC
CANCER

Young patients (under 40 years of age) with gastric
carcinoma account for less than 10% of all cases. They
usually have diVuse, poorly diVerentiated, infiltrating
lesions which often arise on the background of histologically “normal” gastric mucosa. It is suggested that these
gastric carcinomas are more likely to have a genetic basis
than those occurring in older patients, which tend to grow
in the presence of chronic atrophic gastritis and intestinal
metaplasia.35
We have recently investigated a series of 10 young
patients with gastric carcinoma from the Yorkshire region
using a panel of 11 microsatellite loci and found no
evidence of microsatellite instability.36 This was somewhat
surprising as nine of the 10 cases were poorly differentiated
and as many as 64% of such cases are reported to have
microsatellite instability in a Japanese population.13 Although our study was based on a small series of patients,
the results cast doubt over the role of a mutator phenotype
as an important predisposing factor in the development of
early onset gastric cancer. This contrasts with the situation
in colorectal cancer where 58% of patients without
HNPCC aged under 35 years showed evidence of microsatellite instability, with under a half of those cases being
associated with germline DNA mismatch gene mutations.37
Mechanism of oncogenesis in RER+ gastric
carcinomas
Until recently, the mechanism by which an increase in the
frameshift mutation rate could lead to the development of
neoplasia was unknown. Transforming growth factor â
(TGF-â) is a known inhibitor of cell growth38 and exerts its
eVect by binding to a heterodimer complex containing
TGF-â-RI and TGF-â-RII receptors.39 TGF-â-RII deactivation renders epithelial cells resistant to the inhibitory
eVects of TGF-â, which may lead to uncontrolled growth.40
Markowitz et al showed that most colorectal cancer cell
lines with RER+ showed deactivation of TGF-â-RII due to
a one or two base deletion aVecting a short polyadenine
microsatellite sequence, which resulted in a truncated
protein.41 Recently, a study demonstrated that gastric carcinoma cell lines and five of seven RER+ gastric cancers
had frameshift mutations aVecting the polyadenine sequence of TGF-â-RII.42 This contrasted with 5% of RER−
gastric cancers which showed TGF-â-RII mutations. This
may represent one of possibly many mechanisms by which
a mutator phenotype could lead to gastric carcinogenesis.
Mismatch repair gene mutations in RER+ gastric
carcinomas
SPORADIC GASTRIC CARCINOMAS

We were unable to identify any reports of mutations in
DNA mismatch repair genes in RER+ sporadic gastric
carcinomas. Studies of RER+ colorectal carcinomas
suggest that mutations of hMLH1 in sporadic cases are
rare.43 Recently it was reported in a large series of 206 sporadic colorectal carcinomas that 15% showed evidence of
microsatellite instability, and overall only 1% showed a
somatic mutation which occurred in hMLH1 or hMSH2,
with no detectable germline mutations identified.44 Extrapolating these results would suggest that the frequency
of HNPCC associated DNA mismatch repair gene
mutations in sporadic RER+ gastric carcinomas would be

There are few studies addressing the genetic basis of microsatellite instability in gastric carcinomas.32 Keller et al
found a novel missense mutation present in hMLH1 from
one of 10 patients with an RER+ phenotype who had a
positive family history of gastric carcinoma. This mutation
would lead to an isoleucine–threonine alteration at codon
655, but would not lead to a truncated mismatch repair
enzyme protein which is commonly observed in HNPCC.5
The patient exhibiting an hMLH1 mutation was 71 years
old with a 72 year old uncle with a gastric carcinoma.
Although this mutation is not typical of HNPCC, it may
represent a rare novel DNA mismatch repair gene defect
predisposing to the development of gastric carcinoma in
this patient. So far, there have been no studies of hMSH2,
hPMS1, or hPMS2 mutations in gastric carcinomas from
patients with a positive family history.
Conclusions
METHODOLOGICAL CONSIDERATIONS

It fundamentally important that authors clearly define the
terms used in their analysis of microsatellite instability. The
term RER+ should probably be assigned to cases with evidence of microsatellite instability in at least two of seven (or
29%) loci. This level of microsatellite instability is suggestive of an HNPCC associated phenotype and may require
further analysis. Cases showing instability at smaller numbers of loci should not be discarded, but categorised as low
frequency microsatellite instability. Further sequence
analysis is required to determine whether or not such cases
are linked with mismatch repair gene mutations.
There is currently no consensus as to the optimal
number and type of microsatellite markers that should be
analysed. The minimum number of loci required to
confirm or exclude an RER+ phenotype should be in the
range of three to seven markers.1 10 Individual loci are more
or less susceptible to the development of microsatellite
instability, as shown by a study of gastric carcinoma using
138 markers which revealed an interlocus variability in
incidence with a range of 0 to 27%.22 The type of marker
analysed may eVect the overall prevalence of microsatellite
instability. There is currently a great need for this issue to
be standardised.
CLINICAL SIGNIFICANCE

The levels of RER+ observed in gastric carcinomas from
both Western and Eastern populations is probably in the
region of up to 15%. A further proportion of cases demonstrate low frequency microsatellite instability. Based on the
literature to date, the analysis of microsatellite instability is
currently of limited clinical value outside the context of
rare HNPCC cases. Routine analysis of microsatellite
instability in sporadic gastric carcinomas would be expensive and yield a small number of RER+ cases, of which only
a rare case may turn out to be a new or undiagnosed patient
with HNPCC. The detection of RER+ in carcinomas from
patients with a strong family history of gastric, colorectal or
endometrial cancer may yield some cases which would justify mutational analysis.
FURTHER STUDIES REQUIRED

Whereas the role of microsatellite instability and DNA
mismatch repair gene defects in HNPCC is unquestionable and well established, the relevance of this phenomenon in gastric cancer is far from clear. The possibility that
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an RER+ phenotype may predispose to the development of
multiple primary cancers needs to be supported by further
retrospective and prospective studies. This may lead to the
identification of the genetic factors responsible and could
highlight a group of patients who would benefit from closer
surveillance. The possibility that RER+ status is related to
survival requires confirmation on larger numbers of cases.
Recently is has been shown that RER+ colorectal
carcinoma cell lines are resistant to DNA damage induced
by certain cytotoxic agents.45 The responsiveness of RER+
gastric carcinomas to chemotherapeutic drugs has yet to be
tackled.
Detailed analysis of mutations in hMLH1, hMSH2,
hPMS1, hPMS2, and GTBP may elucidate the genetic
basis of RER+ gastric carcinomas. So far, no mutational
hotspots have been identified in the DNA mismatch repair
genes and therefore sequencing for mutations will be a
demanding and time-consuming process. The aetiology
and importance of low level microsatellite instability is
currently unknown and requires further investigation.
Note added in proof
Wu et al recently investigated hMSH2 mutations in sporadic gastric carcinomas displaying an RER+ phenotype.46
They found a somatic GCT to TCT missense mutation at
codon 207 (with a predicted alanine to serine amino acid
substitution in the hMSH2 protein) in one 41 year old
patient with no family history of gastric carcinoma.
Although the significance of this abnormality is uncertain,
mutations in hMSH2 may play a role in a small proportion
of sporadic gastric carcinomas.
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