
Microsatellite instability in inflamed and
neoplastic epithelium in ulcerative colitis

T Ishitsuka, H Kashiwagi, F Konishi

Abstract
Background—Several genetic alterations
have been documented in dysplasia and
cancer developing in ulcerative colitis
(UC). However, the microsatellite insta-
bility (MSI) status has rarely been de-
scribed, especially in the inflamed
epithelium of UC.
Aims—To study MSI status during neo-
plastic and inflammatory changes in UC.
Methods—Seventy five surgically resected
samples of colorectal mucosa, taken from
16 colectomy specimens of patients with
UC were examined: five patients had a
long duration with dysplasia or cancer
(UC-LD with neoplasm), seven patients
had a long duration without neoplastic
changes (UC-LD without neoplasm), and
four patients had a short duration without
neoplastic changes (UC-SD). In addition
to MSI status examined by six microsatel-
lite markers, p53 expression was com-
pared among the three groups.
Results—With regard to non-neoplastic
inflamed epithelium, MSI in two or more
loci (MSI>2) was seen more frequently in
the UC-LD without neoplasm group than
in the UC-SD group (six of 14 v one of 12;
p = 0.060), and significantly more often
than in the UC-LD with neoplasm group
(six of 14 v two of 23; p = 0.016). In the
UC-LD without neoplasm group, MSI>2
was detected significantly more frequently
in patients with severe inflammation than
in those with mild inflammation (six of
nine v none of five; p = 0.028). With regard
to neoplastic epithelium in the UC-LD
with neoplasm group, MSI in two or more
loci was found in three of 17, and p53 over-
expression was seen in 11 of 17 of the neo-
plastic lesions.
Conclusions—A high incidence of MSI in
long standing UC with severe inflamma-
tion probably reflects genomic instability
caused by repeated inflammatory stress.
Thus, the influence of inflammation
should be considered when estimating
MSI in UC. It is possible that changes in
p53 expression are important in the devel-
opment of cancer in UC.
(J Clin Pathol 2001;54:526–532)
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Microsatellites are simple repetitive sequences
of DNA that are scattered throughout the
genome. These sequences are stably inherited,
vary from individual to individual, and have a
low alteration rate.1 2 Instability within these

sequences has been recognised as a marker for
genome wide mutations and DNA repair defi-
ciencies. Microsatellite instability (MSI) has
been detected in cancers associated with
hereditary non-polyposis colorectal cancer
syndrome (HNPCC), as well as in a variety of
sporadic cancers,3–5 including colorectal can-
cers associated with ulcerative colitis (UC).6–8

MSI is a genetic condition not simply limited
to malignant and premalignant tissue. Re-
cently, there have been some reports detecting
MSI in the non-neoplastic setting, including
the inflammatory mucosa of UC.7 8

UC is an inflammatory bowel disease
characterised by recurrent, often persistent
inflammation of the colon. Patients with long
standing UC have an increased risk for the
development of colorectal carcinoma.9 Dyspla-
sia is associated with, and often precedes, the
development of invasive carcinomas in patients
with UC. When dysplasia develops in UC, it is
often widespread and multifocal, suggesting
that neoplastic progression in this condition
may result from abnormalities occurring over
large regions of the colonic mucosa.10 Continu-
ing inflammation and resultant DNA damage
in the setting of UC can cause the accumula-
tion of genetic alterations including MSI.
Thus, in UC inflammatory mucosa with MSI
may be a precursor of neoplastic changes.
However, it is possible that normal DNA repair
mechanisms become saturated as a result of the
greatly increased cell turnover and proliferation
that occurs in inflammatory bowel disease.7

To investigate the importance of MSI in
neoplastic epithelium in UC, we examined
MSI in inflamed and neoplastic epithelium in
UC, and estimated the changes in MSI under
the influence of inflammation. In addition, we
examined p53 gene product overexpression.

Methods
SAMPLES

All materials were obtained from 16 patients
with UC, who underwent surgery from 1976 to
1997 at our institute: five patients had a long
duration with dysplasia or cancer (UC-LD
with neoplasm group), seven patients had a
long duration without neoplastic changes
(UC-LD without neoplasm group), and four
patients had a short duration without neoplas-
tic changes (UC-SD group). Long duration
was defined as five years or more, and short
duration as four years or less. UC-LD with
neoplasm cases were entirely long standing
(more than 10 years). The characteristics of the
patients and the indications for surgery are
summarised in tables 1 and 2. In the UC-LD
with neoplasm group, all cases underwent sur-
gery for carcinoma or dysplasia associated with
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UC; however, in the UC-LD without neoplasm
or SD group the indication for surgery was
severe inflammation.

HISTOLOGICAL EVALUATION

Routine haematoxylin and eosin stained slides
from resected specimens were retrieved from
surgical pathology files and reviewed by two
observers. All lesions were classified according
to the criteria defined by Riddell.11

Based on the initial histological review, mul-
tiple paraYn wax blocks were selected from
each case, containing areas with both non-
neoplastic and neoplastic lesions. However,
neoplastic tumours associated with UC tended
to include multiple stages of carcinogenesis
within a tumour. Therefore, we chose diVerent
representative lesions for examination (table
1). A total of 75 colonic tissue samples from 16
patients with UC were examined. Of these
specimens, there were 49 lesions negative for
dysplasia (NFD), nine lesions indefinite for
dysplasia (IFD), six lesions of low grade

dysplasia (LGD), seven lesions of high grade
dysplasia (HGD), and four lesions with inva-
sive carcinoma (Ca).

Furthermore, the inflammatory specimens
were graded by Matts’s classification12 as
follows: normal appearance (1); some infiltra-
tion of the mucosa or lamina propria with
either round cells or polymorphs (2); much
cellular infiltration of the mucosa, lamina pro-
pria, and submucosa (3); presence of crypt
abscesses, with much infiltration of all layers of
the mucosa (4); ulceration, erosion, or necrosis
of the mucosa, with cellular infiltration of some
or all of its layers (5). Inflammation was
regarded as severe when a Matts’s score of 3 or
more was found.

The selected paraYn wax blocks from all
lesions were serially sectioned and numbered
consecutively; 5 µm thick sections were cut and
applied to glass slides.

MICROSATELLITE INSTABILITY

DNA was extracted from tissue sections
embedded in paraYn wax as described previ-
ously. Specific histological areas, measuring
approximately 1 mm or less, were removed
under a dissecting microscope using a needle.
When we sampled the inflamed mucosa, we
tried to sample the epithelium only and did not
take lymphoid follicles. Because the entire
mucosa was considered to be influenced by
repeated inflammation, we used tissue from
matched corresponding smooth muscle tissue
of the colon as a normal control.

The procured cells were dewaxed in xylene
and digested overnight at 55°C with 100 µl of a
digestion buVer containing proteinase K (Am-
bion Inc, Austin, Texas, USA).

Table 1 Clinical characteristics of patients with neoplastic lesions (ulcerative colitis of long duration with neoplasm)

Patient
Duration
(years) Indication for operation

Tumour

No. Age Sex No. Site Class Macroscopic type

1 75 F 33 Carcinoma 1 R Ca Ulcerated
HGD Nodular
LGD Villous
IFD-P Villous

2 A HGD Granular
LGD Granular

2 35 M 17 Carcinoma 1 R Ca Ulcerated
2 T HGD Flat

LGD Flat
IFD-P Flat

3 36 M 16 Stenosis of T/C (dysplasia on biopsy) 1 T Ca Ulcerated
HGD Villous
LGD Villous
IFD-P Flat

2 A HGD Flat
IFD-P Flat

3 D LGD Flat
4 A IFD-P Flat

4 37 F 12 Dysplasia of rectum and rectovaginal
fistula

1 T Ca Ulcerated
HGD Nodular
IFD-N Villous

5 55 F 15 Dysplasia of rectum 1 R HGD Flat
LGD Flat
IFD-P Flat
IFD-P Flat
IFD-N Flat

Tumour site: A, ascending colon; D, descending colon; R, rectum; T, transverse colon.
Tumour class: Ca, carcinoma; HGD, high grade dysplasia; IFD-N, indefinite for dysplasia, probably negative; IFD-P, indefinite for
dysplasia, probably positive; LGD, low grade dysplasia.

Table 2 Clinical characteristics of patients without neoplasms (UC-SD and UC-LD
without neoplasm)

Group
Patient
no.

Age
(years) Sex

Duration of
disease (years)

Indication for
surgery

UC-SD 1 37 M 0.5 Steroid resistant
2 54 M 0.5 Steroid resistant
3 22 F 2 Perforation
4 39 F 2 Toxic megacolon

UC-LD without neoplasm 1 24 F 5 Steroid resistant
2 25 M 6 Steroid resistant
3 44 F 7 Steroid resistant
4 26 F 8 Steroid resistant
5 28 F 8 Steroid dependent
6 25 F 12 Steroid resistant
7 27 F 13 Steroid resistant

UC-LD, ulcerative colitis of long duration; UC-SD, ulcerative colitis of short duration.
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DNA was amplified by the polymerase chain
reaction (PCR) as described previously. Six
microsatellite markers (D2S123, D3S1611,
D3S1029, TP53, Mfd26, and BAT26) were

used to determine the MSI status. In addition,
the gene encoding transforming growth factor â
receptor type II (TGF-âRII (poly A)), which has
been recognised as a target gene of a genetic
instability carcinogenic pathway,13 was examined
in the UC with neoplasm group. The reaction
mixture (25 µl) contained 1.0 µl of genomic
DNA, 0.20 µM each of an unlabelled primer
and a primer labelled with digoxygenin, 25 µM
of deoxynucleotide triphosphate, 10× PCR
buVer, and 0.25 units of recombinant Taq DNA
polymerase (TaKaRa Biomedicals, Shiga,
Japan). PCR products (4 µl) were mixed with
3 µl of the sequencing stop solution (Amersham,
Little Chalfont, UK) and denatured at 90°C for
five minutes. Next, 5 µl aliquots of the denatured
materials were electrophoresed on an 8%
polyacrylamide gel containing 7M urea for three
hours at 1500 V. After electrophoresis, the DNA
samples were transferred to a Hybond-N mem-
brane (Amersham) and the membrane was

Figure 1 Immunohistochemical expression of p53 in low
grade dysplasia (tumour number 2 in patient number 1 of
the ulcerative colitis of long duration with neoplasm group).
DiVuse aggregation of positive cells categorised as (++) was
seen.

Table 3 Microsatellite instability (MSI), Matts’s classification, and p53 overexpression in ulcerative colitis of long
duration with neoplasm (neoplastic and inflamed epithelium)

Patient
no.

Region
no. Class A B C D E F

Total
MSI G

Matts’s
score

p53 over
expression

1 1 Ca * † * † † † 2 † (−)
HGD † † † † * 1 † (−)
LGD † † † † 0 † (−)
IFD-P † † † † † 0 † (−)
N † † * † † 1 † 1 (−)
N * † † † † † 1 † 2 (−)

2 HGD † † † † † † 0 † (++)
LGD † † * † † † 1 † (++)
N † † † † † † 0 † 3 (−)
N * † † † † † 1 † 1 (−)
N † † † † † 0 † 1 (−)
N † † * † † 1 † 1 (−)
N † † † † 0 † 1 (−)

2 1 Ca * † † * * † 3 † (++)
N † † † † † † 0 † 1 (−)

2 HGD † † † † † † 0 † (+)
LGD † † * * † 2 † (+)
IFD-P † † † † † † 0 † (−)
N * † † * * † 3 † 1 (−)
N † † * † † 1 † 1 (−)
N * † * † 2 † 3 (−)

3 1 Ca † † † † † 0 † (++)
HGD † † † † † † 0 † (++)
LGD † † † † † * 1 † (++)
IFD-P † † † † † † 0 † (++)
N † * † † † 1 † 1 (−)

2 HGD † † † † † 0 † (−)
IFD-P † * † † 1 † (−)

3 LGD † † † † 0 † (−)
4 IFD-P † † † † † 0 † (−)

N † † † * 1 † 1 (−)
N * † † † † † 1 † 1 (−)
N * † † † † 1 † 2 (−)

4 1 Ca † † † † 0 † (++)
HGD † † † † † 0 † (++)
IFD-N † † † * † 1 † (−)
N † † † † † 0 † 3 (−)
N † † † † † 0 † 2 (−)
N † † † † † 0 † 2 (−)
N * † † † † † 1 † 2 (−)
N * † † † † † 1 † 3 (−)

5 1 HGD † † † † † † 0 † (−)
LGD † * † † † † 1 † (++)
IFD-P † † † † † † 0 † (−)
IFD-P † † † † † † 0 † (++)
IFD-N † † † † † † 0 † (−)
N † † † † † † 0 † 1 (−)
N † † † † † † 0 † 2 (−)
N † † † † † † 0 † 1 (−)

Microsatellite markers: A, D2S123; B, D2S1611; C, BAT26; D, Mfd26; E, TP53; F, D3S1629; G, TGFâRII (poly A).
MSI is indicated by an asterisk.
Ca, carcinoma; HGD, high grade dysplasia; IFD-N, indefinite for dysplasia, probably negative; IFD-P, indefinite for dysplasia,
probably positive; LGD, low grade dysplasia.
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washed with antidigoxigenin antibody conju-
gated with alkaline phosphatase, as reported
previously. After the addition of Lumi-phos530
(Wako, Osaka, Japan), the nylon membrane was
exposed to x ray film for three to 12 hours.

Allelic shift (instability) of a microsatellite
was defined by the presence of at least one
band in the DNA from the lesion that was not
present in the control smooth muscle tissue.

IMMUNOHISTOCHEMISTORY FOR THE p53 GENE

PRODUCT

p53 status was examined immunohistochemi-
cally with a mouse monoclonal antibody, DO7
(DAKO, Nutley, New Jersey, USA), specific to
the human p53 wild-type and mutant proteins
at a dilution of 1/100, using the method
reported previously. Immunostaining was per-
formed using the streptavidin–biotin immuno-
peroxidase (SAB) method in dewaxed sections
after antigen retrieval with a heat induced
epitope retrieval method. Positive p53 nuclear
staining was categorised into the following
three patterns: not stained or only a few
scattered positively stained cells (−); localised
aggregation of positive cells (+), or diVuse
aggregation of positive cells (++) (fig 1).

STATISTICAL ANALYSIS

We used contingency table analysis, and calcu-
lated Fisher’s exact probability; p values less
than 0.05 were considered significant.

Results
Seventy five tissue samples were examined for
MSI. Forty samples were positive for MSI.
Among the six microsatellites examined, 28
samples had MSI in one locus, 10 samples in
two loci, and two samples in three loci (tables 3
and 44). When MSI was found in at least one
locus, it was defined as MSI>1, and MSI>2
was defined as MSI in two or more loci. Figure

2 shows a representative gel demonstrating
MSI using the D2S123 (fig 1A) and p53 (fig
1B) microsatellite markers.

With regard to the 49 non-neoplastic lesions,
MSI>1 and MSI>2 were found in 31 and nine
lesions, respectively (table 5). Although,
MSI>1 was found with similar frequency
among the three groups, MSI>2 tended to be
found more frequently in UC-LD without
neoplasm than in UC-SD (six of 14 v one of
12; p = 0.060), and significantly more fre-
quently than in UC-LD with neoplasm (six of
14 v two of 23; p = 0.016). In addition, in
UC-LD without neoplasm, MSI>2 was de-
tected significantly more frequently in patients
with severe inflammation (Matts’s score 3 or 4)
than in patients with mild inflammation
(Matts’s score 1 or 2) (six of nine v none of five;
p = 0.028). In severe inflammation, MSI>2
was significantly more frequent in UC-LD
without neoplasm than in UC-SD (six of nine
v one of nine; p = 0.025).

With regard to the UC-LD with neoplasm
group, MSI was detected both in non-
neoplastic and in neoplastic lesions (not
significant). Among the four invasive cancers,
two lesions had MSI>2 (1.1 and 2.1; table 6).
MSI in TGF-âRII (poly A repeat) was not
found in these invasive cancers, or in the other
neoplastic lesions. p53 overexpression was
detected in 65% of neoplastic lesions, and was
not seen in non-neoplastic lesions (11 of 17 v
zero of 23; p = 0.000006). In addition, in the
neoplastic lesions, severe MSI was seen in two
of the 11 p53 positive lesions and in one of the
six p53 negative lesions.

Discussion
MSI has been described in non-neoplastic
lesions such as pancreatitis,14 intestinal meta-
plasia,15 16 and reactive lymphoid infiltrates17 of
the stomach, and Barrett’s metaplasia of the

Table 4 Microsatellite instability (MSI), Matts’s classification and p53 overexpression in UC-LD without neoplasm and UC-SD (inflamed epithelium)

Group
Patient
no.

Region
no. Class A B C D E F

Total
MSI

Matts’s
score

p53
over-expression

UC-SD 1 1 N * † † † † † 1 4 (−)
2 N † † * † † * 2 3 (−)
3 N † † † † † * 1 4 (−)

2 1 N † † † † † * 1 4 (−)
2 N † † † * † † 1 3 (−)
3 N † † † † † * 1 4 (−)

3 1 N † † † † † 0 2 (−)
2 N † † † † † 0 3 (−)
3 N † † † † * 1 2 (−)

4 1 N † † † † † † 0 1 (−)
2 N † † † † † † 0 3 (−)
3 N † † † † * 1 4 (−)

UC-LD without neoplasm 1 L N † † † † 0 2 (−)
R N † † † * † 1 4 (−)

2 L N † * * † 2 4 (−)
R N † † * * † 2 3 (−)

3 L N † † 0 1 (−)
L N † † † 0 2 (−)

4 L N * † † † † 1 3 (−)
R N † * † † * † 2 3 (−)

5 L N * * † † 2 3 (−)
R N * * † 2 3 (−)

6 L N † † † * † † 1 3 (−)
R N † † * * † † 2 3 (−)

7 L N † † † † † † 0 2 (−)
L N * † † † † † 1 2 (−)

Microsatellite markers: A, D2S123; B, D2S1611; C, BAT26; D, Mfd26; E, TP53; F, D3S1629; G, TGFâRII (poly A).
MSI is indicated by an asterisk.
UC-LD, ulcerative colitis of long duration; UC-SD, ulcerative colitis of short duration.
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oesophagus.18 These lesions are almost always
associated with inflammatory diseases, and in
these situations it has been suggested that
chronic inflammation causes genetic alteration
and carcinogenesis. With regard to UC, the
first report of MSI in a UC associated
neoplasm was by Suzuki et al.6 They detected
MSI in at least one of five loci in 19% of
dysplasia and 21% of cancer cases. Further-
more, there have been some reports of MSI in
non-neoplastic mucosa aVected by UC. First,
Brentnall et al found MSI in at least one locus
among an average of seven loci in 60% of non-
neoplastic mucosa, in 85% of high grade
dysplasias, and in 40% of carcinomas, and in
two or more loci in 50%, 46%, and 40% of
these tissues, respectively.7 Second, Heinen et al
detected MSI in at least one locus among the
six loci examined in 17% of non-neoplastic
mucosa, in 5% of dysplasias, and in 17% of
carcinomas, and in two or more loci in 4%, 0%,
and 0% of these tissues, respectively.8 In our
study, in the UC-LD with neoplasm group,
MSI in at least one locus among six loci

(MSI>1) was seen in 56% of non-neoplastic
mucosa, in 38% of dysplasias (LGD and
HGD), and in 50% of carcinomas. In addition,
MSI>2 was seen in 9%, 8%, and 50% of these
tissues, respectively (tables 3 and 6)

The first question was why was MSI
detected so frequently in non-neoplastic mu-
cosa in UC, and whether such an alteration was
transient or not. Brentnall et al suggested that
MSI within non-neoplastic mucosa reflects the
saturation of the DNA repair mechanisms as a
result of chronic inflammation. They also
examined MSI in acute inflammation of
ischaemic and infectious colitis, but detected
no alteration.7 Chronic inflammation may pro-
duce enough DNA damage to exceed the
capacity of the DNA repair mechanisms.7

There is support for this hypothesis from a
study performed in Escherichia coli.19 Moreover,
there have been some reports regarding modi-
fications in the capacity of DNA repair mecha-
nisms. Brentnall et al suggested that an intronic
splice site substitution in MSH2 may predis-
pose to cancer in the setting of UC.20 Cravo et

Figure 2 Microsatellite instability (MSI) in ulcerative colitis (UC) DNA. (A) MSI of D2S123 in non-neoplastic
mucosal DNA. These two lesions existed in separate mucosa. (B) MSI of p53 was detected in DNA from the carcinoma,
but not in non-neoplastic mucosal DNA. C, constitutional DNA as a control (from smooth muscle tissue); N,
non-neoplastic mucosal DNA; Ca, DNA from carcinoma; (+), positive for MSI; (−), negative for MSI.

C

A B

N
(+)

N
(+)

C Ca
(+)

N
(–)
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al suggested that a low folate status is an additional
cause for patients with UC having MSI in the
non-neoplastic mucosa.21

In previous studies, the grade of inflamma-
tion was not discussed in relation to MSI.
However, in our study, in the UC-LD without
neoplasm group, MSI was detected signifi-
cantly more frequently in severe inflammatory
lesions than in mild inflammatory lesions. In
addition, in non-neoplastic mucosa of UC-LD
with neoplasm, the frequency of MSI>2 was
less than in UC-LD without neoplasm, in spite
of the long duration and past history of active
inflammation suggested by atrophic regenera-
tive mucosa. We thought that MSI could not be
demonstrated without clonal expansion. But in
UC with severe inflammation, clones with MSI
might disappear because of the inflammation
and ulceration. Therefore, we suggested that
MSI in inflammation reflected the severity of
chronic inflammation at the point of examina-
tion and did not necessarily imply a deficiency
in the DNA repair process. It could not be
excluded that the correlation between the
degree of inflammation and the occurrence of
MSI is an eVect of inflammatory cells, although
we tried to sample only the epithelium and
took no lymphoid follicles from the mucosa.
Our samples from inflamed epithelium might
include some inflammatory cells, although the
eVect of the scattered inflammatory cells
should be small because clonal expansion
would not occur there.

The second question was whether MSI
could cause carcinogenesis in UC. A pro-
portion of genetic alterations might repeatedly
escape repair and some of them could hit target
genes, which was not clarified in our study.
With regard to non-neoplastic lesions, MSI>2
was found significantly more often in UC-LD

without neoplasm than in UC-SD when com-
paring mucosa with a similar grade of inflam-
mation. We suggest that the chronic inflamma-
tory process causes accumulation of MSI. In
this condition, a deficiency in the DNA
mismatch repair genes might not be necessary.
In our study, MSI in neoplastic epithelium was
less frequent, and MSI in BAT 26, which is
almost 100% sensitive for colorectal cancer
with replication error phenotype,22 was rare
even in the lesions with MSI>2. Moreover,
MSI in this situation only represents a
tendency to genetic instability, and not a
specific mutation in the target genes. In our
study, we could not detect MSI in TGF-âRII
(poly A repeat), which is a major target gene of
a genetic instability carcinogenic pathway.13 In
a previous study, Souza et al detected a
TGF-âRII alteration in 17% of UC associated
neoplasms with MSI, and in 81% of unstable
colorectal cancers.23

With regard to neoplastic lesions, although
18% expressed MSI>2, p53 overexpression
was shown in 65%. Moreover, MSI and p53
overexpression were not associated; they
seemed to occur independently. The overex-
pression of p53 has been detected in UC asso-
ciated neoplasms. Taylor et al did not detect
overexpression in the non-neoplastic mucosa
samples they studied, although it was found in
30% of dysplasia cases, and 52% of cancer
cases—a similar frequency to that in sporadic
colorectal carcinomas (48%). They suggested
that alteration of the p53 locus might be
important in the progression from the non-
malignant phenotype to carcinoma.24 Ajioka et
al detected overexpression in 75% of dysplasias
and 85.7% of carcinomas.25 Therefore, we sus-
pected that the tumour suppressor pathway
represented by p53 overexpression might be
involved in the carcinogenesis associated with
UC. In addition, UC associated neoplasm is
similar to sporadic colorectal cancer, and
diVerent from HNPCC, which is invariably
associated with the MSI pathway. However, it
is possible that MSI>2 detected in two of the
four invasive cancers resulted from a deficiency
of DNA mismatch repair genes.

In summary, MSI in active inflammatory
lesions may be a transient event, and may not
be involved in carcinogenesis in UC. There-
fore, the influence of inflammation should be
taken into account when estimating MSI in
chronic inflammation cases. In past studies on
MSI in UC, the extent of inflammation has not
been estimated. In addition, MSI is a pheno-
typically silent event, as long as a mutation in a
target gene does not emerge and cause
carcinogenesis.
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