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p53 Mutations and Microsatellite Instabilities in the Subtype of

Intestinal Metaplasia of the Stomach

To investigate the potential implication of the subtype of intestinal metaplasia in
the progression to the gastric carcinoma, we analyzed the mutations of the p53
gene and microsatellite instability (MSI) both in the complete type (type I) and in
the sulphomucin-secreting incomplete type (type lll) intestinal metaplasia locat-
ed adjacent to the gastric carcinoma. p53 mutations were observed in 13.3% of
type |, in 6.6% of type Il intestinal metaplasia, and in 40% of gastric carcinoma.
The difference between p53 mutations observed in type | and type Ill intestinal
metaplasia was not statistically significant. No identical mutation of the p53 gene
was found in the intestinal metaplasia and carcinoma specimens from the patients.
There was no case of intestinal metaplasia showing MSI. In gastric carcinomas,
MSI was observed in six cases (40%). The cases harboring BAT-26 instability
did not have the mutation of the p53 gene. These data suggest that intestinal meta-
plasia adjacent to gastric carcinoma, irrespective of its subtype, do not have the
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genetic alterations as showing in their carcinoma tissues.
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INTRODUCTION

Gastric carcinoma is the most common malignant cancer
in the Korean population (1) and one of the most frequent
cancers in the world (2). Cancer is caused by the accumulation
of genetic alterations such as the activation of oncogenes and
inactivation of tumor suppressor genes (3). Gastric adenocar-
cinoma, especially of the intestinal type, is believed to arise
via a multistage process that includes chronic gastritis, gas-
tric atrophy, intestinal metaplasia, and finally dysplasia (4).

Intestinal metaplasia is classified into complete (I) and in-
complete (I & III) types depending on the secreted mucin
and mucosal characteristics, and these subtypes may exist con-
comitantly in a patient (5, 6). Intestinal metaplasia has long
been considered to play an important role in the development
of gastric carcinoma. Type III incomplete intestinal metapla-
sia was found to be more common in the mucosa of gastric
carcinoma than in the mucosa of chronic gastritis and greater
number of genetic mutations developed in incomplete meta-
plasia (6-9). The rate of evolution into gastric carcinoma was
4.58 times higher in type III intestinal metaplasia than in
type I intestinal metaplasia (10). These findings suggest that
incomplete intestinal metaplasia carry a higher risk for devel-
opment of gastric carcinoma than complete intestinal meta-
plasia. However, several studies did not show the relation
between type III intestinal metaplasia and gastric carcinoma
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(11, 12). Therefore, further studies are necessary to determine
the role of the subtypes of intestinal metaplasia as a marker
for gastric carcinoma.

The mutation of the p53 gene is one of the most represen-
tative genetic abnormalities in gastric carcinoma. p53 muta-
tion could also be observed in intestinal metaplasia with 2.5-
50% incidence reported (13-15). The mutation was more
commonly observed in incomplete intestinal metaplasia than
in complete intestinal metaplasia.

Microsatellite instability (MSI) is a mutator phenotype that
occurs through a loss of the mismatch repair system in cells,
and contribute to the generation of cancer by inducing muta-
tions of oncogenes and tumor suppressor genes (16, 17). In
gastric carcinoma, MSI is noted in the early stages of cancer
development and is shown in 13-44% of cases (18-20). The
frequency of MSI in intestinal metaplasia was variable, rang-
ing from 0% to 48% (18, 21-24).

However, these reports made their comparison on different
specimens from different patients. There have been few reports
that studied these genetic abnormalities according to the sub-
types of intestinal metaplasia in a single patient.

The present study was aimed to investigate the potential
implication of the subtype of intestinal metaplasia in the rela-
tionship between intestinal metaplasia and gastric carcinoma
by comparing the mutations of the p53 gene and MSI in the
complete type (type I) intestinal metaplasia and those in the
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sulphomucin-secreting incomplete type (type III) intestinal
metaplasia located adjacent to the gastric carcinoma.

MATERIALS AND METHODS

Tissue specimens

The study subjects were 15 patients with intestinal type
gastric carcinoma operated at St. Mary’s Hospital of Catholic
University of Korea. The tissue specimens of both complete
(type I) and incomplete (type III) intestinal metaplasia were
acquired from resected normal tissues adjacent to the gastric
carcinoma. The neutral mucin and acidic sialomucin in intesti-
nal metaplasia was confirmed by alcian blue (pH 2.5)/ peri-
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odic acid Schiff stain and the sulphomucin was confirmed by
high iron diamine/alcian blue (pH 2.5) stain. Type I intestinal
metaplasia was determined by the presence of goblet cells
that secrete acidic sialomucin (stained blue) between nonsecret-
ing absorptive cells as well as the presence of brush border
and in some cases, Paneth cells at the crypt base. Type III
intestinal metaplasia was determined by presence of abun-
dant immature columnar cells and also secretion of sulpho-
mucin (stained brown) by cells (5). The type III intestinal
metaplasia, although it was scarse in non-cancerous stomach,
was detected frequently in the mucosa adjacent to gastric car-
cinoma. We selected the specimens contained much of type
III intestinal metaplasia enough to extract DNA. The forma-
lin-fixed, paraffin-embedded specimens of type I, type III
intestinal metaplasia, and carcinoma were sectioned twice

Fig. 1. Microdissection. (A) an area of gastric epithelial gland be-
fore microdissection showing intestinal metaplasia surrounded
by stromal cells (H&E, original magnification, x 100). (B) the gland
easily peels off from the slide during the microdissection. (C) the
gland was dissected out, leaving a large hole behind.
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with 7-um thickness for DNA extraction. The lymph node
was used as negative control.

DNA extraction

After deparaffinization, the tissue specimens were H&E
stained and placed in glycerol buffer [2% glycerol in TE buffer
(10 mM Tris, pH 8.0, 1 mM EDTA)} for 2 min. After wip-
ing the back of the slide, the specimens were observed under
a light microscope with 40-100-fold magnification. Tissues
were extracted with 31-gauge (Becton Dickinson, Franklin
Lake, NJ, U.S.A.) needles (Fig. 1), and were placed in a 30-4L
lytic solution (0.5% Tween 20, 1 mM EDTA, pH 8.0, 50 mM
Tris-HCI pH 8.5). The process was repeated until 1,500-2,000
cells were collected. After proteinase K (2 mg/mL of lytic solu-
tion; Promega, W1, U.S.A.) was added, the mixture was incu-
bated for 48 hrat 37°C.

Sequencing analyses of the p53 gene

Exon 5 to 8 of the p53 gene were amplified by the poly-
merase chain reaction (PCR). The PCR premix included 2.5
L of the template DNA, 5 uL of 5 pmol/uL primer (25), 3
uL of 1.25 mM MgCL, 5 4L of 1.25 mM dNTP, 0.5 4L of
5 units/uL of Tag DNA polymerase (TaKaRa Biomedicals,
Shiga, Japan), 5 ¢L of 10 X buffer, and distilled water to a
final volume of 50 uL. PCR reaction was performed immedi-
ately using the MJR thermal cycler (M]J Research Inc., Water-
town, MA, U.S.A.); 1 cycle at 99°C for 5 min for denatura-
tion of the template DNA and 32 cycles at 94°C for 50 sec,
62°C for exons 5, 7, 8 and 66°C for exon 6 for 50 sec, and
72°C for 1 min. The amplified DNA were confirmed by elec-
trophoresis on 2% agarose gel (Sigma Chemical Co., St. Louis,
MO, US.A)) (Fig. 2).

The DNA sequencing was petformed on both DNA strands
using the enzymatic dideoxy chain termination sequencing
chemistry with the four different nucleotides labeled with
different fluorescent dyes (BigDye terminator cycle sequenc-
ing kit; Perkin Elmer, U.S.A.). Automated gel reader (Auto
DNA Sequenser 377XL, Applied Biosystem, U.S.A.) using
argon laser beam read the sequence trace. The sequence traces
were transferred to a computer file where they can be manu-
ally edited and further analyzed with dedicated software. The
terminator premix included the thermally stable enzyme,

Exon 5 Exon 7 Exon 8 Exon 6

N T ImTNITIHTNILTINTNILWNT

242 bp
190 bp -
147 bp

Fig. 2. Agarose gel electrophoresis of amplified products of the
p53 gene, exon 5 to 8, in the DNA from normal (N), type | (I) and
111 (11) intestinal metaplasia, and gastric carcinoma (T).
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Ampli Tzg DNA polymerase FS, dITP, 8 uL of BigDye pre-
mix, 300 ng of template DNA, 5 pmoles of primer, and dis-
tilled water to a final volume of 20 yL. It was mixed well by
vortexing. PCR reaction was performed immediately using
the Perkin Elmer GenAmp 9700 thermal cycler (U.S.A.); 1
cycle at 95°C for 1 min for denaturation of the template DNA
and 30 cycles at 96°C for 15 sec, 55°C for 15 sec, and 60°C
for 4 min. After PCR amplification, excess BigDye termina-
tors were removed from the sequencing reaction by using
spin columns or ethanol washing. The purified samples were
placed onto a sequencing gel on one lane.

Analyses of microsatellite instability

Mononucleotide markers BAT-25 and BAT-26, and dinu-
cleotide markers D25123, D55346, D13S170, D175250,
and TP53 were used in the analyses of MSI (26-30). PCR
premix included 1 (L of the template DNA, 0.4 M of primer,
125 uM of ANTP, 1.5 mM of MgClz, 0.4 unit of Tzg DNA
polymerase, 0.5 mCi of [*?PIdCTP (Amersham, Bucking-
hamshire, United Kingdom) and 1 L of 10 X buffer mixed
to a total reaction volume of 10 L. The mixture was ampli-
fied using the MJR thermal cycler (MJ Research Inc.); 1 cycle
at 95°C for 5 min for denaturation of the template DNA, 35
cycles at 95°C for 1 min, annealing at defined temperatures
on the references for 1 min, and 72°C for 1 min, and 1 cycle
at 75°C for 5 min. Two microliters of the PCR product was
mixed with 10 ¢L of loading dye (95% formamide, 20 mM
EDTA, 0.05% xylene cyanol FF, and 0.05% bromophenol
blue) and denatured at 95°C for 5 min. The sample was load-
ed in a denaturing gel (8.3 M urea and 8% acrylamide) and
electrophoresed for 3 hr. After electrophoresis, the gel was
fixed and dried onto 3 mm Whatmann paper and DNA ab-
normality was analyzed through autoradiography using Ko-
dak-OMAT film (Eastman Kodak, Rochester, NY). DNA
bands that were different in size from those obtained from
normal lymph node were considered to harbor MSI. BAT-
26 instability was regarded as the representative marker of
high frequency MSI.

RESULTS
Mutation of the p53 gene

Of the 15 cases, mutation in the p53 gene was found in 2
cases of type I intestinal metaplasia (13.3%), one case of type
11T intestinal metaplasia (6.6%), and in 6 cases of gastric car-
cinoma (40%). There was no identical mutation between in-
testinal metaplasia and carcinoma. All the detected mutation
of the p53 gene was missense mutation in which an amino
acid is replaced by another amino acid. Case No. 11 had a
silent mutation in which the altered codon coded for the same
protein (CTG—TTG, Leucine). The case No. 5 had a muta-
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tion in the splice junction between intron 7 and exon 8 (AG
—AT) in the type III intestinal metaplasia. Of the nine p53
gene mutations, four were observed in exon 5, two in exon
6, two in exon 7, and one in exon 8 (Table 1 and Fig. 3).

Microsatellite instability

In the intestinal metaplasia, no case showed microsatellite
instability. Microsatellite instabilities were observed in 6 cases

Table 1. p53 mutations in the intestinal metaplasia type | and I,
and gastric carcinoma

Case No. IMtypel IM type Il Carcinoma
1 - - -
2 - - E8, N'263*D' (AAT—GAT)
3 E6, L194F (CTT-TTT) - -
4 - - E7, G245D (GGC—-GAC)
5 - In7/E8 (AG—AT) -

: splicing mutation

E6, H193R (CAT—-CGT)

© 0N O

10 - - -
11 ES5, L145L (CTG—TTG) - -
: silent mutation

12 - - E5, Q136E (CAA-GAA)
13 - - -

14 - - E5, R175H (CGC~CAC)
15 - - E5, C176F (TGC—TTC)

IM, intestinal metaplasia; E, exon; In, intron.

* codon number. ', amino acid codes (C, cysteine; D, aspartic acid; E,
glutamic acid; F, phenylalanine; G, glycine; H, histidine; L, leucine; N,
asparagine; Q, glutamine; R, arginine; V, valine).

Exon &
176 (G=aT)

Exon 5* Exon § Exan &
1:"‘|E‘- +C) 145 (C—T) 75

Exon 6* Exon 6 Exon 7 Intran 7* Exon B
183 (T—=C) 184 (G—A) 245 (G—rA) {C—d) 263 (A5G}
WT &G ATGET GA GATAAGATGGT TGEGELGGOATE TAD TCAGG MITOGTALTC
WT AGACGETGA BATAARATGET CTCABGAT AQTOGTRATCTA
Y ||‘
i lig'i_';u. i |1
| | 14
Vol o iyl ‘”;|-|‘l | +
" |'.LI|!",|"1. I IIIII | iI'L;‘i I- v ol |n ll I|.
[RHLAS, AL G RMMLE WlanNE A

Fig. 3. Sequencing histograms of p53 mutation. Arrows, site of
mutation; WT, wild type sequence; MT, mutant sequence; *, re-
verse-strand histogram.
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(40%) of gastric carcinoma. Among these, case No. 5, 9, and
10 showed high frequency MSI, including BAT-26 instabil-
ity. In case No. 1 and 7, the instability was detected in single
dinucleotide marker as in D175250 and D138170, respec-
tively. Case No. 4 showed instabilities in two dinucleotide
markers, D175250 and TP53. Loss of heterozygosity was ob-
served in 4 cases of gastric carcinoma (26%) (Table 2 and
Fig. 4).

Table 2. Microsatellite instabilities and loss of heterozygosity
in the intestinal metaplasia and gastric carcinoma

Case No. IMtype | IMtypelll Carcinoma

1 - - MSI-L (D175250)
2 - - -
3 - - -
4 - - MSI-L (D17S250, TP53)
5 - - MSI-H (BAT-25, BAT-26, D13S170,
D175250, TP53)
6 - - -
7 - - MSI-L (D13S170)
LOH (TP53)
8 - - -
9 - - MSI-H (BAT-25, BAT-26, TP53)
10 - - MSI-H (BAT-25, BAT-26, D5S346,
D13S170, TP53)
11 - - -
12 - - -
13 - - LOH (TP53)
14 - - LOH (D135170)
15 - - LOH (D13S170, D175250, TP53)

IM, intestinal metaplasia; LOH, loss of heterozygosity; MSI-L, low fre-
quency microsatellite instability; MSI-H, high frequency microsatellite
instability.

BAT-25 BAT-26 D2S123 D5S346 D13S170 D17S250  TP53

Case 5 -'4_.<u - ﬁ<::“<-.<
Case 10 H h- E.- H‘ :4

—_——

conis W g LI

Fig. 4. Microsatellite instability analysis. For each of the 7 mono-
and dinucleotide markers, autoradiograms of microsatellite insta-
bility and loss of heterozygosity for three selected cases are shown.
Each autoradiogram has four lanes indicating normal, type | and
type lll intestinal metaplasia, and carcinoma, respectively. Case
No. 5 exhibits microsatellite instability in 5 loci (BAT-25, BAT-26,
D13S170, D17S250, and TP53), case No. 10 reveals microsatel-
lite instability in 5 loci (BAT-25, BAT-26, D5S346, D13S170, and
TP53), and case No. 15 shows loss of heterozygosity in three loci
(D13S170, D17S250, and TP53).
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Table 3. The relation between microsatellite instabilities and p53
mutations in gastric carcinoma

Case No. p53 mutation Microsatellite instability
1 - MSI-L
2 + -

3 - -

4 + MSI-L

5 - MSI-H

6 + -

7 - MSI-L

8 - -

9 - MSI-H
10 - MSI-H
11 - -
12 + -
13 - -
14 + -
15 + -

MSI-L, low frequency microsatellite instability; MSI-H, high frequency
microsatellite instability.

The relationship between microsatellite instabilities and
p53 mutations

The case harboring MSI tended not to have mutation of the
P53 gene. Of the total six cases with MSI, only one case (case
No. 4) with low frequency MSI had a mutation of the p53
gene in the gastric carcinoma. Cases with the BAT-26 insta-
bility had no concomitant mutation of the p53 gene (Table 3).

DISCUSSION

Mutation of the p53 gene and microsatellite instability have
been previously studied in subtypes of intestinal metaplasia
by immunohistochemical and molecular genetic techniques,
and much of genetic abnormalities were observed in the in-
complete type intestinal metaplasia (9, 13-15). However,
these reports compared the intestinal metaplasia from dif-
ferent specimens of different patients. In this study, DNA of
type I and type III intestinal metaplasia was extracted from
the same patient, and p53 mutation and MSI were analyzed.
The results revealed no genetic differences between type I
and type III intestinal metaplasia adjacent to their carcinoma
tissues.

The incidence of p53 mutation in intestinal metaplasia was
reported as 2.5-50% (13-15). Shiao et al. reported that p53
mutations occurred in four out of eight (50%) intestinal meta-
plasia by the polymerase chain reaction-single stranded con-
formational polymorphism (PCR-SSCP) and nucleotide se-
quence analysis (13). Gomyo et al. reported two cases with
p53 mutations from 21 cases with intestinal metaplasia
(9.5%), and they were all incomplete type intestinal meta-
plasia (14). Ochiai et al. have demonstrated that 2.5% of posi-
tive immunohistochemical stain for p53 was incomplete type
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intestinal metaplasia (15).

Cancers often harbor the same genetic abnormalities with
the premalignant lesions, which provide evidence of mono-
clonal expansion of mutated cells. This finding can be ob-
served in various cancers, such as actinic keratosis and skin
melanoma as well as dysplasia and gastric carcinoma (13, 31).
In limited studies on intestinal metaplasia, the same p53 mu-
tation was found both in intestinal metaplasia and gastric
carcinoma. However, this was not always the case. In some
cases, p53 mutation in intestinal metaplasia was different
from that in carcinoma. In this study, there was no identical
mutation of the p53 gene between intestinal metaplasia and
carcinoma. Shiao et al. showed that out of 4 cases of intesti-
nal metaplasia with p53 mutation, one case did not have the
same mutation in the gastric carcinoma (13). Gomyo et al.
reported that one of two cases did not have same mutation of
the p53 gene in intestinal metaplasia and in carcinoma (15).
As suggested by Shiao et al., these findings can be explained
by genetic alteration of a small population of cells due to in-
stability of the p53 gene, which may not be detected by DNA
sequencing (13). The other possibility may be that not all
the p53 mutations exhibited on intestinal metaplasia portend
a progression to carcinoma. Some cases of intestinal metapla-
sia may be fatal before they proceed to cancer, or may be at
an ongoing step for development of carcinoma.

In this study, MSI was observed in 40% (6/15) of cases with
gastric carcinoma, and these result was comparable to those
reported in literature (18-20). However, intestinal metapla-
sia showed no MSI. In the literature, MSI in the intestinal
metaplasia has been frequently observed, ranging from 27%
t0 48% (18, 21-23). MSI reported in intestinal metaplasia was
present at a few dinucleotide microsatellite markers. There
was no BAT-26 instability, which was known as the marker
of mismatch repair defects, in intestinal metaplasia. MSI at
a few dinucleotide microsatellite markers may not necessari-
ly be the result of defective mismatch repair, if it is not asso-
ciated with BAT-26 instability (24). In a recent study using
BAT-25, BAT-26, D25123, D55346 and D175250, there was
no instability of these markers in intestinal metaplasia adja-
cent to gastric carcinoma (24). This study was similar with
our study in the tissue specimens used, MSI markers, and the
results. The discrepancies in MSI frequencies in the reports
may result from differences in sample selection, data inter-
pretation and/or microsatellite markers used.

In this study, among the six cases of gastric carcinoma with
MSI, only one case had an accompanying mutation of the p53
gene. Cases having BAT-26 instability, which is regarded as
a representative marker for MSI, had no concomitant muta-
tion of the p53 gene. This finding is in line with those from
other studies. MSI often accompanies other genetic abnormali-
ties, mainly of the S-catenin and transforming growth factor B
recepror type I1 genes. On the other hand, mutations of the ad-
nomatous polyposis coli (APC) gene and the p53 genes appeared
to be rarely accompanied by MSI (32-35). A recent study
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showed that there was no correlation between MSI and muta-
tion of the p53 gene, suggesting that p53 mutation might
not be generated by MSI (35).

The present study suggests that intestinal metaplasia adja-
cent to gastric carcinoma, irrespective of its subtype, do not
have the genetic alterations as showing in their carcinoma
tissues. Further studies may be needed with the other genetic
markers, and with the larger amount of samples for the pur-
pose of discrimination of potential role of intestinal metapla-
sia as a precancerous lesion.

REFERENCES

1. Korea Cancer Registration Center. Annual report of cancer regis-
tration of Korea (in Korean). 1997.

2. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide incidence
frequency of eighteen mejor cancersin 1985. Int J Cancer 1993; 54:
594-606.

3. Baletta C, illato F, Sega FM, Mandlla E. Genetic alteration in
gastrointestinal cancer: a molecular and cytogenetic study. Anti-
cancer Res 1993; 13: 2325-9.

4. Correa P. Helicobacter pylori and gastric carcinogenesis. AmJ Surg
Pathal 1995; 19: S37-43.

5. Filipe MI. Histochemistry of intestinal mucins. In: Whitehead R, edi-
tor, Gagtrointestinal and Oesophageal Pathology. Edinburgh: Chur-
chill Livingstone, 1989; 71.

6. Craanen ME, Blok P, Dekker W, Ferwerda J, Tytgat GN. Subtypes
of intestinal metaplasia and Helicobacter pylori. Gut 1992; 33: 597-
600.

7. Jass JR, Filipe MI. A variant of intestinal metaplasia associated with
gadtric carcinoma: a histochemical study. Histopathology 1979; 3;
191-9.

8. Bae HI, Kim DH, Kim JR. Expression of H-ras, erb B2, and p53 pro-
teins in gagtric intestinal metaplasia associated with cdllular atyp-
ism. Korean J Pathol 1997; 31: 862-72.

9. Moss SF. Review article: Cellular markersin the gastric precancer-
ous process. Aliment Pharmacol Ther 1998; 12 (Suppl 1): 91-109.

10. Filipe MI, Munoz N, Matko |, Kato |, Pompe-Kirn V, Jutersek A,
Teuchmann S, Benz M, Prijon T. Intestinal metaplasia types and
the risk of gastric cancer: a cohort study in Sovenia. Int J Cancer
1994; 57: 324-9.

11. El-Zimaity HM, Ramchatesingh J, Saeed MA, Graham DY . Gadtric
intestinal metaplasia: subtypes and natural history. J Clin Pathol
2001; 54: 679-83.

12. Ectors N, Dixon MF. The prognostic value of sulphomucin positive
intestinal metaplasia in the development of gadtric cancer. Histopa-
thology 1986; 10: 1271-7.

13. Shiao YH, Rugge M, Correa P, Lehmann HP, Scheer WD. p53 alter-
ation in gagtric precancerous lesons. AmJ Pathol 1994; 144: 511-7.

14.Gomyo Y, Oski M, Kabara N, Ito H. Numerical aberration and
point mutation of p53 gene in human gastric intestinal metaplasia
and well-differentiated adenocarcinoma: analysis by fluorescence
insitu hybridization (FISH) and PCR-SSCP. Int J Cancer 1996; 66:

495

594-9.

15. Ochia A, Yamauchi Y, Hirohashi S. p53 mutationsin the non-neo-
plastic mucosa of the human stomach showing intestinal metaplasia.
Int J Cancer 1996; 69: 28-33.

16. Loeb LA. Microsatellite instability: marker of a mutator phenotype
in cancer. Cancer Res1994; 54: 5059-63.

17. Honchel R, Haling KC, Thibodeau SN. Genomic ingtability in neo-
plasia. Semin Céll Biol 1995; 6: 45-52.

18. Hamamoto T, Y okozaki H, Semba S, Yasui W, Yunotani S, Miyaza
ki K, Tahara E. Altered microsatellites in incomplete-type intestinal
metaplasia adjacent to primary gadtric cancers. J Clin Pathol 1997;
50: 841-6.

19. Wirtz HC, Muller W, Noguchi T, Scheven M, Ruschoff J, Hommel
G, Gabbert HE. Prognostic value and clinicopathological profile of
microsatellite instability in gastric cancer. Clin Cancer Res 1998; 4:
1749-54.

20. Moskauk CA, Rumpd CA. Alldic deletion in 11p15 isa common
occurrence in esophageal and gastric adenocarcinoma. Cancer 1998
83: 232-9.

21. Sembas, Yokozaki H, Yamamoto S, Yasui W, TeharaE. Microsatel-
lite instability in precancerous lesons and adenocarcinomas of the
stomach. Cancer 1996; 77(Suppl): 1620-7.

22. Leung WK, Kim JJ, Kim JG, Graham DY, Sepulveda AR. Micro-
satelite ingtability in gadtric intestinal metaplasia in patients with
and without gastric cancer. AmJ Pathol 2000; 156: 537-43.

23. Kobayashi K, Okamoto T, Takayama S, AkiyamaM, Ohno T, Yama
daH. Genetic ingtahility in intestinal metaplasia is a frequent event
leading to well-differentiated early adenocarcinoma of the stomach.
Eur J Cancer 2000; 36: 1113-9.

24.Jn Z, Tamura G, Satoh M, Meguro T, Miura T, Hayashi M, Osak-
abe M, Ohmura K, Ogata S, Endoh Y, Motoyama T. Absence of
BAT-26 ingtability in gastric intestinal metaplasia. Pathol Int 2001;
51: 473-5.

25.Chung YJ, Song M, Lee JY, Jung YT, Seo EJ, Choi SW, Rhyu MG.
Microsatdlite instahility-associated mutations associate preferentially
with the intestinal type of primary gadtric carcinomasin a high-risk
population. Cancer Res 1996; 56; 4662-5.

26. Parsons R, Myeroff LL, Liu B, Willson XK, Markowitz SD, Kinzler
KW, Vogegein B. Microsatellite ingtability and mutations of the
transforming growth factor beta type 11 receptor gene in colorectal
cancer. Cancer Res 1995; 55: 5548-50.

27.Dib C, Faure S, Fizames C, Samson D, Drouat N, Vignd A, Millasseau
P, Marc S, Hazan J, Seboun E, Lathrop M, Gyapay G, Morissette J,
Weissenbach J. A comprehensive genetic map of the human genome
based on 5,264 microsatellites. Nature 1996; 380: 152-4.

28.Jodyn G, Carlson M, Thliveris A, Albertsen H, Gelbert L, Samowitz
W, Groden J, Stevens J, Spirio L, Robertson M. I dentification of dele-
tion mutations and three new genes at the familial polyposis locus.
Cell 1991, 66: 601-13.

29. Weber JL, Kwitek AE, May PE, Wallace MR, Collins FS, Ledbet-
ter DH. Dinucleotide repeat polymorphisms at the D17S250 and
D173261 loci. Nucleic Acids Res 1990; 18: 4640.

30. Jones MH, Nakamura Y. Detection of |oss of heterozygosity at the
human TP53 locus using a dinucleatide repeat polymorphism. Genes



496

Chromosomes Cancer 1992; 5: 89-90.

31. Brash DE, Ziegler A, Jonason AS, Smon JA, Kunaa S, Leffell DJ.
Sunlight and sunburn in human skin cancer: p53, apoptosis, and
tumor promotion. J Investig Dermatol Symp Proc 1996; 1. 136-42.

32. Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, Lutterbaugh J,
Fan RS, Zborowska E, Kinzler KW, Vogelstein B, Brattain M, Will-
son XK. Inactivation of the type Il TGF-beta receptor in colon cancer
cdllswith microsatellite instability. Science 1995; 268; 1336-8.

33. Konishi M, Kikuchi-Yanoshita R, Tanaka K, MuraokaM, Onda A,
OkumuraY, Kishi N, lwama T, Mori T, Koike M, Ushio K, Chiba
M, Nomizu S, Konishi F, Utsunomiya J, Miyaki M. Molecular nature

S.S. Kim, C.S. Bhang, K.O. Min, et al.

of colon tumors in hereditary nonpolyposis colon cancer, familial
polyposis, and sporadic colon cancer. Gastroenterology 1996; 111:
307-17.

34. Morin PJ, Sparks AB, Korinek V, Barker N, CleversH, Vogelstein
B, Kinzler KW. Activation of beta-catenin-Tcf signaling in colon
cancer by mutations in beta-catenin or APC. Science 1997; 275:
1787-90.

35. Yamamoto H, Perez-PiteiraJ, Yoshida T, TeradaM, Itoh F, Imai K,
Perucho M. Gastric cancers of the microsatellite mutator phenotype
display characteristic genetic and clinical features. Gastroenterolo-
ay 1999; 116: 1348-57.



