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ABSTRACT

Structural alterations of the p53 gene were investigated in tissue
specimens of gastric and cervical cancers and in cell lines of gastric,
esophageal, and cervical cancers, by polymerase chain reaction-single-
strand conformation polymorphism analysis. Two of the four gastric
cancer mÃ©tastasesand four of the eight cell lines originally established
from gastric cancer mÃ©tastaseswere found to have p53 gene alterations
in the exon 5 to 11 region; point mutations and amino acid replacements
were detected in a liver and an ovary metastasis at exon 7, in the TMK1
and MkM cell lines at exon 5, and in the OKAJIMA cell line at exon
10. The normal alÃelewas not found in these cell lines. In the KATO-III
cell line, gross deletion and rearrangement of the p53 gene were noted.
However, no p53 mutations were identified in 19 primary lesions of
gastric cancer, suggesting that the p53 gene abnormality preferentially
occurs in the advanced stages of gastric cancer. In contrast to the gastric
cancer, none of the 13 esophageal cancer cell lines, including two cell
lines established from mÃ©tastases,and none of the four cervical cancer
cell lines showed any aberration in exons 5 to 11 of the p53 gene. During
the course of the study, a novel polymorphism in Â¡niron 7 of the p53 gene
was found, which can be recognized by restriction enzyme digestions of
the polymerase chain reaction product.

INTRODUCTION

Although gastric cancer is one of the most prevalent malig
nancies in the world, little is known yet about genetic changes
associated with its development and/or progression. The ras
family of oncogenes are the most frequently encountered trans
forming genes detected by NIH3T3 transfection assay in human
cancers. However, in gastric cancer, only one case with the K-
ras activation was reported (1) among about 60 cases analyzed,
including 37 cases in our laboratory (2). A recent survey using
PCR3 and oligonucleotide hybridization also revealed rarity of

the ras mutation in gastric cancer (3). The myc gene amplifi
cation was found in several gastric cancer cell lines and in
xenografts (4), but its incidence in in vivo tumors is about 10%,
the same level as in many other nongastric cancers (5). Nonran-
dom amplification, however, was noted for two oncogenes
coding for receptor-type tyrosine kinases, c-erbB-2 (6) and K-
sam/bek (KATO-III cell-derived stomach cancer amplified
gene, which is a form of bek-lype fibroblast growth factor
receptor) (7, 8); it appears that c-erbB-2 and K-sam are specif
ically amplified in well differentiated and poorly differentiated
adenocarcinomas of the stomach, respectively. Specific involve
ment of tumor suppressor genes was implicated in a variety of

Received 8/10/90; accepted 8/20/91.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This study was supported in part by Grants-in-Aid from the Ministry of
Health and Welfare for a Comprehensive 10-Year Strategy for Cancer Control,
Japan.

2To whom requests for reprints should be addressed.
3The abbreviations used are: PCR, polymerase chain reaction; PCR-SSCP,

polymerase chain reaction-single-strand conformation polymorphism; HPV, hu
man papilloma virus.

cancers [reviewed by Stanbridge (9)], but our previous study by
conventional restriction-fragment length polymorphism analy
sis failed to identify any chromosomal segment deleted at high
incidence in gastric cancer (10).

Recently, it was shown that p53, like the product of the Rb
gene, may act as a tumor suppressor (11), and its inactivation
appears to be one of the most common genetic abnormalities
in cancer, even in those without an appreciable incidence of
chromosome 17p loss (12). Comparison of the amino acid
sequences of human, mouse, and Xenopus laevis p53 proteins
revealed five blocks of highly conserved regions (13); 86% of
21 missense mutations were reported to cluster in four "hot
spots" on exons 5 to 8, which coincided exactly with the most

highly conserved regions (12). However, small deletions as well
as point mutations were found to occur in the p53 gene, and
the exact positions of the mutated codons were variable. In a
previous study on lung cancer (14), the relatively tedious RNase
protection assay, which detects only <50% of the mismatched
base pairs, was used.

In this article, we investigated structural alterations of exons
5 to 11 of the p53 gene, in gastric, esophageal, and cervical
cancers, by the recently developed method of PCR-SSCP analy
sis (15, 16), a rapid and sensitive way to detect base changes in
given sequences of DNA. This method capitalized on the se
quence-dependent conformation of the single-strand DNA in a
neutral polyacrylamide gel. The differences in the conformation
were easily and sensitively detected by gel electrophoresis.

MATERIALS AND METHODS

Tissues, Cell Lines, and DNA Extraction. Twenty-three specimens of
gastric cancer, IT to 19T and 20M to 23M, and five surgical specimens
of cervical cancer were obtained at the National Cancer Center Hospital
(see Table 1). In seven of these 28 cases, noncancerous tissue was also
available. DNA samples from primary tumors, mÃ©tastases,and noncan
cerous tissues are represented by the case number followed by T, M,
and N, respectively. Eight human stomach cancer cell lines, KATO-III,
OKAJIMA, TMK1, MKN1, MKN7, MKN28, MKN45, and MKN74,
as well as 13 esophageal cancer cell lines, TEI to TE 13, were cultured
in RPMI 1640 medium supplemented with 10% fetal bovine serum
(17-19). All gastric cancer cell lines, TE3, and TE9 were established
from metastatic lesions (Table 1). Four cervical cancer cell lines, SKG-
I, SKG-II, and SKG-IIIa were cultured in Ham's F-12 medium supple
mented with 10% fetal bovine serum, and HeLa was cultured in Eagle's

minimum essential medium supplemented with 10% calf serum. These
cell lines contained HPV type 16 or 18 DNA sequences (20). High
molecular weight DNA was prepared from cell lines and tissues by
proteinase K digestion and phenol/chloroform extraction, as described
(21).

PCR. The oligonucleotide primers used for PCR of the portions of
the p53 gene were designed based on the published sequence (22):
PX5LT, GGAATTCCTCTTCCTGCAGTAC; PX6RT, GGAATT-
CAGTTGCAAACCAGACCTCAGG; PX7LT, GGAATTCTCCTA-
GGTTGGCTCTGAC; PX7RT, GGAATTCAAGTGGCTCCTGAC-
CTGGA; PX8LT, GGAATTCCTATCCTGAGTAGTGGTAA; PX-
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8RT, GGAATTCCTGCTTGCTTACCTCG; PX9LT, TTGCCTCTT-
TCCTAGCA; PX9RT, CCCAAGACTTAGTACCTG; PX10LT, CT-
CTGTTGCTGCAGATC; PX10RT, GCTGAGGTCACTCACCT; P-
X10LT-2, GGAATTCTCTGTTGCTGCAGATC; PX10RT-2, GGA-
ATTCGCTGAGGTCACTCACCT; PX11LT, GGAATTCTGTCTC-
CTACAGCCAC; and PX11RT, GGAATTCTGACGCACACCTAT-
TGC. For example, PX7LT and PX7RT are upstream and downstream
primers, respectively, spanning exon 7 of the p53 gene. All primers
except PX9LT, PX9RT, PX10LT, and PX10RT had additional nu-
cleotides to create EcoRl sites at their 5' ends. PX10LT and PX10RT

were used for PCR-SSCP analysis, with PX10LT-2 and PX10RT-2 as
PCR primers for cloning and sequence. One hundred ng of genomic
DNA were amplified in a total volume of 50 ÃŸ\,in a buffer recommended
by Perkin Emer/Cetus (Norwalk, CT), containing l IHMMgCl2 and 2.5
n\ of [a-"P]dCTP (3000 Ci/mmol, 10 Ci/ml). The thermal cycle profile
was 30 sec at 94Â°C(denaturation), 30 sec at 55Â°C(annealing), and 60
sec at 72Â°C(extension).

PCR-SSCP Analysis. Two tÂ¡\of the PCR product were diluted 100-

fold in a buffer consisting of 20 mM EDTA, 96% formamide, 0.05%
bromophenol blue, and 0.05% xylene cyanol. Forty n\ of this diluted
sample were heated at 80Â°Cfor 2 min and applied (1 n'/'ane) to a 6%

neutral polyacrylamide gel. Ten % glycerin was added to the gels for
analysis of exons 7, 8, 10, and 11. Electrophoresis was performed at 30
W for 2-6 h, with cooling by fans. The gel was dried and exposed to
Kodak XAR film at -80Â°Cfor 1-24 h, with an intensifying screen.

Cloning and Sequencing. PCR using PX5LT/PX6RT, PX7LT/
PX8RT, and PX10LT-2/PX10RT-2 primer pairs was performed as
described above, without [Â«-"PjdCTP. Amplified bands were purified

by preparative gel electrophoresis and the GENECLEAN kit (BIO 101,
La Jolla, CA), followed by ligation to pUC18 vector. The recombinant
plasmids were color-selected by insertion mutagenesis of the /3-galac-

tosidase gene, as described (21). About 100 white recombinant colonies
were picked up at random and pooled. The mixed colonies were
amplified, and the double-strand DNA was sequenced by the dideoxy
chain termination method (23), using the Sequenase version 2.0 enzyme
(United States Biochemicals, Cleveland, OH). The oligonucleotides
CACTGATTGCTCTTAGGT, CAGCACATGACGGAGGTT, and
AGCTGCTCACCATCGCTAT were used as sequence primers for the
exon 5-6 region, with CACACTGGAAGACTCCAG and CGTC-
CCAGTAGATTACCA for intron 7,whereas exon 7 was sequenced by

the PX7LT primer. Exon 10 was sequenced by use of the PX10LT
primer.

RESULTS

PCR-SSCP Analysis. The results of the PCR-SSCP analysis
of exons 5 to 11 of the p53 gene are summarized in Table 1.
The PCR primers PX5LT and PX6RT amplified a 419-base
pair fragment spanning from exon 5 to exon 6 of the p53 gene.
SSCP analysis showed two bands, each corresponding to one
of the complementary strands of a DNA molecule, in all sam
ples except the KATO-III cell line; in this cell line, no PCR
product was generated by the primers used in this study, and
Southern blot analysis revealed that both alÃelesof the p53 gene
were grossly deleted (data not shown). The mobilities of the
two bands in the TMK1 and MKN1 cell lines were different
from those of the other samples (Fig. 1/4). The other gastric
cancer cell lines, 13 esophageal cancer cell lines, 23 gastric
cancer tissues, four cervical cancer cell lines, five cervical cancer
tissues, and eight noncancerous tissues (liver, two; spleen, one;
stomach, three; cervix, one; and placenta, one) all exhibited an
identical pattern of bands on SSCP. Exons 7 to 11 were
amplified separately, with only a few intron sequences attached
on the ends of the amplified fragments. A gastric cancer cell
line, OKAJIMA, showed a mobility shift of the band on SSCP
gel in the region of exon 10 (Fig. \B).

The 658-base pair segment containing intron 7 as well as
exons 7 and 8 was amplified by PX7LT and PX8RT primers.
The SSCP analysis revealed the presence of polymorphism as
well as mutations in this segment. With the exception of two
metastasis cases, 20M and 22M, in which p53 mutations were
identified (see below), the SSCP analysis showed two bands
represented by 4T or 8T (Fig. 2A, lane 4 or Â¿?),whereas four
bands were observed in four cases, 3T, 9T, 20N, and 21M/21N
(Fig. 2A, lanes 3, 9, 18, and 19/20). Furthermore, in the three
cases without p53 mutation, 4T, 11T, and 13T, the band
migration pattern was identical between noncancerous and

Table 1 p53 mutations in gastric cancers

NameGastric

cancer cell lines
KATO-1I1
OKAJIMA
TMK-1
MKN1
MKN7
MKN28
MKN45
MKN74Pathological

diagnosis
or origin of
celllines"Pleural

effusion, sig
Pleural effusion, por
Lymph node metastasis, por
Lymph node metastasis, as
Lymph node metastasis, tub,
Lymph node metastasis, tub,
Liver metastasis, por
Liver metastasis, tub2p53

mutation foundatExon5-11

10
5
5Codon342

173
143Amino

acid
changeGross

deletion
Arg to stop codon
Val to Met
Val to Ala
ND*

ND
ND
ND

Tissue specimens of gastric cancer
1T-19T20M21M22M23M4N,

UN, 13N,20N-22NNongastric

cancercellsTE1-TEI3HeLa.

SKG-I. -H.-IliaFive
squamous cell carcinomasPrimaries,

stages III or IV,varioushistological
typesLiver

metastasis, tub27Liver
metastasis,tuli..Ovary
metastasis, por7Lung

metastasis,porNoncancerous
tissuesEsophageal

cancer celllinesCervical
cancer celllinesCervical
cancer tissuesND248

Arg toTrpNDNot

sequencedNDNDN

DNDND

" por, poorly differentiated adenocarcinoma: tubi, well differentiated tubular adenocarcinoma; iul>...moderately differentiated tubular adenocarcinoma; sig, signet-

ring cell carcinoma; as, adenosquamous carcinoma.
1ND, not detected.
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B

Fig. 1. PCR-SSCP analysis of gastric can
cer cell lines. PCR-SSCP analysis of DNAs
from gastric cancer cell lines was performed as
described in the text. A, exon 5-6; B, exon 10
region of the p53 gene. Lane 1, human pla
centa; lane 2. KATO-IIt; lane 3. OKAJIMA;
lane4.TMK-\;lane5, MKNl;/an<?6, MKN7;
lane 7, MKN28: lane 8. MKN45; lane 9,
MKN74.

1 23456789 1 23456789

1 2345678 910111213141516 B 1234

171819202122 2324

<N

Fig. 2. PCR-SSCP analysis of gastric cancer tissues. PCR-SSCP analysis of DNAs from gastric cancer tissues was performed as described in the text. A, exon 7-
8; B. exon 7 region of the p53 gene. A. lanes I to /5, IT to 1ST, respectively; lane 16, human placenta: lane 17. 20M; lane IS, 20N; lane 19, 21M: lane 20, 21N;
lanes 21 and 23, 22M; lanes 22 and 24, 22N. Lanes 23 and 24 were exposed for a longer period (5 days) than lanes 21 and 22 (12 h). B, lane I, 20M; lane 2, 20N;
lane 3. 23M; lane 4. 23N.

cancerous tissues from the same patient (data not shown). The
band migration variation among individuals disappeared when
exons 7 and 8 were amplified separately, to skip intron 7, by
the primer pairs of PX7LT/PX7RT (exon 7) and PX8LT/
PX8RT (exon 8). Finally, the sequence analysis revealed poly
morphic base substitutions in intron 7 (see below).

The metastasis sample 20M showed four extra bands, in
addition to the four very faint bands which were observed in
the normal tissue of the same patient (20N) on the PCR-SSCP
analysis of exon 7 (Fig. IB). Thus, the single-strand DNA
generated from this region of the p53 gene gives rise to two
conformations with different mobilities on the gel, resulting in
four bands from a pair of complementary strands, as reported
previously for the Rb gene (24). A faint abnormal band was

detected on the analysis of the exon 7-8 region of another
metastasis sample, 22M, only after a long term exposure (5
days) (Fig. 2/1, lane 23), and its position was identical to that
of sample 20M (Fig. 2A, lane 17). The result was confirmed by
a carefully repeated analysis to exclude a possible sample
contamination.

In a cancerous tissue, variable degrees of normal cells may
be present, and malignant cells themselves are not always
genetically homogeneous. Thus, we evaluated the sensitivity of
PCR-SSCP analysis using mixed DNA samples of MKN1 and
human placenta, at ratios ranging from 1:1 to 1:100 (Fig. 3).
The mutated sequence of MKN1 in the exon 5-6 region (Fig.
\A, lane 5) could be identified when it was present in more
than one eighth of the total DNA.
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MKN1 1 1
â€¢¿�â€¢¿� â€¢¿�*

Placenta 0 1

Fig. 3. Sensitivity of the PCR-SSCP
analysis. DNAs with normal (placenta) and
mutated (MKN1) exon 5 of the p53 gene were
mixed at the ratios indicated in each lane and
subjected to PCR-SSCP analysis, as described
in the text.

15 31 100

20M 20N

ACGT ACGT

Pro

Arg

Trp/Arg G
T/C

Asn

Met

Fig. 4. Point mutation in a gastric cancer metastasis. Analysis of the exon 7-
8 region of the p53 gene of specimen 20M showed alteration of sequence from
that of 20N. The exon 7-8 region of the p53 gene of specimens 20M and 20N
was amplified, cloned, and sequenced as described in the text. A point-mutated
codon, a transition from CGG (arginine) to TGG (tryptophan), was identified, in
addition to a small amount of a nonmutated codon, CGG; the faint band of the
nonmutated codon was visualized after a long exposure (data not shown).

Sequence Analysis. The exon 5-6 region was amplified and
cloned from cell lines TMK1, MKN1, and MKN7 and was
sequenced. Comparison of the nucleotide sequences of these
cell lines and the published sequence of human p53 gene (22)
revealed a single point mutation in exon 5 of the TMK1 and
MKN1 cell lines, the substitution of valine for methionine at
codon 173 (transition from GTG to ATG) of the TMK1 cell
line and valine for alanine at codon 143 (transition from GTG
to GCG) of the MKN1 cell line. The exon 7-8 region was
amplified by the PX7LT/PX8RT pair of PCR primers and
cloned from the DNAs of 20M and 20N. In the liver metastasis
20M, a point-mutated codon, a transition from CGG (arginine)
to TGG (tryptophan), was identified at position 248, in addition
to a nonmutated codon (Fig. 4). The exon 10 region was
amplified and cloned from cell lines OKAJIMA and MKN7.
The point mutation in exon 10 of the OKAJIMA cell line
resulted in generation of a termination codon in place of argi
nine at codon 342 (transition from CGA to TGA).

The exon 7-8 region was also cloned from 3T, 4T, and 8T.
In 8T, two nucleotides positioned 72 bases and 92 bases down
stream of the end of exon 7 were C and T, respectively, whereas
they were T and G in 4T. The sequences of the samples 3T,
20M, and 20N showed both C and T at the position 72 bases
and both T and G at the position 92 bases downstream of the
end of exon 7. These polymorphic base substitutions resulted
in the differences in the sites of the restriction enzymes Avail,
Haelll and Mboll (Fig. 5).

exon?

---TCCAG

intron 7 Mac III MboU

GTC-- - CCCTGGG CCACC - -- ATTTCT CCATACT---

4 va II

Fig. 5. Polymorphism on intron 7 of the p53 gene. A pair of two polymorphic
bases and corresponding recognition sites for restriction enzymes are shown. The
first nucleotide of intron 7 is numbered 1.

DISCUSSION

We analyzed structural alterations of exons 5 to 11 of the
p53 gene, in tissue specimens of gastric and cervical cancers
and in cell lines established from gastric, esophageal, and cer
vical cancers, by use of the newly developed method of PCR-
SSCP analysis. p53 mutation was found only in cells derived
from gastric cancer mÃ©tastases:two tissue specimens of liver
(20M) and ovary (22M) mÃ©tastasesand four cell lines (KATO-
III, OKAJIMA, TMK1, and MKN1). Although the mutation
in the ovary metastasis, 22M, was not sequenced, the pattern
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of migration identical to that of 20M suggested the same base
change, CGG to TGG at codon 248. Inasmuch as the same
mutation was also reported in two colon cancer cells ( 12), codon
248 may be a frequent target of the p53 mutation.

TMK1, MKN1, and OKAJIMA cells apparently lost the
normal alÃeleof the p53 gene; only two, not four, bands were
detected, each representing one of the complementary strands
of DNA of a mutated alÃele;100 randomly picked up and
pooled clones of the relevant p53 region showed only the
mutated sequence. Southern and RNA blot analyses, however,
did not detect any gross abnormality in these cell lines, with
the exception of KATO-III and OKAJIMA. In the KATO-III
cell line a major portion of the p53 gene was deleted, and the
p53 expression was significantly decreased in the OKAJIMA
cell line (data not shown). Loss of normal alÃelewas also
suggested for most, if not all, of the tumor cells in the liver
metastasis sample 20M, because the intensity of the bands
corresponding to the normal alÃelewas far less than half of that
of the abnormal bands (Fig. 2B). In the ovary metastasis 22M,
the abnormal band was very weak, requiring long exposure for
detection. Because we used portions of the tumors that were
macroscopically devoid of surrounding normal tissues, the
faintness of the mutated band may not be accounted for by the
presence of large amounts of noncancerous cells in the sample;
rather, it suggests that the mutation occurred in some subpop-

ulation of the tumor cells.
In contrast to the gastric cancer cell lines, none of the 13

esophageal or four cervical cancer cell lines showed any aber
ration in exons 5 to 11 of the p53 gene. These negative findings,
as well as the detection of the p53 mutation in an in vivo
metastasis, suggest that the p53 mutations we observed in the
gastric cancer cell lines are most unlikely to be developed during
culture. The data further suggest that the p53 mutation occurs
during the later stage of the carcinogenesis step of gastric cancer
in certain histological subsets of human tumors.

All of the nine cervical cancer cell lines and tissues examined
in this study contained the HPV type 16 or 18 DNA sequences
and did not have changes in the p53 gene. The results are
compatible with reports showing that the p53 protein is inac
tivated by binding to the E6 protein of HPV type 16 or 18 (25).
It should also be noted that the occurrence of the p53 mutation
in primary gastric cancer is not totally negated, because (a)
exons 1 to 4 were not analyzed in this study, (b) we could not
analyze a primary tumor and metastatic lesions in the same
patient, and (c) a mutation present in less than one eighth of
the cell population appears to be undetectable in this study. We
might have underestimated the incidence of p53 mutations in
the primary tumors accompanied by contamination of noncan
cerous cells. It will be necessary for further investigations of
primary tumors to subdivide tumors microscopically into re
gions containing cancer cells and to purify subpopulations of
cancer cells by flow cytometric sorting. Nonetheless, the present
work suggests that the p53 mutations occur preferentially in
the advanced stages of gastric cancer. The rapid and sensitive
detection of the mutation by PCR-SSCP analysis will certainly
provide essential information for the diagnosis and treatment
of gastric cancer in the near future.

We found a novel polymorphism in intron 7 of the p53 gene,
which can be identified by alterations of the Avail, Haelll, and
Mboll recognition sites on the exon 7-8 PCR product. The
incidence of heterozygosity was at least 5 of 28 cases. The
polymorphic base changes are located in the midst of the

mutation hot spots of the p53 gene (12), and they may be of
use for the study of the p53 allelic abnormality in cancer.
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