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ABSTRACT

To understand the involvement of alloue losses and inactivation of
tumor suppressor genes for the development of endometrial carcinoma of
the uterus (EC), 24 cases of EC were examined for loss of heterozygosity
(LOH) using a total of 57 polymorphic DNA markers covering all 23
pairs of chromosomes. LOH was observed at 27 loci on 10 different
chromosomes, i.e.. chromosomes 1, 3, 6, 11, 13, 15, 17, 18, 20, and 21,
but was not detected at loci on chromosomes 4, 5, 7, 9, 10, 12, 14, 16,
and X. It was observed only in seven of 24 cases, and the other 19 cases
did not show LOH at any loci examined, including five cases of tumors
with a high proportion of adenomatous hyperplasia. Among seven tumors
with LOH at one or more loci, five tumors showed LOH at loci on the
short arm of chromosome 17. Furthermore, mutations of the p53 gene,
which is located on the short arm of chromosome 17, were detected in
three of these 24 tumors by a polymerase chain reaction-single strand
conformation polymorphism analysis and subsequent DNA sequencing.
In two of these three tumors, p53 mutations were accompanied by the
loss of wild-type p53 alÃeles.These results suggest that inactivation of
the p53 gene is involved in the development of EC as in the case of
several other types of human cancers.

INTRODUCTION

Although EC3 is the most common female pelvic malignancy

(1), little is known about the molecular genetic events which
contribute to the development of EC. Recent molecular genetic
studies have shown that either activation of oncogenes or in
activation of tumor suppressor genes is involved in the devel
opment of a wide variety of human tumors (2). RFLP analysis
is a powerful method to determine candidate loci of tumor
suppressor genes inactivated in tumors, and it has been shown,
using this method, that allelic losses are common chromosomal
events in human tumors (3). Subsequently, several tumor sup
pressor genes have been isolated from the chromosomal regions
showing frequent LOH in tumors (4). We examined 24 fresh
tumors of EC for LOH by a RFLP analysis using 57 poly
morphic DNA markers that identify RFLPs determined by loci
on all 23 different chromosomes. LOH was detected most
frequently at loci on the short arm of chromosome 17, suggest
ing the presence of tumor suppressor gene(s) for EC on this
chromosome. Since the p53 gene is located on chromosome
17p and considered to be a tumor suppressor gene, we further
searched for p53 mutations by a PCR-SSCP analysis, which is
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a rapid and sensitive method to detect sequence mutations (5).
Mutations of the p53 gene were detected in three of 24 tumors
by this method, and it was revealed by subsequent sequencing
that these three tumors carry point mutations in either intron
5, exon 8, or exon 10 of the p53 gene. These results indicated
that inactivation of thep53 gene is involved in the development
of EC.

MATERIALS AND METHODS

Human Tissue Samples. Twenty-four primary tumors together with
adjacent noncancerous tissue or peripheral blood were obtained at the
time of surgery. The tumors were histologically reviewed and classified
according to the HistolÃ³gica!Typing of Female Genital Tract Tumours
by the World Health Organization (6) and staged according to the
International Federation of Gynecology and Obstetrics staging systems.
Twenty-three cases were adenocarcinomas, one of which complicated a
clear cell carcinoma, and the other one was an adenosquamous carci
noma. Eleven cases were classified as being grade 1 (well-differentiated
type), five as grade 2 (moderately differentiated type), two as grade 3
(poorly differentiated type), three as a mixture of grades 1 and 2, one
as a mixture of grades 2 and 3, and two as a mixture of grades 1, 2,
and 3. There were 18 with stage la, three with stage Ib, two with stage
II, and one with stage III. Since atypical hyperplasia and adenomatous
hyperplasia of the endometrium are considered to be precursors of EC
and often present in tumor masses of EC (7), these tumors were also
histologically classified into two groups: group I, tumor without atypical
hyperplasia or adenomatous hyperplasia; and group II, tumor with
atypical hyperplasia or adenomatous hyperplasia which occupies ob
viously greater space than the carcinoma nest. Nineteen tumors were
classified into group I and the other five into group II. None of the 24
cases had received any chemotherapy or radiotherapy before the surgical
removal of the tumors.

RFLP Analysis. High molecular weight DNA was prepared by pro-
teinase K digestion and phenol/chloroform extraction as described
previously (8). DNA was digested with appropriate restriction endo-
nuclease, electrophoresed on 0.8% agarose gel, transferred to nylon
filters, and hybridized to 32P-labeled DNA probes prepared by random

primer labeling (Molecular Biology Boehringer Mannheim). The 57
polymorphic DNA markers used in this study are listed in Table 1.
These probes detected RFLPs at 57 loci on all 22 autosomal chromo
somes and the X chromosome. The alÃelelengths observed were iden
tical with those published previously (9, 10). Allelic loss was considered
to have occurred if the signal intensity of one of the allelic fragments
in the tumor was <50% of that in the corresponding normal tissue.

PCR-SSCP Analysis. The oligonucleotide primers for exons 2-3, 4,
5-6, 7-8, 9, 10, and 11 of the p53 gene were prepared according to the
published sequence4 (11), and all primers had additional nucleotides to
create Â£coRI sites at their 5' ends. Genomic DNA, 100 ng, was

amplified in a total volume of 20 M' in a buffer containing 1.0 v\ of
[32P]dCTP (3000 Ci/mmol, 10 Ci/ml). Thirty cycles consisting of 40 s
at 94Â°C(denaturation), 40 s at 55Â°C(annealing), and 90 s at 72Â°C

(extension) were performed. The PCR product, 2 Â¡il,was diluted 100-
fold by a buffer consisting of 20 mivi EDTA, 96% formamide, 0.05%
bromphenol blue, and 0.05% xylene cyanol. The diluted samples, 40
/il, were heated at 80Â°Cfor 2 min, and 1 n\ of the samples was applied

4 A. Okamoto, Y. Sameshima, S. Yokoyama, Y. Terashima, T. Sugimura, M.

Terada, and J. Yokota. Frequent allelic losses and mutations of the p53 gene in
human ovarian cancer, submitted for publication.
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to a 6% neutral polyacrylamide gel (5). Five or 10% glycerol was added
to gels for the analysis of exons 4, 5-6, 7-8, 9, and 10. Electrophoresis
was performed at 30 W for 1.5-12 h with cooling by fans. The gels
were dried and exposed to Kodak XAR films at -80Â°C for 10-24 h

with an intensifying screen.
Cloning and Sequencing. PCR products were purified, digested with

EcoRl, and ligated into the EcoR\ site of pGEMl plasmid. Sequencing
was performed by the dideoxy termination method using Sequanase kit
(US Biochemical, Version 2.0). Either 50-100 pooled plasmid clones
or one of the plasmid clones was used as a template for sequencing.

RESULTS

Loss of Heterozygosity in Endometrial Carcinoma. We sur
veyed a total of 57 loci on 23 different chromosomes for LOH
in 24 cases of EC by a RFLP analysis. LOH was observed at
27 loci on 10 different chromosomes: chromosomes 1, 3,6, 11,
13, 15, 17, 18, 20, and 21. No LOH was detected at any loci
on chromosomes 4, 5, 7, 9, 10, 12, 14, 16, and X. Information
was not available for chromosomes 2, 8, 19, and 22 because of
constitutional homozygosity at these chromosomal loci in all
cases examined (Table 1). The frequency of LOH at each locus
ranged from 7% (1 of 15) at the GH2 locus on 17q to 44% (4
of 9) at the DI7S5 locus on 17p. Only seven of 24 cases showed
LOH at one or more loci on several chromosomes, and no
LOH was detected in the remaining 17 cases at any loci exam
ined (Table 2). Among 10 different chromosomes, the short
arm of chromosome 17 was lost most frequently in the seven
tumors carrying allelic loss of some chromosomal loci; five of
seven tumors showed LOH on the short arm of chromosome
17 (Fig. 1). LOH was also observed on several other chromo
somal loci, including chromosome 3p in two of three tumors
and chromosomes Ip, lip, and 18 in two of seven tumors,
respectively (Table 2).

Since LOH was detected only in seven of 24 tumors exam
ined, these 24 cases were classified according to clinical and
pathological characteristics with regard to the presence or ab
sence of allelic losses in tumors. LOH at one or more loci was
observed in four of 18 with stage la, one of three with stage Ib,
one of two with stage II, and one of one with stage III. It was
detected in four of 16 cases with grade 1, four of 11 with grade
2, and three of five with grade 3. Seven of 19 tumors with group
I (without atypical hyperplasia or adenomatous hyperplasia)
show LOH, while none of 5 tumors with group II (with atypical
hyperplasia or adenomatous hyperplasia) carries LOH.

Mutations of the p53 Gene in Endometrial Carcinoma. Since
chromosome 17p was lost most frequently in EC, we further
examined for mutations of the p53 gene in these tumors by a
PCR-SSCP analysis. Seven different portions of the p53 gene
covering all the coding exons, exon 2-11, were amplified by
PCR, denatured, and electrophoresed on nondenaturing acryl-
amide gels. After electrophoresis and autoradiography, altered
mobility of the PCR products was observed in three of the 24
tumors; mobility of the DNA fragments corresponding to exon
5-6 was shifted in case 29, exon 7-8 in case 24, and exon 10
in case 2 (Fig. 2). When DNA fragments for exon 5-6 and exon
10 were electrophoresed, two bands representing the two com
plementary single strands of DNA were detected in normal
tissue samples, while one or two additional bands corresponding
to the two strands of the mutated alÃelewere detected in tumors
(Fig. 2, A and C). DNA polymorphisms were observed in the
region corresponding to the exons 2-3,4, and 7-8. When DNA
fragments corresponding to exon 7-8 were amplified, four
bands were seen in the normal tissue DNA from case 24 because
of heterozygosity as shown in Fig. 2B, and the mutated alÃele

Table 1 Loss of heterozygosity in endomelrial carcinoma

HeterozygosityMarker

locusD1S57LMYCNGFBREND2S5RAF1THRBD3F15S2ED3S2D3S3SSTMT2P1RAFIP1D5S2D5S71KRAS1PMYBESREGFRCOLIA2MOSD9S1PLAUHRASINSD11S12D11S161NT2D11S24KRAS2D12S4D13S1D13S6D13S3D13S2D13S4D13S5D14SIDISSID15S2HPD17S28D17S5D17S1MYH2TP53D17S71GH2DISSIPALBDCCD18S5D19S9D20S6D21S52D22S1DXYS1XChromosomelocationIp32Ip32Ipl3Iq322pl6-pl53p253p24.1-p223p213p213P14.23q284pll-q214pl6.15q34-qter5ql4-q226pl2-pll6q22-q236q24-q277pl3-pl27q21.3-q22.1fell9pter-qll10q24-qterllplS.5llplS.5llplS.5Ilpl3Ilql3Ilql3-q2312pl2.112cen-ql413ql2-ql413ql2-ql413q21-q2413q2213q22-q3113q22-q3414q32.32-q32.3315ql4-q2115ql5-q2216q22.117pl3.317pl3.317pl317pl3.117pl3.117pll.2-pl2I7q22-q2418pl3.218qll.2-ql2.1I8q21.318q21.3-qter19ql2-ql3.220pI221qll.l22qll.2-qterXq21.31EnzymeBamHlMsplEcoRlBgmHindi}}Msp\TaqlBamHlHindlllHindll}MsplMsplBamHlEcoRlBamHlMsplTaqlTaqlEcoR}PvullHind}}}EcoRlEcoR}TaqlÂ«Â«mill//Â«millTaqlMsplMsplBamHlHuminTaqlMsplMsplTaq}EcoR}HindlllMsplMsplEcoRlHindi}}EcoRlMsplEcoRlEcoRlTaqlTaqlMsplMsplHindlllBamllBgHlMsplPvullMsplTaq}MsplMsplEcoRlTaq}EcoRlTaqlHindl\\Taq}TaqlNo.
of

cases16201912211416182020152081316211515171220149101619151618171715111710191821191620152315141614182021121217122016161910131410201111Constitutional111396601242502471127610606593513513080774125310604196101043941563859041302Loss
in

tumor12100010100000000011000001011100010211000010014133113212011201100

was observed in the tumor as the additional two bands with
altered mobility.

DNA sequencing was performed in these three samples to
confirm the presence of mutated p53 genes and to determine
the type of mutations. As described in "Materials and Meth
ods," 50-100 pooled plasmid clones were used as templates. In

case 2, a C to T substitution in the codon 342 (CGA-TGA) in
exon 10, resulting in a new stop codon (TGA), was detected
(Fig. 3A). A point mutation in codon 282 (CGG-TGG) in exon
8 was detected in case 24, and as a result of this mutation, an
arginine codon (CGG) was replaced by a tryptophan codon
(TGG) (Fig. 3Ã„).In case 29, a single base mutation from GC
to GT was detected at position 9 from the splicing donor site
of intron 5.

Since LOH on chromosome 17p was detected in cases 2 and
24 by a RFLP analysis (Table 2), it is obvious that one of the
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Table 2 Clinical and pathological characteristics of seven endometrial carcinomas with alleile losses

Case2

i6

\2
1422

24HistolÃ³gica!

typeAD"

AD
AD
AD
AD
AD
AD + CCGrade2

3
I

1-3
2
1

1-3StageII

lala

la
III
la
Iblp

3p+

NI+

NINI

+ NI6qNININIChromosomal

armlip

13qISq+

NI+

-1- NI
- -NI+

+NI-1-
+ NI17p

1820p-
+ NI

+ + NI
+NI+

+ NI
+ NI21qNI

NINI

Â°AD, adenocarcinoma; CC, clear cell adenocarcinoma; +, retention of heterozygosity; -, loss of heterozygosity; NI, not informative because of constitutional
homozygosity.

Fig. 1. Loss of heterozygosity at the
D17S5, MYH2, and D17S71 loci on chromosome 17p in case 2. DNA from EC (7") and

corresponding normal tissue ( V) was digested
with either Taql, Hindlll or Pvull, respec
tively, and hybridized to either pYNZ22
(DI7S5), plO-5 (MYH2), or pA10-41
(DI7S7I) probes, respectively. Right ordinate,
the size of each hybridizing band in kilobase
pairs (kbp). Left ordinate, alÃelesare designated
I and 2.

N T kbp

2.8
2.5

N kbp

5.4
4.9

2.0

NT kbp

_3.2~3.0

D17S5 MYH2 D17S71

allelicp5J genes was lost as a result of chromosomal losses and
the other was mutated in these two tumors. Information for
LOH on 17p was not available in case 29 because of constitu
tional homozygosity at chromosome 17p loci.

DISCUSSION

A RFLP analysis was performed to determine the chromo
somal loci of tumor suppressor gene(s) associated with the

NT

B

NT N T

Fig. 2. Mutations of the p53 gene detected by a PCR-SSCP analysis. / and 2,
DNA fragments amplified from normal tissue samples (.V): arrowheads, aberrantly immigrated DNA fragments amplified from tumor samples ('/'). Case 2

showed mobility shift in exon 10 (I), case 24 in exon 7-8 (B), and case 29 in
exon 5-6 (C).

development of EC, and it was found that the short arm of
chromosome 17 was the locus most frequently lost in EC.
Therefore, we further examined for possible abnormalities of
the p53 gene in these tumors. By a PCR-SSCP analysis, muta
tions of the p53 gene were detected in three cases, and two of
them (cases 2 and 24) showed LOH on chromosome 17p by a
RFLP analysis. Three tumors carrying mutated p53 genes were
staged into la, Ib, and II and histologically classified into grades
1, 2, and 1-3. These results strongly suggest that alterations of
the p53 gene are involved in the development of EC, as in the
case of several other types of human cancers (4).

By DNA sequence analysis, two unique mutations were de
tected. One was a C to T substitution in the codon 342 in exon
10, resulting in a new stop codon (CGA-TGA). The other
mutation was a single base pair mutation from GC to GT at
position 9 from the splicing donor site of intron 5. At present,
the significance of the intronic mutation in the latter case is
unknown. It is possible that this mutation creates a new splice
site at the mutated GT sequence since splicing abnormalities
were reported to be due to several mutations within intron
sequences (12-14). Although the majority of p53 mutations
have been reported to occur in highly conserved regions, we
show novel p53 mutations in two cases of EC. In our experience,
mutations in p53 exon 4 or 10 lead to new stop codons rather
than amino acid substitutions.4

Although a total of 57 polymorphic DNA markers covering
all 23 different chromosomes were used in this study, LOH was
detected only in seven of 24 tumors examined by RFLP analy
sis, and mutations of the p53 gene were detected only in three
of 24 tumors. There are two possible explanations for the low
incidence of allelic losses andp53 mutations in EC in this study:
(a) it is possible that there are other chromosomal loci showing
frequent LOH specifically in this type of tumor; (b) the inci
dence might be underestimated because of the high percentage
of noncancerous cells in tumor specimens. Since tumor speci-
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B

Fig. 3. Point mutations of the p53 gene. A C
to T Substitution at codon 342 in exon 10 (A), a C
to T Substitution at codon 282 in exon 8 (B), and
a single base mutation from C to T at the position
9 in intron 5 (C) were detected in cases 2, 24, and
29, respectively, by sequencing. Arrowheads, posi
tions of nucleotides showing mutations in the
tumors.
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mens of EC often contain a high proportion of noncancerous
cells, including atypical hyperplasia and adenomatous hyper-
plasia, it is likely that genetic alterations in tumor cells are
masked by these noncancerous cells. As expected, LOH was
not detected in any of five cases with group II (with atypical
hyperplasia and adenomatous hyperplasia), while it was de
tected in seven of 19 cases with group I (without atypical
hyperplasia or adenomatous hyperplasia).

LOH was also observed on chromosomes 1, 3, 6, 11, 13, 15,
18, 20, and 21 in this study. There have been few reports
showing specific cytogenetic or molecular genetic alterations in
EC. Recently, Yamada et al. (15) reported that introduction of
normal human chromosomes 1, 6, 9, and 11 individually sup
pressed tumorigenicity of the endometrial carcinoma cell line
HHUA, suggesting the presence of tumor suppressor genes for
EC on these chromosomes. Although LOH at the D9S1 locus
on chromosome 9 was not detected in this study (0 of 6), LOH
on chromosomes 1, 6, and 11 was detected with low frequency.
It is possible that tumor suppressor genes on these chromo
somes are also involved in the development of EC. Further
studies using a number of RFLP markers for these chromo
somes would be necessary to clarify the pathogenetic signifi
cance of LOH on these chromosomes for the development of
EC.
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