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Abstract

We previously identified two commonly deleted regions on chromosome
bands 10q25-q26 in endometrial cancer: an 8-cM region and a 12-cM
region. In the present study, we further studied the 8-cM region with 83
endometrial cancer specimens and 14 microsatellite markers and nar
rowed it down to a 1-cM region between D10S587 and D10S1723. This
result was confirmed by two-color fluorescence in situ hybridization anal
ysis. An association between histopathologically lower grade tumor and
allelic loss (P = 0.03 by Fisher's exact test) was also observed. We also
constructed a yeast artificial chromosome (YAC) contig and found that
one YAC clone, which was 790 kb in size, harbored the whole 1-cM region
of common allelic loss.

Introduction

EC3 is one of the most common female pelvic malignant diseases
in the world and in Japan. The incidence in Japan was 4.01 cases per
100,000 females in 1989, and it has doubled in the last 10 years (I).
To design better clinical management for patients with EC, it is
necessary to understand the molecular mechanism of this disease.
Although recent advances in medical science have revealed the mo
lecular mechanisms in some cancers, such as colorectal cancer (2),
only a limited amount of information about the molecular mechanism
in endometrial carcinogenesis has been reported. In previous studies,
mutations ofp53 (3, 4) and ras (5â€”7)have appeared to be involved in
the development of EC, but the incidence of alterations in these two
genes was not high. Allelotype studies, using polymorphic markers,
have led to the discovery of specific tumor suppressor genes or
regions containing putative tumor suppressor genes. We and others
have previously observed LOH in chromosome arms ip, 3p, 8p, 9p,
lOq, 14q, l6q, Yip, and 18q in ECs (3, 8â€”12).Furthermore, we
identified two commonly deleted regions in chromosome bands
l0q25â€”q26; an 8-cM region and a 12-cM region, respectively (12). In
the present study, we narrowed down the 8-cM region to a 1-cM
region of common allelic loss by a combined study using LOH and
FISH. We further constructed a YAC contig and identified that this

1-cM region was covered by one YAC clone of 790 kb in size in
l0q25â€”q26, a strong candidate region for localization of a tumor
suppressor gene in human ECs.

Materials and Methods

Tissue Samples and DNA Extraction. A total of 115 paired samples of
tumors and corresponding normal tissues, obtained from Japanese patients with
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EC at the TohokuUniversityHospitaland its relatedhospitals,were analyzed
in this study. We first examined the tumors histopathologically and selected 83
tumors with less than 50% contamination by normal cells. Of these tumors, the
56 that were analyzed in our previous study (12) were fixed in formalin and
embedded in paraffin, and the 27 that were added in the present study were
frozen in liquid nitrogen immediatelyafter surgical resection and stored at
â€” 80Â°C until use. DNAs were extracted according to methods described

previously (13, 14). Histopathological diagnosis and clinical staging, as sum
marized in Table 1, were classified according to the criteria of WHO (15) and
the InternationalFederationof Gynecology and Obstetrics(16), respectively.

Allelotype Analysis. Fourteen microsatellite markers in 10q25â€”q26, listed
in Fig. 1B,were used to examine LOH. Eleven of them were also used in the
previous study (12). Because 56 of the samples were obtained from formalin
fixed,paraffin-embeddedtissues,we designedprimerpairs to amplifyabout
100 bp on the basis of nucleotide sequence data obtained from GenBank
database. PCR amplifications were carried out according to methods described
previously (12). In each case, 3 Mlof amplified product were diluted with an
equal volume of 95% formamidel0.3% xylene cyanol/0.3% bromphenol blue

and electorophoresedin a 6% polyacrylamide/8Murea/32%formamidegel.
Afterelectrophoresis,thegel was driedandautoradiographed.Forinformative
cases, resultswere analyzedby quantitativedensitometryusing NIH Image
software. Allelic loss was assigned if the intensity of one of the bands in the

tumor DNA showed more than a 50% reduction from that of corresponding
normal tissue.

Construction of a YAC Contig and Cosmid Library. A set of pooled
DNA for YAC screeningwas purchasedfrom ResearchGenetics (Huntsville,
AL). PCR-based screening of the YAC library was performed according to the
supplier's recommendation. YAC clones were also purchased from Research
Genetics.Totalyeast DNAs fromtheseclones werepurifiedas described(17).
These YAC clones were analyzed by PFGE. Cosmid libraries were constructed
from the YACs, and cosmid clones containing human sequences were selected
by colony hybridization with total human DNA as the probe according to
methods described previously (18).

FISH Analysis. Two-color FISH was performed with cosmid clones la
beled with either biotin-l6-dUTP or digoxigenin-l1-dUTP according to meth
ods described previously (19). To eliminate background noise due to repetitive
sequences, 0.15 Mf,/Mlofhuman COT-i DNA (Life Technologies, Inc., Gaith
ersburg, MD) was used. Hybridization was performed overnight at 37Â°C.After
being washed, the slide was treated with 1% Block Ace (Daimppon Pharma
ceutical Co. Ltd., Osaka, Japan)/4X SSC (0.15 MNaCl/15 mi@isodium citrate)
containing avidin-F1TC (15 Mg/mi; Boehringer Mannheim, Mannheim, Ger
many) and antidigoxigenin rhodamine (1 @g/ml;Boehringer Mannheim) at
37Â°Cfor 40 mm, washed, counterstained with 4',6-diamidino-2-phenylindole
(0.15 MWmi), and mounted in an antifade solution containing 1% DABCO

(SigmaChemicalCo., St. Louis, MO). A centromericprobe (an a satellite
clone) for chromosome10 (DlOZl) andcosmid clones at D105587 (cl2-4) or
D10S1723 (dll-47) were used as probes. Allelic deletions were assessed by

countingsignals for centromericandcosmid probesin more than 100 nuclei.
Statistical Analysis. Possible correlations between clinical parameters and

chromosome 10 genotypes were assessed using the Fisher's exact test.

Results

We previously identified two commonly deleted regions in EC,
termed regions A and B, in chromosome bands l0q25-q26: an 8-cM
region and a 12-cM region, respectively (12). In this study, we further
analyzed specific allelic loss in region A with 83 ECs and 14 micro
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Fig. 1. A, examples of allelotype study by mic
rosateffite markers in chromosome l0q25-q26.
Cases 130 and 520 showed LOH at 010S587(75%
reduction)andD10S1723(63%reduction),respec
tively, as indicated by arrows. T and N denote
DNAs from tumor and normal tissues, respectively.
B, a detailed deletion map in chromosome bands
10q25-q26. Left. microsatellite markers used and
their relative orders. Right, frequencies of LOH.
Solid bars on the right indicate commonly deleted
regions. Closed and open circles denote loss and
retention of heterozygosity, respectively. R and
denote microsatellite instability and no informative
loci due to homozygosity, respectively. C, a
schema of the YAC contig spanning the i-cM
region for common allelic loss in lOq2Sâ€”q26.
These three YAC clones contained one or two loci
for the microsatellitemarkersindicatedby closed
circles. Sizes of these YAC clones by PFGE are
indicated below with those by original developers
inparentheses.

â€¢â€¢@OR.OOROOOOâ€”Oâ€”Osi@a@i@1-00.â€¢OOR00000ROW41(15)â€¢â€¢s.ROOâ€”ROO0000&@ie@.....00R0..OO.0W42(19)â€¢â€”â€”ssoâ€”-â€”.oo-oâ€”ooo12/42c29)â€¢s---â€¢000000o.-0007147(15)â€¢sâ€¢â€¢â€¢â€¢..â€¢ooâ€¢ooo.oo.

S â€¢â€¢ I R

. . . . . .â€¢
I I A 0 I

S a â€¢â€¢â€¢Sa
â€¢â€¢ 0 0 â€¢IA

â€¢ - S S S O@17/47@35)23/51(45)S....SSSOS000000â€¢1w4e33SSSSSRSaSaRO0.0001z/47c26)aâ€”â€¢â€¢0000â€¢â€¢w3a21â€¢Sâ€¢000000R0000S

S â€¢S â€¢0 â€¢S 0 0 R a 50 â€”0 a a o@iw@a@@

21

221

ioq\s590

YAC

11.2 1

21 / D10S587

22

23

24 @1 D10S1723

lOq

fâ€”h

I

790kb 580kb 880kb

(790kb) (360kb) (1790kb)

1631

D10S1483 D10S587 D10S1723 D10S216

681D11 948C12 765H10

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/9/1630/2466159/cr0570091630.pdf by guest on 19 M

ay 2023



Table I Summary of 83 patients withECsPatient

characteristicsLevelnAge

at diagnosis (yr)
<46
46â€”55
>5515

19
49Histological

diagnosis
Endometrioid GI

G2
G3

Serous
Clearcell37

25
17

1
3flÃ§Ã§,a

stage I
II
III
IV49

16
17

ITotal83a

@ InternationalFederationofGynecologyandObstetrics.
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We also performed two-color FISH analysis to verify alleic losses
of the target region. Cosmid clones of c12-4 at D10S587 and dl 1-47
at D10S1723 were used with D1OZ1 at the centromere of chromosome
10 as the probe. Four tumors from which we could use fresh materials
were analyzed (three 01 cases and one clear cell type). Typical
examples are shown in Fig. 2. In case 130, more than 60% of the

nuclei had two signals for DlOZl but only one signal for c12-4, as
shown in Fig. 2A. Most of the remaining nuclei showed two signals
for both probes. Conversely, more than 75% of the nuclei had two
signals for both D1OZ1 and dl 1-47, as shown in Fig. 2B. These results
indicate that this tumor lost one allele at c12-4 (D10S587 locus) and
retained both alleles at dl 1-47 (D10S1723 locus). We tested three

more tumors (cases 89, 112, and 124) and found that all of the three
tumors also had allelic losses at D10S587 and/or D10S1723 (data not
shown). These results by FISH were concordant with those by mic
rosatellite analysis.

To further characterize the role of the putative tumor suppressor
gene in this region in endometrial carcinogenesis, we attempted to
determine whether there was any association between loss of this
region and clinical features, including stages, histopathological diag
noses, and menopausal status. A significant association of histopatho
logically lower grade tumors with allelic loss of this region was
observed (P = 0.03 by Fisher's exact test), a result consistent with our
previous study (12). No other significant correlations between alleic
loss and clinical features, including stages and ages, were observed.
Allelic loss of this region was frequently observed, even in early stage
tumors (see Table 2).

Discussion

In the present study, we performed an LOH study with 83 ECs on
chromosome bands 10q25â€”q26and found a 790-kb region of corn
mon allelic loss. This region overlapped one of frequent alleic loss in
prostate cancer, glioblastoma, melanoma, and non-Hodgkin's lym
phoma (22â€”26).These results suggested the presence of a tumor
suppressor gene(s) relevant to several tumors. Recently, Komiya et a!.
(27)constructedadetaileddeletionmapin prostatecancerandfound
three regions of common allelic loss in chromosome 10. One of the
regions overlapped the 790-kb region reported in the present study.
Endometrium and prostate are both significantly regulated in their
growth by sex hormones: one by female hormones and the other by

satellite markers. Typical examples are shown in Fig. 1A. In case 130,
the intensity of the upper band in tumor DNA at D10S587 was
reduced by 75%. Intensities of bands of both tumor and normal DNAs
at two flanking loci of D10S1483 and D10S1723 were quite similar.
These results indicate that this tumor harbors an interstitial deletion
between D10S1483 and D10S1723. Similarly, in case 520, an inter
stitial deletion between D10S587 and D10S216 was observed. These
results are summarized in Fig. 1B; a common region of allelic loss was
observed between D10S587 and D10S1723. According to Dib et a!.

(20), the genetic distance between these two markers is estimated to
be 1 cM.

To characterize this 1-cM region further, we screened a YAC DNA
pool by PCR. We isolated three YAC clones, 68lDl 1, 765H10, and
948Cl2, which spanned this 1-cM region. DNAs of these YACs were
purified and subcloned in cosmids. Using a combination analysis of
the YAC clones by PCR of the microsatellite markers, PFGE, and
cross hybridization of subcloned cosmids from these YACs, we con
structed a YAC contig, as schematically shown in Fig. IC. One of

these YAC clones, 68lDl 1, harbored both loci D10S587 and

DIOSI 723. From the results of PFGE analysis, we concluded the
clone 68lDl 1 was 790 kb in size (data not shown), the same size
reported by the developers (2 1). Hence, the maximum region for

common allelic loss was 790 kb.

A B

,â€˜â€¢@â€¢s@ d@@

Fig. 2. Typicalexamplesof resultsby FISHin case 130.A, DlOZi (lOcen, red)andcI2-4 (D10S587, green) were used as probes.Two redsignalsandone greensignalwere clearly
seen. This finding was observed in more than 60% of the 258 cancer tissue nuclei analyzed. B, DIOZ1 (red) and dll-47 (D10S1723, green) were used as probes. Two signals for both
probes were clearly seen. This finding was observed in more than 75% of the 200 normal tissue nuclei analyzed.
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Table 2 Correlation between aIlelic loss and clinicopathologicalfeaturesHistologic

diagnosisFlOGâ€•stageIIIIIIIVGiâ€•G2

G3â€•OthersInformative

Loss
Retain

Notinformative21

(100%)
16 (76%)
5 (24%)

1613(100%)

13(100%)
6 (46%) 5 (38%)
7 (54%) 8 (62%)

12 42(100%)

2 (100%)

226(100%)

16 (62%)
10(38%)
23II

(100%)
8 (73%)
3 (27%)
5II

(100%)
4 (36%)
7 (64%)
61(100%)

1 (100%)
0(0%)
0

LOHSTUDYON lOq IN HUMANENDOMETRIALCANCER

aFIGO,InternationalFederationofGynecologyandObstetrics.
b@ 0.03, Fisher's exact test.

male hormones. Thus, there is the possibility that mutations in the
same putative tumor suppressor gene in this region may play roles in
the genes of both of these two types of cancers. Alternatively, there
are two distinct genes, located very close to each other, that regulate
cell proliferation in these organs.

With regard to correlations between allelic loss and clinical fea
tures, LOH at this locus was high, even in early stage tumors, and no
association was detected between LOH and stage. This result suggests

that mutation in the putative tumor suppressor gene is an early event
during endometrial carcinogenesis. Alielic loss in this region was

observed more frequently in lower grade endometrial cancers than in
higher grade ones, confirming our previous results (12). If ECs
develop sequentially from tumors of grade 1 to grade 2 and then to
grade 3, genetic alterations that are frequently detected in tumors of
grade 1 should also be frequently detected in tumors of grade 3. Our
results suggest that there is a pathway(s) of development for EC of

grade 3 distinct from that originating from grade 1. Alternatively,

there may be a common genetic alteration(s), and additional genetic

changes would separate cancers of grade 1 from others, and mutations
of the gene in this region would lead to cancers of grade 1.

In the present study, we analyzed allelic loss by two distinct
methods: micmsatellite analysis and FISH. These two distinct meth

ods gave us consistent results; an alleic loss in this small region was
evident in ECs. By analyzing the YAC contig, we could specify a
smaller than 790-kb region of common allelic loss. Further studies are

necessary to isolate and characterize the putative tumor suppressor
gene in this region.
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