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ABSTRACT

Using 11 restriction fragment length polymorphism markers, we exam
ined loss or heterozygosity on the long arm of chromosome 17, where one
or more genes responsible for hereditary breast and ovarian cancers may
be present, in sporadic forms of 94 ovarian and 246 breast cancers. Loss
of heterozygosity was observed in 33 of 84 (39.3%) ovarian and in 88 of
214(41.1%) breast cancers that were informative with at least one marker.
Detailed deletion mapping of chromosome 17q in these cancers identified
two distinct, commonly deleted regions. One was located between 17ql2
and I7q21.3 and the other between 17q25.1 and 17q25.3. In breast can
cers, the proximal commonly deleted region was between two loci defined
by markers CI17-701 and CI 17-730 at 17q21.3, which are 2.4 cM apart.

This segment overlaps the region that includes the putative gene for
hereditary breast and ovarian carcinomas. The results suggest that at least
two tumor suppressor genes associated with sporadic ovarian and breast
cancers are present on chromosome I7q and that one of them may be the
same gene that is responsible for the hereditary form.

INTRODUCTION

The number of patients with breast and ovarian cancers, which are
common malignancies in women, is increasing in many countries. We
previously reported frequent allelic losses on chromosomes 4p, 6p, 7p,
8q, 12, 16q, 17p, 17q, and 19p in ovarian cancers (1), and chromo
somes 3p, lip, 13q, 16q. 17p, and I7q in primary breast cancers (2,
3). Because 17q alÃelesare lost frequently in both types of tumor, and
this chromosomal arm appears to contain the gene responsible for
hereditary forms of breast and ovarian cancers (4-13), 17q is consid

ered to contain one or more genes that play a significant role during
development and/or progression of primary cancer in both of these
tissues.

As a first step toward identification of such gene(s), we have
attempted to identify a region that is commonly deleted in a large
number of tumors. To that end. we have screened loss of heterozy
gosity in sporadic forms of 96 ovarian and 246 breast carcinomas with
II RFLP' markers on the long arm of chromosome 17 and have

constructed a deletion map of 17q. This map indicates that two distinct
regions are commonly deleted in both types of cancer, and one of them
overlaps the region already identified as containing a gene associated
with hereditary forms.

MATERIALS AND METHODS

Materials. Tumor tissues were obtained at the time of surgery from 94
patients with ovarian cancer and 246 patients with primary breast cancer.
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Corresponding normal tissues or peripheral blood samples were obtained from
each patient. The tumors were histopathologically classified according to the
typing scheme of the Japanese Obstetrics and Gynecology Society (14), which
is basically the same as the typing scheme for ovarian tumors recommended by
the World Health Organization.

DNA Extraction from Tissues and Southern Blotting. DNA was ex
tracted from tumors and from corresponding normal tissues or lymphocytes
according to the method described previously (2). Each DNA preparation was
digested with appropriate enzymes, electrophoresed in a 1.0% agarose gel, and
then transferred to nylon membranes in 0.1 N NaOH-O.I MNaCl, as described

previously (2).
Probes. All probes used in this study are listed in Table 1. These markers

had been physically localized to specific G-bands of chromosome 17 by
fluorescent in situ hybridization (15). The linear order of CI17-701 and CI17-

730 along the chromosome was determined by linkage analysis (16, 17).
Hybridization Conditions. After alkali transfer of the DNA. nylon mem

branes were neutralized in 2X standard saline citrate (0.15 M NaCI-0.015 M
sodium citrate) and fixed by UV cross-linking at 120 mj with Stratalinker

(Stratagene. San Diego. CA) according to the instructions of the manufacturer.
Prehybridization and hybridization were carried out in 7% polyethylene glycol
8000-10% sodium dodecyl sulfate with 200 fig/ml of human placental DNA or
100 fig/ml of salmon sperm DNA at 65Â°Covernight. The membranes were
hybridized at 65Â°Cfor 16-24 h with '-P-labeled probes (specific activity >1
X 10* cpm/fig of DNA) labeled using a random primer method. After hybrid
ization, membranes were washed twice at 65Â°Cwith 0.1 X standard saline

citrate-0.1 % sodium dodecyl sulfate and exposed for autoradiography to
Kodak XAR film at -70Â°C. The membranes used were stripped in 0. l NNaOH

and were repeatedly rehybridized (2).
Definition of LOH. The signal intensity of the polymorphic alÃeleswas

quantified by a densitometer to ascertain loss of the hybridization signal. After
DNA loading differences were corrected, the signal intensity of alÃelesof tumor
tissue was compared with that of normal tissue. When signal reduction was
>50%, it was counted as LOH.

RESULTS

LOH on Chromosome 17q in Ovarian Cancer. The frequencies
of LOH at each of 11 RFLP loci are listed in Table 1. A total of 84
tumors were informative for at least one locus, and 33 (39.3%) of
them showed LOH for at least one locus on chromosome 17q. Fig. la
shows examples of Southern blot analyses that revealed partial dele
tions of chromosome 17q in three tumors. Tumors A40 and B6 lost
one alÃeleat the CI 17-730 locus, while A40 retained both alÃelesat a
more distal locus (CI 17-507) and B6 retained alÃelesat a more prox
imal locus (CI 17-316). On the other hand, tumor C12 retained het
erozygosity at the CI 17-516 locus, although one alÃeleat CI 17-710

was lost. The results of LOH analyses of 17q in eight tumors showing
partial or interstitial deletions are summarized schematically in Fig.
la. Two distinct regions commonly deleted in ovarian carcinomas
were identified; one was a region between CI 17-316 (17ql2-q21.1)
and CI 17-507 (17q21.3) and the other was distal to CI17-516 (q25.1).

We compared the frequency of LOH with age of onset (postmeno-

pausal or premenopausal) and with histopathological types. Although
no difference in the frequency of LOH was observed among tumors
with respect to the premenopausal or postmenopausal stage of the
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Table 1 Loss of heterozygosity on chromosome 17q in ovarian and breast cancers

OvariancancerNo.

of patientstestedProbeCl

17-316Cl
17-592CM
7-701Cl
17-730Cl
17-507Cl
17-533CII7-7Cl

17^89CMM86C117-516C1I7-710Chromosomallocationql2-21.1q21.3q21.3q21.3q21.3q21.3q22q23q23q25.1q25.3EnzymeMsplEcoRlTaq\TaqlMsplTaqlA'HlIMsp\TaqlTaq\TaqlSerous32142429->->222126282918Mucinous151314IS1413813131413Clear

cell12913131111911101410Others22IS19192016IS21172112Allelic

losses/inforSerous6/13

(46.2)2/3
(66.7)9/15
(60.0)6/12
(50.0)6/7
(85.7)6/11
(54.5)4/5
(80.0)5/5
(100.0)6/17
(35.3)6/17
(35.3)4/8

(50.0)Mucinous0/1

(0.0)0/1
(0.0)2/12
(16.7)0/4
(0.0)1/3
(33.3)3/9
(33.3)0/1
(0.0)0/2
(0.0)1/8
(12.5)1/10
(10.0)3/8

(37.5)mative

cases(<7c)Clear

cell0/3

(0.0)0/1
(0.0)0/7
(0.0)0/4
(0.0)1/3
(33.3)1/7
(14.3)0/3
(0.0)0/3
(0.0)0/6
(0.0)0/7
(0.0)0/6

(0.0)Others1/9

(11.1)2/4
(50.0)5/12
(41.7)2/4
(50.0)2/5
(40.0)4/9
(44.4)1/3
(33.3)3/8
(37.5)2/10
(20.0)6/11
(54.5)3/7

(42.9)Breast

cancerNo.

oftested8562232237742308675798480Alleliclosses/cases

(%)11/37

(29.7)8/18
(44.4)48/138
(34.8)36/96

(37.5)7/25
(28.0)25/93
(26.9)14/41
(34.1)10/31
(32.3)12/49
(24.5)9/31

(29.0)13/45
(28.9)

patients (Table 2), the difference in the frequency of LOH among three
histolÃ³gica! types was significant (Table 3); 15 (60%) of 25 serous
types showed LOH with at least one marker, while four of 14 muci-

nous types or one of 12 clear cell types revealed LOH (serous versus
mucinous, P = 0.060; serous versus clear cell, P = 0.003 by Fisher's

exact test). We have also examined the correlation between LOH of
17q and the clinical stage of the patients, but no significant correlation
was observed (data not shown).

LOH on Chromosome 17q in Primary Breast Cancer. Among
246 primary breast tumors examined with the same 11 RFLP markers
on chromosome 17q, 214 were informative for at least one locus, and
88 (41.1%) showed LOH at one or more loci on chromosome 17q
(Table 1). Fig. \b shows examples of Southern blots of tumor DNAs
which revealed partial or interstitial deletions of chromosome 17q.
Tumor 761 had lost one alÃeleat the CI 17-701 locus but retained

heterozygosity at a more distal locus. Tumor 189 retained both alÃeles
at the CI 17-701 locus but had lost one alÃeleat the CI 17-730 locus;
tumor 807 retained heterozygosity at the CI 17-516 locus, while one
alÃeleat CI17-710 had been lost. On the other hand, tumor 853 had
lost one alÃeleat the CI 17-516 locus but retained heterozygosity at the
CI 17-710 locus. The results of LOH analyses of the 35 tumors show

ing partial or interstitial deletions on 17q are summarized in Fig. 2b.
The deletion map indicated two distinct regions that were commonly

deleted: one was between CI 17-516 ( 17q25.1 ) and CI 17-710 ( 17q25.

3), the same distal region of deletion detected in ovarian cancer; the
other was an interval at 17q21.3 between two loci defined by markers
CI 17-701 and CI 17-730; this segment corresponds to the region

indicated by deletion mapping of ovarian cancers, but it is smaller.
Linkage analysis based on genotypes of 40 CEPH 3 generation

families (16, 17) provided an estimated genetic distance of 2.4 cM
between two markers CI17-701 and CI17-730 (lod score of 33.7),
implying a physical distance of 2000-3000 kilobases. Because this
region is suspected of containing a gene responsible for the early-

onset type of familial breast cancer, we compared the frequencies of
LOH among tumors developed in premenopausal versus postmeno-

pausal patients. As shown in Table 2, no significant difference could
be attributed to menopausa! status.

DISCUSSION

We have described a detailed analysis of LOH at loci on chromo
some 17q in ovarian and breast cancers, and have constructed deletion
maps of tumors. Two distinct, commonly deleted regions were iden
tified in primary tumors from either of these tissues, implying that two
tumor suppressor genes for ovarian and breast cancers may be present
on chromosome 17q. One of these genes lies between loci defined by

a. ovarian cancer

A40

Fig. 1. Autoradiograms from Southern blots
showing partial deletions on chromosome 17q in
ovarian (a) and breast (Â¿)cancers. Top abscissa,
case numbers; left ordinare, probe names; left lane
of each paired sample. DNA from normal tissue.

11.2

12

21.1

21.2

21.31

21.32

21.33

22

231
23.2
23.3

24.1
24.2

24.3

25.1

25.2

25.3

'316

,701

^730

X507

,516

-710

17q

b. breast cancer

761 189B6

I
â€¢¿�I

I II
C12

I
I

807 853

â€¢¿�â€¢¿�
I â€¢¿�

3383

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/14/3382/2451238/cr0530143382.pdf by guest on 19 M

ay 2023



DELETION ON CHROMOSOME 17 IN OVARIAN AND BREAST CANCERS

A40 A4Â« B1 C29 C12 DU

6 6

. l i

o

o

B
135
319 189
343 347

805 761 417 411 325 363 459 803 725 487 B33 825 723 839 395 235 851 835 67l 719 449 465 807 865 759 733 721 853 48t 509

000

o
o

o

o o

6

o

41 4) 4)

41 O

o

O <>
41 41 41 41

Fig. 2. Schematic
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representation of partial deletions on chromosome 17q in ovarian (Ai and breast (ÃŸ)cancers. Top abscissa, case numbers; left ordinale, probe names; â€¢¿�.LOH;
alÃeles;vertical bars on the right of each mapping panel, two commonly deleted regions.

Table 2 Correlation of LOH at chromosome I7a21.3 with menopausal status

Frequency of LOH at chromosome 17q21.3

Status Ovarian cancer Breast cancer

Premenopausal
Postmenopausal

7/20 (35.01
6/17 (35.3)

49/120 (40.8)
27/83 (32.5)

Table 3 LOH on chromosome I7q21.3 in serous versus nonserous ovarian carfinoma

LOH on 17q21.3

HistolÃ³gica!typeMucinousSerousClear

cellLoss4151Retained101011Total142512f0.0600.003
" Calculated by Fisher's exact test.

CI17-516 and CI17-710 at 17q25.1-25.3. The other locus, lying
between CI 17-701 and CI 17-730 at I7q21.3 in breast cancers, falls

within a larger region commonly deleted in ovarian cancers (between
CI 17-316 and CI 17-507 at 17q 12-21.3). The two loci flanking this
2.4-cM proximal common region of deletion have shown close ge

netic linkage in 40 CEPH families to loci that are tightly linked to the
putative tumor suppressor gene responsible for familial ovarian and
breast cancers (4-13). Hence, it is likely that this region contains a

gene responsible for both sporadic and familial forms of breast and

ovarian cancers. However, although linkage has been demonstrated
only in families with early-onset type of breast cancer, we saw no

difference in the frequency of LOH in this region among sporadic
tumors developed in premenopausal or postmenopausal patients.

In ovarian cancers, a significant difference in the frequency of LOH
at 17q21.3 was observed among three histopathological groups; i.e.,
tumor of the serous type showed LOH more often than did mucinous
or clear cell types. These results are similar to those we reported
earlier for chromosome 6q, where LOH was frequently observed in
the serous type but not in other histolÃ³gica! types of ovarian cancers
(1, 18). We suggest that these three types of tumor might have dif
ferent etiological mechanisms and that tumor suppressor genes on 6q
and 17q may be associated specifically with development or progres
sion of the serous type of ovarian carcinoma.
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