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ABSTRACT

In order to detect common regions of deletion, 219 breast tumors were
examined for loss of heterozygosity at several loci on chromosomes 3p,
16q, and 17 by restriction fragment length polymorphism analysis. Alleile
deletions of loci on chromosomes 3p, 13q, 16q, and 17, and amplification
of the erbB2 oncogene, were analyzed and compared with histopatholog-
ical and clinical features. Common regions of deletion were detected
within chromosomal bands 3pl3-14.3, 16q22-23, 17pl3 (two separated
loci), and 17q21. Concordant losses of alÃeleson chromosomes 3p, 13q,
16q, 17p, and 17q were observed. A significant association was detected
between loss of heterozygosity on chromosomes 17p and 17q and ampli
fication of the erbB2 oncogene (17p, P = 0.000721, by Fisher's exact
test; 17q, P < 0.001, x2 = 12.135). Furthermore, tumors showing highly

malignant phenotypes had accumulated more genetic changes at the loci
studied than those having less malignant phenotypes on the basis of
histopathological classification, lymph node metastasis, and tumor size.
These results suggested that accumulation of genetic alterations, includ
ing loss of function of tumor suppressor genes on chromosomes 3p, 13q,
16q, and 17, and amplification of the erbB2 oncogene, may contribute to
tumor development and/or progression in primary breast cancer.

INTRODUCTION

The number of patients with breast cancer, which is the most
common malignancy in women (nearly 1 in 10 in Caucasians),
has been increasing worldwide. Irrespective of advances in
hormonal and other pharmaceutic therapies, the death rate has
not been reduced. Efforts to discover prognostic indicators have
sought correlations between clinicopathological data and bio
chemical parameters such as progesterone and estrogen recep
tor (1-3) and epidermal growth factor receptor (4), and recent
studies have suggested that amplification of the neu/erbB2
oncogene, homologous to the epidermal growth factor receptor
(5), could have a significant predictive value for recurrence of
breast cancer (6, 7). However, some authors disagreed with the
conclusion that amplification of the erbB2 oncogene, or over-
expression of the erbB2 protein detected immunohistochemi-
cally, was useful as a prognostic factor (8-10). Due to these
contradictory observations, tests to detect tumor development
and/or progression of breast tumors at the DNA level, using
advanced techniques of molecular genetics such as RFLP'

analysis or polymerase chain reaction (11), have been sought.
Such tests would be designed to (a) predict the grade of malig
nancy; (b) support the histopathological diagnosis; or (c) indi
cate the anticancer therapy appropriate to patients with each
phenotype of tumor. Several previous studies on loss of heter
ozygosity in breast cancer have implied that tumor suppressor
genes may exist on chromosomes Iq, 3p, lip, 13q, 16q, 17p,
17q, and 18q (12-17). Furthermore, several recent reports
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associating specific tumor suppressor genes with colorectal
cancer (18, 19) have supported a consensus that accumulation
of genetic alterations is probably a general mechanism of tumor
development and/or progression. However, tumors originating
in various tissues may respond to changes in tissue-specific
tumor suppressor genes as well as to alterations in relatively
common tumor suppressor genes such as RB (20, 21) and p53
(22-25).

The work reported here was part of an ongoing, extensive
study to investigate how multiple genetic alterations contribute
to tumor development and/or progression in primary breast
cancer, using a large number of tumor materials. We have
already reported that tumor suppressor genes involved in pri
mary breast cancer may exist on chromosomes 13q, 16q, and
17p; we have also presented the possibility that two tumor
suppressor genes exist on chromosome 17pl3, after mapping
regions commonly deleted in primary breast cancer (17, 26).
We here report the results of a search for potential tumor
suppressor genes on other chromosomes, the identification of
several common regions of deletion on chromosomes 3p, 16q,
and 17, and evidence for the contribution of accumulated ge
netic alterations to tumor development and/or progression in
primary breast cancer.

MATERIALS AND METHODS

Materials. Tumor and normal tissues removed by mastectomy from
219 patients with primary breast cancer at the Cancer Institute Hospi
tal, Tokyo, were analyzed for the allelotype study. Of the 219 tumors,
193 were invasive ductal carcinomas (42 papillotubular carcinomas, 49
solid-tubular carcinomas, and 102 scirrhous carcinomas), and 26 were
special types including 10 invasive lobular carcinomas. The histopath
ological classifications were carried out according to the typing scheme
of the Japanese Breast Cancer Society (27, 28), which is basically the
same as the World Health Organization typing scheme for breast
tumors.

DNA Extraction from Tissues. Extraction of DNA from tumors and
from the corresponding normal tissues was carried out according to
methods described elsewhere (17).

Probes. All probes used in this study are shown in Table 1. The
probes for chromosome 3 were reported by Yamakawa et al. (29), and
all others, including the erbB2 oncogene, have been published in the
Human Gene Mapping Workshop 10.5 (30).

Hybridization Conditions. DNA samples were transferred to nylon
membranes (Pall Biodyne) in a solution of 0.1 N NaOH-0.1 M NaCI.
The conditions for neutralization, fixation, hybridization, and washing
under high stringency were according to the methods described previ
ously (17). The method for the Southern blot measurement of erbB2
amplification has also been shown in a previous report (17).

Statistical Analysis. The x2 test. Fisher's exact test, and Bonferroni

correction were used for statistical analysis of the results. The Bonfer
roni inequality, CER = a/c (CER = comparisonwise error rate; c =
total number of comparisons), has been widely used for multiple com
parisons of means (31).

RESULTS

Frequent Losses of AlÃeleson Chromosomes 3p, 13q, 16q,
17p, and 17q in Primary Breast Cancer. In order to analyze the
frequent loss of chromosome in primary breast cancer, which
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Table I Loss of heterozygosity in human breast cancer

ProbeChromosome

3CCI3-4I7CCI3-245cCB-524cCU-515CCI3-9CCI3-382CCI3-373cCI

3-488cCU-528cCB-637CCI3-570EFDI45TotalChromosome

13MHZ47Chromosome

16CMM65CJ52.94T1CJ52.209HPpEKXp3BCJ52.96CJ52.197P79-2-23TotalChromosome

17YNZ22LB17.3MCT35.1PBH53Total

(Chromosome17p)HHH202CM

M86THH59RMU3RMU1KKA35Total

(Chromosome17q)TotalChromosome

18DCC
(SAM)LocusD3S669D3S647D3S686D3S685D3S643D3S660D3S659D3S67SD3S687D3S714D3S693D3S32DI3S52D16S84DI6SI59DI6SÃŒ5ÃŒHPCTRBD16SI57DI6S156D16S7D17S30DI7S3IP53DI7S33DI7S74DI7S4DI7S240/7527O/7S75DCCChromosomal

localization3p25.13p233p21.33p2

1.3-233p2
1.32-21.333p21.23pl4.2-133p

14.2-14.33pl4.1-14.23pl2-133pl33p2

1.2-14.2I3q16pl3I6qll-1316q2116q22.116q2216q22-23l6q23-2416q22-2417pl3.3I7pl3.1-13.317pl3.117pl3.1I7qll.2-1217q

12-2317q23-25.317q23-2517q23-2517q23-2518q21.3EnzymeTaq\BKnTaqlTaq]TaqlA'l/IIPrullMsplMsplPvullTaq\TaqlMsp\EcoRlTaqlTaqlTaqlPvullTaq\TagtTaqlTaqlMsplMsp\HamlllTaqlTaqlTaqlTaqlPstlMsplEcoRlNo.

of
patients
tested566375717778130937686827018317583477162593912916518116217216313513414617716015817719665Allelic

loss/
informative case"(%)3/22(13.6)2/24

(8.3)2/34
(5.9)6/54(11.1)4/14(28.6)6/33(18.2)23/54

(42.6)19/50(38.0)8/25

(32.0)1/24(4.2)0/6

(0.0)9/44
(20.5)56/120(46.7)34/132(25.8)0/43

(0.0)1/29(3.4)16/43(37.2)12/21

(57.1)2/4
(50.0)4/9

(44.4)30/61
(49.2)59/138(42.8)78/153(51.0)63/125(50.4)38/88

(43.2)37/87
(42.5)26/70(37.1)97/175(55.4)13/59(22.0)29/93(31.2)28/104(26.9)10/42(23.8)6/17(35.3)23/71

(32.4)59/169(34.9)109/186(58.6)1/40

(2.5)
â€¢¿�The ratio of "total" of allelic loss for a chromosome or chromosome arm represents the number of at least one allelic loss at any loci/the total number of cases

informative for at least one marker.

we have shown in previous report (17), 31 RFLP markers on
chromosomes 3p, 13q, 16, and 17 were used to detect LOH.
The results showed frequent LOH on chromosomes 3p (56 of
120, 46.7%), 13q (34 of 132, 25.8%), 16q (78 of 153, 51.0%),
17p (97 of 175, 55.4%), and 17q (59 of 169, 34.9%) in breast
tumors (Table 1). We also examined LOH at the DCC (deleted
in colorectal carcinoma) locus on chromosome 18 (32), since
the DCC gene might be a likely candidate tumor suppressor
gene responsible for breast cancer, as reported by Cropp et al.
(33). Only 1 of 40 informative cases revealed LOH at this locus,
and no rearrangements in the DCC gene were observed.

Correlations among Allelic Losses on Chromosomes 3p, 13q,
16q, 17p, and 17q. The results of statistical analysis are shown
in Table 2. Some statistically significant concordance of losses
among these chromosomal arms was observed after Bonferroni
correction (16q and 17p, P = 0.002; 17p and 17q, P = 0.000).
Furthermore, loss of chromosome 3p was found frequently in
the group of tumors which had lost chromosomes 13q, 16q,
17p, and 17q. Loss of chromosome 13q was also found fre
quently in the tumors which had lost chromosome 17p. How
ever, no significant correlation between any particular combi
nation of allelic losses and histopathological features could be
found in this study, except that LOH was often observed on

both chromosomes 13q and 17p when highly malignant histo
pathological features were present in a given tumor, as reported
previously (17) (data not shown).

Common Regions of Deletion on Chromosomes 3p, 16q, and
17. As the first step toward the isolation of the putative tumor
suppressor genes for primary breast cancer on chromosomes
3p, 16q, and 17, we searched for common regions of deletion
on these chromosomes (Table 1). Among 12 loci on the short
arm of chromosome 3, LOH was most frequently observed (23
of 54,42.6%) at D3S659 (cCI3-373) (30), and a common region
of deletion was detected between this locus and D3S678 (cCI3-
488), at chromosome 3pl3-I4.3 (Fig. \A). In the case of
chromosome 16q, the most frequent LOH (12 of 21, 57.2%)
among eight markers was observed at the HP locus, and a
common region of deletion was detected in the chromosomal
segment distal to HP (16q22-23) and proximal to D/65757
(CJ52.96) (Fig. IB).

Three separate common regions of deletion have now been
detected on chromosome 17p. Two of the regions identified in
the present study also appeared in our previous reports: i.e., in
the region distal to P53 (tumor no. 20 in Fig. 1C) and in the
p53 gene itself (tumor no. 41 in Fig. 1C) (17, 26). In addition
to them, we detected one region on the long arm; among the
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Table 2 Concordant loss of chromosomes 3p, I3q, I6q, I7p, and I7q in primary
breast cancer

Chromosome LOH

Loss of
chromo

some P value'

3p 13q

14
7

22
36

16q

33
24

17
30

I7p

40
28

14
27

17q

25
12

26
39

I3q 16q

19
32

10
39

16q

17p

17p

24 7
47 43

17q

12 16
29 57

17p

52 23
28 34

17q

32 41
17 44

17q

44 47
9 57

4.1699

5.5599

5.6319

7.0494

3.1111

6.4215

0.8240

7.7584

3.2468

19.791

0.023

0.027

0.022

0.013

0.073

0.014

0.587

0.002

0.056

0.000

" Significance /"values by Bonferroni correction is P< 0.005. We could observe
significant /' values between loss of chromosomes 16q and 17p and chromosomes
17p and 17q by Bonferroni correction. The method of calculation for Bonferroni
correction is shown in "Materials and Methods."

six loci tested on 17q, D17S74 (CMM86) was lost frequently
(29 of 93, 31.2%), and the common region of deletion was
mapped to the region distal to D17S33 (HHH202) and proxi
mal to D17S4 (THH59) (Fig. 1C).

Association between Amplification of the erbB2 Oncogene and
Loss of Chromosome 17. We tested for association between
LOH on any of the chromosomes studied and amplification of
the erbB2 oncogene (Table 3). The frequencies of amplification
of the erbB2 oncogene in tumors that showed LOH on chro
mosomes 3p, 13q, 16q, 17p, and 17q were 6 of 50 (12.0%), 4
of 34 (11.8%), 8 of 72 (11.1%), 18 of 89 (20.2%), and 14 of 53
(26.4%), respectively. Tumors without LOH on chromosomes
3p, 13q, and 16q showed similar frequencies of erbB2 amplifi
cation: 9 of 54 (16.7%), 11 of 86 (12.8%), and 10 of 67 (14.9%),
respectively. On the other hand, tumors that retained both
alÃelesat the tested loci on chromosomes 17p and 17q showed
very infrequent amplification of the erbB2 oncogene [17p, 2 of
69 (2.9%); 17q, 7 of 100 (7.0%)]; association between loss of
chromosome 17 and amplification of the erbB2 oncogene was

statistically significant (17p, P = 0.000721, by Fisher's exact
test; 17q,/><0.001,x2 = 12.135).

Correlation of Genetic Alterations and Clinicopathological
Features. In order to study how an accumulation of genetic
alterations may contribute to tumor development and/or pro
gression in primary breast cancer, we compared five genetic
changes (LOH on chromosomes 3p, 13q, 16q, and 17, and
amplification of the erbB2 oncogene) with Clinicopathological
data (histopathological classification, lymph node metastasis,
and tumor size). Fig. 2A illustrates this comparison. It is clear
that the proportion of tumors bearing two or more genetic
alterations is larger in the group with more highly malignant
phenotypes. When we examined the correlation between the
number of genetic alterations and three histopathological types,
with and without lymph node metastasis (Fig. 2Ã„),it is clear
that the proportion of tumors with more genetic alterations is
larger in the groups al (papillotubular carcinoma; well differ
entiated type) and a2 (solid-tubular carcinoma; moderately/
poorly differentiated type) with lymph node metastasis than
those without lymph node metastasis. However, this difference
was not observed in the group a3 (scirrhous carcinoma; poorly
differentiated type).

DISCUSSION

The allelotype study reported here has revealed that (a)
chromosomes 3p and 17q are chromosomal arms which may
contain tumor suppressor genes for primary breast cancer; (b)
regions commonly deleted in breast tumors exist on chromo
somes 3p 13-14.3, 16q22-23, 17pl3 (the p53 gene and one
other locus), and 17q21; (c) some correlation exists among
allelic losses of chromosomes 3p, 13q, 16q, 17p, and 17q; and
(d) a significant association exists between LOH on both the
short and long arms of chromosome 17 and amplification of
the erbB2 oncogene.

The frequent LOH that we have observed on chromosome
3p in primary breast cancers has been reported in other types
of tumors also, including renal cell (34), ovarian (35), testicular
(36), uterine (37), and lung (38) carcinomas. The common
region of deletion on chromosome 3p in breast cancers was
localized at p 13-14.3. This is the chromosomal segment where
breakpoints are often seen in renal cell carcinomas (39-41).

Cropp et al. (33) have suggested that losses of alÃeleson
chromosomes 17q and 18q may collaborate during progression
of primary breast cancer and that the DCC gene might be a
likely candidate for tumor suppressor gene on chromosome 18q
in primary breast cancer. Although we detected frequent LOH
at six loci on chromosome 17q by testing a large number of
breast tumors, we observed only one case of allelic loss in 40
informative cases and no rearrangements in the DCC gene on
chromosome 18. However, further analysis might be necessary
to confirm whether the DCC gene could be a tumor suppressor
gene on chromosome 18q in primary breast cancer.

Three common regions of deletion as candidate loci for tumor
suppressor genes have now been identified on chromosome 17.
Two of them, both on the short arm, had been detected in our
earlier studies (17). The additional candidate locus, on the long
arm of chromosome 17, lies in the vicinity of D17S74
(CMM86). Recently, Hall et al. (42) reported linkage of early
onset familial breast cancer to D17S74. It seems that the same
gene may be responsible for both sporadic and inherited forms
of breast cancer, as has been shown in the case of the genes
responsible for familial adenomatosis polyposis coli (APC) (18,
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Table 3 Association between amplification of the erbB2 oncogene and loss of
chromosome in primary breast cancer
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Fig. l. A-C, schematic representations of the common regions of deletion in

chromosomes 3p, 16q, and 17. The common regions of deletion detected were:
chromosome 3p, the region between D3S659 (cCI3-373) and D3S678 (cCI3-
488); chromosome 16q, the region distal to HP and proximal to DI6S157
(CJ5296); chromosome 17, the region distal to P53 (tumor no. 20), the pS3 gene
itself (tumor no. 41). and the region distal to D17S33 (HHH202) and proximal
to D17S4 (THH59). The linear order of loci on each of these chromosomal
arms is supported with odds >104 except for two pairs, cCI3-373 and

Amplifica
tion of

erbB2 on
cogeneChromosome

LOH3p

(+)13q

(+)16q

(+)17p

(+)17q

(+)<+)6

94

118

10182147(-)44

453075645771

6739

93Statistical

analysis"NSNSNSP

=0.000721P<

0.001 (x2= 12.135)

Â°P value was calculated by Fisher's exact test when the smallest number was

less than 5. NS, not significant.

43, 44), multiple endocrine neoplasia type 1 (MENI) (45), and
neurofibromatosis type 2 (NF2) (46). Although it will be nec
essary to isolate the gene(s) responsible for breast cancer from
the q21 segment of chromosome 17 to prove this possibility,
our RFLP analyses have clearly implicated one or more genes
in this region as tumor suppressors for both sporadic and
familial breast tumors.

We observed amplification of the erbB2 oncogene in many
of the tumors which showed LOH on both the short and long
arms of chromosome 17. Fong et al. (47) reported a significant
correlation between LOH on chromosome Ip and amplification
of N-myc in neuroblastoma (x2 = 17.24, P < 0.001). In partic
ular tumors, loss of specific chromosomal regions may trigger
activation of an oncogene by gene amplification; this amplifi
cation might result from some kind of instability in the nucleus
of a malignant cell. Amplification of the erbB2 oncogene in
addition to LOH on chromosome 17 might promote breast
cancer by affecting the proliferation of tumor cells.

Vogelstein et al. (18) took advantage of the fact that the
different stages of colon tumors, from adenoma to carcinoma,
could be sequentially analyzed to show that genetic alterations
during tumorigenesis paralleled changes in histopathological
features. We have shown that genetic alterations also accumu
late in breast cancer, apparently in parallel with the increasing
malignancy of histopathological features, except in the case of
scirrhous carcinomas (a3; poorly differentiated). Failure to ob
serve correlation between accumulation of genetic changes and
metastatic proclivity in scirrhous carcinomas may have resulted
from contamination with a large proportion of nonneoplastic
cells, as scirrhous carcinoma is the most invasive fibroplastic
type of breast cancer. Alternatively, an unknown factor associ
ated with metastasis of scirrhous carcinoma may exist in a part
of the genome not represented by our selection of markers. The
results reported here provide the basis for the next steps toward
isolation of the tumor suppressor gene(s) associated with pri
mary breast cancer. Furthermore, this kind of approach con
tributes to our understanding of tumor development and/or
progression in breast cancer and to the future application of
DNA diagnosis for clinical purposes; e.g., to provide indicators

cCI3-488 on chromosome 3 and p53 and MCT35.1 on chromosome 17. The
common regions of deletion are shown to the right of each diagram; tumor
identification numbers are given at the top of each column. Solid columns, LOH;
open columns, no allelic loss; hatched columns, uninformative cases.
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Fig. 2. Correlation of multiple genetic alterations with histopathological and clinical features in primary breast cancer. Five genetic alterations (LOH on
chromosomes 3p, 13q, 16q, and 17 and amplification of the erbB2 oncogene) were counted, and the cases informative for more than four alterations were used for
this analysis. Histopathological classifications al, a2, and a3 represent papillotubular carcinoma (well differentiated), solid-tubular carcinoma (moderately/poorly
differentiated), and scirrhous carcinoma (poorly differentiated), respectively. N, number of tumors used for analysis; n* and n~, positive and negative metastasis to

lymph nodes. Tumor size is divided at 2.0 cm (M, smaller than 2.0 cm; l2, 2.0 cm or larger). Hatched and open boxes, percentage of tumors involving two or more
mutations (M a 2), and 0 or 1 mutation (A/ = 0,1), respectively. A, correlation between the number of mutations and histopathological classification, lymph node
metastasis, and tumor size. /'. correlation between metastasis and the number of mutations in these tumor types.

for surgical management, to estimate the prognosis of patients,
and possibly to provide guidelines for chemotherapy.
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