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Abstract

The hereditary breast cancer gene BRCA previously has been localized
to chromosome 17q21. We looked for evidence of involvement of this
region of chromosome 17 in 130 sporadic breast cancers. Seventeen poly-
morphic sequence tagged site markers were examined in these tumors
between the D175250 and DI75579 loci to screen for deletions as mea-
sured by loss of heterozygosity. The smallest common region that was
deleted occurred in the approximately 120-kilobase interval between the
D175846 and D175746 loci within the BRCAI region. Delineation of this
commonly deleted area should accelerate attempts to identify the involved
gene(s) and its relationship to BRCAI.

Introduction

It is widely believed that there are one or more tumor suppressor
genes on chromosome 17q for breast carcinoma (1-3). One candidate
gene, BRCAI, is genetically linked to the development of some
familial breast cancers and is located at 17q21 (4). Ovarian cancer is
also known to have a hereditary component (5-7). Furthermore, a
woman with ovarian cancer is at increased risk for developing breast
cancer as a second primary tumor, and vice versa (8—10). Recently,
the syndrome for familial breast/ovarian cancer has also been linked
to the same region as BRCA! (11). The observed LOH' affecting the
wild type chromosome in tumors from affected breast/ovarian cancer
patients (12, 13) is consistent with the hypothesis that BRCAI is a
tumor suppressor gene. However, whether the target genes for familial
breast and breast/ovarian cancers are the same or are different closely
linked genes is not known. In a variety of hereditary neoplasias the
affected gene (e.g., RB, TP53, APC, etc.) has also been found to be
frequently mutated in sporadic forms of the disease (14, 15). Previ-
ously, we (1) and others (2, 3, 16) have shown that sporadic breast
carcinomas are frequently affected by LOH in the general region of
BRCAI. The availability of additional polymorphic STS which have
been genetically mapped to the region of chromosome 17q21 con-
taining BRCAI (17) has provided us the opportunity to further define
the region of this portion of the genome which is affected by LOH in
sporadic primary human breast tumors. When this study was begun
the consensus among published reports on the genetic and physical
boundaries of BRCAI suggested that the centromeric boundary was
D175250 (18-20). The telomeric boundary was less clear. In some
reports it was 175588 while in others it was the more centromeric
locus, D175579 (19, 21, 22). In our study we chose DI75579 as our
telomeric border. The interval between DI75250 and DI175579 is
estimated to be roughly 3500 kilobases (23). In the present study we
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describe a high density deletion map using 17 PCR-based polymor-
phic STS markers located between the D175250 and D175579 loci in
130 primary human breast tumors.

Materials and Methods

Primary breast carcinomas and matching peripheral lymphocytes were
collected at the Helsinki University Central Hospital in Helsinki, Finland, from
130 patients who had received no prior therapy.

Genomic DNA was extracted and diluted to 100-200 ng/pl. PCR was
performed with 100-200 ng template DNA, 10 mM Tris-HCI, 1.5 mm MgCl,,
50 mm KCI, gelatin 0.1 mg/ml, 250 pM concentration of each nucleoside
triphosphate, 0.4 unit Taq polymerase (Boehringer Mannheim), and 30 pmol of
each primer in a total volume of 25 ul. The PCR product was identified by end
labeling primers with [y-**PJATP. All PCR reactions were performed on a
GeneAmp PCR System 9600 starting with denaturation for 6 min at 94°C
followed by 25 cycles of denaturation at 94°C for 10 s, annealing temperature
for 10 s, and extension at 72°C for 20 s. The primers used, their annealing
temperatures, and references are shown in Table 1.

The PCR products were diluted with loading buffer (95% formamide, 20
mM EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol), heat dena-
tured and rapidly cooled. Samples were run in pairs (tumor and lymphocyte
PCR product from the same patient) on a denaturing gel (7% acrylamide-32%
formamide-6 M urea-1X Tris-buffered EDTA) at a constant 65-70 W. After
electrophoresis the gel was transferred to Whatman No. 3MM paper and
autoradiography was performed with Kodak X-Omat AR film at —70°C.

Results and Discussion

We have previously defined three regions of chromosome 17q that
are frequently affected by LOH in primary human breast tumors (1).
In that study a putative target gene(s) was suggested in the interval
between D175873 and NMEI on chromosome 17q12-q21. In the
present study we have examined an additional 17 polymorphic STS
markers between D175250 and D175579 which is a subregion within
the D17573 and NME] interval. This represents an average of one
polymorphism every 210 kilobases since the distance between
D175250 and D178579 is estimated to be 3500 kilobases. The total
number of tumors examined, the percentage of the total number of
tumors that were informative, and the percentage of the informative
tumors which were deleted (i.e., LOH) is shown in Table 1. The
overall frequency of LOH varies from 12 to 32% and is the highest
between D175846 and D175776.

To further define the region containing the putative target gene we
have analyzed the genotypes of individual primary breast tumor
DNAs for evidence of LOH. Shown in Fig. 1 are autoradiographs of
the STS markers of four breast tumors between D175702 and
D175856. Tumor 20 showed no LOH at D175702 and D175746 but
was deleted for the upper allele of GAS and the lower allele of
D175846. Markers D175776 and D175856 were not informative in
this tumor. In tumor 26 no LOH was detected at D175702, D175846,
and D175856, but the tumor DNA was deleted for the lower allele of
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Table 1 Frequency of LOH at chromosome 1721 loci
The locus number of the STS marker, the PCR ling I , and a ref
is listed for each marker used. The total number of tumors examined for each marker is
indicated by N. The percentage of the total number of tumors (&) that were informative
is shown as %I, and the numbers in parentheses are the expected heterozygosity for that
STS marker. The percentage of the informative tumors () that were deleted is indicated
by %LOH.

Anncaling
lemperature % of
Locus/STS (°C) Ref. N %1 LOH
DI75250 55 24 101 80 (B1) 21
THRAI 55 25 95 39 (81) 27
D175700 60 17 100 54 (44) 19
D178857 55 26 102 67 (NP) 25
D178702 52 17 102 90 (88) 23
GAS 60 27 97 52 (NP) 2
D175846 55 28 95 78 (84) 32
DI75746 58 17 108 33 (44) 28
DI75776 58 29 105 60 (55) 30
D175856 55 26 103 51 (NP) 19
DI75648 60 17 107 36(29) 18
DI175855 55 26 60 S0 (NP) 27
D175902 60 17 50 74 (78) 27
D175859 55 26 49 35(NP) 12
D175750 65 17 103 57 (66) 24
DI178183 55 30,31 103 35 (40) 22
D175579 55 32 109 86 (87) 13

D175746. Tumor 63 was informative and unaltered at the DI175702,
GAS, D175846, and D175856 loci but was deleted for the upper allele
of D175776. In this patient the STS marker DI75746 was not infor-
mative. Tumor 117 was informative and unaltered at the D175702,
D175776, and D175856 loci but was deleted for the upper allele of
D175846. In this patient D175746 was not informative.

The genotypes of these four tumors and seven additional tumors for
loci lying between D175250 and D178579 is shown in Fig. 2. Ten of
the tumors examined in this study have clearly defined interstitial
deletions within the BRCA1 interval, while tumor 127 appears to have
lost a large portion of the long arm of chromosome 17. In this study
a total of nine tumors appeared to have lost an entire chromosome 17q
arm, since all markers in the BRCAI region as well as telomeric
markers, such as D1754, were deleted. Six other tumors had LOH at
all the markers in the BRCA1 region but were informative and retained
heterozygosity at D1754. These data taken together indicate that the
smallest commonly deleted region is located between D175846 and
DI175746. This conclusion is both consistent with and extends previ-
ous studies in which fewer loci were examined within the BRCAI
region (2, 3, 16). D175846 and D175746 are located on two overlap-
ping recombinant P1 bacteriophage clones. The distance between
them is estimated to be 120—150 kilobases based on physical mapping
data® and could possibly contain several undiscovered genes.

The increased availability of polymorphic STS markers in the
region of BRCAI has also led to a continued shrinkage of the size of
this region through genetic linkage studies in breast and breast/ovarian
cancer families. Thus, in successive studies the telomeric border has
moved centromerically from DI75579 (18, 20, 21) to DI7S183
(located between DI178750 and DI78579; Fig. 2) (26) to DI7578
(located between D175750 and D175183; Fig. 2) (33). Similarly the
centromeric border has moved in the telomeric direction from
DI78250 (19, 20, 31) to THRA (21, 30) to DI75857 (13) to D175702
(34). The region we have defined as containing the target gene for
LOH on chromosome 17g21 in sporadic breast tumors is compatible
with these linkage studies defining BRCAJ in familial breast and
breast/ovarian cancer families. However, there is one report (29)
which is potentially inconsistent with this conclusion. They show that
in one family having the familial breast/ovarian cancer syndrome, one

2 H. Albertsen er al., manuscript in preparation.

affected member had a recombinational event telomeric of the locus
D175776. This locus is more telomeric than D/75746 which is the
telomeric boundary of the affected region defined in our study (Fig.
2). There are at least three explanations for this apparent paradox: (a)
the locus we have defined may be relevant only in sporadic breast
cancer and not in hereditary breast cancer; (b) possibly there are two
closely linked genes which are independently altered in breast-only
versus breast/ovarian families. A comparison of the linkage studies
done in breast-only families versus those done in breast/ovarian
families show that in the former group the altered gene lies between
THRA1 and D175579 (35), whereas in the latter group the location of
the altered gene lies distal to DI75776 and proximal to DI7578
(29, 32). The region we have defined is consistent with the current
linkage analysis of the location of the altered gene in the breast-only
families; (c) our results are not incompatible with the linkage data of
Goldgar et al. (29). However, this would require that the BRCAI gene
is large (1-2 megabases) and that the recombinational event described
by Goldgar er al. occurred within the gene. There are precedents for
each of these requirements. For instance, the DCC gene on chromo-
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Fig. 1. Autoradiographs of four tumors for the six STS polymorphic markers between
D178702 and D175856. Arrows, deleted allele indicating LOH. Tumor 20 is deleted for
GAS and D175846; tumor 26 is deleted for D175746, wumor 63 is deleted for DI75776;
and tumor 117 is deleted for DI75846. T, tumor; L, lymphocyte,
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some 18q is approximately 1.4 megabases (36), and the Duchenne
muscular dystrophy (DMD) gene on Xp2l is approximately 2.3
megabases (37). In the search for the DMD gene, linkage analysis was
somewhat confusing because of the frequency of recombination
events within such a large gene (38—40). Clearly, identification of the
target gene(s) in sporadic breast carcinomas as well as the familial
breast and breast/ovarian carcinoma loci will be required to distin-
guish between these possibilities.
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