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Summary

Recently, a putative breast cancer gene was localized to the long arm of chromosome 17. A collaboration study
was undertaken to confirm linkage, to further map the gene, and to determine to what extent breast cancer
families are linked to this locus. The Swedish material consisted of 29 breast cancer families in which 68 affected
members were studied. Linkage analysis of breast cancer susceptibility was performed with a number of markers
on 17q. In this material a weakly positive LOD score in favor of linkage was observed in a subgroup of families
with early onset, while no such linkage was observed in a subgroup of families with late onset.

Introduction

Breast cancer is most often a sporadic disease but also
has long been known to be segregating in families as an
autosomal dominant disease. In order to localize breast
cancer-predisposing genes, a number of linkage analy-
ses have been performed (King et al. 1983; Skolnick et
al. 1984; Goldstein et al. 1989; Hall et al. 1989; Haile et
al. 1990). Hall et al. (1990) reported linkage of breast
cancer susceptibility, in families with early onset of the
disease, to a marker on the long arm of chromosome
17. Linkage to the same marker was also demonstrated
in a few families with breast cancer and ovarian cancer
(Narod et al. 1991). These findings prompted an exten-
sive collaborative study in order to further localize and
confirm the linkage to the putative breast cancer gene
on 17q. An extensive family study would also be able to
determine the extent of heterogeneity among the breast
cancer families (i.e., how many cases are due to a muta-
tion on 17q) and to put clinical characteristics in rela-
tion to different susceptibility genes. In this report the
Swedish family material submitted to the collaborative
study is described in greater detail, with special empha-
sis on the linkage results.
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Patients and Methods

Patients
The families were identified through a questionnaire

sent to 2,694 breast cancer patients in the Stockholm
area. They represented all living patients who had been
diagnosed in the breast cancer clinics of Karolinska
Hospital and Danderyds Hospital between 1976 and
1988. The patients were asked to report their family
history with regard to relatives with breast cancer or
any other type of cancer. They were also asked to state
the age at diagnosis and the age at death for all reported
family members.
We obtained information from 1,976 families, 29 of

which were available for linkage analysis (fig. 1). These
families were selected because two or more family
members were affected with breast cancer and were
willing to participate in this study. Twenty-two families
were of a type where breast cancer was the most com-
mon malignancy, with two to six cases of breast cancer
in each family, while seven families were of a type with
more cases with other types of cancer than cases with
breast cancer. In five of the latter seven families, there
were two cases of breast cancer in each family, and, in
the other two families, there were three cases of breast
cancer in each family, possibly part of a hereditary syn-
drome including breast cancer and other types of
cancer. No cases with ovarian cancer were reported.
For breast cancer, 9 of the 29 families had a mean age at
onset less than 50 years of age, and 20 families had a
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mean age of onset greater than 50 years of age. The
linkage analysis included a total of 89 individuals in
these 29 families.

DNA Analysis
Isolation of high-molecular-weight DNA from pe-

ripheral leukocytes, cleavage with restriction enzymes,
Southern blot analysis, and hybridization to radioac-
tively labeled DNA probes were performed as de-
scribed elsewhere (Bergerheim et al. 1989; Larsson
et al. 1990). Constitutional genotypes were com-
pared by RFLP at the chromosomal loci CMM86
(D17S74), pEW101 (D17S40), pEW102 (D17S41),
MPO (pMP503), and HOX2 (HH250/pGEM3H2)
(Kidd et al. 1989). The following microsatellite markers
were studied: 46E2 and 42D6, provided through the
consortium by Mark Skolnick; GH (Polymeropoulos et
al. 1991); NM23, provided through the consortium by
Helen Solomon and Donny Black; mfdl88 (D17S79),
provided through the consortium; and mfdl5
(D17S250) (Kidd et al. 1989). Standard PCR was carried
out in a 10-pl volume containing 20-40 ng of genomic
DNA template, 1 pmol of each oligodeoxynucleotide
primer (one of which was end-labeled with 32p), 100
gM nucleotides (25 gM dGTP, 25 gM dATP, 25 gM
TTP, and 25 ,uM CTP), PCR buffer (15 mM MgCl2,
500 mM KCl, and 100 mM Tris [pH 8.3]), and 0.2 U of
Taq polymerase (AmpliTaq; Perkin Elmer Cetus). Sam-
ples were overlaid with mineral oil, heated for 4 min to
95°C and were processed through 25 temperature cy-
cles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s,
with a final step of 72°C for 4 min. Aliquots of the
amplified DNA were denatured with formamide and
were electrophoresed on standard denaturing 6% poly-
acrylamide DNA sequencing gels. Gels were then fixed,
dried, and subjected to autoradiography for about 24 h.

Linkage Analysis
The genetic model for the analyses is the same as that

described in detail in the study by Easton et al. (1993) in
this issue of the Journal. The analyses were performed
by using the LINKAGE program package (Lathrop et
al. 1984), under the assumptions of (a) a disease gene
frequency of .003 and (b) breast cancer risks corre-
sponding to the model of Claus et al. (1991) (with sepa-
rate liability classes for affected and unaffected individ-
uals). The analyses assume equal allele frequency for
each marker. Members of the families with other types
of cancer were considered as unaffected. Penetrance
was assumed to be 67% at 70 years of age. Two-point
analysis was performed for the markers that showed

acceptable information and that were within an area
most likely to harbor the gene according to the earliest
multipoint analysis performed by the consortium.
These markers were, in order from 17qter, GH,
CMM86, NM23, 46D6, mfdl88, and mfdl5. The num-
ber of alleles assumed was 20 for GH and CMM86, 5
for NM23, 6 for 42D6, and 10 for mfdl88 and mfdl5.

Results and Discussion

The linkage study by Hall et al. (1990) showed link-
age only to families with early age at onset, suggesting a
separate and distinct clinical and genetic entity. We
therefore divided our families into two groups-those
with a mean age at onset less than 50 years of age and
those with a mean age at onset of or greater than 50
years of age. The former group consisted of 9 families
(Sto-3, Sto-2027, Sto-2590, Sto-2, Sto-2101, Sto-1306,
Sto-4, Sto-44, and Sto-5), and the latter group consisted
of 20 families (fig. 1).

Table 1 gives the LOD scores for these two groups,
with all the markers tested at different recombination
fractions. As shown, this family material gave no signifi-
cant LOD score for any marker on 17q. However, the
combined LOD scores for the early-onset families
showed low positive values for all markers except
NM23 and GH.
The evidence in favor of linkage in these families is

weak. However, in the group of early-onset families,
the linkage data are consistent with linkage to the long
arm of chromosome 17, without recombination in five
families (Sto-2, Sto-4, Sto-44, Sto-2027, and Sto-2590).
In the group of late-onset families, a more heteroge-
neous pattern was found. In three families the affected
members did not share alleles for any of the markers; in
two families the affected persons shared only the
marker for NM23; and in two other families the marker
mfdl88 was excluded from linkage (data not shown).
Through linkage analyses, the disease locus in early-

onset breast cancer families has been linked to a locus
on 17q (Hall et al. 1990). In the Swedish material alone
no significant LOD scores were obtained. In this mate-
rial the early-onset families were more likely to have a
putative breast cancer gene on chromosome 17 segre-
gating with the disease than were late-onset families.

It is generally believed that morbidity and mortality
in neoplastic diseases may be reduced by prevention
and early detection and by identifying individuals "at
increased risk." By identifying breast cancer families
through their family history, one can identify individ-
uals with an increased risk of 20%-50% (Lynch et al.
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Table I

Pairwise LOD Scores for Linkage of Breast Cancer to Markers on 1 7q in Families with
Early Onset (Less than 50 Years of Age) and Late Onset (50 or More than 50 Years of Age)

LOD SCORE AT RECOMBINATION FRACTION OF

MARKER AND STATUS .001 .01 .05 .1 .2 .3

mfdl5:
Early onset ....... .52 .51 .45 .39 .26 .15
Late onset ........ -.90 -.87 -.75 -.60 -.37 -.20

mfdl88:
Early onset ....... .56 .54 .46 .36 .19 .07
Late onset ........ -1.16 -1.05 -.74 -.52 -.27 -.14

42D6:
Early onset ....... .30 .33 .39 .42 .41 .33
Late onset ........ -1.20 -1.09 -.76 -.52 -.24 -.09

NM23:
Early onset ....... -.18 -.17 -.15 -.12 -.08 -.05
Late onset ........ .44 .44 .42 .38 .27 .15

CMM86:
Early onset ....... 1.32 1.30 1.18 1.04 .75 .47
Late onset ........ -1.62 -1.48 -1.07 -.76 -.36 -.15

GH:
Early onset ....... -.33 -.27 -.07 .08 .20 .21
Late onset ........ -1.71 -1.57 -1.16 -.82 -.41 -.17

1990). Because of the heterogeneity in the disease, one
would expect only some families to be linked to 17q.
Therefore, to be able to differentiate between the car-
riers and the noncarriers of a gene in a specific family,
each family must be large enough to provide a LOD
score significant in itself. It is also necessary to study
large families to get a LOD score suggestive for alterna-
tive chromosome locations of other breast cancer
genes. Another approach to identifying breast cancer
genes could be to study allele losses in hereditary tu-
mors (Knudson 1987; Vogelstein et al. 1989; Devilee et
al. 1991; Lindblom et al., in press). We would like to
think that chromosomal regions frequently deleted in
hereditary breast tumors harbor candidate breast
cancer genes.

In the clinical context, new breast cancer families are
usually of the small type represented in our material.
Hence, in a particular family, it will be difficult to pre-
dict whether the disease is linked to a particular candi-
date gene. However, cloning of the different breast
cancer gene(s) could make it possible to identify the
predisposing mutation, even in smaller families.
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