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Abstract

Samples from 33 primary breast tumors were obtained from patients who

had undergone surgery at our hospital: there were 30 ductal tumors, 2 lobular
tumors, and 1 secretory tumor. Tumor samples were frozen and stored at

â€”80Â°C.Blood samples were also obtained at the time of surgery. Informed

consent was obtained from each patient.

DNA was extracted from tumors and blood samples according to standard
procedures. LOH analysis was performed using 13 microsatellite markers
between F13B and D1S245, most of them recently used for the construction of
the high-resolution map on 1q32, and 6 additional microsatellites that map

proximal or distal to the FJ3Bâ€”D1S245interval (Fig. I). All of the microsat
ellite markers used in this study have been described previously: D1S238,

D1S518,D1S237,andD1S229(12);D1S412,D1S477,DJS5JO,D1S249,
D1S245,DJS3O6,D1S504,D1S456,D1S2727,andD1S2655(8);FJ3B (13);
CACNLJA3 (14); REN (15); and D1S3705 (9).

PCR was performed in 20 @lof a mixture containing 1X PCR buffer (50
mM KC1, 10 mM Tris (pH 8.3), 1.5 nmi MgCl2), 200 m@i ofdATP, dGTP, and

d'Vl'P, 10 mM of dCTP, 10 pmol of each primer, 100 ng DNA, 1 unit of Taq

polymerase (Boehringer Mannheim, Mannheim, Germany) and 0.5 mCi of
[a-32P]dCTP(ICN). Reactions were heated to 94Â°Cfor 5 mm and then cycled
23 times; each cycle consisted of 45 s at 94Â°C and 40 s at 55Â°C. Following

PCR, 5 ml of reaction products were denatured and electrophoresed in dena
turing 8% polyacrylamide gels. After electrophoresis, the gels were dried and
exposed to X-ray film for 1â€”2h.

We considered a marker to show A! when two people confirmed independ
ently by eye that one allele was reduced in intensity in the tumor DNA sample

compared with the control DNA obtained from the blood ofthe patient. In most
cases (including all of those showing A!), experiments were performed three

times to confirm the results.

Results

Initially, 21 cases of breast cancer tumor DNA (designated cases
1â€”21)were examined for 17 of the 19 microsatellites (all except
D1S504 and D1S2655) in an attempt to confirm the existence of Al in
the 1q31â€”32region. In 16 of 21 cases (65%), we found A! in at least
one of the marker loci, and in 8 cases (38%; cases 1â€”8),the Al
spanned practically all of the markers (Figs. 2 and 3a). More than 50%
of the cases presented Al in a region of 18 cM that contains eight
consecutive microsatellites (D1S412, FJ3B, CACNLJA3, D1S477,
DJS3O6, DJS5JO, and REN'), and cases 9â€”16define a critical subre
gion of A! that has its outmost boundaries at FJ3B and D1S249 (Fig.
2). Cases 15 and 16 narrow the critical region of A! to that flanked by
the CACNLJA3 and REN markers (Fig. 3b). Thus, based on cases 15
and 16, the critical region can be reduced to a region of about 13 cM.
This 13-cM subregion contains the three markers with the highest
percentage of A!, D1S477 (60%), DJS3O6 (85%), and DJS5JO (68%),
and includes the female hot spot region located between CANCNLJA3
and DJS5JO (Fig. 1).

Recombination breakpoint analysis in families used in our previous
mapping study (9) positioned two other markers (D1S504 and
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Previous studies have shown that the 1q31â€”32region frequently pre

sents ailelic imbalance (Al) in various neoplastic diseases, such as breast

cancer, meduiloblastoma, male germ cell tumors, and renal collecting duct
carcinoma, suggesting the presence of a tumor suppressor gene in this

location. We used 19 informative microsatellite markers to analyze 33
primary breast tumors for Al m the 1q31.-32 region. Our results demon

strate a 10-cM critical region ofAl that is present in more than 60% of the
tumors. This region is located proximal to the RENlocus and is flanked by
the CACNL1A3and D1S2655 markers. Most important, the critical region
of Al coincides with a female hot spot of recombination, suggesting a
possible correlation between the two regions.

Introduction

LOH3 is a very common event in neoplastic diseases. Coincidental
alleic loss at particular chromosomic regions is generally indicative
of the presence of a tumor suppressor gene. In breast cancer, LOH has
been described in several chromosomes (1â€”5),suggesting that various
tumor suppressor genes can participate in the development of these
tumors. Chromosome 1 presents at least six main candidate regions
showing LOH in breast tumors: three in the short arm (lp36, lp3l,
and lpl3;Ref.3)andthreeinthelongarm (1q21â€”22,1q31â€”32,and

1q42â€”tel;Refs. 6 and 7). The location in these LOH regions of
chromosome 1 is imprecise, and the critical regions of Al, especially

in the long arm, are quite large (25â€”30cM; Refs. 7 and 8), making the
search for the location of candidate genes a difficult task. Recently,
we constructed a high-resolution genetic map of the lq3lâ€”32 region
and showed the presence of a female-specific recombination hot spot
between DJS5JO and CACNLJA3 (2.4 cM in males versus 15.9 cM in

females; Ref. 9). Recombination hot spots have been implicated in
germ line deletions and duplications in several genetic diseases like
Duchenne muscular dystrophy and Charcot-Marie-Tooth neuropathy
type 1A (CTM1A; Refs. 10 and 11). It is therefore possible that
recombination hot spots may also have a role in the origin of genetic
alterations in somatic cells, such as, for example, those affecting
cancer-related genes. In this report, we used 19 informative microsat
ellite markers to analyze 33 primary breast tumors to determine the
critical region of Al in 1q3 1â€”32and to establish whether it is coin
cident with the hot spot of recombination described previously in this
region.
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Fig. 1. Partial genetic map of 1q31â€”32region with the analyzed markers. Bars show the hot spot for recombination we found recently (9); the regions with Al proximal and distal
to REN described previously [1, Loupart et al. (6); 2, Hoggard et a!. (7); 3, Steiner et a!. (19); 4, Kraus et aL (18)]; and the minimal region of Al found in this work. Regions 2 and
4 continue toward the centromere, and region 3 continues toward the telomere; thus, they are larger than shown in the figure. Markers are placed in the order that we recently established
(9), except for D1S518, D1S238. D1S229, and D1S237, which follow the order given by Gyapay et a!. (8). The positions but not the genetic distances are shown for the D1S504 and
D1S2655 markers based on unpublished results.

D1S2655)betweenDJS5JOandREN(Fig.1).@D1S504wasanalyzed
in all 21 tumors, and D1S2655 was typed only in those cases in which
it could help us define further the minimal region of A!. The typing of
D1S2655 resulted in a further refinement of the region of Al in case
16thatwasfoundto showtheretentionof bothalleles.Thus,the
minimal region of A!, as defined by case 16, spans between 7 and 10
cM and is flanked by CACNL1A3 and D1S2655 (Fig. 2).

In addition to the eight microsatellites mentioned before, five other
microsatellites presented A! in over 40% of the examined cases:
D1S518 (42%), D1S249 (43%), D1S3705 (41%), D1S2727 (50%),
and D1S237 (42%). However, tumors displaying Al of these five
microsatellites show an Al pauern that is compatible with a single
alteration that includes the minimal region of Al. The rest of micro
satellites presented frequencies of Al ranging from 20 to 25%, a level
attributable to merely incidental changes (16).

To validate our conclusions, we increased the number of tumors
with a series of 12 new patients (cases 22â€”33)and analyzed only the
microsatellites located between CANCNLJA3 and D1S2727. As in the

previous set of cases, 65% (8 of 12) show A! in at least one of the loci,
and markers CACNLJA3, DJS5JO, and D1S504 show Al in over 60%
of the cases. Unfortunately, none of these cases contributed to defin
ing further the minimal region of A! because most cases were com
patible with a pattern of A! within the entire critical region between
CACNLJA3 and REN.

We also analyzed the data searching for a correlation of the ob

served Al with clinical parameters like histological site, stage, node
involvement, and steroid receptor status of the tumor, but no corre
lation was found. Among 28 ductal cases with known stage, 20 cases
had Al, of which 14 were of intermediate to high grade and 6 were of
low grade. Eight cases had no Al, and all were of intermediate to high
grade. The two lobular cases (high grade) showed Al, as did the single
secretory tumor (low grade). These results show a random distribution
of Al in the major group (ductal), whereas in the others (lobular and
secretory), the small size of the sample did not allow the detennina
tion of the statistical significance (Fig. 2).

Discussion

Recently, we constructed a high-resolution map of the 1q31â€”32
region that outlined the presence of a female-specific recombination
hot spot (9). In this study, we performed an analysis of the Al of the
lq3lâ€”32 region in 33 breast tumors using 19 microsatellite markers.
Our resultsdefinea minimalregionof Al flankedby the CACNL1A3
and D1S2655 loci that spans 7â€”10cM and that coincides with the
female-specific recombination hot spot.

Two regions within the lq3lâ€”32 band, one proximal to the REN
locus and the other distal to it, have been identified as a target for Al
in breast tumors. The proximal region was identified between D1S65
(1q31) and REN (1q32; Ref. 6), and the distal region was mapped
between D1S249 and D1S237 (7) in two independent studies using
RFLPs and microsatellites (Fig. 1). Interestingly, the same regions in
which A! had been observed in breast tumors have been identified in4 Unpublished data.
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BREASTCANCERALLELICIMBALANCEIN 1q31â€”32
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Fig. 2. Patterns of Al in 33 breast tumors and their histological origin and stage. Boxed regions, maximal regions of A! in any tumor. Right column, total A! rate detected in our
samples for each marker. 0, informative and both alleles retained; â€¢,informative and A!; â€”,not informative; ND, not determined; %AI, percentage of A! at each locus; D, tumor of
ductal origin; I@h,tumor of lobular origin; S, tumor of secretory origin; H. tumor of high stage; I, tumor of intermediate stage; L@tumor of low stage; ?, stage not determined.

These results suggest that lq3lâ€”32 is a critical region for A! with a
target around REN, either proximal,distal, or both, suggestingthe
presence of a cancer-related gene(s) that is critical in a wide variety of
tumors. Our results confirm the existence of a region of Al within
1q32 in breast tumors and locate it proximal to REN. Furthermore, we
have been able to narrow down the region of Al to a segment 7â€”10cM
long flanked by CACNLJA3 and D1S2655. However, we have not
been able to confirm the region of Al distal to REN between D1S249
and D1S237 that was identified by Hoggard et a!. (7), although these
markers were included in our study.

In the same region in which we found Al in breast tumors, between
CANCNL1A3 and DJS5JO, we have recently demonstrated the pres

ence of a female-specific hot spot of recombination (9). Hot spots of
I N recombination have been implicated in the duplication or deletion of

genes (10, 11). Therefore, the overlap of a region of A! and a hot spot
d@@ of recombination may be a nonrandom event. In fact, two candidate

. -@ . .-- tumor suppressor genes (OVCAJ and OVCA2) have been recently

identified on chromosome l'lpl3.3 within a 30-kb region that, accord
D1S229 ing to the authors, displays a recombination rate of around 3% (20).

This recombination rate is 100 times higher than what would be
expected according to the average rate for the human genome (1% for
every 1000 kb), and thus, this region seems to contain a recombination
hot spot. Recently, it has been suggested that the high frequency of
LOH observed in normal human T cells can be a consequence of

_________ mitotic recombination (21) providing a mechanism by which hot spots

of recombination could cause tumor Al. In fact, suggestions that DNA
repair and meiotic recombination may share common mechanisms
and molecules provide a molecular basis for how a hot spot that
promotes meiotic recombination could also have an effect in somatic
recombination (22).

It has been reported that there is a correlation between A! and
advanced stages in ductal breast cancer (23). We did not find such a
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other tumors. A! imbalance has been described in male germ cell
tumors and medulloblastoma within a region that seems to overlap

with that proximal to REN found in breast tumors (17, 18), and recent
work in renal duct carcinoma describes LOH in a region that is
coincident with that identified distally from REN (Ref. 19; Fig. 1).
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Fig. 3. LOH shown by Al of different microsatellites analyzing paired blood (N) and
tumor (7) samples. a, examples of different cases using primers for microsatellites
DJS5JO (left to right, cases 6, 22, and 23), D1S412 (left to right, cases 1, 3, and 6), and
D1S229 (case 11). b, typing ofmicrosatellites CACNLIA3, DIS3I$, and REN in case 16,
which defmes the minimal region of Al as described in â€œResults.â€•
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BREAST CANCER ALLELIC IMBALANCE IN lq3l-32

correlation in our study, although 95% of tumors that we analyzed
were ductal tumors. We found these tumors to present loss or retain
heterozygosity with independence of their clinical or histological

grade. Two lobular tumors and one secretory tumor were also ana
lyzed in our study, but more patients are necessary to extract any
conclusions because our sample size was very small.

In summary, our results confirm the existence of Al in 1q32 and
define a 7â€”10-cMcritical region proximal to REN that presents Al in
more than 60% of cases. It should be mentioned that the exact
physical size of this region could be considerably smaller than cx
pected (7â€”10Mb) due to the presence of the female-specific hot spot.
In any case, our results provide the framework for new detailed
studies with additional markers to identify the exact target of Al,

determine the physical size of the region, and locate and characterize
a possible candidate gene(s) with a role in tumoral progression.
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