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"contamination" does not exceed 20% (data not shown). Samples with

marginal alÃ­elereduction by inspection were not scored as LOH; thus, our
method of scoring is conservative.

LOH on Chromosome 17

The markers used previously (38, 39) and two additional markers, D17S578
and D17S849, were applied to a panel of 61 examples of DCIS.

Statistical Analysis

Statistical analysis was performed with the use of contingency tables and the
unpaired t test with the software package Statview (Abacus Industries, Berke
ley, CA). The null hypothesis for each analysis was that the two variables were
independent of each other. At the 0.05 level of significance the null hypothesis
was rejected.

Genetic Map Construction

Chromosome 17p. Nineteen loci were incorporated into a linkage map for
a portion of the short arm of chromosome 17. Five microsatellite markers
(CI54I/DI7S260, AFM234wg3a/3m/D17S849, Mfdl52/D17S578, ut20/
DI7S654, and ut269/D17S695) were not part of our previous 17p map (38).
Genotypes for D17S5ÃŒ3(12G6), D17S260 (cl541), D17S578 (Mfdl52),
DI7S849 (AFM234wg3a/3m), CHRNB1 (IMG4125/26), D17S379 (DL1),
TP53 (TP53CA), D17S643 (utl8), D/75654 (ut20), and D17S695 (ut269) were
produced in our laboratory with the use of the CEPH 40 family reference
pedigrees. Genotypic data for DÃŒ7S31(pMCT35.1AispI and pMCT35.2AispI),
D17S28 (pTB7c-2.1), DÃŒ7S30 (pYNZ22/?jaI), D17S499 (cLS17.6/>vÂ«II),

DÃŒ7S510(fLB17.3A/Â«I), DI7S505 (fLB17.8/l/Â«I), D17S506 (fLB17.9PsfI),
MYH2 (pl0.5Hindlll), and DI7S34 (pl44-D6AJuI) were obtained from the

CEPH database (version 6). Oligonucleotide primer sequences and reaction
conditions for ut markers were obtained from the Utah Genome Center (40),
and several of these have since been published (41). PCR primer sequences and
reaction conditions for D17S379 were provided by Dr. D. Ledbetter and have
subsequently become accessible via GDB (42). In our previous paper it was
arbitrarily referred to as DL1 because it had not been published at that time
(39). Primer sequences and reaction conditions for the other markers used in
the map are available from the GDB (http://gdbwww.gdb.org). The CRIMAP
program package was used to construct the map with odds for loci order of at
least 1000:1. "flips4" permutations of marker order was used to test for the
most likely order with the use of data from the "build" analysis. Two additional

markers from chromosome 17, ut9, and ut69 (made available from the Utah
Genome Center) were also genotyped in this study, but two-point analysis

indicated that they mapped to 17q, and they were not studied further.
Sixteen of the 19 loci, including all 9 markers used for the LOH analysis,

were uniquely placed with odds for order of at least 1000:1. The sex average
map extends a total of 47.1 cM. CHRNB1 has now been uniquely localized at
1000:1 odds, whereas in a map reported previously the odds were less than
50:1 (39). Genotypes used to construct the chromosome 17p map, map graph
ics, and associated data reported here are available through the GenLink
resource (http://www.genlink.wustl.edu.).

Chromosome 16. A human chromosome 16 linkage map constructed pre
viously, which included all 11 markers used for our LOH analysis was
available from the Cooperative Human Linkage Center along with the geno-

typic data from the CEPH database (version 6; Ref. 43; ftp.chlc.org). We used
the "fixed" option of CRIMAP to calculate the genetic distances between the
markers and the "all" option to verify the placement of 3 nonuniquely placed

markers (DI6S423, D16S405, and DI6S26I). It is apparent that D16S423 is the
most distal 16p marker used for LOH studies and that DI6S405 is the
penultimate LOH marker. Nonuniquely localized LOH marker DI6S261 is
flanked by LOH markers DI6S403 and D16S54ÃŒon the linkage map.

Cytogenetic Tie Points. All physical localizations that tie the genetic to the
cytogenetic maps for chromosomes 16 and 17 were taken from information
available from the GDB.

RESULTS

Allelotyping. A total of 61 microdissected cases of DCIS were
assayed for LOH with the use of a panel of microsatellite markers

Table 1 Polymorphic markers and percentage LOH observed in DCIS al/e/otyping.
The combined LOH for markers on 16p was 1 of 19 (5.2%), I6q 8 of

28 (28.6%). and I7p 18 of 48 (37.5%)

ChromosomeIp36lq21-232p25-242q33-373p24.2-223q27-tp4q5p5q6p24.2-236q21-23.37pter-pl57q8p238q9p23-229q34.110p10qll.2-qterIlpl5.2Ilq23.312pl312ql4-24.3313ql4.114q15q16pl3.316pl3.116pl216ql2.116ql2.116ql2.1-12.216q2116q2316q24.216q2416q24.317p17p17p17p17p17p17pl3.117ql

1.2-1217q17q21-2218pter-11.2218q2319pl3.319ql3.220p20ql321q22.222ql3MarkerD1SÃŒ65APOA2TPOD2S128D3S1211D3S1314D4S403D4S426D5S392D5S429F13A1D6S225D7S48ID7S466D8S262D8S373D9S157D9S214DIOS

172D10S109D1IS861CD3DD12S94D12S101D13S11SD14S543DI5S87D16S423DI6S405D16S403D16S261DI6S541DI6S4I5D16S265D16S266D16S402D16S539D16S413D17S643D17S849D17S379D17S5I3D17S578CHRNB1TP53DI7S2SODI7S579NM23D18S59DI8S70D19S177APOC2D20S59D20S102D21S1671L2RBLOH

(%)1/24(4.1)0/230/191/23

(4.3)2/28(7.1)0/170/80/90/190/180/102/22

(9.0)0/161/24

(4.2)3/16(18.7)0/230/140/150/170/120/311/4(7.1)0/170/134/22

(18)1/16(6.3)0/210/151/8(12.5)0/133/13

(23)3/10
(30)3/14(21.4)3/23(13)2/8

(25)5/20(25)4/12

(33.3)4/19(21)3/22

(13.6)5/14
(35.7)3/17
(17.6)13/34(38.2)1/10(10)6/20

(30)8/26
(30.7)1/13
(7.7)4/38
(10.5)2/16(12.5)1/17(5.8)3/28

(10.7)0/120/140/110/111/16

(6.3)1/19
(5.2)

mapping to 39 non-acrocentric autosomal arms. Frequency of LOH is

summarized in Table 1 and depicted graphically in Fig. 1. Examples
of loci exhibiting LOH are shown in Fig. 2. The average number of
informative loci/tumor was 19 (range, 8-48). Range of percentage

LOH was from 0 to 37.5 with a mean of 5.2%. Significant LOH was
arbitrarily chosen to be a value above the mean (or background)
percentage LOH plus 1 SD. Chromosomal arms that showed LOH
>14% were 8p (18.7%), 13q (18%), 16q (28.6%), 17p (37.5%), and
17q (15.9%). LOH on 18q was found in 10.7% of informative cases.
FAL, defined as the number of arms showing allelic loss divided by
the total number of informative arms/tumor, was calculated for a total
of 24 tumors with 15 or more informative arms (44, 45). The range of
FAL was from 0.00 to 0.333 with a median of 0.037 and a mean
of 0.063.

The unpaired t test and contingency tables were used to determine
if there was any significant correlation among variables such as LOH
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on 17p, 17q, 16q, 13q, and 8p, nuclear grade, subtype (comedo versus
noncomedo) and FAL. Due to the small sample size, the subtypes
were not statistically evaluated separately. Significant associations
were found between LOH on 17p and LOH on 17q (P = 0.006), LOH
on 17p and LOH on 13q (P = 0.0055), and LOH on 17p and FAL
greater than median (P = 0.0038). The mean FAL for comedo tumors
was 0.087 versus 0.016 for noncomedo tumors (P = 0.0326), and the

mean FAL for tumors of high nuclear grade was higher than those of
low nuclear grade (P = 0.0338).

LOH on Chromosome 17. Fig. 3 depicts the LOH data for chro
mosome 17 with the use of a panel of 53 tumors. Of a total of
forty-eight 17p arms, for which markers were informative, LOH was

seen in 18 (37.5%). In three tumors, the deletion appeared to involve
the entire short arm (numbers 19, 23, and 41), and this may also be the
case for tumors 46 and 47. In tumor 11 the deletion did not extend to
the most telomeric marker D17S643 (utl8). Tumor 1 exhibits two
separate areas of deletion, one encompassing the TP53 and CHRNBl
loci and the other extending from DÃŒ7S513to DI7S849, with reten
tion of the intervening locus DI7S578. Three tumors showed a smaller
deletion: in tumor 27, the only locus showing loss was DÃŒ7S5I3;
tumor 38 had LOH at D17S849; and tumor 39 had a loss of an alÃ­ele
at TP53. Tumor 10 had deletion at the DÃŒ7S5I3locus with retention
of TP53. The two smallest common regions of deletion on 17p are
depicted by vertical lines on the right of Fig. 3. One region measuring
11.6 cM encompasses the markers D17S849 through DÃŒ7S379at 17p
13.3, and its boundaries are established by the deletion pattern seen in
tumors 1 and 38. The other deleted region is localized to 17p 13.1 and
includes the TP53 locus and DI7s3I and measures 3.4 cM.

For loci on the long arm (Dl 75250, DI7S579, and NM23), a total
of 44 arms were informative with LOH being seen on 7 (15.9%). For
the individual loci, LOH was as follows: D17S250, 1 of 13 (7.6%);
D17S579, 4 of 38 (10.5%); and NM23, 2 of 16 (12.5%). Both
DÃŒ7S250and DÃŒ7S579are linked with the hereditary early-onset
breast cancer gene BRCA-1 (33). The combined LOH for these two

markers was 5 of 40 (12.5%).
LOH on Chromosome 16. Fig. 4 shows the cumulative data for

LOH on chromosome 16 with the use of the markers listed in Table
1. Allelic loss was found in 8 of 28 q arms for which markers were
informative (28.6%). In 3 tumors the deletion was large (tumors 4, 19,
and 23); however, in 3 tumors a smaller deletion was seen. In tumor

2 only the D16S4I3 locus was lost; in tumor 38 only the DÃŒ6S402
locus was lost. The full extent of the deletion in tumor 48 cannot be
determined currently as the markers flanking DÃŒ6S266and DÃŒ6S402
were noninformative. The smallest common areas of deletion on 16q
are shown by vertical lines. One region of deletion shown by tumor 20
includes the markers D16S26I through DI6S415. This region meas
ures from 8.5 to 17.2 cM and is located at 16ql2.1. A precise size
cannot be given because Dl6s261 is not uniquely placed on the map.
This tumor also shows a separate region of deletion from D16S402
distally. Tumors 20 and 2 limit the other common region of loss to a
26-cM distance below DÃŒ6S402(at 16q24.2). All of the microsatellite

markers used in the above experiments were tested on DNA from the
CEPH reference panel to ensure that allele-specific amplification did

not occur.

DISCUSSION

In our allelotyping study of DCIS we have shown that some of the
earliest changes in the progression to malignancy in the breast are loss
of alÃ­eleson 8p, 13q, 16q, 17p, and 17q. It is presumed that most solid
tumors in humans arise through a cascade of genetic events involving
oncogenes and tumor suppressor genes that results in decreasing
stability of the genome and ultimately leads to the malignant pheno-

type. As additional mutations and/or deletions occur, these malignant
cells may progress to invasion and later metastasis. The majority of
LOH studies on breast cancer reported to date have concentrated on
the invasive varieties of breast cancer and have found significant LOH
on multiple chromosomal arms (4, 5). DCIS is a noninvasive precur
sor (though not an obligate precursor) of breast cancer (46) and,
therefore, studies of allelic loss in this condition will help to determine
which are some of the early events in oncogenesis. Our data indicate
that the number of chromosomal arms that show LOH in DCIS is
considerably fewer than in invasive cancer. This would be expected if
one considers DCIS to be a preinvasive landmark on one of the
pathways to invasion. The accumulation of additional mutations and
deletions on other chromosomal regions may then result in the inva
sive phenotype.

Both 16q and 17p have been reported to harbor more than one
tumor suppressor locus (8-11). On 17p one locus is the TP53 gene at

17pl3.1 with an additional independent locus situated more telomeric
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Fig. 2. LOH at multiple loci in DCIS. For each
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fold-difference in integrated alÃ­eleratios between
tumor and normal are listed: D3S1211, tumor 37,
4.8-fold; D6S225, tumor 23,3-fold; DIJS118, tumor
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at 17ql3.3 (18). Our deletion map of 17p supports the existing
evidence for two separate loci. The isolated deletion of D17S513 in
tumor 27 raises the possibility of a third tumor suppressor locus on
17p. Similarly, in invasive breast cancer, three regions on 16q may
contain the loci for tumor suppressor genes; one region near the
telomere at 16q24.3, one at 16q22-23, and another at 16q21 (8-10).

Our data also support the existence of multiple tumor suppressor loci
on 16q that appear to be involved in the early stages of breast cancer.
Two regions of loss are located at 16ql2.1 and 16q24.2, respectively.
Tumor 38 lost the D16S402 marker at 16q24.2. One tumor also lost
the most telomeric marker D16S413, at 16q24.3, but although the
more proximal marker was noninformative, the extent of deletion in
this tumor is unknown. We did not find an overlapping region of
deletion at 16q21 as others have reported. The marker D16S265,
which maps to this area, was informative in 23 cases and showed LOH
in 3 of them (13%). Tumor 20 excludes this area from the common
regions of deletion. Tsuda et al. (10) noted LOH at 16ql2 in 36% of
invasive breast cancers, with an overall rate of LOH on 16q of 52%.
The highest rate of loss seen by these investigators was at 16q24.3.
This group analyzed 27 cases of intraductal and predominantly intra-

ductal cancers and found LOH on 16q in 8 of them (35%). It is not

stated how many of the tumors that showed LOH were purely intra
ductal without an invasive component.

LOH on 17q occurs in a large proportion of invasive breast cancer,
both familial and sporadic (15,18-21). At least three separate regions
of deletion have been reported 17ql2-21, 17q22-23, and 17q24-25
(15, 47). The hereditary early onset breast cancer gene BRCA-1 at

17q21 has been identified recently (34) and appears to act as a tumor
suppressor in inherited breast cancer. However, Futreal et al. (48)
have found few mutations in the remaining BRCA-l alÃ­elein what was

believed to be sporadic breast cancer. Of the 32 cases of invasive
breast cancer that showed LOH of the BRCA-l region only, 3 patients
had BRCA-l mutations in their tumors. All of these patients were

found to have germline mutations. It has been suggested that the
chromosomal deletions at 17q21 in sporadic breast cancer unmask
another tumor suppressor locus distinct from BRCA-l. We found the
frequency of allelic loss of loci linked to BRCA-l to be 12.5% in DCIS

lesions (a figure which did not meet the value of 14%, which we
considered to be significant). Another tumor suppressor locus, which
may be unmasked by the usually large deletions of 17q found in
invasive breast cancer, is NM23 at 17q22 (35). NM23 appears to be
involved in both progression and metastasis of breast cancer (49).
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Fig. 3. Sex average multipoint linkage map for distal 17p including cytogenetic tie points and cumulative data for chromosome 17 deletions observed in 53 DCIS tumors. Map,
genetic loci uniquely placed with odds for order of at least 1000:1 are shown to the righi of the vertical line of the linkage map and nonuniquely localized markers are shown to the
left of the map line with the location intervals indicated by thin vertical bars. No recombinants were detected between DI7S695 and D17S34 (pl44-D6/?saI). Genetic distance in cM

is given to the left of the linkage map line. Markers used for LOH studies are enclosed by a box. Genetic markers for which physical localizations were available are tethered to the
cytogenetic map. DI7S250, D/75379, and NM23 are located on 17q. LOH data: lop, DCIS samples; bottom, DCIS subtype and nuclear grade. Genetic markers are listed in the order
determined from the linkage map. â€¢,no loss; O, LOH; Â®,noninformative, H, high nuclear grade; L, low nuclear grade; /, intermediate nuclear grade; C, comedo; R, cribriform; 5,
solid; M, micropapillary; P, papillary; X, mixed. Horizontal lines within the diagram and vertical lines on the right, common areas of deletion. Tumors which limit these boundaries
are marked with an *.
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In the past LOH assays on 13q in invasive breast cancer have
concentrated on the region around the Rb gene at 13ql4 (13). Re
cently, Schott et al. (29) have reported a separate tumor suppressor
gene on 13q, Brush-J, which maps proximal to Rb at 13ql2-13. They

found that rates of LOH in invasive breast cancer at the Rb locus and
at 13ql3 were similar. A second hereditary breast cancer gene
BRCA-2 was recently mapped to 13ql2 and Brush-1 is contained
within the 6 cM region containing BRCA-2 (30). The marker we used
for 13q, D13S1I8, maps to 13ql4.1. Whether the Brush-! gene is

inactivated in DCIS is yet to be determined.
Our data showed allelic loss in 18.7% of informative tumors at

8p23. LOH on 8p has been seen in several tumor types, including
colorectal and hepatocellular carcinoma (50, 51). 8p also harbors at
least two tumor suppressor loci which map to 8p23.1-pter and 8p21

respectively (50).
The relationship between FAL and clinical behavior of cancer was

first noted by Kern et al. (45) who found FAL greater than the median
in colorectal cancer to be associated with distant mÃ©tastases(45). We
have established that the median FAL in DCIS is 0.037. The FAL
reported for invasive breast cancer is 0.05 (5). Our finding that the
comedo subtype and high nuclear grade DCIS are associated with
higher FAL may be correlated with the more aggressive clinical
behavior of these phenotypes. Comedo high nuclear grade tumors are
more likely to recur locally after resection and to progress to invasive
cancer (52). They have a higher incidence of aneuploidy (53) and
higher thymidine-labeling indices (54). Several authors have found
that genetic abnormalities in breast cancer correlate with clinicopath-

ological parameters. For example, LOH on 7q is associated with
decreased survival (7). LOH at 17pl3 and at 16q24.3 have been
reported to be associated with more aggressive disease in invasive
breast cancer (8, 55-57). In the accumulation of LOH which contrib

utes to cancer formation, LOH of certain regions appear to act in a
cooperative manner. In invasive breast cancer, LOH on 13q and 17p
is associated as Â¡sLOH on 17p and 17q (13, 14). As Kern et al. (45)
noted in colorectal cancer, we also found an association between FAL
and LOH of 17p.

In summary, significant LOH occurs in DCIS for loci on 8p
(18.7%), 13q (18%), 16q (28.6%), and 17p (37.5%), regions that also
exhibit high rates of loss in invasive cancer. Our data imply that
inactivation of tumor suppressor genes at these sites are early events
in the tumorigenesis of breast cancer, and that LOH of other loci may
be involved in progression and metastasis. Of note, even in this early
noninvasive stage of breast cancer, at least 7 chromosomal regions,
harboring tumor suppressor genes, are already implicated in oncogen-

esis. These data support the epidemiological hypothesis that from 3 to
8 genetic abnormalities must accumulate over time for malignancy to
develop (58). We plan to refine further the regions of loss on 16q, 17p,
and 8p with fine structure mapping and to apply positional cloning
techniques to identify the tumor suppressor genes in these areas of
interest.
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