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Loss of Heterozygosity in Normal Tissue
Adjacent to Breast Carcinomas

Guoren Deng, You Lu, Galina Zlotnikov, Ann D. Thor,
Helene S. Smith*

Loss of heterozygosity (LOH) was detected in morphologically normal lobules adjacent
to breast cancers. The most frequent aberration was at chromosome 3p22-25; of ten
cases with this LOH in the carcinoma, six displayed the same LOH in adjacent normal
lobules. This suggests that in a subset of sporadic breast cancers, a tumor suppresser
gene at 3p22-25 may be important in initiation or early progression of tumorigenesis.
Among sixteen breast cancers with LOH at 17p13.1 and five breast cancers with LOH
at 11p15.5, one case each displayed the same LOH in adjacent normal lobules. Thus the
molecular heterogeneity that characterizes invasive breast cancers may occur at the

earliest detectable stages of progression.

The mature breast contains lobules, clus-
ters of closed glandular spaces that produce
milk during lactation. These lobules are
connected to the nipple-areolar complex
by a system of branching ducts that are
surrounded by varying amounts of fat and
connective tissue. Breast cancer is thought
to develop within a terminal ductal-lobular
unit (TDLU), which includes the lobule
and its most proximal ducts (I).

Breast cancer evolves by clonal selection
of cells that acquire multiple molecular
changes. One model suggests that breast
cancer, like colon cancer (2), develops
through a defined progression of morpho-
logically distinguishable stages beginning
with benign hyperplasia, which progresses
to atypical hyperplasia, then to in situ car-
cinoma, and finally to invasive cancer (I).
This sequential progression may not be the
only way that breast cancers develop, how-
ever. Many small invasive cancers do not
have atypical components, which suggests
that they may have developed directly from
morphologically normal epithelium. If this
were true, one might expect to find evi-
dence of a “field effect” in which at least
some of the genetic aberrations found in
invasive cancers are also present in the
morphologically normal epithelium.

To test this hypothesis, we carefully
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microdissected hematoxylin-eosin—stained
sections of breast cancers so as to isolate
morphologically discrete regions (Fig.
1A). DNA was prepared from malignant
areas of the section and from adjacent nor-
mal TDLUs. As a control for each case,
DNA was also prepared from normal breast
skin (usually from a separate section) that
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had been similarly microdissected.

We studied LOH at chromosome 3p24,
11p15.5, 13q13, and 17p13.1 because these
loci show LOH in a high percentage (~30
to 60%) of invasive ductal breast cancers
(3, 4). For the carcinomatous regions, the
frequency of LOH at 3p24 (48%) and
11p15.5 (29%) was similar to that previous-
ly reported (4). The frequency of LOH in
the invasive components was higher than
the literature values for 13q13 (64% here
versus ~40%) and for 17p13.1 (80% here
versus ~60%). These discrepancies may be
due to random variation because our sample
size was small.

In 8 of 30 cases we detected LOH in the
adjacent morphologically normal TDLUs
(Table 1). In all eight cases, the same allele
was missing in the adjacent carcinoma (Fig.
2, A and B). LOH in normal TDLUs was
seen in 6 of the 10 cases where LOH at
3p24 was found in the carcinoma. LOH at
11p15.5 in the normal TDLUs was seen in
one of five cases with this LOH in the
carcinoma; LOH at 17p13.1 in the normal
TDLUs was seen in 1 of 16 cases with this
LOH in the carcinoma. None of 10 cases
with LOH at 13q13 in the carcinoma had
this lesion in the normal TDLUs. Among
tumors with and without LOH in adjacent
normal tissues, there was no significant dif-
ference in grade, hormone receptor status,

Fig. 1. Normal histology and absence of HER-2/neu
overexpression in TDLUs adjacent to breast carcinomas.
(A) One of the TDLUSs (solid arrow) subsequently used for
microdissection. The surrounding stroma was scraped
away with a scalpel, and a clean blade used to remove
the TDLU to a test tube for DNA extraction (77, 74). Note
that the carcinoma areas (open arrow) are clearly sepa-
rated from the morphologically normal TDLUs (hematox-
ylin-eosin stain). (B) The same TDLU as in (A) before
removal of the surrounding stroma. The higher magnifi-
cation illustrates that it is histologically normal (hematox-
ylin-eosin stain). (C) Overexpression of HER-2/neu in the
malignant epithelial cells, detected by immunostaining of
the surface membranes (large arrow); cells in the adja-
cent TDLU (small arrow) show no immunostaining. Scale
bars indicate 150 um in (A) and 30 pm in (B) and (C).
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degree of differentiation, tumor size, or pro-
liferative fraction, although the number of
cases may have been too small to detect
minor differences.

We. performed several control experi-
ments to show that the polymerase chain
reaction (PCR) technique was reproducible
and that the normal TDLUs chosen for
dissection were free of contaminating can-
cer cells. To evaluate reproducibility of the

assay, we repeated the LOH assays two to
five times using the same DNA prepara-
tions (documented for cases H12 and H21
in Table 2). Although in some cases, there
were variations in the relative intensity of
the two bands, in each repeat assay the
same allele was lost. If the LOH had been
due to random artifacts of assay methodol-
ogy, one would expect to see either allele
lost in repeat experiments. Because only a

Fig. 2. LOH at different loci A
1

on chromosome 3p in ! 2 3 4 5 6 7 8 ,_B Cc

breast Cr,agc:ar ar}cri ai_:acent | | 1 2 3 & 12 34 568
normal lobules. The density i

of each allele was deter- | i T T =ae [ - -
mined and the relative den- i - -
sities of the two alleles in e

each lane were compared to I

their relative densities in skin D

(74, 15). (A) LOH at 3p24 of DNA from case H21 (PCR 2625 24 2322 21 14 13121
primers EABMD). Lane 1, normal skin; lane 2, distant |eoese [T T H Wl
normal TDLU; lanes 3 to 6, four different adjacent normal \?W\\\
TDLUs; lane 7, carcinoma component appearing as e 3 5 o a L ey
DCIS; lane 8, a second carcinoma component appeanng  |case: )

as invasive tumor. Note that the same allele is lost in all | w12 cCee®0DOOOO
samples. (B) LOH at 3p24 of DNA from case H12 (PCR | H21 Ol N O]

primers D3S1244). Lane 1, normal skin; lane 2, morpho- | H37 cCee®ODO

logically normal TDLU adjacent to the tumor; lane 3, car- :226 g g 2 : g : 8
cinoma component appearing as DCIS; lane 4, asecond | yao o000 DOOO

carcinoma component appearing as invasive tumor.
Note that the same allele is lost in all samples. (C) LOH at various loci on chromosome 3p in morpho-
logically normal TDLUs from case H40. Lanes 1 and 2, chromosomal locus 3p25 (PCR primers
D381597); lanes 3 and 4, chromosomal locus 3p24 (PCR primers EABMD); lanes 5 and 6, chromo-
somal locus 3p21 (PCR primers D3S1573; for this locus, the two alleles are separated by only 2 base
pairs, but are readily distinguished on the film). Note that LOH is detectable in adjacent normal TDLU at
3p25 and 3p24, but not at 3p21. Lanes 1, 3, and 5 contain normal skin samples; lanes 2, 4, and 6
contain samples from morphologically normal TDLUs adjacent to the tumor. (D) LOH was measured at
various loci on chromosome 3p and the results summarized for each case where the adjacent normal
TDLUs had LOH at chromosome 3p. The loci tested (numbered 1 to 8 in the figure) are: 1, 3p26
(D352397); 2, 3p25 (D3S1597); 3, 3p24 (EABH or EABMD); 4, 3p24 (D3S1244); 5, 3p22 (D3S1612); 6,
3p22 (D351582); 7, 3p21 (D351573); and 8, 3p21 (D3S1295). The common region of LOH falls within
the region 3p25 to 3p22 as indicated by the solid line. Black spheres indicate LOH present; open
spheres indicate no LOH; striped spheres indicate not informative.

Table 1. Analysis of breast cancers and adjacent normal TDLUs for LOH and for p53 and HER-2/neu
immunopositivity. The samples were a sequential series of infiltrating ductal carcinoma from mastecto-
mies in which the carcinomatous elements contained at least 10% ductal carcinoma in situ (DCIS) and
invasive cancer in the same tissue section (74). N, normal TDLU adjacent to carcinoma; C, cancer; +,
LOH; —, no LOH; NI, not informative; NT, not tested; *Fractions are the number of cases with LOH over
the number of informative cases; tIndicated range reflects the variability seen in different areas of the
malignant component. HER-2/neu was more heterogeneous than p53 in its immunostaining pattern;
the DCIS components showed more staining than the invasive components.

Loss of heterozygosity Immunopositive (%)

Case 3p24 11p15.5 13913 17p13.1 p53 HER-2/neu

N C N C N C N C N C N C

6/17*  10/21  1/16 5/17 0/11 10/14 1/19 16/20

H12 + + - + NI NI - -+ 0 1 0 0
H21 + + NI NI NI NI - + 0 0 0o 0
H22 + + - - NT + NI NI 0O O 0 30-60f
H36 + + - - NI NI NI NI 0O 0 O 0
H37 + + NI NI NT + - + 0O 0 O 5-10
H40 + + - - - - - + 0 10 0 30-70
H5 NI NI + + - + NI NI 0O 0 O° 0
H6 NI NI - - - + + + 0O 0 O 0
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small amount of DNA was available from
the microdissected samples, we used 45
PCR cycles to amplify the DNA before
electrophoresis. Skewing of microsatellite
markers in favor of the smaller allele was
controlled for, as we always expressed allele
density relative to that for normal skin from
the same person. Furthermore, we showed
that the density ratios of the upper to lower
alleles were the same after 30 and 45 cycles
using microsatellite probe D3S1244 with
one tumor DNA sample. For the eight cases
reported (Table 1), the lower allele was lost
in 6 of 15 assays showing LOH with micro-
satellite probes, a result consistent with ran-
dom loss of the upper or lower allele. To
investigate possible artifacts related to
DNA preparation, we evaluated case H21
by dissecting four individual TDLUs and
extracting the DNA separately. Again, in
each adjacent TDLU, the same allele was
lost (Table 2 and Fig. 2A).

Contamination of the adjacent TDLUs
with cancer cells was excluded by two ex-
periments. First, the TDLUs used for each
microdissection appeared morphologically
normal by the following criteria: They con-
tained clusters of small ductules composed
of a single myoepithelial basal layer and a
single cuboidal luminal layer with clear and
prominent lumina, and the cells had uni-
form, small nuclei with diffusely distributed
chromatin (Fig. 1B). Second, for seven of
the eight cases, we demonstrated that the
cancer cells contained additional molecular
aberrations not detected in the adjacent
normal TDLUs (Table 1). These aberra-
tions included LOHs at other chromosomal
loci and abnormal immunopositivity for the
tumor suppressor protein p53 or the onco-
protein, HER-2/neu. For example, DNA
from the normal TDLUs of cases H12, H21,
H37, and H40 showed LOH at 3p24 but not
at 17pl13.1 even though the carcinomas
showed LOH at both loci (Table 1). DNA
from the normal TDLUs of case H5 showed
LOH at 11p15.5 and case H6 showed LOH
at 17pl13.1; both cases showed LOH at
13q13 in the carcinomas but not in adja-
cent TDLUs (Table 1). If tumor DNA con-
taminated the normal material, one would
expect the same LOH profile in the normal
and tumor material. Additionally, in cases
where the tumor components contained
cells immunopositive for HER-2/neu (cases
H22, H37, and H40) or p53 (cases H12 and
H40), there were no immunopositive cells
in the adjacent normal TDLU:s (Fig. 1C and
Table 1).

To determine whether the LOH at 3p
was present in all of the normal mammary
epithelium or only in the normal TDLUs
adjacent to the carcinoma, we evaluated
mastectomy tissue (available from four of
the six cases) showing LOH at 3p in ad-



jacent normal TDLUs. In all four cases,
TDLUs taken from blocks distant to the
carcinomas showed no LOH (Table 2).
Thus the 3p LOH was present only in a
localized region of normal epithelium near
the carcinoma rather than in the entire
mammary tree.

To evaluate the extent of the LOH, we
characterized each case with LOH at 3p24 in
the normal TDLUs for LOH at additional
loci on 3p. The size of the chromosomal
region showing LOH in the morphologically
normal TDLUs differed among the cases. For
example, case H40 showed LOH at 3p26
(Fig. 2D), 3p25, and 3p24 (Fig. 2C) but not
at 3p21 (Fig. 2, C and D). In contrast, cases
H12 and H21 both showed LOH at 3p24
(Fig. 2, A and B), but not at 3p25 (Fig. 2D).
However, all cases shared a region of LOH
within 3p25 (locus D3S1597) to 3p22 (locus
D3S1612) (Fig. 2D).

In summary, we have shown that the
normal mammary TDLUs near a breast
cancer contain genetic aberrations that
have previously been seen only in hyper-
plastic (5), premalignant (5-7), and ma-
lignant breast epithelium (3, 4) as well as
colonic adenomas (2), Barrett’s esophage-
al metaplasia (8, 9), and lung hyperplasias
(10). The presence of the LOH only in
TDLUs near the cancer suggests that the
entire mammary gland is not affected. Be-
cause regions with LOH -are thought to
contain recessive genes relevant to malig-
nancy, LOH in the normal adjacent lob-
ules may define a localized predisposed
region from which the cancer arises. Con-
ceivably, this predisposed region may be
present prior to mammary gland differen-
tiation, as single stem cells form localized

Table 2. LOH at 3p24 in normal mammary TDLUs
adjacent to carcinoma.

Density of upper allele:
density of lower allele®

Case DNA from DNA from
distant adjacent
normal normal
TDLUs TDLUs

H12
Pooled TDLUs 1.0:0.95 0.51:1.0
Pooled TDLUs NT 0.31:1.0
Pooled TDLUs NT 042:1.0
Pooled TDLUs NT 0.13:1.0
H21
Pooled TDLUs 1.0:0.92 1.0 :0.08
Pooled TDLUs NT 1.0 :0.05
TDLU 1 NT 1.0 :0.05
TDLU 2 NT 1.0 :0.1
TDLU 3 NT 1.0 . 0.05
TDLU 4 NT 1.0 :0.05
H22 1.0:0.97 1.0 :0.56
H37 1.0:1.0 0.25:1.0

*Values were calculated as in Fig. 2. NT, not tested.

regions of the mammary gland (11). Epi-
demiologic evidence supports the notion
that breast cancer initiation can occur
prior to mammary gland differentiation:
for example, breast cancer risk was found
to be high in women who were in the first
decade of life at the time of exposure to
atomic bomb irradiation and in women
who had undergone thymus irradiation in
infancy (12, 13).

If LOH in normal lobules defines a lo-
calized region of increased risk, its presence
may be clinically important. Because the
adjacent mammary epithelium is not com-
pletely removed during lumpectomy for in-
vasive carcinoma or ductal carcinoma in
situ (DCIS), remaining cells with the LOH
may subsequently progress to form another
carcinoma. Thus, additional studies should
be undertaken to determine if patients with
LOH in their normal TDLUs are more like-
ly to have a tumor recurrence than patients
whose normal TDLUs are not genetically
aberrant. If there is a correlation, analysis of
the adjacent normal TDLUs might help to
identify patients who would benefit from
more aggressive local therapy or who should
be counseled about their higher risk for
local failure.
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