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Abstract

Atypical hyperplastic (AH) breast lesions are currently clas-
sified and treated as benign proliferative disorders, but their
presence is associated with a four- to fivefold increased risk
of developing breast cancer. Currently, it is not known if an
AH lesion is a marker of increased risk, or is itself a prema-
lignant lesion. To investigate this question, we used a series
of 15 microsatellite loci to analyze 15 separate AH lesions
microdissected from the archived pathology specimens of
subjects with no coincident or previous breast malignancy.
We found that a significant subset (6/15, or 40%) of these
AH lesions demonstrated evidence of monoclonal microsat-
ellite alterations, both length variation and allele loss. These
monoclonal alterations suggest that the AH lesion has al-
ready undergone genetic changes conferring a growth ad-
vantage. Thus, these AH lesions may actually be early neo-
plasms. We also noted that monoclonality characterized AH
lesions in younger as compared with older women (44 vs. 59
yrs, P < 0.05) and that a subset of monoclonal lesions (4/6)
demonstrated microsatellite alterations at more than one lo-
cus, suggesting that an undetermined type of genetic insta-
bility may play a role early in the development of abnormal
breast proliferations. These findings contribute to our un-
derstanding of the pathogenesis of AH lesions and may
have implications regarding their relationship to breast tu-
mors. (J. Clin. Invest. 1996. 98:1095-1100.) Key words: pro-
liferative breast disease « instability « clonality « premalig-
nant « neoplasm

Introduction

Increased incidence and awareness of breast cancer have led
to increased screening for malignancy, which has resulted in
the identification of an increased number of suspicious lesions,
many of which are biopsied. Approximately 90% of biopsies
reveal no malignancy. Some are normal and many are diag-
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nosed as various types of “benign” breast disorders. Benign,
however, is not the same as normal, and epidemiologic studies
demonstrate that certain histologic types of benign breast dis-
orders are associated with a significant increase in the risk of
developing breast cancer (1-4). For example, hyperplastic (or
proliferative) lesions without atypia are associated with an ap-
proximately twofold increased risk, and atypical hyperplastic
(AH)' lesions with a four- to fivefold increased risk. It is not
known if high risk proliferative lesions, such as AH, are simply
markers of increased risk, or could themselves be actual pre-
cursors of malignancies.

To address this issue, we chose to investigate whether ge-
netic abnormalities could be detected in benign proliferative
lesions. Such a finding would implicate these lesions as poten-
tial precursors of breast cancers and could shed light on ge-
netic abnormalities that play a role early in breast tumorigene-
sis. We have investigated whether AH lesions demonstrate
evidence of monoclonal alterations of microsatellite sequences.
Monoclonality, a fundamental characteristic of neoplasia, in
general implies that a single cell, from which the monoclonal
population has arisen has undergone changes that have been
selected for, perhaps by conferring some growth advantage to
the cell. To determine whether monoclonal, genetically abnor-
mal cell populations exist within AH lesions, we used a PCR-
based technique to identify alterations in di-, tri-, or tetranu-
cleotide repeat sequences, known as microsatellites, in DNA
extracted from microdissected AH lesions, in comparison with
normal breast tissues. The frequency of spontaneous dinucle-
otide microsatellite length variation in normal cells is believed
to be low (< 0.5%) (5), as is the “background” rate of detect-
ing an isolated microsatellite alteration in malignant tissue
(0.7%) (6). Frequent microsatellite alterations, thought to be a
manifestation of defective DNA replication and repair, were
first noted in familial colon cancers (7-9). Less frequent alter-
ations are also detectable in a subset of breast cancers (10-16).
Regardless of its frequency or etiology, a microsatellite alter-
ation (either length variation or allele loss) that occurs in a cell
that does not also undergo clonal expansion should not be de-
tected among the large excess of normal DNA from surround-
ing cells.

We have investigated AH lesions from archival breast bi-
opsy specimens containing neither in situ nor invasive carci-
noma. Using a panel of PCR primers amplifying 15 microsatel-
lite loci from 12 different chromosome arms, we examined
DNA from these microdissected AH lesions for evidence of

1. Abbreviations used in this paper: AH, atypical hyperplasia; LOH,
loss of heterozygosity.
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length variation or allelic loss. We find that a subset of AH le-
sions, particularly those in younger women, contains mono-
clonal, genetically abnormal populations of cells.

Methods

Selection of samples. All available Boston City Hospital and Boston
University Medical Center Hospital Pathology Department records
of breast biopsies performed between 1986 and mid-1995 were exam-
ined to identify specimens containing one or more AH lesions but
neither carcinoma in situ nor invasive carcinoma. 62 reports were
identified but nearly one-half of these cases was eliminated from
study because no slides or tissue blocks were available, or because
technical difficulties with the slides or fixatives made reliable diagno-
sis impossible. In a number of cases, the lesions did not contain
enough cells to yield sufficient DNA for analysis. From the remaining
specimens, the original or a newly prepared slide was reviewed by a
single breast pathologist. All evaluable specimens were of ductal his-
tology. The term atypical ductal hyperplasia was used when either cy-
tological or architectural criteria of ductal carcinoma in situ were met,
but both were not present completely at the same time (17). In 12
cases, the original diagnosis of AH was not consistent with currently
accepted diagnostic criteria. For each confirmed case, seven serial
sections were cut from the block, the top and bottom sections were
stained with hematoxylin and eosin, and each was examined to recon-
firm the diagnosis of AH in both slides. In five cases, the AH lesion
was not present in the bottom slide, or changed histologic appear-
ance. These cases were not included in this study, leaving 14 evalu-
able specimens.

Microdissection. For each case, the two hematoxylin and eosin—
stained slides were used as guides to locate the AH lesion(s) which
was then microdissected away from the surrounding tissue with a
sterile 22-gauge needle, under a light microscope. As control tissue
for each case, normal appearing duct and, if available, stromal tissue
from the same biopsy were also microdissected. Control tissues and
corresponding AH lesions came from the same biopsy specimen, and
usually the same tissue block. Thus, they had been fixed, handled,
and stored identically. Each specimen was estimated to contain be-
tween 250 and 1,000 cells.

Preparation of DNA. DNA was isolated from each sample using
a method described previously (18). In two cases, the DNA was
found to be too degraded for analysis.

PCR. 15 sets of microsatellite primers (see Table I) were used in
a series of multiplex polymerase chain reactions. Primers for the AR
and D18S34 loci were synthesized (model 392A synthesizer; Applied
Biosystems, Inc., Foster City, CA). All other primers were purchased
from Research Genetics (Huntsville, AL). 2-3 pl of extracted DNA
was used in a 50-pl multiplex polymerase chain reaction that also
contained between 6 and 16 pmol of each primer; a standard PCR re-
action buffer (GIBCO-BRL, Gaithersburg, MD) plus 1.5 mM MgCl,;
200 pM of each dATP, dGTP, and dTTP, and 20 uM of dCTP; and
0.2 pl of [a-*?P]dCTP (3,000 Ci/mmol; New England Nuclear, Boston,
MA). Reactions were heated to 95°C for 5 min, then cooled to 80°C
and 1 U of Taq polymerase (GIBCO-BRL) was added. 40 cycles of
amplification were carried out using cycling parameters of 95°C for 1
min, 55, 58, or 60°C for 1 min, 72°C for 1 min, with a final extension of
10 min. 2-6-pl aliquots were removed, mixed with 2 pl of loading dye,
and heated to 95°C for 10 min before being chilled on ice, followed by
loading onto 7% polyacrylamide, 5.6 M urea, 32% formamide gels
and separated at 80 W for 3.5-4 h. After drying, gels were exposed to
film for 2 h to 3 d. To confirm results and to eliminate the possibility
of PCR artifact, all reactions from each subject were repeated under
the same conditions and run on adjacent lanes of the same gel at least
twice.

Clinical data. Clinical information was obtained from existing
medical records and recorded in such a way that subjects could not be
identified directly or through identifiers linked to the subjects.
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Statistical analysis. The mean ages of those identified as mono-
clonal were compared with those who had no evidence of mono-
clonality by means of Student’s ¢ test. Comparison of family and per-
sonal histories between the two groups were evaluated by a x? test.

Results

15 microsatellite loci were selected according to one or more
of the following criteria: (a) location at sites of tumor suppres-
sor genes or regions reported to demonstrate loss of heterozy-
gosity (LOH) in early breast cancers; (b) loci reported to dem-
onstrate length variation in breast or other cancers (including
sites near some of the mismatch repair genes); (c¢) dispersion
throughout the genome; (d) inclusion of di, tri, and tetra nucle-
otide repeats; (e) high heterozygosity (since the amount of
DNA available is so limited, a locus that is informative only
50% of the time is not an optimal choice); and (f) amplification
of a relatively small product (i.e., = 200 bp to assure reproduc-
ible results from the fragmented, fixed DNA). Table I lists the
microsatellites studied. We examined DNA extracted from 15
microdissected AH lesions derived from 12 subjects without
previous or coexisting breast cancer, and compared it with
DNA extracted from each subject’s normal appearing breast
duct(s) and, if available, breast stromal tissue. In one instance
(subject 23) a hyperplastic lesion without atypia (H) was also
available for comparison. An average of 13 loci yielded infor-
mation for each lesion. Occasionally, as others have also
noted, larger sized fragments (for instance, at the D2S123 lo-
cus) could not be amplified consistently, presumably because
of degradation of the fixed DNA; in addition, subjects were
usually homozygous at one or two loci. Because the amount of
DNA extractable from the microdissected lesions is too small
to allow quantitation, comparison of relative band intensities
would not be accurate. Therefore, only substantial gains or
near-total losses were scored as evidence of microsatellite lo-
cus alteration. This may lead to an underestimation of the inci-
dence of monoclonality.

We found that 6/15 (40%) AH lesions from 6/12 (50%)
subjects demonstrated evidence of microsatellite alterations in
patterns consistent with their being monoclonal or containing

Table 1. Microsatellite Loci

Chromosomal

Name Repeat location
MYCL1 tetra 1p32
D1S549 tetra 1q32-42
D2S123 di 2pl5
D3S1298 di 3p24
D3S1255 di 3p24.2-25
D5S346 di 5q21-22
D75486 di 7q31
D75480 di 7q31.1
THO1 tetra 11p15.5
D11S35 di 11922
TP53 di 17p13.1
D17S579 di 17921
D18S34 di 18q12.2-12.3
AR tri Xql1.2-12
HPRT tetra Xq26.1




Table I1. Clonal Allelic Alterations Detected in AH Lesions

AH lesions
Subject No. examined No. monoclonal Altered loci

10 1 —

11 1 1 THOI1 (v); MYCLL1 (v)

12 2 —

13 1 1 THO1 (v); D1S549 (1);

14 2 1 D3S1298 (v)

16 1 —

17 1 1 AR (1); D18549 (1); TP53 (v)

18 2 1 TPS3 (1)

19 1

20 1 —_

21 1 —

23 1 1 D1S549 (v); D17S579 (v)
Total 12 15 6

v, variation; /, loss.

a substantial monoclonal component. Both repeat length vari-
ation and allelic imbalance, most likely LOH, were detected.
Table II summarizes the allelic alterations detected in all AH
lesions examined. Because a microsatellite alteration that oc-
curs in a cell that does not undergo clonal expansion should
not be detected among the large excess of normal DNA from
surrounding cells, alterations at even a single locus are evi-
dence of monoclonality. Two AH lesions demonstrated alter-
ations at a single locus. One (subject 14) showed evidence of
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length variation at D3S1298, and another (subject 18) showed
evidence of allele loss at TP53 (data not shown). Three AH le-
sions demonstrated microsatellite alterations at two loci. Two
of these lesions (from subjects 11 and 23) demonstrated micro-
satellite length variations exclusively, and the third (from sub-
ject 13) demonstrated both microsatellite length variation and
LOH. Subject 11 appeared to have abnormalities in additional
microsatellites, but the limited amounts of DNA available pre-
vented unequivocal confirmation of those abnormalities. One
AH lesion (subject 17) demonstrated alterations at three mi-
crosatellite loci, with evidence of both length alteration and al-
lele loss. Fig. 1 illustrates the alterations seen in the four sub-
jects with at least two microsatellite abnormalities. Detection
of multiple altered loci in a single lesion diminishes the possi-
bility that mosaicism or spontaneous mutation is responsible
for the observed changes.

Although the sample size was small, and some potential
subjects had to be eliminated from study for technical reasons
(see Methods), we sought to identify pathologic or clinical fea-
tures associated with evidence of monoclonality. Blinded re-
view of the pathologic material revealed no correlation be-
tween histologic parameters and presence of monoclonality.
Using available medical records, we determined each subject’s
age, race, personal or family history of breast pathology, and
whether breast cancer had been diagnosed since the biopsy.
Table III summarizes the clinical characteristics of the subjects
studied. An association between monoclonality of the AH le-
sions and younger age was found: the mean age of the subjects
who had AH lesions shown to be monoclonal was 44 yr (SD =
10.9), whereas that of subjects who had AH lesions without de-
monstrable monoclonality was 59 yr (SD = 10.6) (P < 0.05).
There is also a suggestion that monoclonal AH lesions may be
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Figure 1. Microsatellite alter-
ations seen in subjects 11, 13, 17,
and 23, each shown in a separate
panel. S, stroma; N, normal duc-
tal epithelium; and H, hyperplas-
tic lesion (without atypia). When
more than one independent con-
trol sample was studied, each
sample was numbered (i.e., N1,
N2, or S1, S2). Names of the al-
tered microsatellite loci are indi-
cated at the left of each panel.
Closed arrowheads indicate
novel, AH-specific microsatel-
lite alleles, open arrows indicate
AH-specific loss of an allele.

N2 H AH
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Table I11. Clinical Characteristics

Subject Yr AH dx Age (yr) Breast-related history Follow-up
Monoclonal AH
11 1989 45 Lost
13 1987 37 Fibrocystic disease 1977, Lost
mother: breast cancer
14 1988 35 Aunt: breast cancer No breast ds 1991
17 1991 51 Fibrocystic disease 1987 No breast ds 1994
Fibroadenoma 1992;
18 1991 31 no breast ds 1995
23 1994 63 No breast ds 1995
Avg: 44*
AH lacking detectable monoclonality
10 1994 58 No breast ds 1995
12 1989 63 No breast ds 1995
16 1987 59 Papillary breast epithelium
1992; no breast ds 1995
19 1991 41 Mother: breast cancer Lost
20 1992 74 Lost
21 1991 59 Lost
Avg: 59*

*SD = 10.9; *SD = 10.6; P < 0.05, Student’s t test; ds, disease.

found more commonly in women with personal or family his-
tories of breast disease. To date, no subjects studied here have
developed a breast malignancy, although several patients have
been lost to follow-up, and over half of the biopsies analyzed
were performed within the last 5 yr. Black and white women
were evenly distributed between the two groups.

Discussion

Alterations of short, highly polymorphic nucleotide repeat se-
quences, known as microsatellites, have been found to charac-
terize many types of human tumors, including those of the
breast (10-16). Recently, microsatellite alterations have been
proposed as markers of clonality; the same microsatellite alter-
ations found in a malignancy were also identified in apparently
normal adjacent tissues, indicating the presence of unrecog-
nized malignant cells (6). Monoclonality is a characteristic of
neoplastic tissue, indicating that a cell has acquired abnormali-
ties permitting escape from normal growth controls. In this
study, we wished to determine whether monoclonal microsat-
ellite alterations could be identified in proliferative breast le-
sions conventionally thought to be benign but associated with
an increased risk of development of breast cancer. Traditional
methods of demonstrating clonality based on X-inactivation
(19, 20) can be difficult when the number of cells available is
small (as from a single duct), particularly if the tissue has been
fixed and paraffin-embedded. In addition, the normal clonal
patch size arising from a single stem cell in mammary epithe-
lium is not known. Therefore, we used a PCR-based technique
to examine whether alterations in the normal pattern of up to
15 microsatellite sequences could be found in DNA extracted
from microdissected AH lesions. This approach is feasible be-
cause the incidence of isolated background microsatellite al-
terations is believed to be low (5, 6), and in general, detection
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of novel expansions or deletions appears restricted to mono-
clonal tissue (6).

We have detected microsatellite alterations, both length
variation and allele loss, indicating that at least a subset of the
histologically benign AH lesions in fact contains a monoclonal
cell population. This represents a minimum estimate of the
fraction of AH lesions that are monoclonal, and study of a
larger, or different, set of microsatellite loci, or use of other
techniques, might increase the frequency of detection of mono-
clonality. Identification of monoclonal AH lesions implies that
the process of neoplastic transformation and tumorigenesis
may have already begun while breast tissue still appears histo-
logically benign. Our data lend support to one proposed model
of breast tumorigenesis in which carcinomas are postulated to
arise from proliferative lesions as genetic abnormalities accu-
mulate. Confirmation of this model would require demonstra-
tion that the same genetic abnormalities are present in both an
AH lesion and the associated cancer. Consequently, it is pre-
mature to reclassify AH lesions as a type of carcinoma in situ,
whose classification and subtyping itself is currently being de-
bated (21). However, our findings do not require AH lesions to
be obligate precursors of malignancy. It is quite possible that
multiple monoclonal AH lesions could arise in a single subject,
few, if any, of which ever accumulate the additional genetic ab-
normalities required to progress to a malignancy. This scenario
suggests that a field defect might exist in certain breasts, a hy-
pothesis consistent with the bilateral risk of cancer in patients
diagnosed with AH lesions (1, 3, 17, 22, 23). Alternative mod-
els of breast tumorigenesis exist, and some breast tumors may
not evolve through an identifiable proliferative stage.

There are few investigations of AH lesions in the literature
(24-30). It is noteworthy that most studies have examined AH
lesions present in an already cancerous breast; such lesions
may not be directly comparable with the AH lesions we have



studied, which occurred in breasts lacking coincident or previ-
ous malignancies. However, our findings are compatible with
those reports, using other methodologies, which suggest some
proliferative breast lesions may be genetically abnormal (24,
25, 27-29). Other reports, also using different methodologies,
have failed to find firm evidence of abnormalities (26, 30). This
may reflect the possibility that AH lesions are genetically het-
erogeneous, or, that different methodologies detect abnormal-
ities that occur at different stages in the process of tumorigenesis.

The technique used in this study suggests that some type of
genetic instability may be an early event in the evolution of
some breast neoplasms. Classical microsatellite instability, as-
sociated with defects in mismatch repair genes, is character-
ized by laddering of dinucleotide repeats at numerous loci (7—
9). In contrast, sporadic tumors, including breast malignancies,
tend to be characterized by microsatellite alterations at far
fewer loci, which are often tri- or tetra- rather than dinucle-
otide repeat sequences (6, 11, 16); this pattern may reflect a
more subtle or distinct repair defect (11). Our findings of rela-
tively few loci affected within a given lesion, coupled with 4 of
the total 11 alterations suggesting LOH, are more consistent
with a defect(s) other than a mismatch repair gene abnormal-
ity being responsible for the changes described here. Some of
the affected microsatellites may identify loci that are pathoge-
netically relevant, while others are more likely markers of an
underlying genetic defect(s). It is unknown if this defect(s) is
the same as that found in the 10-20% of breast cancers dem-
onstrating microsatellite length variations (10-16), although
there are suggestions that microsatellite alterations in breast
cancer may occur as an early event (10, 12). We have found a
higher overall frequency of microsatellite alterations in AH le-
sions than has been reported previously in breast cancer, and
there are several possible explanations for this finding, includ-
ing (a) our study examined a larger number of microsatellite
loci, including some which were chosen to identify potential
LOH; (b) selection of microsatellites more likely to be altered
in breast tissue (some microsatellites appear to be altered in a
tissue-specific pattern [6, 16]); and (c) some AH lesions exam-
ined in this study, although appearing ductal, may actually
have been of lobular histology (lobular carcinomas have been
associated with a higher [40%] incidence of microsatellite in-
stability) (14).

Approximately 15% of patients with AH lesions go on to
develop breast malignancy. The risk appears to affect both
breasts (1, 3,17, 22, 23), and may be greatest within 10 yr of di-
agnosis (31) and in premenopausal women (2, 4). At present,
no reliable pathologic characteristics can identify which sub-
jects with AH lesions will, and which will not, develop a malig-
nancy. The percentage of AH lesions we found to be mono-
clonal is higher than the percentage of women with AH lesions
who go on to develop a malignancy. Therefore, detection of
monoclonality alone is unlikely to predict perfectly which
women are destined to develop breast cancer. However, mono-
clonality may identify a subset of women at special risk. The
association of monoclonal lesions with younger age and, pre-
sumably, premenopausal status, both of which are already
known to be risk factors for cancer development among sub-
jects with AH lesions, suggests that determination of mono-
clonality is a feature of these lesions with potential prognostic
value. Examination of AH lesions from a larger group of
women, refinement of the selection of microsatellite markers,
and longer follow-up may reveal important clinical correlations.
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