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The relationship of apocrine metaplasia to invasive
breast cancer is controversial. Different authors have
reported that apocrine differentiation in proliferative
lesions may be a risk factor, a precursor lesion, or
have no association with malignancy. The aim of this
study was to compare the genetic alterations in be-
nign apocrine hyperplasia with apocrine ductal car-
cinoma in situ (DCIS) and invasive apocrine carcino-
mas of the breast using comparative genomic
hybridization. The mean number of alterations in
apocrine hyperplasia was 4.1 (n 5 10) compared to
10.2 in apocrine DCIS (n 5 10) and 14.8 (n 5 4) in
invasive carcinoma. The most common alterations in
apocrine hyperplasia were gains of 2q, 13q, and 1p
and losses of 1p, 17q, 22q, 2p, 10q, and 16q. Apo-
crine DCIS and invasive carcinomas showed gains of
1q, 2q, 1p, and losses of 1p, 22q, 17q, 12q, and 16q as
their most common DNA copy number changes. Apo-
crine hyperplasia is considered to be a benign lesion
and its relationship to invasive carcinoma remains
unclear. Our data suggest that some apocrine hyper-
plasias may be clonal proliferations. The mean num-
ber of alterations are lower in apocrine hyperplasia,
however the changes show considerable overlap with
those identified in in situ and invasive apocrine car-
cinoma. These alterations are also commonly seen in
nonapocrine breast cancer. The data are consistent
with apocrine hyperplasia as a putative nonobligate
precursor of apocrine carcinoma. (Am J Pathol
2001, 158:207–214)

Apocrine epithelial cells have abundant eosinophilic cy-
toplasm containing finely granular, periodic acid-Schiff
(PAS)-positive diastase-resistant granules, with a basally-

located nucleus and a prominent nucleolus.1,2 Apocrine
sweat glands are found in the skin of the axilla, groin,
anogenital region, and other sites, and are morphologi-
cally and functionally different from the cutaneous seba-
ceous and sweat glands.3 A number of benign and ma-
lignant lesions in the breast contain epithelial cells which
are cytologically identical to those which comprise the
apocrine glands.4 Microscopic apocrine change is com-
mon in the female breast after the age of 30, it is rarely
seen in women younger than 19, and increases with age,
persisting postmenopausally.5 Mammary apocrine cells
are most frequently encountered in the epithelium of ten-
sion cysts6 where they appear as flat to cuboidal cells
and usually form a single layer of cells or exhibit prolifer-
ative change resulting in isolated blunt papillae. Often
more complex papillary architecture may be seen.
Grossly palpable cysts lined by apocrine epithelium tend
to contain a cyst fluid with a high K1/Na1 ratio, which is
characteristic of the type I cyst.7

Gross cystic disease fluid protein (GCDFP-15), a 15-kd
glycoprotein which was isolated in the cystic fluid of
fibrocystic breast disease, represents an immunocyto-
chemical marker of apocrine differentiation.8–10 The gene
has been localized to chromosome 7, and is identical to
that of the prolactin-inducible protein.11 Immunohisto-
chemical studies of benign and malignant breast lesions
showing apocrine differentiation report that the cells lack
estrogen and progesterone receptors, but stain positive
for androgen receptor, contrasting with the normal breast
epithelium.1,12 These intriguing observations reflect the
fact that apocrine cells differ from nonapocrine normal
cells not only morphologically but also biologically.

The presence of apocrine cells in the breast has gen-
erally been regarded as a metaplastic process,13,14 how-
ever this has recently been debated. Cells with biochem-
ical characteristics of apocrine differentiation (GCDFP-15
expression) during human fetal breast development, as
well as normal adult mammary gland tissue, have been
reported.2,10 Several authors now suggest that the pres-
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ence of apocrine cells in the breast be termed a normal
process of differentiation, and that these cells are a nor-
mal constituent of the glandular structure of the breast.1

The proliferative capacity of ordinary apocrine cells is
uncertain. The flat apocrine cells lining cysts may be an
end stage of cellular differentiation, but studies of the cyst
fluid indicate metabolic activity.3 Ki67 staining of un-
selected apocrine epithelium seems to support this hy-
pothesis, although a small number of cases showed con-
tinuing proliferation.15

There have been many studies examining the possible
relationship of apocrine differentiation, especially apo-
crine cysts, to breast carcinoma, however the data re-
main inconclusive. Several authors have investigated
breasts with and without carcinoma and found no signif-
icant difference in the frequency of apocrine epitheli-
um.16–18 A number of follow-up studies, however, have
suggested that apocrine epithelium may be a predictor
for the subsequent development of carcinoma.19–21 Al-
though an unexpectedly large number of cancers have
been reported after a short follow-up of women with cys-
tic change, a relative risk of only 1.7 was reported in a
long term follow-up of women with benign breast disease.
A slightly increased risk of 2.4 has been reported for
those lesions showing complex patterns of papillary
change.22 The relative risk of breast carcinoma in pa-
tients with type I cysts is higher than in those with type 2
cysts with cystic fluid containing a low K1/Na1 ratio,23

although this has been disputed.21 Histological evidence
of transitions from apocrine differentiation to apocrine
carcinoma based on morphological criteria have also
been described.19,24

The more complex forms of micropapillary apocrine
changes in the breast are frequently seen with tension
cysts. The micropapillary structures have the cytology of
the ordinary benign apocrine cells (ie, granular eosino-
philic cytoplasm and round to ovoid nucleus with prom-
inent nucleolus), but their architecture is identical to the
micropapillary structures seen in so-called micropapillary
carcinomas.3,25,26 Yet despite the similar architecture,
the proliferation is regarded as hyperplastic on the basis
of the apocrine cytology.27

A study of apocrine differentiation in sclerosing adeno-
sis by Wells and co-workers28 identified c-erbB2 and p53
immunopositivity in incidental papillary apocrine meta-
plasia in one case, and c-erbB2 immunopositivity in un-
remarkable apocrine metaplasia in a further 3 of 48 cases
studied. These data, coupled with previous studies dem-
onstrating abnormal ras and c-myc expression in apo-
crine metaplasia,29 suggest a possible premalignant na-
ture for these lesions.

To date there is little molecular data on these lesions.
Loss of heterozygosity studies at loci associated with
invasive breast carcinomas have revealed no evidence of
allelic imbalance in apocrine hyperplasias, although only
a few selected loci were investigated.30,31

In view of the architectural similarity to low-grade duc-
tal carcinoma in situ (DCIS), the possible association with
subsequent invasive carcinoma and the lack of molecular
data, we have investigated the molecular cytogenetics of

micropapillary apocrine hyperplasia and compared these
to apocrine DCIS and invasive apocrine carcinomas.

Materials and Methods

Cases

Paraffin blocks from 24 patients showing breasts with
apocrine lesions were selected from the Section of Ana-
tomical Pathology of the University of Bologna, Italy. A
total of 24 lesions were obtained from these 21 patients.
Ten lesions of apocrine cysts with micropapillary hyper-
plasia, 10 cases of apocrine DCIS, and four cases of
invasive apocrine carcinoma were diagnosed from these
individuals. A summary of clinicopathological data are
shown in Table 1. The lesions selected as micropapillary
hyperplasia showed typical benign apocrine cytology
that lined intracystic micropapillary projections (Figure 1).
DCIS were defined according to Holland et al32 (Figure 2
and Figure 3). Invasive ductal carcinomas were graded
according to Elston and Ellis.33

Immunohistochemistry and in Situ Hybridization

The avidin-biotin-peroxidase method was used for immu-
nohistochemistry.34 The antisera used are outlined in Ta-
ble 2. Negative and positive controls were included with
each batch of slides tested.

A 600-bp cDNA encoding human prolactin-inducible
protein cloned into the pV21 bluescript vector (pPIP-8–3
cDNA clone supplied by Dr. R. Shiu and Y. Myal, Win-
nipeg, Manitoba, Canada) was used for in situ hybridiza-
tion. The riboprobe was cleaved with the restriction en-
zyme Xbal, and antisense RNA molecules were obtained
using a T7 DNA polymerase and digoxigenin-labeled
nucleotide mixture (DIG RNA labeling kit; Boehringer
Mannheim, Mannheim, Germany). A detailed protocol for
in situ hybridization using radioactively labeled c-RNA
probes has been described previously,35 and the same
procedure used here with digoxigenin-labeled riboprobe
with some modifications has also been published.9 Ap-
propriate positive and negative controls were used. Hy-
bridization with nonspecific riboprobes, such as that
used for somatostatin, produced negative results under
identical hybridization conditions. RNase digestion of tis-
sue sections before the hybridization step abolished the
specific staining.

Microdissection and DNA Extraction

Lesions were microdissected using the PixCell II Laser
Capture Microdissection system (Arcturus, Mountain
View, CA), using 5-mm thick sections cut from formalin-
fixed, paraffin-embedded tissue. Normal tissue from the
same patient was dissected for use as control reference
DNA. The samples varied in size, the smallest lesion
dissected was a cyst from which ;100 to 200 cells were
obtained for subsequent molecular analysis. The lesions
were microdissected onto the CapSure Transfer Film
(Arcturus), and the DNA extracted overnight in a humid-
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Table 1. Clinicopathological Data

Case Sex/age Site
Surgery/clinical

presentation Main diagnosis Follow-up
Lesion examined

by CGH

1 F /52 L-UOQ Lumpectomy for
microcalcifications

W DCIS A&W 3 yrs PH

2 F /50 R- Quadrantectomy for
mammographically
suspicious nodule

IDC, G1
Cribriform type

1 yr later
recurrent
DCIS in
subareolar
region

PH

3 F /75 R- Radical mastectomy
1 axillary
dissection

IDC, G, III, 13 LN
free of tumour

A&W 6 yrs PH

4 F /41 R- Nodulectomy for
nodule with well
defined borders (?
fibroadenoma)

Intraparenchymal
lymph node

Epithelial hyperplasia
Apocrine changes

A&W 5 yrs PH

5 F /40 Nodulectomy for
microcalcifications

Sclerosing adenosis A&W 4 yrs PH

6 F /51 R- Radical mastectomy
1 axillary
dissection

IDC, G III, 2 met/24
LN

Lung met DOD
6 yrs

PH

7 F /42 L-UOQ Lumpectomy for
microcalcifications

Nodular sclerosing
adenosis with
apocrine changes

A&W 6 yrs PH

8 F /45 R-LOQ Lumpectomy for
microcalcifications

Epithelial hyperplasia
and sclerosing
adenosis

A&W 3 yrs PH

9 F /43 L-UOQ Lumpectomy for
microcalcifications

Radial scar and
epithelial
hyperplasia

A&W 3 yrs PH

10 F /52 R-UOQ Quadrantectomy
followed by radical
mastectomy (no
residual tumor)

WDCIS Lost PH

11 F /58 L- Nodulectomy
followed by
quadrantectomy
(no residual tumor)

IDCIS in ductal
adenoma

A&W 5 yrs Apocrine IDCIS

12 F /69 R-subareolar Nodulectomy for
microcalcifications
1 subsequent
radical mastectomy

WDCIS A&W 5 yrs Apocrine WDCIS

13 F /46 L-UOQ Quadrantectomy Intracystic ductal
carcinoma
(probably in situ)

A&W 6 yrs Apocrine WDCIS

14 F /43 R-LIQ Nodulectomy PDCIS in
fibroadenoma

A&W 3 yrs Apocrine PDCIS

15 F /41 L- Lumpectomy for
microcalcifications

WDCIS A&W 3 yrs Apocrine WDCIS

16 F /42 R- Mastectomy 1
axillary dissection

PDCIS 1 multiple foci
of microinvasion 2
met/16 LN

Subsequent
chemotherapy
A&W 3 yrs

Apocrine PDCIS

17 F /52 R- Mastectomy WDCIS in ductal
adenoma

A&W 6 yrs Apocrine WDCIS

18 F /58 R-UOQ Quadrantectomy 1
axillary dissection

IDC, G III 1 PDCIS 3
met/29 LN

3 yrs
recurrence in
breast 1 met
in cervical
nodes

Apocrine PDCIS
Apocrine IDC
G III

19 F /37 R- Radical mastectomy
for recurrent tumor
(previous
quadrantectomy)

IDC, G III 1 PDCIS A&W 4 yrs Apocrine PDCIS
Apocrine IDC
G III

20 F /62 L-UOQ Mastectomy IDC, G III 1 PDCIS Breast
recurrence 3
yrs

Apocrine PDCIS
Apocrine IDC G
III

21 F /60 L- Mastectomy 1
axillary dissection

IDC G III
4 met/14 LN

DOD 6 yrs Apocrine IDC
G III
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ified chamber at 55°C in 20 ml of extraction buffer (0.5
mg/ml proteinase K in 50 mmol/L KCl, 10 mmol/L Tris-HCl,
pH 8.0, 2.5 mmol/L MgCl2, 0.1 mg/ml gelatin, 0.45%
Nonidet P-40, 0.45% Tween 20). Before polymerase
chain reaction, proteinase K was inactivated at 95°C for
10 minutes.

Comparative Genomic Hybridization (CGH)
Analysis

Amplification and fluorescent labeling of the DNA from
microdissected tissue was performed by degenerate oli-
gonucleotide primed-polymerase chain reaction in two
rounds as previously published.36 Normal male meta-
phase spreads (Vysis UK Ltd., Richmond, UK) were de-
natured at 75°C for 5 minutes in 70% formamide, 23
standard saline citrate and dehydrated through a series
of alcohols. Approximately 500 ng each of test (fluores-
cein-labeled) and reference (rhodamine-labeled) DNA
samples from the DOP-polymerase chain reaction were
co-precipitated with 30 mg of human Cot-1 DNA (Gibco
Life Technologies, Paisley, UK) and 10 mg of salmon
sperm DNA, and resuspended in 10 ml of hybridization
buffer (50% deionized formamide, 20% w/v dextran sul-
fate, 23 standard saline citrate, 0.1 mmol/L ethylenedia-
minetetraacetic acid, pH 8.0, 0.2 mmol/L Tris-HCl, pH
7.6). The denatured probes were then hybridized to the
metaphases under a coverslip for 2 to 3 days at 37°C.
After hybridization, the slides were washed in 50% form-
amide, 23 standard saline citrate (3 3 10 minutes at
45°C), 23 standard saline citrate (2 3 10 minutes at

45°C, 1 3 10 minutes at room temperature), TNT buffer
(10 mmol/L Tris-HCl, pH 8.0, 0.15 mol/L NaCl, 0.05%
Tween; 10 minutes) and ddH2O (10 minutes), before
dehydration through the alcohol series. Finally the slides
were mounted in an anti-fade medium (Vector Laborato-
ries, Burlingame, CA) containing 4,6-diamino-2-phenylin-
dole as a counterstain. Metaphase chromosome prepa-
rations were captured using a Zeiss Axioskop
microscope (Welwyn Garden City, UK), Photometrics
KAF1400 CCD camera (Photometrics, Tucson, AZ) and
Vysis SmartCapture software (Vysis). Image analysis was
performed using Vysis Quips CGH software (Vysis). Be-
tween five and 10 representative images of high quality
hybridizations were analyzed, and the results combined
to produce an average fluorescence ratio for each chro-
mosome. Control experiments were performed using nor-
mal:normal co-hybridizations, whose average red:green
ratio levels and 95% confidence intervals were used to

Figures 2 and 3. Well- (top, Figure 2) and poorly (bottom, Figure 3)
differentiated apocrine DCIS. H&E stain. Original magnifications, 3125 (Fig-
ure 2) and 3200 (Figure 3).

Figure 1. Micropapillary hyperplasia showing benign apocrine cytology.
H&E stain; original magnification, 3250.

Table 2. Antisera Used for Immunohistochemistry

Antigen Manufacturer and clone Dilution and antigen retrieval

GCDFP-15 (gross cystic disease fluid protein 15) Signet Lab, D6 1:500, nd
Estrogen receptor DAKO, 1D5 1:100, pc
Progesterone receptor Ylem, PgR 636 1:50, pc
Androgen receptor Biogenex, F39.4.1 1:30, pc
bcl2 DAKO, 124 1:10, pc
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set the lower and upper limits for scoring losses and
gains of genetic material as 0.80 to 1.20.

Results

Clinicopathological and Immunohistochemical
Data

A summary of the immunohistochemical data are given in
Table 3. Patients ranged from 37 to 75 years old (n 5 21).
Ten of the selected cases contained apocrine papillary
hyperplasia. Five of these presented a carcinoma (either
in situ or invasive) in another area of the same breast,
whereas in the other five a benign condition only was

present. In 10 cases an apocrine DCIS was selected for
study of which four were well, one intermediate, and five
poorly differentiated DCIS. Three of the latter cases also
contained apocrine invasive ductal carcinomas37 grade
III which were also taken into consideration for the
present study. All lesions diagnosed as containing apo-
crine differentiation were immunohistochemically positive
with anti-GCDFP-15, and were also positive with the in situ
hybridization method, most with strong staining (Figures
4, 5, and 6). All apocrine lesions stained were androgen
receptor-positive. All apocrine cysts with papillary hyper-
plasia were estrogen- and progesterone-negative, 8 of 14
apocrine DCIS or invasive apocrine carcinomas showed
estrogen receptor and progesterone receptor positivity.

Table 3. Immunohistochemical and Molecular Cytogenetic Results

Case Lesion
GCDFP-

15 PIP
Estrogen
receptor

Progesterone
receptor

Androgen
receptor BCL2

CGH

Gains Losses

1 PH 120% 150% Negative Negative 180% Negative 18p 6q,10q,17p
2 PH 110% 130% Negative Negative 170% Negative 1p,1q,2q 2p,10q,12q,17q
3 PH 140% 1100% Negative Negative 1100% Negative 13q 1p,16q,17q
4 PH 120% 190% Negative Negative 1100% Negative 1p,2q 1p,2p,10p,11p,

11q,22q
5 PH 130% 140% n.d. n.d. 1100% n.d. 2q,13q 1p,17q,22q
6 PH 180% 170% Negative Negative 1100% Negative 2q,13q 1p,16p,16q,19q,

22q
7 PH 110% 110% Negative Negative 1100% Negative None None
8 PH 1100% 130% Negative Negative 1100% Negative 6q(2),12p,12q,

13q
2q

9 PH 180% 1100% Negative Negative 1100% Negative None None
10 PH 150% 150% Negative Negative n.d. Negative None None
11 Apocrine

IDCIS
120% 170% 180% 150% 190% 15% 1p,1q,2q,7q,9p 2p,2q,3p(2),4p,

5p,6p,8q,9q,11q,
12p,12q,21q,22q

12 Apocrine
WDCIS

150% 150% 1100% 1100% n.d. 1100% 5q,6q,7p,11p 1p,6p,13q,16q,
5q17q,19q,22q

13 Apocrine
WDCIS

110% 15% 180% 120% n.d. 1100% 1p,1q,2q,3q,4q,
5q,7q,13q

1p,2p,2q,11p,16q,
17q

14 Apocrine
PDCIS

130% 1 rare Negative Negative 130% Negative 1p,1q,2q,3q,4q 1p,9q,10p,10q,
12q,16q,17q

15 Apocrine
WDCIS

150% 1100% Negative Negative 1100% Negative 2q 1p,8q,22q

16 Apocrine
PDCIS

160% 190% Negative Negative 150% Negative None 1p,17q,22q

17 Apocrine
WDCIS

15% 140% 175% 1100% 180% 1100% 3q,4q,8q 1p,12q,22q

18 Apocrine
PDCIS

15% 110% 140% 15% 170% 170% 1p,1q,2q,6q,7q 2p,3p,3q,4p,5p,
8q,9q,10q,12p,
12q,13q,14q,17q

18 Apocrine
IDC
GIII

15% 110% 140% 15% 170% 170% 2q,3p,3q,4p,4q,
5q,7q(2),13q,Xq

2p,5q(2),8q,9q,
11q,12p,15q,16q,
17q,22q,Xp,Xq

19 Apocrine
PDCIS

160% 160% Negative Negative 190% 1100% 2q,3p,5q,6q,12p,
13q,15q

1p,2q,14q,16q,
17p,17q,
19q,22q

19 Apocrine
IDC
GIII

12% 120 Negative Negative 170% 150% 3p,3q,6,12q 1p,2q,5q(2),8p,
8q,9q,11q,13q(2)

20 Apocrine
PDCIS

180% 190% 190% 115% 150% Negative 1q,3p None

20 Apocrine
IDC
GIII

15% 15% 190% 115% 150% 150% 3p,15q,18q None

21 Apocrine
IDC
GIII

n.d. n.d. n.d. n.d. n.d. n.d. 2q,3q,5q,6p,6q,
9p,10p,12q,13q,
16q,18q

1p,2p,2q,4p,
9q(2),12q,17q
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CGH

Summary karyograms of the CGH data are presented in
Figure 7. Three of the 10 cases of apocrine cyst with
papillary hyperplasia showed no genetic alterations as
detected by CGH. The other 10 cases showed between
four and eight regions of copy number change. The mean
number of alterations for this lesion was 4.1. The most
common areas of DNA copy number change were losses
at 1p (4 of 10 cases), 17q, 22q (both 3 of 10), 2p, 10q,
and 16q (all 2 of 10), and gains at 2q, 13q (both 4 of 10
cases), and 1p (2 of 10). All of the cases of apocrine
DCIS showed genetic alterations, ranging from two up to
a maximum of 19. The mean number of alterations was
10.4. The most common losses were at 1p (7 of 10
cases), 22q (6 of 10), 17q (5 of 10), 12q, 16q (both 4 of
10), 2p, 2q, 8q, and 9q (all 3 of 10); the most common
gains were at 1q, 2q (both 5 of 10), 1p (4 of 10), 3q, 4q,
5q, and 7q (all 3 of 10). A further 27 chromosomal loci
showed a copy number change in at least one case. The
invasive apocrine carcinomas showed between three
and 23 alterations. The mean number of DNA copy num-
ber changes was 14.8. A summary of the CGH data is
given in Table 3.

Discussion

Apocrine cells are considered to be the progenitors of
cystic breast disease.14 The apocrine epithelium associ-
ated with secretion accumulation may favor the progres-
sive unfolding of lobules, formation of microcysts, and
finally the appearance of macrocysts.14 The relationship
between apocrine change and breast carcinoma, de-
spite numerous studies, remains controversial. A number
of conflicting reports using a variety of approaches have
been published that have resulted in a confused picture
regarding the pathogenic nature of these lesions in the
breast. Some hypotheses regarding a possible relation-
ship between apocrine epithelium and carcinoma have
been proposed.38 The apocrine epithelium may be a
precursor of malignant transformation; it may reflect a
response to the same stimulus which promotes carci-
noma or it could indicate an instability of the breast
epithelium, which causes the development of alterations
with a higher propensity for cancer.

Cytological features of apocrine differentiation are im-
portant factors pushing the pathologist to err toward a
benign diagnosis. Despite the architectural similarity of
low-grade DCIS (nonapocrine) to apocrine papillary hy-
perplasia, few if any pathologists would regard the latter
as a type of DCIS. We therefore wished to investigate the
molecular cytogenetics of the apocrine lesions of the
breast to gain some insights into the nature of these
controversial entities.

All of the selected lesions were distinctly positive for
the apocrine markers both at immunohistochemistry and
in situ hybridization levels, indicating a definite apocrine
differentiation.4,9,10 The cases followed the characteristic
staining pattern for apocrine differentiation, exhibiting es-
trogen receptor, progesterone receptor, and Bcl2 nega-
tivity while staining positively for androgen receptor in
benign lesions. This had led some authors to postulate a
possible role for androgens in the stimulation of breast
epithelium and the development of apocrine cells.39

The CGH data shows that the apocrine cysts with
papillary hyperplasia exhibit a relatively large number of
genetic alterations (mean, 4.1). The technique of CGH
analysis has implication for the clonal nature of the sam-

Figure 6. Immunohistochemcial localization of CDFP-15 in well-differenti-
ated apocrine DCIS. Original magnification, 3275.

Figures 4 and 5. In situ hybridization of prolactin-inducible protein in
showing (top, Figure 4) and poorly-differentiated apocrine DICS (bottom,
Figure 5). Original magnification, 3300.
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ple because normal tissue contamination will mask the
changes in DNA copy number. Because it is less prob-
able that many cells acquire the same alteration indepen-
dently, finding an amplification or deletion suggests that
the sample is likely to be clonal. Seven of the 10 cases of
this lesion showed some DNA copy number changes,
indicating that at least a proportion of these apocrine
metaplastic/hyperplastic lesions are likely to be clonal,
neoplastic proliferations. The level of genetic alterations
seen in these apocrine papillary lesions is equivalent to
those described in well- and intermediately-differentiated
DCIS.40 This is perhaps not surprising in view of the

architectural similarity to low-grade DCIS. It could be
argued that from these observations and our data that
these papillary lesions ought to be considered as part of
the spectrum of low-grade DCIS. Further genetic investiga-
tions of these lesions are required and warranted. Epidemi-
ological studies on apocrine papillary lesions have hinted at
an increased risk of breast carcinoma compared to the
cysts showing a single layer of epithelial cells.22

The mean number of alterations in the DCIS group was
larger than that in the hyperplasia group. The number of
alterations in the two groups differs on average, but there
is a fair degree of overlap in the values in the two groups.
The histological grade of the DCIS lesions varied, al-
though there were no differences in copy number
changes between the grades observed in these small
numbers. The mean number of genetic alterations for the
invasive apocrine carcinomas was higher still than the
DCIS group, showing a general trend, which would need
to be tested with further case data, of increasing alter-
ations from the hyperplastic lesions, through DCIS and
up to invasive apocrine carcinoma. There were no obvi-
ous correlations between immunohistochemical charac-
teristics of the selected lesions and genetic alterations
detected by CGH, although the sample size prevented
formal statistical calculations.

There was considerable overlap in the pattern of ge-
netic alterations seen between the papillary lesions, the
DCIS and the invasive carcinomas. Losses at 1p, 16q,
and 17q, and gains at 2q and 13q were all seen in
multiple cases of all three lesions studied. If, as has been
suggested, there is a progression from the hyperplastic
lesions through in situ and invasive carcinoma, alterations
at these chromosomal loci may be early events in apo-
crine breast carcinogenesis. There were a number of
regions, such as gains at 1q and 3p, and loss at 9q,
which exhibited copy number changes in the DCIS and
invasive carcinomas which we did not detect in the pap-
illary lesions, suggesting that alterations at these loci may
be later events.

When the data from our series of malignant apocrine
lesions were compared with CGH studies from the liter-
ature on nonapocrine breast tumors, a good concor-
dance in the patterns of genetic alterations was generally
seen. Losses at 1p, 3p, 16q, 17q, and 22q, and gain at
1q are common regions of copy number change reported
in breast carcinomas, and were observed in a high pro-
portion of our apocrine cases. There were, however, a
number of chromosomal loci showing alterations in our
apocrine lesions that have not previously been reported
as playing a significant role in breast tumorigenesis.
These include losses at 2p, 9q, and 1q, and gains at 2q,
3p, and 13q. These observations are not inconsistent with
the hypothesis that apocrine carcinomas arise via differ-
ent carcinogenic pathways from ordinary invasive ductal
carcinomas.31 Nothing is known about the underlying
genetics of these regions, but these loci may provide new
targets for investigation in breast cancer pathogenesis.

The apocrine cysts showing papillary hyperplasia have
long been a controversial lesion, and numerous studies
have investigated their association with breast carci-
noma. The molecular cytogenetic data presented here

Figure 7. Summary karyograms showing regions of DNA copy number
change for 10 cases of apocrine micropapillary hyperplasia (A); 10 cases of
apocrine DCIS (B); and four cases of invasive apocrine carcinoma analyzed
by CGH (C). Gains and losses are shown by the solid green bars to the
right and red bars to the left of the chromosome, respectively.
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showing that they can exhibit a range of genetic alter-
ations seem to indicate that at least a proportion of these
lesions may be clonal neoplasms, and that given the
considerable overlap in copy number changes with the
apocrine malignancies, these papillary lesions may rep-
resent nonobligate precursors of apocrine DCIS and in-
vasive apocrine carcinoma. At this stage, the clinical
significance remains uncertain and follow-up studies will
be required to evaluate this issue.
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