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Apocrine adenosis: a precursor of aggressive
breast cancer?

C A Wells, I L McGregor, C N Makunura, P Yeomans, J D Davies

Abstract
Aim-To investigate overexpression of c-
erbB2, expression ofthe p53 protein prod-
uct and proliferation rates in benign breast
lesions with specific reference to apocrine
adenosis.
Methods-Twenty one cases of apocrine
adenosis were stained with monoclonal
antibodies to p185, the protein product of
the c-erbB2 oncogene, the protein product
of the p53 tumour suppressor gene and to
the cell cycle related protein Ki67. Three
cases were associated with concomitant
ductal carcinoma in situ of large cell type
and two were associated with invasive tu-
bular or cribriform carcinoma.
Results-Twelve (57.1%) cases showed
membrane staining for c-erbB2 onco-
protein of apocrine cells within sclero-
sing adenosis and six (28.6%) had oc-
casional p53 protein positive cells. One
case not associated with carcinoma
showed extensive staining of apocrine
metaplasia outside the area of apocrine
adenosis. The proliferation rate, as meas-
ured by Ki67 staining, was increased in
some of the lesions and all lesions showed
at least some of the cells to be in the cell
cycle.
Conclusions-The expression ofabnormal
oncogene products and increased pro-
liferation in some ofthese apocrine lesions
questions the supposed degenerative na-
ture of the atypia seen in such cases and
suggests that there may be an association
between these lesions and large cell ductal
carcinoma in situ and hence invasive car-
cinoma.
(J Clin Pathol 1995;48:737-742)
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Several studies have emphasised the increased
risk of subsequent breast carcinoma associated
with fibrocystic change of about x 2 5 seen

epidemiologically.' Some studies have indeed
identified lesions which carry an increased in-
cidence of subsequent malignancy such as
atypical ductal hyperplasia," atypical lobular
hyperplasia4 and multiple papillomas.5 Most of
these lesions develop into small cell micro-
papillary or cribriform carcinoma in situ and
thereafter into invasive ductal or lobular car-
cinoma. Precursor lesions for large cell comedo
or solid type ductal carcinoma in situ have not
been identified as yet.

C-erbB2 is an oncogene present on chro-
mosome 1 7q which codes for a 185 kDa protein
(p185) with tyrosine kinase receptor function
analogous to the epidermal growth factor re-
ceptor. The p185 receptor is overexpressed in
about 20% of invasive breast carcinomas6 7 but
is more frequently overexpressed in large cell
comedo carcinoma in situ' in about 80% of
cases. It has been postulated that over-
expression of this oncoprotein is an early event
in the genesis ofsome types ofbreast carcinoma
and that subsequently the receptor may be lost
once a tumour has become invasive.
p53 is a tumour suppressor gene which is

present on chromosome 17p. This gene codes
for a protein which is mutated in certain families
as a genetic event associated with childhood
sarcomas and ovarian carcinoma.9 It is also
found as a sporadic event in some breast car-
cinomas known not to be familial. The wild-
type protein has a short half life and is not
normally detected by immunocytochemistry
except in extreme cases of DNA damage, but
mutant forms of the protein may accumulate
and become detectable.'0
Ki67 is an antibody that recognises a cell

cycle related nuclear antigen, which is thought
to be expressed in the G1, S, G2, andM phases
of the cell cycle but not in GO." Percentage
scores for carcinomas have been shown to vary
with the type of tumour from 2 25% in tubular
carcinoma to 63-95% in others.'2
We have studied 21 cases of apocrine ad-

enosis, three associated with ductal carcinoma
in situ and two with invasive carcinoma, by
immunocytochemistry using antibodies to the
c-erbB2 oncoprotein, p53 protein and the pro-
liferation related antigen Ki67. Control cases
of normal breast tissue, apocrine metaplasia
and sclerosing adenosis were also studied to
determine the level of proliferation, c-erbB2
oncoprotein expression and p53 positivity in
these conditions in the absence of apocrine
adenosis.

Methods
Cases of apocrine adenosis (figs 1 and 2) were
collected from the files of the histopathology
departments of St Bartholomew's Hospital,
London, and Southmead Hospital Breast
Pathology Unit. Some of these cases had been
sent to CAW and JDD as referrals. The details
of the cases are given in table 1. An unselected
series of 48 cases of apocrine metaplasia, 36
cases of normal breast tissue and 25 cases of
sclerosing adenosis without apocrine adenosis
were also stained with the same antibodies.
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Figure 1 Apocrine adenosis in a lobule associated with sclerosing adenosis.
Haematoxylin and eosin; x 10.

*~~~~~~~~~~~~~~~~~~~~~~~j

4.2-R~ ~ ~ ~ 5

f- Kt;9 9'.*
T: m j ,,, ;co *

d

Figure 2 Apocrine adenosis at higher magnification showing cytological atypia.
Haematoxylin and eosin; x 150.

Immunocytochemistry
TISSUE

Formol saline fixed, paraffin wax embedded
blocks of apocrine adenosis were selected from
the files and sectioned at a nominal 4pm.
The standard avidin biotin complex (ABC)

method'3 was used. Appropriate negative con-

trols omitting the primary antibodies were

included.

ANTIBODIES
c-erbB2
A mouse monoclonal antibody raised against
the p185 protein product of the c-erbB2 onco-
gene (Clone NCL-CB11; Novocastra, New-
castle, UK) was used at a dilution of 1 in 200.
The primary antibody was applied overnight
at 30C and a previously stained positive breast
carcinoma was used as a positive control.

p53
A mouse monoclonal antibody raised against
recombinant p53 protein (Clone DO-7; No-
vocastra) was used at a dilution of 1 in 50. The
primary antibody was applied overnight at 3°C
and a previously stained weakly positive breast
carcinoma was used as a positive control.

Ki67
A polyclonal rabbit anti-human Ki67 antigen
(Dako, High Wycombe, UK) was used at a

dilution of 1 in 50 for 30 minutes. The ABC
technique was modified with a digestion stage
prior to the application of the first layer, in-
volving heating for one minute under high
pressure in citrate buffer at pH 6-0 as an al-
temative to microwave treatment."4 Germinal
centres oftonsil sections were used as a positive
control. A total of 200 or 300 cells, depending
on the size of the lesion, were counted within
the area of apocrine adenosis by two observers

*0 and the percentage of positive cells calculated.

Results

C-erbB2 ONCOGENE PRODUCT
Positive cell membrane staining was seen in
the areas of apocrine adenosis in 12 (57 1%)
of the 21 cases. This was classed as strong
staining in four cases (fig 3) and as weak in
eight. One of the cases with strong staining
also showed strong staining of otherwise
unremarkable papillary apocrine metaplasia

Table 1 Case details

Patient number Age (years) Clinical history Histological features

1 54 Microcalcification on screening mammogram Fibrocystic changes, papillary apocrine metaplasia, AA
2 52 Stellate lesion with microcalcification on screening mammogram Radial scar, atypical ductal hyperplasia, AA
3 58 Stellate lesion on screening mammogram Radial scar, AA
4 43 Bilateral breast lumps close to nipple Fibroadenoma, papillary apocrine metaplasia, AA
5 60 Impalpable lesion with microcalcification Fibroadenoma, radial scar, AA
6 42 Blood stained nipple discharge and tenderness Fibrocystic changes, sclerosing adenosis, AA
7 50 Impalpable stellate lesion on screening mammogram Complex sclerosing lesion, AA
8 32 Clinical fibroadenoma Fibrocystic changes, sclerosing adenosis, AA
9 52 Palpable lump with stellate lesion on screening mammogram Radial scar, AA
10 85 Palpable mass close to nipple AA
11 63 Stromal deformity on screening mammogram Radial scar, AA
12 48 Microcalcification on screening mammogram Atypical ductal hyperplasia, AA
13 46 Clinically bilateral fibrocystic change: microcalcification on mamogram Sclerosing adenosis, hyperplasia, AA
14 39 Increasing density on serial mammograms Fibrocystic changes, radial scar, AA
15 NK Stellate lesion on screening mammogram Radial scar, AA
16 63 Case details unavailable Fibrocystic changes, apocrine metaplasia, AA
17 51 Stellate lesion on mammogram Radial scar, apocrine ductal carcinoma in situ, AA
18 51 Indeterminate microcalcification on screening mammogram Apocrine duct carcinoma in situ, AA
19 51 Palpable lump in breast Tubular carcinoma, small cell solid ductal carcinoma in situ, AA
20 56 Stromal deformity on screening mammogram Invasive cribriform carcinoma, AA
21 65 Microcalcification and vague density on mammogram Ductal carcinoma in situ, AA

AA =apocrine adenosis. NK= not known.
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Figure 3 C-erbB2 immunostaining in an area of apocrine adenosis showing mem
staining for the protein product pl85. Immunoperoxidase; x 150.

ative. Of the three cases with associated ductal
carcinoma in situ, two showed negative staining
in both the apocrine adenosis and the car-
cinoma, and the other showed positive staining
in both the apocrine adenosis and in the
tumour. The case ofinvasive tubular carcinoma
with small cell solid ductal carcinoma in situ
did not show staining of either the apocrine
adenosis adjacent to the tumour or in the
tumour proper. In one area, however, there
was a mixture of cells resembling the cells
within the carcinoma in situ and cytologically
atypical apocrine cells. In this area membrane
staining of the apocrine cells was noted, while
the carcinoma cells were negative. The case
associated with invasive cribriform carcinoma
showed no staining of either the tumour or the
apocrine adenosis.

zbrane Three (6 25%) of the 48 control cases of
apocrine metaplasia showed weak membrane
staining of apocrine metaplastic cells. Two of
these cases were associated with fibroadenoma
while one was associated with atypical ductal
hyperplasia, although the atypical lesion itself
was negative. Seven cases showed cytoplasmic
staining only and the rest were completely un-
stained. Cytoplasmic staining was scored neg-
ative as before. Sclerosing adenosis and normal
epithelium were uniformly negative in all cases.

Figure 4 C-erbB2 immunostaining in unremarkable papillary apocrine metaplasia
outside the area of apocrine adenosis in case 1. Immunoperoxidase; x 150.
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Figure 5 p53 staining of an area of apocrine adenosis showing nuclear positivity.
Immunoperoxidase; x 400.

throughout the tissue (fig 4), a finding not seen

in the other cases. Some cases also showed
cytoplasmic staining of the apocrine cells, two
of which showed membrane staining. Cyto-
plasmic staining only was counted as neg-

P53
On immunostaining with the monoclonal anti-
body to p53 protein, only one case of apocrine
adenosis contained a focal area of cells staining
with p53 in a pattern akin to that seen in
invasive carcinomas (fig 5). A further five cases,
however, showed occasional cells with nuclear
positivity for p53. These cases did not ne-
cessarily show positivity for c-erbB2 on-
coprotein. The case showing strong staining
for c-erbB2 in papillary apocrine metaplasia
showed strong cytoplasmic staining for p53
protein and focal nuclear staining. Thirty five
cases of apocrine metaplasia were tested for
abnormal p53 expression by immunostaining.
No staining was observed in any case. Normal
epithelium and sclerosing adenosis without
apocrine adenosis were also negative.

Ki67
Fifteen cases of apocrine adenosis not as-
sociated with carcinoma were suitable for
staining with the Ki67 antibody. The mean
percentage positivity of these lesions was 50%
(range 05 to 14-5%) (fig 6). Four of the five
cases associated with carcinoma were stained
with the Ki67 antibodyand these showed amean
percentage positivity of 8-06% (range 2-7 to
14-8%). The results are summarised in table 2.
The 36 control cases of normal breast epi-

thelium stained had a mean positivity of 0 93%
(range 0 to 7%). Twenty eight cases of un-
selected apocrine metaplasia showed a mean
percentage positivity of 1d1% (range 0 to 9%).
Twenty five cases of unselected sclerosing ad-
enosis had a mean positivity of 4-8% (range 0
to 17%). This was primarily due to two cases,
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Figure 6 Ki67 staining of apocrine adenosis showing numerous cells in the ci
Immunoperoxidase; x 100.

Table 2 Intensity and percentage of immunor

apocrine adenosis

Results

Patient number c-erbB2 p53

Not cancer associated
I +++ _
2 - ++
3 ++ +
4 + _
5 +
6 ++
7 +
8
9 +
10
11 + +
12 + +
13 +
14 ++
15 +
16

Cancer associated
17
18 +
19 +
20
21

N/A= no slides available for assessment; + ++ =
staining; + + =intermediate intensity staining;
tensity staining; - =no staining.

one having a 14% and the other a
liferation rate as measured by Ki6,
staining was noted in myoepithelial c
were multiplying in the florid pr
phase of sclerosing adenosis rathe
epithelial cells.

Discussion
Apocrine adenosis, defined as the p
apocrine cytology in a recognisable Ic
associated with sclerosing adenosis,
lesion. Simpson et all5 identified 55
retrospective review of 10000 beni
specimens. Apocrine adenosis has
diagnosed in the past as carcinoma I
the cytological atypia of the apocrin
2) which are seen within areas of
adenosis and occasionally within
ducts. It has been generally assumed
atypical changes are degenerative, a
atypical changes seen in ancient Schi

or leiomyomas and that the atypia are unrelated
to the development of subsequent malignancy.
This lesion is distinct from the changes de-
scribed as apocrine adenosis by Eusebi et all6
in adenomyoepithelioma and in the differential
diagnosis of tubular carcinoma.'7 Their par-
ticular type of lesion has not been included in
this study.

Atypical lobular hyperplasia resembles the
early stages of lobular carcinoma in situ, while

£ 8 atypical ductal hyperplasia bears a close re-
semblance to small cell ductal carcinoma in
situ of cribriform or micropapillary type and is
not normally found in association with large
cell carcinoma in situ.'8 Multiple papilloma syn-
drome is also often associated with small cell
carcinoma in situ.'9 These are all frequently
extensive or multifocal in nature with a long
time course to the development of carcinoma.

ell cycle. Although there may be a progression from small
cell to large cell carcinoma in situ in some
cases, this is not generally seen and the pre-

reactivity of cursor lesion of the commoner large cell ductal
carcinoma in situ of solid, comedo or large
cell micropapillary type has thus far not been

Ki67(0%) identified.
Haagensen'0 found a fivefold increased in-

4 cidence of carcinoma associated with papillary
1-5 apocrine metaplasia in fibrocystic change al-
8.3 though this has subsequently been ques-4
1 75 tioned.2' Metaplasias elsewhere in the body are
1045 associated with the development of carcinoma
4.3 in lung, stomach or cervix. Apocrine meta-
N/A5 plasia, however, is extremely common in as-

I sociation with fibrocystic change and is
10-5 therefore unlikely to be a direct precursor le-10-59.5 sion. Sclerosing adenosis has also been im-
7-16 plicated in an increased risk of subsequent

breast carcinoma22 but as yet the literature
27 has not suggested an increased incidence of14.8

10-5 malignancy associated with apocrine ad-
N/A5 enosis." However, the follow up period for

these lesions in the literature is rather short.
high intensity The positive staining for c-erbB2 in apocrine
+ = low sn

adenosis suggests that at least some of these
lesions are overexpressing this oncogene and
hence may not be degenerative as has been
suggested.'5 The percentage of these lesions

17% pro- showing positivity for c-erbB2 oncoprotein
7. Positive (57 1%) is unprecedented for a benign lesion.
:ells which Lodato et a124 found a small percentage (10%)
oliferation of positive cases among a group of atypical
:r than in hyperplasias but Gusterson et a125 found no

cases ofbenign lesions overexpressing the onco-
protein in a series of 149 patients. In most of
the cases in this series apocrine metaplasia
outside the lesion has not been shown to over-

iresence of express the oncoprotein and the series of un-
)bular unit selected cases of apocrine metaplasia stained

is a rare for c-erbB2 do not generally show over-
cases in a expression. An interesting finding, therefore, is
ign biopsy that in four cases studied here, one ofwhich was
been mis- associated with apocrine adenosis, otherwise
because of unremarkable apocrine metaplasia also over-
e cells (fig expressed the oncogene (fig 4). This has been
sclerosing noted before by McCann et al26 in one of 45
terminal benign breast samples.

that these Accumulation of p53 protein in the nuclei
kin to the of cells within areas of apocrine adenosis is also
wannomas unusual for a benign lesion, but is commonly
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seen in carcinomas.9 Antibody detection of
accumulated protein is generally thought to be
related to the formation of a mutant protein
which is not destroyed effectively. Very sensitive
enhanced immunocytochemical techniques
could theoretically detect small amounts of
the wild-type protein especially in lesions with
DNA damage; however, the method used here
is the standard technique without enhancement
and no positive cases were detected among
the unselected cases of apocrine metaplasia,
normal epithelium or sclerosing adenosis. The
finding, therefore, of some cases showing ac-
cumulation ofimmunoreactive protein suggests
that some of these cases may have a mutation
in the p53 gene. The antibody used cannot
detect cases where both alleles of the p53 gene
are absent and hence the protein is not being
produced, and the antibody may also not detect
occasional cases where mutation is in the region
recognised by the antibody.
Abnormal oncogene expression by apocrine

cells has been suggested before27 using anti-
bodies to ras and c-myc. Increased proliferation,
however, has not been shown to be a feature of
apocrine metaplasia2" and some authors believe
that apocrine metaplasia in general is a ter-
minally differentiated lesion,2829 a suggestion
generally supported by the low proliferation
rate in the unselected series of apocrine meta-
plasia tested here. Apocrine adenosis, however,
has not been specifically studied using these
methods. The results of the Ki67 staining in
these lesions is variable but four cases not
associated with carcinoma showed a marked
increase in proliferation rate comparable with
that found in some carcinomas.'2 This suggests
that in some of these specific lesions the apo-
crine cells are not necessarily terminally differ-
entiated and are still undergoing proliferation.
In the series of unselected apocrine metaplastic
lesions two cases showed proliferation rates of
8 and 9%, respectively. One of these was a case
with cytoplasmic positivity for c-erbB2 and
atypical ductal hyperplasia elsewhere in the
tissue. The other was an unusual case of florid
papillary apocrine metaplasia. Three cases of
myoepithelial cell proliferation in the florid
phase of sclerosing adenosis also showed high
proliferation rates but epithelial proliferation
was not a feature.

If the time course from the precursor lesion
to the development of large cell ductal car-
cinoma in situ is short and the disease starts in
a unifocal fashion spreading down the duct
system and becoming invasive in multiple areas,
as is seen in some large cell ductal carcinomas
in situ detected by breast cancer screening,
then the precursor lesion is likely to be a rare
phenomenon. If this putative precursor lesion
was unifocal and completely or partially excised
and subsequently destroyed by the tissue re-
action to surgery, it may well be eradicated and
the premalignant nature of the lesion may go
unrecognised in long term follow up studies.

If apocrine adenosis was to be associated
with large cell ductal carcinoma in situ, then it
may be possible to find areas of apocrine ad-
enosis associated with ductal carcinoma. If,
however, the tumour is extensive, then sam-

pling errors may not find small areas ofapocrine
adenosis and there are no reports, to our know-
ledge, in the literature where such an extensive
search has been carried out.

It is interesting that three of our cases are
intimately associated with large cell duct car-
cinoma in situ and this association may become
more apparent as further cases of early large
cell ductal carcinoma in situ accrue from the
incident rounds ofbreast cancer screening pro-
grammes. One feature of our series, however,
is that the two cases identified in association
with invasive carcinoma were associated with
tumours of the small cell type with a tubular or
cribriform pattern. These associations observed
in the small numbers studied here may have
occurred by chance.
The results ofabnormal oncogene expression

and increased proliferation in these lesions and
the previous findings of abnormal ras and c-
myc expression in apocrine metaplasia suggest
that further work on the possible premalignant
nature ofapocrine lesions should be performed.
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