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Correlation between neu/c-erbB-2/Her-2 gene am-
plification and overexpression of the neu gene
product has been reported in tumors ofglandular
origin, especially ductal breast carcinomas. For-
malin-fixed and dewaxed sectionsfrom 23 cases of
mammary (MPD) and 9 cases ofextramammary
(EPD) Paget's disease were immunohistochemi-
cally stained by means ofthe monoclonal antibody
3B5 directed against an intracellular domain ofthe
neu gene protein. All MPDs exhibited a distinct
membrane staining of tumor cells independent of
the presence ofductal breast carcinomasfound in
18 cases. All these breast carcinomas also werepos-
itivefor neu staining. In contrast to MPD, all EPDs
were negative. Normal epidermis was always neg-
ative. Northern blot analysis sustained the immu-
nohistologic findings in that the presence of neu
mRNA could be demonstrated in two ofthree cases
with MPD. Negativity in one case was due to dilu-
tion effects by nontumor cells. Our results suggest
that Paget cells of mammary and extramammary
localization, although very similarphenotypically,
dertivefrom differentgenetic accidents. Furthermore
neupositivity in all MPDs and all underlying ductal
carcinomas suggests common genetic alterations
for both tumors. However the finding offive neu
protein-positive MPDs without associated ductal
breast carcinomas may suggest a somewhat differ-
ent transformation process. (Am J Pathol 1990,
137:1305-1309)

Proto-oncogenes appear to be involved in the regulation
of normal cellular proliferation or differentiation. Germline
or somatic mutations (eg, translocation, deletion, or point
mutation) or gene amplifications convert these genes into
oncogenes that are involved in transforming or tumorigenic
processes in target tissues.1 2 One such gene, known as
c-erbB-2, neu, or HER-2, encodes a p185 transmembra-
neous protein with tyrosinase activity that shows close
homology to the epidermal growth factor receptor.3-5
However a ligand for neu has not yet been identified.

To date, structural changes at the DNA level leading
to neu protein alterations have not been found in human
tumors.6 Amplification of the neu gene has been found in
breast and gastric adenocarcinoma cell lines,57 in 15%
to 40% of primary breast carcinomas7-10 and in other ad-
enocarcinomas.112 Amplification results in elevated levels
of neu mRNA and protein.91013 About 10% of breast car-
cinomas with elevated neu transcription levels do not have
gene amplification.10

Mammary (MPD) and extramammary (EPD) Paget's
disease are rare carcinomas in situ, the cytogenesis of
which has been discussed with controversy (for review
see Guarner et al14). However recent studies suggest, for
both diseases, a malignant transformation of a pluripotent
germinative cell of the epidermis.14'17 Extramammary
Paget's disease is most often restricted to the epidermis
and adnexal epithelial structures,14'18 whereas MPD was
found to be associated usually with an underlying intra-
ductal or invasive ductal carcinoma of the breast.19-4
However in some cases of MPD, no underlying carcino-
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mas were found.'-21 Because amplification of the neu
gene has been observed only in tumors of glandular origin
to date,11'12 we examined a series of MPD and EPD from
archival material for neu protein expression by means of
a monoclonal antibody to obtain further insight into the
cytogenesis and biology of these diseases. Furthermore
Northern blot analysis was performed in three cases
with MPD.

Material and Methods

Patients

From 9 EPDs, 7 tumors originated in the vulva, 1 in the
perianal region, and 1 in the right axilla. Of 23 patients
with MPD, 12 patients were diagnosed to have MPD as-
sociated with intraductal carcinoma and 6 patients showed
MPD associated with primary invasive ductal breast car-
cinoma. Five patients were observed to have MPD without
underlying ductal breast carcinoma. In addition, six biop-
sies with normal breast tissue were obtained.

Immunohistochemistry

Sections from formalin-fixed and paraffin-embedded
biopsies underwent dewaxing, blocking of endogenous
peroxidase activity by incubation for 20 minutes in 3%
(vol/vol) hydrogen peroxide in methanol, and preincuba-
tion for 60 minutes in 5% (vol/vol) normal goat serum in
phosphate-buffered saline (PBS). The slides were incu-
bated overnight at 40C with the primary monoclonal an-

tibody (3B5; diluted 1:70 in PBS, pH 7.4; Dianova, Ham-
burg, FRG) directed against the amino acid residues 1242-
1255 that belong to the inner domain of the neu gene

product.18 Subsequently the slides were exposed to bi-
otinylated goat anti-mouse antibody (diluted 1:200 in PBS,
pH 7.4; Vector Laboratories, Burlingame, CA) and to the
avidin biotinyl peroxidase complex (diluted 1:100 in PBS,
pH 7.4; Vector Laboratories), always for 30 minutes at
room temperature. Visualization was done with diamino-
benzidine and hydrogen peroxide. Between all steps,
slides were washed three times for 10 minutes in PBS.
Counterstaining was done with hematoxylin. Appropriate
positive and negative controls always were included.

Northern Blot Analysis

Frozen material was available from three cases with MPD
that were included in the immunohistologic examination.
Before freezing, epidermal areas involved macroscopically

in MPD were dissected from surgical specimens to elim-
inate other tissues as much as possible. After extraction
according to the method of Chirgwin et al22 using cesium
chloride, 15 ,ug of total RNA was separated in denaturing
conditions on a 1 % agarose gel. After transfer on a nylon
membrane, hybridization was done with a 32P-labeled sin-
gle-stranded RNA probe corresponding to a part of the
external and transmembrane domains of the neu protein
(Amersham RPN 1323, Arlington Heights, IL). After wash-
ing, the membrane was exposed to Kodak X-OMAT films
(Kodak, Rochester, NY) at -80°C. For comparison, a
biopsy of normal mammary gland tissue and four samples
of invasive ductal breast carcinomas also were processed.
The MKN7 cell line originating from a gastric adenocar-
cinoma and showing overexpression of a 4.6-Kb neu
mRNA and, in addition, the expression of an aberrant 2.3-
Kb mRNA5 was used as an external control. Its total RNA
was extracted according to the method of Perbal23 for
cell cultures and processed as described.

Results

In MPD, all 23 cases exhibited distinct membrane staining
of tumor cells (Figure 1A). The intensity of membrane
labeling varied. Membrane staining was confined to Paget
cells and never observed in normal epidermis. All intra-
ductal and invasive ductal breast carcinomas associated
with MPD (18 cases) exhibited unequivocal membrane
staining of most tumor cells (Figure 1 B). In contrast, all
slides with EPD demonstrated negative staining for neu
protein (Figure 1C). Normal glandular breast tissue only
showed diffuse granular cytoplasmic staining, whereas
overlying epidermis was always negative. Northern blot
analysis revealed a detectable amount of a 4.6-Kb neu
mRNA molecule in two of three cases with MPD (Figure
2A-D). The signal was lower than that for normal mam-
mary gland tissue. Neu mRNA expression was enhanced
for three of four invasive ductal breast carcinomas and
was absent in the fourth one. In this negative breast car-
cinoma, heterogeneity of neu-protein staining could be
seen in tumor tissue of mixed ductal and solid differentia-
tion with areas of necrosis and fibrosis.

Discussion

In a comprehensive study of neu gene amplification and
expression in primary breast carcinomas, Slamon and
coauthors10 demonstrated that immunohistochemistry
performed by means of a polyclonal antibody was the
method to correlate most consistently with Southern blot
results as compared with Northern and Western blots.
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Figure 1. A: Distinct membrane labeling ofmammary
Paget's disease without underlying ductal breast car-
cinoma stained by means ofthe monoclonal antibody
3B5. Counterstained with hematoxylin (X100). B:
Distinct membrane labeling ofmammaryPaget's dis-
ease witb underlying intraductal breast carcinoma
that is also positively stainedfor neu protein. Coun-
terstained witb hematoxylin (X 100). C: Negativity of
extramammary Paget's diseasefor neuprotein as re-
vealed by immunostaining witb3B5. Counterstained
witb bematoxylin (X400).

The good correlation between neu amplification and pro-

tein overexpression was confirmed by other authors also
using polyclonal antibodies and frozen sections.913 These
findings were confirmed using formalin-fixed and dewaxed
sections and two monoclonal antibodies (called 3B5 and
9G6).24 Membrane staining was found in all cases with
neu gene amplification, whereas no specific staining was
observed in all tumors except one with a normal neu gene

copy number.24
Using the monoclonal antibody 3B5 in our study, we

observed distinct membrane staining of most tumor cells
in all MPDs and negative labeling in all EPDs. The spec-

ificity of the immunohistologic neu membrane staining in
our study was sustained by the finding of the expression
of a 4.6-Kb neu-specific mRNA in two of three MPD cases

examined. The autoradiographic signal was inferior in in-
tensity to that of normal mammary gland tissue and of
ductal breast carcinomas. The low signal in two cases

and the negativity in the third case with MPD can be ex-

plained by the extensive dilution of tumor cells with normal

epithelial, connective tissue, and other cells in specimens
of MPD. The expression of neu mRNA in normal breast
tissue obviously represents a baseline transcription in
glandular tissue. Thus our findings underline the necessity
of morphologic methods for the understanding of gene
expression in Paget's disease to circumvent possible
wrong interpretations of blotting results.

All 18 MPD-associated noninvasive and invasive ductal
carcinomas showed the same distinct membrane staining
as described by others9'10'13'24'25 and observed for Paget
cells in MPD in our study. The absence of associated
ductal breast carcinomas in five MPDs'0,21 could suggest
that MPD does not result from the spread of ductal tumor
cells into the epidermis, at least in some cases. However,
with regard to neu expression, no difference exists be-
tween MPDs with and MPDs without associated ductal
carcinomas. This may suggest that the development of
MPD and that of neu-overexpressing ductal breast car-
cinomas are not independent events. Thus an ancestor
cell population with a common genetic alteration may be
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_ _ _Figure 2. A: Neu mRNA expression in MPD compared to its
expression in normal (N) and tumoral mammary gland tissue

I ~~~~and in the MKNV cell line (M7) B and D: Immunohistochemical
analysis corresponding to positive cases seen in lanes land 3

ioffig. 2a. Intense staining of numerous Paget cells. Magnifi-
X89cation, XOC: In contrast, negative case oflane 2 in A shows
very focal occurrence of stained Paget cells (Magnification,
X80).

hypothized that preserves the potential to differentiate to
glandular or to nipple epidermis cells. The full tumor phe-
notype would then depend on an additional genetic event
intervening with high probability in the two cell types from
which both tumors originate. In any case, our findings
suggest a role of the neu gene in the development of
MPD and underlying ductal breast carcinomas.

Paget cells in MPD and EPD share many morphologic,
histochemical, and immunohistologic characteristics.14'17
The results of most previous studies have favored a ho-
mologous origin of these cells, whereas only very few
reports have proposed a nonrelated one (for review, see
Guarner et al14). Neu gene amplification was found to be
limited to tumors of glandular tissues.11'12 The striking dif-
ference in neu expression between MPD and EPD ob-
served in our study, therefor, favors the hypothesis of a
different origin. Furthermore it demonstrates that closely
related tumor phenotypes may result from different genetic
processes.
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