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Tumour-associated antigens
in mammary and extramammary Paget’s disease
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Summary. The immunoperoxidase technique was used to study the im-
munoreactivities of two murine monoclonal antibodies to carcinoma-
associated antigens raised respectively against a human breast cancer
line (MBr1) and an ovarian carcinoma (MOv2) and of a conventional
anti-CEA serum in 20 cases of mammary Paget’s disease of the nipple
and in three cases of extramammary Paget’s disease. Each of the immu-
noreagents stained Paget’s cells in a high proportion of cases and failed
to discriminate mammary from extramammary disease. The antigenic
phenotypes of underlying in situ or infiltrating breast carcinomas corre-
sponded to those of the associated Paget’s disease of the nipple. The
consistent immunoreactivity of eccrine and apocrine sweat glands and
of normal mammary epithelia indicated an antigenic relationship be-
tween epithelia of adnexal derivation and Paget’s cells.
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A number of studies have established the adenocarcinomatous nature of
the disease described by Sir James Paget in 1874 (Roth et al. 1977; Azzo-
pardi 1979). Several authors favoured the theory of intracpidermal migra-
tion of tumour cells originating in underlying glands such as breast ducts
in mammary Paget’s disease of the nipple (MPD) (Muir 1935; Inglis 1946;
Toker 1961) and adnexal glands in extramammary Paget’s disease (EPD)
(Weiner 1937; Plachta and Speer 1954; Demopoulos 1970; Belcher 1972;
Ferenczy and Richart 1972; Nielson and Woodruff 1972; Lee et al. 1977;
Roth et al. 1977). However, the issue of an extra-epidermal (adnexal or
mammary) versus an intraepidermal origin could not be conclusively settled,
particularly in cases of MPD or EPD not connected to an underlying carci-
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noma (Cheatle and Cutler 1931; Helwig and Graham 1963; Ashikari et al.
1970; Parmley et al. 1975). Developments in immunochistochemistry have
recently allowed a functional approach to the study of Paget’s disease (Bus-
solati and Pich 1975; Nadji et al. 1981).

We describe here the immunohistochemical association with Paget’s cells
of two antigens defined by the murine monoclonal antibodies MBr1 and
MOvV2 and compare the immunoreactions of these two monoclonal anti-
bodies (MAbs) with those obtained with an anti-CEA serum and with con-
ventional histochemical stains. Antibody MBr1 was raised against the mem-
brane fraction of the human breast cancer cell line MCF7 (Ménard et al.
1983) and was shown to identify a low molecular weight glycolipidic antigen
(Canevari et al. 1983). Antibody MOv2 was prepared against the membrane
fraction of a mucinous ovarian cystadenocarcinoma (Tagliabue et al., sub-
mitted) and identified a glycidic epitope expressed on closely related high
molecular weight mucoproteins (Miotti et al. submitted). The immunohisto-
chemical reactivities of the two MADbs were extensively characterised and
were confined to neoplastic and normal cells of epithelial lineage (Mariani-
Costantini et al. 1984a, b, in press).

Material and methods

Bouin’s fixed, paraffin-embedded tissues from 20 cases of MPD (mastectomy specimens) and
three cases of EPD (two vulvar, one axillary) were included in this study. An intraductal
carcinoma was present in three MPD cases, in 13 cases there was an underlying infiltrating
carcinoma, and in four cases MPD was the only neoplastic lesion documented. No cases
of EPD were associated with other infiltrating carcinoma. Sections from selected blocks were
cut at 5y, placed on albumin-coated slides and heated overnight at 37° C. The avidin-biotin-
peroxidase complex technique (ABC, Vector Laboratories, Inc., Burlingame, Ca., USA) was
used for immunostaining according to described procedures (Hsu et al. 1981; Mariani-Costan-
tini et al. 1984). Diaminobenzidine or 3-amino-9-ethyl-carbazole was used as chromogenic
substrate. MAbs MBR1 and MOv2, both of IgM class, were obtained from syngeneic murine
ascites, partially purified by ammonium sulfate precipitation and diluted to a final protein
concentration of 3 pg/ml (MBr1) and 8 pg/ml (MOv2). Rabbit anti-CEA (Dakopatts, Den-
mark) was used at a dilution of 1/500.

The following controls were included: the MAbs were replaced by 2% fetal calf serum
in Hanks’ balanced salt solution or with an unrelated MAb of IgM class normalised to the
protein concentrations of MBr1 and MOv2; the anti-CEA serum was replaced by the same
antiserum after adsorption with a purified CEA preparation (400 ng/ml) and by normal rabbit
serum. Histochemical stains were routinely performed and included periodic acid-Schiff (PAS),
Alcian blue, pH 2.5, and high iron diamine-Alcian blue method (HID-Alcian blue) for sul-
phated and carboxylated sialic acid-containing mucins. The immunohistochemical and histo-
chemical reactions of Paget’s cells and associated tumours were scored as: +, i.e., focal staining
restricted to individual cells; + +, i.c., staining of most cells. Reactions of adjacent normal
histological structures, such as epidermis, epidermal adnexa and mammary epithelia, were
searched for and recorded.

Results

Twelve out of 20 cases of MPD tested (60%) contained Paget’s cells reactive
with MBrl; reactivity was diffuse (Fig. 1a) in six of these cases (30%).
The underlying intraductal and invasive carcinoma could be evaluated in
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Fig. 1a, b. Similar MBri reactions in MPD (a) and underlying intraductal carcinoma cells
(b). (ABC, haematoxylin counterstain, x 1,650)

Fig. 2a, b. Different specificities of MAbs MOv2 and MBri: MPD cells diffusely MOv2
immunopositive (a) are MBrl immunonegative (b). (ABC, haematoxylin counterstain, x 1,030)

16 cases; its immunoreactivity was concordant with that of Paget’s cells
in 12 of 16 cases (75% ; positive concordant, six; negative concordant, six;
Fig. 1a and b). One of the three EPD cases tested (from the vulva) was
immunoreactive with MBr1; the other two cases were unreactive. Eccrine
and apocrine sweat glands in the tissue sections studied were always MBr1
positive, normal mammary epithelia were stained in most of the cases, and
a focal membrane reaction of keratinocytes in the malpighian layer was
detected in some cases.

Antibody MOvV2 reacted positively with 13 of 19 (68%) of MPD cases
(one of the 20 cases of Paget’s disease could not be evaluated with MOv2
because malignant cells were undetectable in deeper sections). In eight cases
(42%), immunoreactivity was diffuse (Fig. 2a). Underlying intraductal or
invasive carcinomas were present in 15 cases; immunoreactions concordant
with those of Paget’s cells were observed in 13 of 15 cases (86% ; positive
concordant, nine; negative concordant, four). One of the three EPDs (from
the vulva) was MOvV2 positive. A strong immunopositivity was consistently
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Fig. 3a, b. MOv2 immunostaining of the poral segment of a sweat duct (a) and of a normal
mammary lactational sinus (b). (ABC, haematoxylin counterstain, a, x 1,030, b, x 660)

Fig. 4. CEA immunoreactivity in MPD. (ABC, haematoxylin counterstain, x 165)

documented in eccrine and apocrine sweat glands, particularly in their poral
segment (Fig. 3a), in malpighian keratinocytes adjacent to the poral seg-
ments of sweat ducts, and in the intraepidermal portions of collecting mam-
mary ducts. In most cases of MPD, ductal and lobular mammary epithelia
reacted positively with the antibody (Fig. 3b).

Immunoreactivity with the anti-CEA serum was documented in 17 of
20 cases (85%); in six cases (30%) labeling was diffuse in most Paget’s
cells (Fig. 4). Associated infiltrating or intraductal carcinomas were present
in 15 cases and their immunoreactions were concordant with those of Paget’s
cells in 13 cases (87% ; positive concordant, 12; negative concordant, one).
The three EPD cases were CEA positive. Eccrine and apocrine sweat glands,
including their poral portion, were always immunopositive, and normal
mammary epithelium had apical labeling in 10 of the 20 MPDs studied.
Focal immunostaining of malpighian keratinocytes was occasionally ob-
served.

With regard to histochemical reactions, positive staining of MPD cells
was documented in 11 of 20 cases (55%) with PAS and Alcian blue, and
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in 12 of 20 cases (60%) with HID-Alcian blue. All three EPDs had Paget’s
cells positive for the stains used.

There were no correlations between immunohistochemical and histo-
chemical reactions: the cases that scored negative with the PAS, Alcian
blue or HID-Alcian blue stains had strong variations in their immunoreac-
tions with MBr1, MOv2 and the anti-CEA serum. Correlations between
the immunohistochemical reactions obtained with the different antibodies
were attempted in the MPDs tested. The six cases diffusely positive for
CEA were either focally reactive (five) or unreactive (one) when tested with
MBrl. Conversely, the CEA-negative cases were either strongly immuno-
positive (two) or immunonegative (one) with MBrl. CEA staining was also
unrelated to MOv2: three of these cases were focally immunoreactive, one
diffusely immunoreactive and one unreactive with the MAb. CEA-negative
cases were cither diffusely reactive (two) or unreactive (one) with MOv2.
Immunoreactions obtained with MBr1 and MOv2 on the same case were
clearly distinct (Fig. 2a and b): of six diffusely MBrl-reactive cases, only
two were similarly MOv2 reactive, three were MOvV2 negative, and one
was focally MOv2 positive. Cases that were MBr1 negative were diffusely
reactive (five), focally reactive (one) or unreactive (one) with MOv2. A
similar cytological distribution of the labeling was obtained with MBrl,
MOV2 and the anti-CEA serum. Immunopositive Paget’s cells showed cyto-
plasmic and circumferential cell membrane reactivity (Figs. 1a and 2a):
the staining was similar, irrespective of the cell location at the dermo-epider-
mal junction or within the epidermis and was clearly distinct from the
weaker membrane labeling occasionally observed in malpighian keratino-
cytes. Strong cell membrane, apical and cytoplasmic labeling were detected
in sweat glands, whereas normal mammary epithelia showed mostly apical
immunostaining.

Discussion

We characterized some immunohistochemical and histochemical reactivities
of 20 cases of MPD and of three cases of EPD, describing the association
of two new antigenic phenotypes, defined by the murine MAbs MBri1 and
MOvV2, with Paget’s disease. Immunoreactions with the two antibodies were
detected in a high proportion of the cases of MPD tested (MBri, 60%;
MOv2, 68%). A somewhat higher proportion of these cases (85%) was
immunopositive for CEA. Neither the two MAbs nor the anti-CEA serum
discriminated mammary from extramammary Paget’s cells or was specific
for malignant cells only in the tissue sections studied. In fact, immunostain-
ing was always documented in eccrine and apocrine sweat glands, including
their poral portion, and in normal mammary epithelia. Epidermal keratino-
cytes were only focally and occasionally immunoreactive. Antibodies M Br1
and MOv2 have been shown to identify glycidic determinants expressed
on a glycolipid for MBr1 (Canevari et al. 1983) and on mucoproteins for
MOv2 (Miotti et al. submitted). CEA immunoreactivity is also related to
glycoprotidic antigens (Harvey et al. 1976). However, we failed to detect



338 R. Martiani-Costantini et al.

correlations between immunopositivity and positivity with histochemical
stains for glycidic components, including acidic glycoproteins (HID-Alcian
blue).

Our findings are consistent with the results of previous studies that found
antigens shared by the histogenetically related mammary and sweat glands
in Paget’s cells. MPD and EPD cells were previously shown to react with
antihuman casein (Bussolati and Pich 1975) and anti-CEA sera (Nadji et al.
1981). Anticasein reactivity has also been reported in the epithelium of
mammary ducts, in intraductal and invasive mammary carcinomas, in seba-
ceous and sudoriparous glands and in adnexal carcinomas (Bussolati and
Pich 1975; Bussolati et al. 1975; Roth et al. 1977). Anti-CEA reactivity
has been reported in mammary and extramammary carcinomas associated
with Paget’s disease (Nadji et al. 1981), in eccrine and apocrine sweat glands,
in normal sweat and in benign sweat gland tumours (Nadji et al. 1981;
Penneys et al. 1982). In addition, MAbs to human milk fat globule mem-
branes reacted with MPD cells and with mammary epithelium, mammary
carcinomas and adnexal glands (Arklje et al. 1981). It would therefore ap-
pear that the immunohistochemical phenotype of Paget’s cells supports the
prevalent theory of Paget’s disease as an intracpidermal adenocarcinoma
deriving from cells of adnexal origin (Roth et al. 1977; Azzopardi 1979;
Nadji et al. 1981). With regard to correlations between the antigenic pheno-
types of Paget’s cells and of underlying associated carcinoma cells, we found
concordant expression of the MBrl, MOv2 and CEA antigens in most
MPD cases tested. This strongly suggests that Paget’s cells and cells in
underlying tumours of the breast are part of the same neoplastic population.

Paget’s disease is usually readily diagnosed. However, diagnostic prob-
lems may arise in its distinction from malignant melanoma of superficial
spreading type (McGovern 1983). Antibodies MBrl and MOv2 revealed
a spectrum of antiepithelial reactivities (Mariani-Costantini et al. 1984a, b,
in press; Tagliabue et al. submitted) but were unreactive with malignant
melanoma. The detection of the MBrl and MOv2 antigens may thus be
employed as an additional ancillary technique in the discrimination of Pa-
get’s cells from malignant melanoma cells.

Acknowledgements. We wish to thank Mr. Mario Azzini for excellent photographic assistance
and Ms. B. Johnston for editing and preparing the manuscript. This work was supported
by grants no. 83.00780.96 and 83.00928.96, Controllo della Crescita Neoplastica, Progetto
Finalizzato, from the Consiglio Nazionale delle Ricerche, Rome.

References

Arklje J, Taylor-Papadimitriou J, Bodmer W, Egan M, Millis R (1981) Differentiation antigens
expressed by epithelial cells in the lactating breast are also detectable in breast cancers.
Int J Cancer 28:23-29

Ashikari R, Park X, Huvos AG, Urban JA (1970) Paget’s disease of the breast. Cancer
26:680-685



Antigens in Paget’s disease 339

Azzopardi JG (1979) Problems in breast pathology. Saunders, London, pp 258-261

Belcher RW (1972) Extramammary Paget’s disease: enzyme histochemical and electron micro-
scopic study. Arch Pathol 94:59-64

Bussolati G, Pich A (1975) Mammary and extramammary Paget’s disease. An immunocyto-
chemical study. Am J Pathol 80:117-124

Bussolati G, Pich A, Alfani V (1975) Immunofluorescence detection of casein in human mam-
mary dysplastic and neoplastic tissues. Virchows Arch [Pathol Anat Histol] 365:15-21

Canevari S, Fossati G, Balsari A, Sonnino S, Colnaghi MI (1983) Immunochemical analysis
of the determinant recognized by a monoclonal antibody (MBr1) which specifically binds
to human epithelial cells. Cancer Res 43:1301-1305

Cheatle GL, Cutler M (1931) Paget’s discase of the nipple: review of the literature: clinical
and microscopical study of seventeen breasts by means of whole serial sections. Arch
Pathol 12:435-466

Demopoulos RI (1970) Fine structure of the extramammary Paget’s cell. Cancer 27:12062-1210

Ferenczy A, Richart RM (1972) Ultrastructure of perianal Paget’s disease. Cancer
29:1141-1149

Harvey SR, Girotra RN, Nemoto T, Ciani F, Chu TM (1976) Immunochemical studies on
carcinoembryonic antigen-reactive glycoproteins from carcinomas of the colon and breast
separated by concanavalin A affinity chromatography. Cancer Res 36:3486-3494

Helwig EB, Graham JH (1963) Anogenital (extramammary) Paget’s disease. Cancer
29:1141-1149

Hsu SM, Raine L, Fanger H (1981) Use of avidin-biotin-peroxidase complex (ABC) in immuno-
peroxidase technique. J Histochem Cytochem 29:577-580

Inglis K (1946) Paget’s disease of the nipple with special reference to changes in the ducts.
Am J Pathol 22:1-33

Lee SC, Roth LM, Ehrlich C, Hall JA (1977) Extramammary Paget’s disease of the vulva:
a clinicopathologic study of 13 cases. Cancer 39:2540-2549

Mariani-Costantini R, Agresti R, Colnaghi M1, Ménard S, Andreola S, Rilke F (1984) Charac-
terization of the specificity by immunohistology of a monoclonal antibody to a novel
epithelial antigen of ovarian carcinomas. Pathol Res Pract (in press)

Mariani-Costantini R, Barbanti P, Colnaghi MI, Ménard S, Clemente C, Rilke F (1984a)
Reactivity of a monoclonal antibody with tissues and tumors from the human breast:
immunohistochemical localization of a new antigen and clinico-pathological correlations.
Am J Pathol 115:47-56

Mariani-Costantini R, Colnaghi MI, Leoni F, Ménard S, Cerasoli S, Rilke F (1984 b) Immuno-
histochemical reactivity of a monoclonal antibody prepared against human breast carcino-
ma. Virchows Arch [Pathol Anat] 402:389-404

McGovern VI {1983) Melanoma. Histological diagnosis and prognosis. Raven Press, New
York, p 152

Meénard S, Tagliabue E, Canevari S, Fossati G, Colnaghi MI (1983) Generation of monoclonal
antibodies reacting with normal and cancer cells of human breast. Cancer Res 43:1295-1300

Miotti S, Aguanno S, Canevari S, Diotti S, Orlandi R, Colnaghi MI (1985) Biochemical
analysis of human ovarian cancer-associated antigens defined by murine monoclonal anti-
bodies. Cancer Res (in press)

Muir R (1935) Pathogenesis of Paget’s disease of the nipple and associated lesions. Br J
Surg 22:728-737

Nadji M, Morales AR, Girtanner RE, Ziegels-Weissman J, Penneys NS (1981) Paget’s discase
of the skin. A unifying concept of histogenesis. Cancer 50:2203-2206

Nielson D, Woodruff JD (1972) Electron microscopy in in situ and invasive vulvar Paget’s
disease. Am J Obstet Gynecol 113:719-732

Paget J (1874) Oun disease of mammary areola preceding cancer of mammary gland. St Barth
Hosp Rep 10:86

Parmley TH, Woodruff ID, Julian CG (1975) Invasive vulvar Paget’s disease. Obstet Gynecol
46:341-346

Penneys NS, Nadji M, Morales AR (1982) Carcinoembryonic antigen in benign sweat gland
tumors. Arch Dermatol 118:225-227



340 R. Martiani-Costantini et al.

Plachta A, Speer FD (1954) Apocrine gland adenocarcinoma and extramammary Paget’s dis-
ease of the vulva. Cancer 7:910-919

Roth LM, Lee SC, Ehrlich CE (1977) Paget’s disease of the vulva. A histogenetic study
of five cases including ultrastructural observations and review of the literature. Am J
Surg 1:193-206

Tagliabue E, Ménard S, Della Torre G, Barbanti P, Mariani-Costantini R, Porro G, Colnaghi
MI (submitted) Generation of monoclonal antibodies reacting with human epithelial ovar-
ian cancer. Cancer Res

Toker C (1961) Some observations on Paget’s disease of the nipple. Cancer 14: 653672

Weiner HA (1937) Paget’s disease of the skin and its relation to carcinoma of the apocrine
glands. Am J Cancer 31:373-403

Accepted October 19, 1984



