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Abstract
Objectives: Extramammary Paget’s disease (EMPD) is a neoplastic skin disease of unknown etiology. EMPD is
frequently associated with forkhead box A1 (FOXA1) expression, which correlates with the expression of estrogen
receptor alpha (ER). FOXA1 regulates the transcriptional activity of ER and may function cooperatively in the
tumorigenesis of breast cancer.

Methods: We performed immunohistochemical staining for FOXA1 and ER using tissue samples from 16 patients
with EMPD.

Results: The nuclei of Paget cells isolated from each of the 16 patients with EMPD (100%) were strongly FOXA1-
positive, and the FOXA1 staining intensity was similar across all samples. ER staining was detected in the nuclei of
Paget cells originating from seven patients with EMPD (44%), and the ER staining intensity varied between these
patients.

Conclusions: In the present study, we confirmed that EMPD was frequently associated with FOXA1 expression.
However, ER expression varied between patients and did not always coincide with FOXA1 expression. No clear
relationship was observed between ER expression, the intensity of ER staining, or EMPD metastasis and prognosis.
However, the results indicate that hormone-dependent cancer therapy may be effective in patients with ER-positive
EMPD.
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Introduction

Paget’s disease, which was first reported by Sir James
Paget in 1874, can be of mammary or extramammary nature.1

Mammary Paget’s disease (MPD) is a rare form of breast
cancer, which accounts for only 1%–4.3% of all breast cancers
and is often associated with intraglandular, non-invasive, or
invasive neoplasms.1 This rare disease is more commonly found
in postmenopausal women, particularly after the age of 60
years; however, MPD has also been reported in adolescent
women and in men.1 Extramammary Paget’s disease (EMPD)
was first reported by Radcliffe Crocker in 1989 in a male
patient with bladder cancer, who had eczema-like lesions on the
penis and scrotum.1 EMPD shares several clinicopathological
traits with MPD but differs in its pathogenesis.2 The cause
of EMPD remains unknown.3 EMPD is classified as either
primary or secondary, based on the absence or presence
of associated malignancies. Primary EMPD is a disease of
intraepithelial tissue, whereas, secondary EMPD is characterized
by localized or metastasized cancerous tumors.1 In cases
of resectable EMPD, surgery is recommended. However,
unresectable EMPD is treated with chemotherapy, which is
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ineffective and is associated with a poor prognosis. For patients
with systemic metastases, including extensive lymph node
metastases, systemic chemotherapy does not improve the overall
survival time.4 Moreover, as most patients with EMPD are older
adults, the options for systemic chemotherapy are limited.4 Thus,
tumor invasion levels and the presence or absence of multiple
lymph node metastases are important prognostic factors for
EMPD.4

The forkhead box A1 (FOXA1)- and nuclear receptor (NR)-
regulated transcriptional programs are tightly coupled in breast
cancer.5 FOXA1 regulates the ability of steroid NRs to control
transcription, predominantly in hormone-responsive tissues such
as the breast. Thus, the FOXA1/NR axis plays a critical role in
both organ development and cancer progression.6 NRs such as
estrogen, progesterone, and androgen receptors are abundantly
expressed in the majority of breast cancers, where they serve
as critical regulators of tumor growth and metastasis.5 Among
the ~40 NR family members expressed in breast cancer, the
estrogen receptor alpha (ER) isoform is the most clinically
associated with FOXA1.5

EMPD is frequently linked to FOXA1 expression.3 Therefore,
we performed immunostaining for FOXA1 and ER using skin
tissue samples from 16 patients diagnosed with EMPD at our
hospital between January 2019 and December 2021.

Methods

To determine the association between EMPD and FOXA1,
we examined the expression of FOXA1 in Paget cells isolated
from patients with EMPD. Because FOXA1 regulates the
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transcriptional activity of ER, immunohistochemical (IHC)
staining for ER was also performed. Skin specimens were
retrieved from the archives, originating from 16 patients who
were diagnosed with primary EMPD (based on IHC results)
and underwent total resection at the Fujita Health University
between January 2019 and December 2021. In total, we included
eight men and eight women; mean age±standard deviation,
72±10 years; range, 51–93 years. The specimens were then
prepared for hematoxylin and eosin (H&E), FOXA1, and ER
staining. IHC staining for FOXA1 and ER was performed on
paraffin sections using an HX System Discovery Automated
Immunostainer (Roche, Basel, Switzerland) with a polymer-based
detection system, according to the manufacturer’s instructions.
FOXA1 IHC staining was performed using an anti-FOXA1
antibody (clone [EPR10881], ab170933, Abcam, Cambridge, UK),
a rabbit monoclonal antibody targeting the C-terminal amino
acids of the FOXA1 protein. IHC staining with a primary anti-
estrogen receptor alpha antibody (clone [SP1], ab16660, Abcam)
was performed according to the manufacturer’s instructions.
3,3'-Diaminobenzidine (DAB) was used as a color-developing
reagent in IHC assays. The pattern of ER staining was assessed
according to the Allred score7 and the samples were categorized
into two groups: + (Allred score ≥3) or – (Allred score <3).
The staining pattern of FOXA1 was evaluated in terms of
staining rate and intensity. All IHC analyses were performed
by independent researchers. Written informed consent was
obtained from all patients and tissue donors, in accordance with
the Declaration of Helsinki. Informed consent for skin sample
collection was obtained from each participant according to the
protocols approved by the Institutional Review Board of Fujita
Health University (HM19-450).

Results

The histopathological features of the 16 patients with EMPD
are summarized in Table 1. FOXA1 was strongly expressed in
the nuclei of Paget cells from all examined patients with EMPD.
Moreover, the FOXA1 staining intensity was similar in all the
samples. In contrast, FOXA1+ cells were almost completely
absent from the five age-matched melanoma skin samples
(obtained from two men and three women; mean age±standard

deviation, 73±14 years; range, 54–92 years) (Figure 1). Alkaline
phosphatase (AP) was used as a color-developing reagent for
FOXA1 and ER IHC staining of melanoma samples. According to
the Allred score, 7 (44%) of the 16 patients with EMPD were
ER+, with varying staining intensities. There was no association
between age or sex and ER+ staining; the ER+ patients 3,
6, 9, 10, 11, 13, and 14 were three men and four women;
mean age±standard deviation, 72±12 years; range, 51–93 years.
The primary locations of ER-positive cases were vulval (all
four women) and scrotal (all three men). A 77-year-old woman
(patient 3) had a metastasis in the sentinel lymph node (SLN).
Two (29%) of the six ER-positive patients had invasive EMPD,
while, 6 (35%) of the 16 patients with EMPD had invasive
disease. In addition, four patients (patients 6, 9, 10, and 14;
three men and one woman; mean age±standard deviation, 76±11
years; range, 68–93 years) had high ER staining, which was the
highest in samples from male patients. Of the four ERHi patients,
one patient (25%) had severe dermal invasion; no cases of SLN
metastasis were observed.

Discussion

NRs such as estrogen, progesterone, and androgen receptors
are abundantly expressed in the majority of breast cancers,
where they serve as critical regulators of tumor growth
and metastasis.5 FOXA1 is also highly expressed in breast
cancer, and its binding to DNA helps define which genes are
regulated by the NRs.5 FOXA1 establishes estrogen-responsive
transcriptomes in luminal breast cancer.5 Dysregulated FOXA1
chromatin occupancy through focal amplification, mutation, or
cofactor recruitment modulates ER transcriptional programs and
drives endocrine-resistant disease.5 However, ER is not the
sole NR expressed in breast cancers, nor is it the only NR
for which FOXA1 serves as a licensing factor.5 Receptors for
androgens, glucocorticoids, and progesterone are also implicated
in many breast cancers, and their functions are also regulated by
FOXA1.5 These NRs interfere with ER transcriptional programs
and, depending on their activation level, can reprogram FOXA1-
ER cistromes.5 Thus, interplay between NRs contributes to
the endocrine response to therapy and drug resistance, which
may help develop future therapeutic strategies for patients with

Table 1 The histopathological features of patients with EMPD

Patient number Age/sex Age at onset Primary location Dermal invasion Metastasis of SLNa FOXA1 expression ERα expression
1 80/M 80 Inguinal invasive + + −
2 68/M 67 Penoscrotal invasive − + −
3 77/F 77 Vulval invasive + + +
4 78/M 77 Penoscrotal invasive + + −
5 72/F 71 Vulval in situ − + −
6 72/M 72 Scrotal in situ − + +
7 67/F 61 Axillary in situ − + −
8 90/M 90 Axillary in situ − + −
9 72/F 68 Vulval invasive − + +

10 95/M 93 Scrotal in situ − + +
11 71/F 70 Vulval in situ − + +
12 68/F 65 Vulval invasive − + −
13 55/F 51 Vulval in situ − + +
14 71/M 71 Scrotal in situ − + +
15 72/F 69 Vulval in situ − + –
16 69/M 68 Perianal in situ − + −

a SLN, sentinel lymph node.
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hormone-dependent cancer.5

Among the ~40 NR family members expressed in breast
cancer, ER is the most clinically associated with FOXA1.5 A
second isoform of the estrogen receptor, ERβ, is also expressed
in breast cancer; however, the relative contribution of ERβ in this
disease is poorly understood.8

The expression of ER in breast cancer significantly dictates
the treatment course and is a major prognostic factor.5 Indeed,
the therapeutic targeting of ER signaling using selective ER
modulators (e.g., aromatase inhibitors) or degraders provides
long-term benefits for the majority of patients with early stage
disease and extends the lives of many patients with advanced
lesions.5

FOXA1 is known to support the transcriptional activity of
ER.9 Takeichi et al. reported the results of FOXA1 and ER
IHC staining using samples from 48 patients with EMPD.3 They

showed that FOXA1 was strongly expressed in the patients’
Paget cell nuclei at the same staining intensity in all patients,
while 65% of the patients exhibited positive ER staining, which
varied in intensity across the patient cohort. In agreement with
these results, we found that FOXA1 was strongly expressed in
the nuclei of Paget cells in all examined patients with EMPD, and
that this staining intensity was consistent across all samples. In
the present study, the rate of positive ER staining was lower
(44%). However, Mai et al. previously reported that 88% of
the 59 patients with EMPD were FOXA1-positive and 19%
were ER-positive.10 The authors also found that in patients
with EMPD, ER expression always coincided with FOXA1
expression, which is consistent with the results of our study.10

FOXA1 overexpression suppresses interferon signaling and the
anti-tumor immune response. Thus, FOXA1 overexpression
could be a prognostic factor for predicting resistance to anti-

Figure 1 Immunohistochemical analyses of extramammary Paget’s disease and melanoma patient samples. Control: a 73-year-old man with melanoma
of the upper right arm. (a) Hematoxylin and eosin (H&E) staining. Tumor cells were negative for forkhead box A1 (FOXA1) (e) and estrogen receptor
(ER)α (i). Patient 6: (b) H&E staining. Tumor cells were positive for FOXA1 (f) and ERα (j). Patient 10: (c) H&E staining. Tumor cells were positive for
FOXA1 (g) and ERα (k). Patient 16: (d) H&E staining. Tumor cells were positive for FOXA1 (h) but negative for ERα (l). a–d. 200× magnification; e–l.
400× magnification.
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cancer therapy.11 We were able to reconfirm that not all FOXA1-
positive patients were ER-positive. These findings suggest that
in a subset of FOXA1+ER– patients, FOXA1 is activated by
mechanisms other than ER. However, since FOXA1 is a novel
diagnostic marker for EMPD, ER may aid in the molecular
classification of EMPD. Thus, FOXA1 and ER may be valuable
molecular targets for the development of EMPD therapies.

The therapeutic targeting of ER signaling is an effective
strategy for breast cancer management. Our results suggest that
certain treatment options for hormone-dependent cancers may
also be effective at treating patients with ER-positive EMPD.
In our study, ER expression was localized to the vulva and
scrotum of women and men with EMPD, respectively. Therefore,
detection of ER expression in these tissues may aid the diagnosis
and treatment of patients with EMPD. However, there are
currently no studies documenting the site of onset or the clinical
relevance of ER-positive EMPD. The present study was limited
by the small sample size, which should be increased in future
investigations. In addition, the relationship between EMPD and
other NRs such as the human epidermal growth factor receptor 2
(HER2) should be examined in the future.
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