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Malignancies such as breast cancer, melanoma, cervical 
cancer, lymphoma, or acute leukaemia reportedly occur 
in approximately 0.1% of all pregnancies (1). Of these, 
melanoma, which has a high metastatic potential, is one 
of the most common malignancies (accounting for ap-
proximately 8% of all malignancies) diagnosed during 
pregnancy (1). Levels of circulating sex hormones 
(oestrogen and progesterone) increase during pregnancy, 
and this increases tumorigenesis, possibly due to mecha-
nisms involved in maternal–foetal immune tolerance (2). 
The influence of oestrogen on melanoma progression is 
varied and has been shown to both promote and hinder 
melanoma growth (2, 3). Thus, the effect of sex hormones 
on melanoma development remains unclear.

This study performed clinicopathological analysis, 
using immunostaining of oestrogen receptor (ER) and 
progesterone receptor (PR), in 42 cases of melanoma.

MATERIALS AND METHODS
To assess the association between sex hormones and melanoma, 
the expression of ER and PR in melanoma cells was examined. 
Forty-two skin specimens (from 17 men and 25 women; mean 
age ± standard deviation, 67 ± 16 years; range 28–91 years), that 
were diagnosed as melanoma at the Fujita Health University, 
Toyoake, Japan, between June 2013 and February 2019, were 
retrieved from the archives, in retrospect, to perform haematoxylin 
and eosin (H&E), ER- and PR-staining. Immunostaining for ER 
and PR was performed on paraffin sections using an HX System 
Discovery Automated Immunostainer (Roche, Basel, Swiss) with 
a polymer-based detection system, according to the manufacturer’s 
instructions. The primary antibodies used were rabbit anti-human 
ERα (1:200; clone SP1; Abcam, Cambridge, UK) and rabbit 
anti-human PR (1:100; clone 1E2; Roche). Ten high-power fields 
(magnification, ×400) in the tumour lesion were randomly selected, 
the staining patterns of ER and PR were assessed according to the 
Allred score (4), and the samples were categorized in 2 groups: 
+ (positive; Allred score ≥ 3), and – (negative; Allred score < 3). 
Written informed consent was obtained from all patients and tissue 
donors according to the Declaration of Helsinki. Informed consent 
for skin samples was obtained for each collection according to the 
protocols approved by the Institutional Review Board of Fujita 
Health University.

RESULTS

The histopathological features of melanoma are summa-
rized in Table SI. According to the Allred score, tumour 
cells tested positive for ER and PR in 3 female specimens 
(cases 1–3; mean age, 34 ± 5 years; age range 28–40 

Fig. 1. Tumour cells tested positive for oestrogen receptor and 
progesterone receptor in cases 1–3. Case 1: tumour cells are positive 
for (a) oestrogen receptor (ER) and (b) progesterone receptor (PR). Case 
2: tumour cells are positive for (c) ER and (d) PR. Case 3: tumour cells 
are positive for (e) ER and (f) PR. Control (Table SI. Number 38): tumour 
cells are negative for (g) ER and (h) PR. (a–h 200×).

years), while those in other specimens tested negative 
(Fig. 1). ER and PR were found to be expressed in the 
nuclei of tumour cells in all 3 positive cases. Case 1 and 
2 were pregnant. Case 3 had a history of two pregnan-
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cies. Notably, in the 3 positive specimens, black macule  
was present since birth or childhood, and the melanoma 
developed and spread rapidly during pregnancy or after 
childbirth. The presence of naevi near the melanoma 
was histopathologically confirmed in all 3 positive cases 
(Fig. 2).

DISCUSSION

The human chorionic gonadotropin and oestrogen that 
increase during early pregnancy and from early to mid-
pregnancy, respectively, tend to suppress apoptosis and 
promote vascular growth (3). Progesterone suppresses 
Th1 cells and induces immune tolerance (3). Therefore, 
the risk of melanoma development, proliferation, and 
metastasis increase in the early to mid-pregnancy stages 
(3). In contrast, the secretion of oestrogen, progeste-
rone, corticotrophin-releasing hormone, and prolactin 
increases during late pregnancy, which may induce the 
resolution of melanomas due to Th1 induction, apopto-
sis promotion, and suppression of vascular hyperplasia 
(3). Sex hormone receptor expression is induced during 
pregnancy or while using oral contraceptives, which may 
increase the risk of melanoma development and may be 
associated with pigment changes in melanoma precursor 
lesions (5). However, the association between hormone 
receptor expression and melanoma development is cont-

radictory (6–10). Recent studies investigating 
G protein-coupled oestrogen receptor (GPER) 
on cultured melanoma cells have shown that 
selective GPER activation induced long-term 
changes that maintained a more differentiated 
cell state, increased pigment production, de-
creased proliferative capacity, and decreased 
expression of the onco-driver and stem cell 
marker c-Myc (11).

In the current study, 3 patients with preg-
nancy-related melanoma (cases 1–3) had black 
macules present from birth or early childhood, 
and the melanomas developed and rapidly 
enlarged during pregnancy, after childbirth, or 
hormonal therapy. The tumour size at resec-
tion was ≥ 20 mm in all 3 cases. Pathological 
findings showed that the melanoma cells were 
positive for ER and PR; and naevus cells were 
observed near the melanoma. In contrast, 22 
out of 25 women (mean age 68 ± 12 years; 
range 45–91 years) had no preceding black 
macules, and the melanoma development was 
unrelated to pregnancy. The melanoma cells 
were pathologically negative for ER and PR in 
these 22 women. These findings indicate that 
melanoma developed from congenital naevus 
in the 3 pregnant patients. Furthermore, the 
study findings also suggest that the expres-
sion of ER and PR may be involved in the 

rapid growth of melanoma and in the development of 
melanoma from naevi.

In summary, melanoma development from naevi and 
rapid tumour growth in patients in this study may be re-
lated to both immune tolerance induced by sex hormones 
and receptor expression in melanoma cells. Furthermore, 
the expression of ER and PR may be involved in the 
rapid growth and development of melanoma. Therefore, 
studying ER and PR expression for early diagnosis, may 
help predict the rapid growth of pregnancy-related me-
lanoma or in melanoma with a history of sex hormone 
exposure. To date, the distinct effects of sex hormones 
on melanoma progression remain unclear, and the impact 
of pregnancy-related hormonal changes on melanoma 
development and progression remains controversial (12). 
Nevertheless, careful clinical evaluation of suspicious 
lesions is essential for the early diagnosis of melanoma 
during pregnancy.
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Fig. 2. Clinical images and haematoxylin and eosin staining of cases 1-3. Case 
1: (a) Clinical image, 30×30 mm sized multicolored macule in the lower abdomen. (b) 
H&E staining of tumor cells (*). (c) H&E staining of nevus cells (**). Case 2: (d) Clinical 
image, 50× 35 mm sized multicolored tumor on her right buttock. (e) H&E staining of 
tumor cells (*). (f) H&E staining of nevus cells (**). Case 3: (g) Clinical image, 25 × 
15 mm sized tumor and black macule on her right heel. (h) H&E staining of tumor cells 
(*). (i) H&E staining of nevus cells (**). (b,c,e,f,h,i. 400×)
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