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Abstract

Objective: In rare cases, differential diagnosis between bladder cancer (BC) and gynecological tract cancer (GTC) is difficult because of

anatomical proximity and morphological similarity. We analyzed expression status of sex steroid hormone receptors in BC in this study. First,

we investigated their usefulness as a histological marker for differential diagnosis. Second, we considered their roles in BC histogenesis.

Methods: Estrogen receptor a (ERa) and progesterone receptor (PgR) expression was investigated by immunohistochemistry in 125

BCs obtained by transurethral resection or biopsy, then in nonneoplastic background mucosa (trigone, fundus, and dome) of 33 total cystec-

tomy samples. They were evaluated as positive when ≥ 1% of 500 subject cells were immunoreactive with moderate or strong intensities.

Results: ERa and PgR were positive in 38.4% and 3.2% of BCs, respectively, suggesting that ERa status alone could not definitely dif-

ferentiate between BC and GTC. ERa expression was not significantly associated with age and sex of BC patients and histopathology of

BCs. Although not significant, ERa expression was more frequent in higher grade (G1/G2 vs. G3/G4; P = 0.143) and marginally associated

with advanced stage of BCs (pTis/pTa/pT1 vs. pT2/pT3, P = 0.056). ERa expression was significantly more frequent in background mucosa

with ERa-positive BC (In the epithelium and stroma; both P < 0.001). ERa expression was continuously observed from normal to malig-

nant epithelium in some cases. Although not significant, Brunn’s nest or cystitis glandularis was more frequent in background mucosa with

ERa-positive BC (P = 0.218). Analyses of nonneoplastic mucosa in cystectomy revealed that ERa was more frequently positive in urothe-

lium of trigone, a predilection site for cystitis glandularis, than those of fundus and dome, with a significant difference between trigone and

dome (P = 0.034). These data suggest that chronic inflammation may up-regulate ERa in the background epithelium, especially in trigone,

and ERa expression in BC might be the reflection of bladder epithelium from which BC arose.

Conclusions: Usefulness of ERa was limited in differential diagnosis between BC and GTC. ERa up-regulation might not play a critical

role in the development of BC because it was already noted in the background bladder mucosa. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Diagnosis of primary bladder cancer (BC) is easy in

most cases. However, owing to its anatomical location, it

may sometimes invade the gynecological tract [1]. When

this occurs, it is difficult to accurately determine the pri-

mary origin of cancer in the pelvic cavity [1]. Furthermore,
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there is a significant morphological overlap between pri-

mary gynecological lesions and invasive urothelial carci-

noma (UC) [1−3].
Immunohistochemical cytokeratin (CK) 7 and CK20 pro-

files have been introduced to investigate the primary site of

epithelial neoplasms [4], but differential diagnosis solely

based on CK7/CK20 profiles may sometimes result in misdi-

agnosis. Additional markers, such as p16/INK4a/CDKN2A,
and in situ hybridization (ISH) for human papilloma virus

(HPV) have been introduced for differentiation diagnosis
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between UC and gynecological tract cancer (GTC) [1]. p16

up-regulation is associated with infection of high-risk HPV,

and endocervical carcinoma is mostly p16-positive [5].

However, p16 was diffusely positive in 3 of 6 cases of UC

that involved the gynecological tract, suggesting p16’s lim-

ited utility. HPV ISH was negative in all 6 cases, but it is

available only in limited facilities.

Uterus is a major target of female sex steroid hormones

but urinary bladder is apparently not a common target. In

this study, we noted estrogen receptor a (ERa) and proges-

terone receptor (PgR) in BC in a Japanese population as a

possible histological marker for differential diagnosis. Dur-

ing this study, we noticed that ERa is frequently positive in

the background bladder mucosa in ERa-positive BC cases.

Our secondary goal with this study was to consider the

implication of ERa expression during bladder carcinogene-

sis. We hypothesized that ERa up-regulation may not play

a critical role if it was frequently expressed in nonneoplas-

tic bladder mucosa. To test the hypothesis, we additionally

performed comprehensive expression analyses of ERa in

the normal mucosa of cystectomy samples.
2. Materials and methods

2.1. Study subjects

We investigated ERa and PgR expression by immuno-

histochemistry (IHC) in 125 BCs, consisting of 93 transure-

thral resections (TUR) or biopsy specimens from 83

patients from 2014 to 2015 and 32 cystectomy samples

from 32 patients between 2002 and 2015 in Dokkyo Medi-

cal University Hospital. Eight patients underwent TUR or

biopsy twice and 1 patient did so 3 times. Two patients

underwent cystectomy after biopsy or TUR.

Inclusion criteria were the presence of glass slides,

which included carcinoma with an area of >1.0 cm2 and

absence of concomitant renal pelvis cancer and urachal can-

cer. Histopathological diagnosis was based on the World

Health Organization (WHO) classification of tumors of the

urinary system and male genital organs, fourth edition [6]

except for histopathological grading which was performed

according to the TNM classification of malignant tumors,

seventh edition [7]. The pathological extent of tumor (pT)

was determined in the observable range of TUR or biopsy

specimens. All sections were reviewed for confirmation of

original diagnoses by an expert pathologist (Y.I.). Clinico-

pathologic characteristics of the patients were obtained via

an electronic medical chart system.

Next, we performed comprehensive analyses of back-

ground bladder mucosa, i.e., dome, fundus, and trigone,

using 33 total cystectomy samples from 25 male and 8

female patients between 2002 and 2015.

Written informed consent to use resected samples for

medical research was obtained from patients by their sur-

geons. This study protocol was approved by the institu-

tional ethics review board (No. 28042).
2.2. IHC

Tumor specimens were fixed in 10% neutral-buffered

formalin for 48 hours, embedded in paraffin, then cut into

4-mm sections. Antigen retrieval was performed in 10 mM

citrate buffer (pH 6.0) using microwave irradiation (400 W)

at 95˚C for 40 minutes. After quenching endogenous perox-

idase activity, sections were incubated with primary anti-

body detecting ERa (1:40, clone 6F11; Novocastra,

Newcastle upon Tyne, UK) or PgR (1:100, clone 16; Novo-

castra) for 60 minutes at room temperature. All these stains

were manually scored by 1 pathologist (Y.I.) who was

blinded to patient identity at the time of scoring. Each

receptor was evaluated as positive when ≥1% of 500 sub-

ject cells were immunoreactive with moderate or strong

intensities, which corresponded to 1+ or more in the Ger-

man immunoreactive score [8].
2.3. Statistics

Specific parameters between 2 datasets were compared

using the Fisher’s exact test. Age was compared using the

Mann−Whitney U test. In patients with many times of

biopsies and resections, age at the time of ERa-positive or

earlier ones with the same ERa status were analyzed. Hor-

mone receptor levels in the respective segments of back-

ground bladder mucosa were compared by the Wilcoxon

signed-rank test. P < 0.05 was considered significant. Sta-

tistical analyses were performed using IBM SPSS Statistics

25 (IBM, Armonk, NY).
3. Results

3.1. ERa and PgR expression in BC

The 125 BCs consisted of 100 noninvasive/invasive UC,

20 invasive UC, special types (UCS), with components such

as glandular or squamous differentiation, plasmacytoid type,

sarcomatoid type, giant cell type, poorly differentiated type,

and five miscellaneous types (MIS) consisting of pure adeno-

carcinoma (AD), pure squamous cell carcinoma (SCC), and

neuroendocrine carcinoma. ERa and PgR were positive in 48

(38.4%) and 4 (3.2%) cancers, respectively (Fig. 1A and B)

(Table 1). ERa was positive in 9 of 20 (45.0%) UC and 3 of

6 (50.0%) UCS/MIS in female patients and 28 of 80 (35.0%)

UC and 8 of 19 (42.1%) UCS/MIS in male patients. There

were no significant differences in age and sex between ERa-

positive and -negative patients (Table 2). ERa expression

was more frequent in pT2/pT3 BCs than in pTis/pTa/pT1

ones with marginal significance (45.8% vs. 28.6%, P = 0.056)

(Table 3). There were no significant differences in histopa-

thology and grade according to the ERa expression status,

although high-grade (G3/G4) was more frequent than low-

grade (G1/G2) in ERa-positive BC (Table 3). Because it was

difficult to precisely determine the original site of BC in frag-

mented TUR samples and cystectomy samples post TUR, the



Fig. 1. (A) ERa expression in invasive UC (Case 70,£4). (B) PgR expres-

sion in invasive UC (Case 53,£20). (C) ERa expression in the background

mucosa presenting with cystitis glandularis (Case 11, £20). (D) Continu-

ous ERa expression from the nonneoplastic mucosa to noninvasive UC

(Case 21, £20).

Table 2

ERa expression and clinicopathologic characteristics of patients with BC

BC

ERa (¡) ERa (+) P value

Age Range 37-93 47-91 0.916

Median 70 71

Sex Male 56 33 0.347

Female 12 12

BC = bladder cancer; ERa = estrogen receptor a. In cases of patients

with many times of biopsies, data at the time of ERa (+) or earlier ones

with the same ERa status were analyzed.

Table 1

Expression of sex steroid hormone receptors in BC

Grade BC

ERa (+) PgR (+)

UC (n = 100) G1 (n = 4) 0 0

G2 (n = 55) 18 1

G3 (n = 41) 19 0

UCS (n = 20) G2 (n = 3) 1 0

G3 (n = 12) 6 0

G4 (n = 5) 1 0

MIS (n = 5) G2 (n = 1) 1 1

G3 (n = 4) 2 2

Total (n = 125) 48 4

BC = bladder cancer; ERa = estrogen receptor a; MIS =miscellaneous

types; PgR = progesterone receptor; UC = urothelial carcinoma;

UCS = urothelial carcinoma, special types. Grade was based on TNM

seventh edition.

Table 3

ERa expression and clinicopathologic characteristics of BC

BC

ERa (¡) ERa (+) P value

Total 77 48 N.A.

pT

pTis, pTa 21 11 0.056 (pTis, pTa,

pT1 vs. pT2, pT3)

pT1 34 15

pT2 15 21

pT3 7 1

Grade

G1 4 0 0.143 (G1,

G2 vs. G3, G4)

G2 39 20

G3 30 27

G4 4 1

Histopathology

UC 63 37 0.646

others 14 11

Background epithelium

ERa expression

ERa (¡) 49 10 0.000

ERa (+) 6 27

Unknown 22 11

Brunn’s nest or

cystitis glandularis

Absent 67 37 0.218

Present 10 11

Background stroma

ERa (¡) 42 11 0.0007

ERa (+) 35 37

BC = bladder cancer; ERa = estrogen receptor a; MIS = miscellaneous

types; N.A. = not applicable; PgR = progesterone receptor; UC = urothelial

carcinoma; UCS = urothelial carcinoma, special types. pT and grade was

determined based on WHO fourth edition and TNM seventh edition,

respectively.
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association between ERa expression and tumor location

could not be analyzed.

During investigation, we noticed that ERa expression

might be frequent in the background mucosa with ERa-
positive BC and we therefore investigated that association.

ERa was positive in nonneoplastic epithelium in 10.9% of

ERa-negative BC cases and 73.0% of ERa-positive BC cases

(Fig. 1C), and in stromal cells in 45.5% of ERa-negative BC

cases and 77.1% of ERa-positive BC cases, respectively.

Some of the ERa-positive epithelium presented with cystitis

glandularis or squamous metaplasia. Accurate discrimination

between squamous epithelium and urothelial epithelium was

often difficult because of the transitional feature between

them. Thus, ERa-positive BC was accompanied by the ERa-

positive background mucosa both in the urothelium and

stroma with statistical significance (both P < 0.001). ERa

expression was continuously observed from the nonneoplastic

to neoplastic epithelium in some cases (Fig. 1D). In addition,

ERa expression in nonneoplastic urothelium and inverted

urothelial papilloma that coexisted with UC was also noted in

one case (Case 82; Fig. 2). Brunn’s nest and/or cystitis glan-

dularis in the background mucosa were noted in 13.0% of

ERa-negative BCs and 22.9% of ERa-positive BCs, though

this increased frequency was not significant. These data are

summarized in Table 3.



Fig. 2. ERa expression in the non-neoplastic urothelium and inverted uro-

thelial papilloma (Case 82). (A) £4. (B) £20.
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PgR was positive only in four cases (Table 4), all of

which were men. Three of the 4 cancers were not UC, 2

were SCC and 1 was small cell neuroendocrine carcinoma.

PgR expression in the adjoining nonneoplastic mucosa was

observed only in 1 case.

3.2. ERa expression in the background mucosa of

cystectomy samples

We then investigated ERa expression in nonneoplastic

background mucosa using 33 whole cystectomy samples,

25 of which were from men. ERa and PgR were positive in

the background epithelium in 57.6% and 21.2%,
Table 4

Cases of BC with PgR expression

Case No. 50 53 82 115

Sex Male Male Male Male

Age 71 85 64 54

Histopathology SCC SCC UC Small-cell

neuroendocrine

carcinoma

pT pTa pT2 pTa pT2

Grade G2 G3 G2 G3

ERa (+) (¡) (+) (¡)

Background epithelium

ERa (+) (¡) (+) (¡)

PgR (+) (¡) (¡) (¡)

Background stroma

ERa (+) (¡) (+) (+)

PgR (+) (¡) (+) (+)

BC = bladder cancer; ERa = estrogen receptor a; PgR = progesterone

receptor; UC = urothelial carcinoma; SCC = squamous cell carcinoma. pT

was and grade was based on WHO 4th edition and TNM 7th edition,

respectively.
respectively, and in the background stroma in 84.8% and

100%, respectively. ERa expression in epithelium was

more frequent in trigone than fundus and dome (46.9%,

31.0%, and 22.2%, respectively) with a significant differ-

ence between trigone and dome (P = 0.034) (Table 5).

4. Discussion

BC sometimes involves gynecological organs because of

its anatomical location, which may pose diagnostic diffi-

culty between BC and GTC clinically; significant morpho-

logic overlap exists between UC and GTC [1−3]. The

common histological architecture seen in UC, such as pap-

illary, trabecular, and solid growth patterns are also

observed in endocervical carcinoma [1,3]. High-grade UC,

UC with glandular differentiation, and bladder AD may

mimic endometrial carcinoma [2]. In very rare cases, endo-

metrioid endometrial carcinoma may arise from endometri-

osis of the urinary bladder [9]. Usefulness of the CK7/

CK20 pattern is often limited for differentiation diagnosis,

so we noted ERa and PgR as possible histologic markers

for differential diagnosis between BC and GTC.

ERa expression status in BC has not yet been elucidated

sufficiently, especially in an Asian population. Because the

urinary bladder seemed not to be a major target of sex steroid

hormones, we initially expected a low-expression rate. In

Western countries, several groups have analyzed ERa expres-

sion in BC by IHC [8,10−16]. ERa-positive rate of UC was

10»30% according to the German score (Table 6). In this

study, ERa was positive in 38.4% of BC in a Japanese popu-

lation by the German score. Thus, the ERa-positive rate was

higher than previous reports. For women, nearly 50% of BC

was positive for ERa expression. Regarding GTC, approxi-

mately 80% of endometrioid endometrial cancers are ERa
positive (≥1% tumor cell positivity), irrespective of tumor

grade [17]. In contrast, expression of ERa decreases or van-

ishes in endocervical cancer. ERa is strongly expressed in the

nuclei of cervical squamous epithelial cells mainly in para-

basal layers, but ERa expression was not observed in any

invasive endocervical SCC [18−20]. In other studies, ERa

expression was found only in 9.5% [21] and 18.2% [22] of

invasive endocervical SCC. The cutoff for ERa positivity

was not documented by Nonogaki et al. [21] but was ≥1%
tumor cell positivity by Kanai et al. [22]. ERa was expressed

at least focally in 12% of endocervical AD, usual-type [23].

Taken together, ERa expression might favor BC over endo-

cervical cancer and the absence of ERa expression might

favor BC over uterine corpus cancer. However, ERa alone

was not a definite determining factor of differentiation diag-

nosis because all of the BC, endometrial cancer, and endocer-

vical cancer could express ERa with various degrees of

frequency. Combining ERa expression with other markers

would be mandatory for definite diagnosis.

The previous studies that assessed the relationship

between ERa expression and histopathological characteris-

tics of BC have led to conflicting results (Table 6). In this



Table 5

ERa and PgR expression in the background bladder mucosa of total cystectomy samples

ERa (¡) ERa (+) Total P value

(vs. trigone)

PgR (¡) PgR (+) Total P value

(vs. trigone)

Epithelium

trigone 17 15 32 27 5 32

fundus 20 9 29 0.317 28 1 29 0.102

dome 21 6 27 0.034 26 1 27 0.102

whole 14 19 33 N.A. 26 7 33 N.A.

Stroma

trigone 12 20 32 0 32 32

fundus 12 17 29 0.763 0 29 29 1.000

dome 11 16 27 0.480 0 27 27 1.000

whole 5 28 33 N.A. 0 33 33 N.A.

ERa = estrogen receptor a; PgR = progesterone receptor; N.A. = not applicable.
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study, ERa was positive more frequently in higher grade

and invasive UC. Consistent with our results, the ERa-posi-

tive rate was significantly more frequent in higher grade

and/or invasive UC [10−12], but ERa expression was not

associated with prognosis [11]. In contrast, association of

ERa expression with organ confined tumor stage of UC

[14] and association between loss of ERa expression and

higher grade/more invasive UC [8] have been reported, but

ERa expression was not associated with prognosis. We

speculate that these conflicting results might be due to dif-

ferences in epidemiological factors, sample size, study

methods, and evaluation criteria for ERa/PgR positivity. In

particular, IHC procedures may greatly affect the results.

Unlike a biochemical assay, IHC has an advantage of

detecting sex steroid hormone receptor expression in

respective mucosal components such as epithelium and

stromal tissue. However, there are many differences in

experimental procedures, such as antigen retrieval tech-

nique, antibodies used, and evaluation criteria among previ-

ous studies and the present study. Interobserver variability

in evaluation of signal intensities may also exist. Any of

these factors would cause inconsistent results of ERa posi-

tivity between studies.

Reportedly, ERa was positive in 50% of benign urothe-

lium and 67% of benign stroma, respectively [8]. In this

study, ERa expression rate in the background epithelium

and stroma was significantly higher in ERa-positive BC

cases than in ERa-negative BC cases. Although not statisti-

cally significant, the Brunn’s nest or cystitis glandularis

rates were higher in ERa-positive BC cases than in ERa-

negative BC cases. Brunn’s nest, cystitis glandularis, and

squamous metaplasia may result from chronic inflammation

[24,25] and most often found in the trigone area [26]. In

addition, ERa was frequently expressed in the epithelium

of trigone but not at all in dome of the female bladder [27].

ERa was consistently expressed in urothelial epithelium

undergoing squamous metaplasia [27]. In this study, analy-

ses of total cystectomy samples, 75.8% of which were from

men, also revealed that ERa and PgR was expressed in
59.3% and 21.9% of the background bladder epithelium,

respectively, and that ERa expression was more frequent in

trigone as compared with fundus and dome. Taken together,

we speculate that chronic inflammation may affect ERa

expression in the background epithelium, and ERa expres-

sion in BCs might be a reflection of the bladder epithelium

from which they arose. Continuous ERa expression from

the nonneoplastic to neoplastic epithelium and ERa expres-

sion in the background urothelium and inverted urothelial

papilloma that coexisted with UC observed in the present

study may support this hypothesis. In the previous studies

[10−12] and the present study, ERa expression tended to

be associated with more advanced pT stage and higher

grade, which might be associated with stronger inflamma-

tion owing to the immune reaction and/or repeated TUR

against cancer. Recently, an interesting study was published

by Bernardo, et al. [16]. In schistosomiasis-associated UCs,

22% of tumor cells were ERa positive, and the presence of

parasite eggs was associated with higher ERa expression in

cancer cells and the adjacent urothelium. This report may

also support the association between ERa expression and

inflammation in the primary urothelium.

Preclinical studies reporting the roles of sex hormone

receptor signals on BC have been inconsistent. Bernardo,

et al. reported that proliferation of BC cells with ERa
expression but not with ERb expression was stimulated by

estradiol [16]. Teng, et al. also reported that ERa may play

a role in the proliferation of BC cells by inducing phosphor-

ylation of extracellular signal-regulated kinases and up-reg-

ulation of cyclins D1 and E during the cell cycle [28]. In

contrast, Hsu, et al. reported that ERa inhibited BC devel-

opment and loss of ERa resulted in carcinogen-induced BC

by modulating AKT activity in an ERa-knockout mouse

model [29]. They also showed that ERa-knockdown in BC

cell lines had a growth advantage over control cells [29].

The reason for this discrepancy is presently unknown. We

speculate that differences in experimental conditions, cell

lines and ERa expression levels, and study subjects might

have affected the results.
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Because of the small number of PgR-positive BCs, we

could not draw any definite conclusion regarding its clini-

copathologic significance. It is noteworthy, however, that

most PgR-positive cases were not typical UC. PgR expres-

sion might be associated with the histological transforma-

tion to UCS.
5. Conclusion

ERa and PgR expression was observed in 38.4% and

3.2% of BCs, respectively. ERa expression was found in

more advanced BCs. The presence of ERa expression

might be partly useful in differential diagnosis from GTC,

but ERa alone could not be a definite determining factor of

differentiation diagnosis. In addition, our results suggested

that ERa up-regulation might not play a critical role in the

development of BC because it was noted in the background

bladder mucosa from which BC arose.
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