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Estrogen-related receptor (ERR) is a nuclear receptor that modu-
lates the estrogen-signaling pathway. Here, we investigated the
expression of both ERRb and ERRc in human prostate tissues.
Using original rabbit polyclonal anti-ERRb and anti-ERRc antibod-
ies, the expression of ERRb and ERRc was evaluated by immunohis-
tochemical analysis of cancerous lesions (n = 107) and benign foci
(n = 92), obtained by radical prostatectomy. Stained slides were
evaluated for the proportion of immunoreactive cells and their
staining intensity. Total immunoreactivity scores (IR scores; range,
0–8) were calculated as the sum of the proportion and intensity
scores. The relationship between the clinicopathological character-
istics of the patients and the expression of the three ERRs (ERRa,
ERR b, and ERR c) was evaluated. IR scores for ERRb and ERRc were
significantly lower in cancerous lesions than that in benign foci
(P < 0.0001, for both). Clinicopathological analyses revealed that
the patients with low ERRc IR scores (£4) tended to show poor can-
cer-specific survival (P = 0.07). Then, we used data from our previ-
ous study (Fujimura T., Int J Cancer, 2007; 120: 2325–30). Patients
with a high IR score for ERRa and a low score for ERRc showed
significantly poorer cancer-specific survival than those with a low
IR score for ERRa and a high score for ERRc (P = 0.0003). We dem-
onstrated the differential expression of ERRb and ERRc in prostate
tissue. The combined evaluation of the expression of ERRa and
ERRc could be a significant prognostic factor for prostate cancer.
(Cancer Sci 2010; 101: 646–651)

E strogen-signaling pathways in addition to androgen-signal-
ing pathways are implicated in the development of prostate

cancer (PCa).(1) Diethylstilbestrol (DES) was previously used
for endocrine therapy in the treatment of PCa. Presently, selec-
tive estrogen receptor modulators (SERMs) are being used for
this therapy. Toremifene, an estrogen receptor a (ERa) modula-
tor, is used in patients with high-grade intraepithelial neoplasia
(HGPIN) for the prevention of PCa, while raloxifene, an ERb
modulator, is used in patients with hormone-refractory PCa.(2,3)

The biological activities of these chemicals are mediated by two
ERs – ERa and ERb. Since ERa is predominantly localized in
the stromal cells of the prostate,(4–7) the ERa-mediated effects
of estrogens on the prostatic epithelium are thought to be medi-
ated by paracrine pathways. In contrast, ERb is predominantly
localized in the epithelial cells of the normal human prostate.
ERb expression is lesser in PCa than in benign epithelium.(4,8)

Thus, ERb exhibits a protective effect against aberrant cell
proliferation and carcinogenesis.(9–12)

Recent studies have focused on additional estrogen-related
signaling pathways that are mediated by three estrogen-
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related receptors (ERRs), namely, ERRa, ERRb, and ERRc,
in the estrogen-targeted organs.(13–15) The ERRs (a, b, and c)
are orphan members of the nuclear receptor superfamily.
ERRa (NR3B1) and ERRb (NR3B2) were identified in the
kidney and heart in a screen designed to clone steroid hor-
mone receptors closely related to ERa.(12) ERRc (NR3B3)
was cloned from the fetal brain by rapid amplification of
cDNA ends (RACE)-polymerase chain reaction (PCR).(16)

The expression of ERRa is more abundant than those of the
other two subtypes of ERR and is detected in tissues with
high metabolism, such as the heart, kidney, intestinal tract,
skeletal muscle, and brown adipose tissue.(17) The expression
patterns of ERRb and ERRc are more restricted, but they
are abundant in the heart and kidneys where they play a
central role in regulating energy metabolism.(17,18) Apart
from energy metabolism, ERRs are involved in the develop-
ment of cancer. Several studies have implicated ERRa in the
development of human breast cancer and colorectal can-
cer.(19–21) Further, in the case of human breast cancer, ERRa
and ERRc are associated with an unfavorable and favorable
prognosis, respectively.(22)

The characteristics of ERRs should be clarified for a better
understanding of the estrogen- and estrogen-related signaling
pathways in the prostate. In a previous study, we reported that
increased ERRa expression is a negative prognostic predictor in
human PCa.(23) Reduced expression of ERRb and ERRc in some
prostatic carcinomas has been reported, suggesting that these
receptors perform antiproliferative or tumor-suppressing func-
tions in PCa cells.(24,25) However, clinicopathological analyses
for the expression of ERRb and ERRc would be required in
human PCa. In the present study, we evaluated the expression of
ERRb and ERRc in human prostate tissues by using immunohis-
tochemistry, and investigated the correlation between the three
ERRs and its clinical significance.

Materials and Methods

Tissue selection and patient characteristics. Formalin-fixed,
paraffin-embedded sections were obtained from 107 consecu-
tive patients who underwent radical prostatectomy for the
treatment of prostate adenocarcinoma between 1987 and
2001. This study was approved by our institutional ethical
committee. The age of the patients ranged from 52 to
76 years (mean, 66.8 ± 6.0 years); before treatment, the
serum prostate-specific antigen (PSA) level ranged from 2.2
to 136 ng ⁄ dL (mean, 16.9 ± 19.5 ng ⁄ dL). According to the
doi: 10.1111/j.1349-7006.2009.01451.x
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Fig. 1. Western blot analysis showing the estrogen-related receptor
(ERR)-b and ERRc proteins in 293T cells transfected with pcDNA3-
FLAG-ERRb (F-ERRb) and pcDNA3-FLAG-ERRc (F-ERRc). All the cell
extracts were subjected to immunoblotting with the generated
anti-ERRb (a), anti-ERRc (b), and anti-FLAG antibodies. Anti-ERRb and
ERRc antibodies were detected bands, which corresponded to the
molecular weight of ERRb (56 kD) and ERRc (51 kD), respectively
(arrows).
evaluations of two trained pathologists, the cancerous lesions
consisted of tumors with Gleason scores (GS) of 6 (n = 22),
7 (n = 42), 8 (n = 20), 9 (n = 22), and 10 (n = 1). The path-
ological primary tumor (pT) stages were 2a (n = 14), 2b
(n = 13), 2c (n = 8), 3a (n = 38), 3b (n = 31), and 4
(n = 3). The pathological regional lymph node (pN) stages
were 0 (n = 93) and 1 (n = 14). The prostate tissue and
lymph node sections examined in this study comprised 107
cancerous and 92 benign foci. Thirty-three patients (31%)
were treated with surgery alone. The remaining 74 (69%)
patients, who had pT3 cancer and ⁄ or experienced a postop-
erative PSA nadir of >0.2 ng ⁄ mL, received adjuvant andro-
gen deprivation and ⁄ or radiation therapy. The patients were
followed up postoperatively by their surgeons at 3-month
intervals for 5 years and yearly thereafter. The mean patient
follow-up period was 91 ± 40 months (range, 10–209). At
the end of the follow-up period, 77 patients (73%) were
alive with no evidence of the disease, and 12 (11%) were
alive with biochemical or clinical recurrence. Twelve
patients (11%) died of PCa, and six (6%) died of other dis-
eases during the follow-up period.

Plasmid construction. Human ERRb cDNA (ERRb amino
acids 2–500) and ERRc (ERRc amino acids 2–458) were N-ter-
minally Flag-tagged and subcloned into pcDNA3 vector
(pcDNA3-FLAG-hERRb and pcDNA3-FLAG-hERRc, respec-
tively).

Cell culture. The 293T cells were purchased from the Ameri-
can Type Culture Collection (Rockville, MD, USA) and main-
tained in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (FBS) at 37�C in a 5% CO2 atmosphere.
Transfections of hERRb and hERRc were performed using 5 lg
of pcDNA3-FLAG-hERRb and pcDNA3-FLAG-hERRc and
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol. The cell extracts were
analyzed after 48 h.

Antibodies. Anti-FLAG M2 antibody was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Anti-ERRb and anti-
ERRc antibodies were generated from rabbit serum using a glu-
tathione S-transferase fusion protein with amino acids 41–90
and 2–51 of human ERRb and ERRc protein, respectively, as
antigens. These antisera were then purified using an affinity
column filled with GST protein-coupled Affi-Gel 10 (Bio-Rad,
Hercules, CA, USA) to remove the anti-GST antibody.

The characterization of these antibodies was confirmed by
western blot analysis in hERRb- and hERRc- transfected 293T
cells.

Western blot analyses. Whole-cell lysates were prepared
using a sodium dodecyl sulfate (SDS) sample buffer from 293T
cells transfected with pcDNA3-FLAG-hERRb or pcDNA3-
FLAG-hERRc and resolved by 10% denaturing SDS–polyacryl-
amide gel electrophoresis. Blotted membranes were incubated
with anti-FLAG M2 antibody, anti-ERRb, or anti-ERRc (1:1500
dilution, both) followed by reaction with antimouse IgG or anti-
rabbit IgG (Amersham Bioscience, Uppsala, Sweden). Bands
were visualized with an enhanced chemiluminescence system
(Amersham Bioscience).

Immunohistochemical analysis. Immunohistochemical analy-
ses for ERRb and ERRc were performed with the streptavidin–
biotin amplification method using an EnVision+ visualization
kit (Dako, Carpinteria, CA, USA), as previously described.(23)

Tissue sections (6 lm) were deparaffinized, rehydrated through
graded ethanol, and rinsed in phosphate-buffered saline (PBS).
In order to retrieve the antigens, the sections were heated in an
autoclave at 120�C for 10 min in citric acid buffer (2 mM citric
acid and 9 mM trisodium citrate dehydrate [pH 6.0]). The sec-
tions were blocked with endogenous peroxidase using 0.3%
H2O2 and incubated in 10% bovine serum for 30 min. The pri-
mary antibody, a polyclonal antibody against ERRb (1:200 dilu-
Fujimura et al.
tion) or a polyclonal antibody against ERRc (1:200 dilution),
was applied and incubated at 4�C overnight. The sections were
rinsed in PBS and incubated at room temperature with EnVi-
sion+ and antirabbit IgG for 1 h. The antigen–antibody complex
was visualized with 3, 3¢-diaminobenzidine (DAB) solution
(1 mM DAB, 50 mM Tris-HCl buffer [pH 7.6], and 0.006%
H2O2).

Rabbit IgG was used instead of the primary antibodies as a
negative control. Sections of the human kidney were immunoas-
sayed as positive controls by using the primary antibodies in the
same manner as described above.

Immunohistochemical assessment. The slides were evaluated
for the proportion (0, none; 1, <1 ⁄ 100; 2, 1 ⁄ 100 to 1 ⁄ 10; 3, 1 ⁄ 10
to 1 ⁄ 3; 4, 1 ⁄ 3 to 2 ⁄ 3; and 5, >2 ⁄ 3) and staining intensity (0,
none; 1, weak; 2, moderate; and 3, strong) of positively stained
cells. The total immunoreactivity score (IR score) (0, 2–8) was
determined as the sum of the proportion and intensity.(26) Two
investigators (T.F. and J.K.) evaluated the tissue sections inde-
pendently. If the IR score differed between the two investiga-
tors, a third investigator (S.T.) evaluated the tissue sections, and
the average IR score was considered. Since almost all benign
foci showed IR scores of ‡5 for ERRb and ERRc, we defined an
IR score of 4 as the cut-off for high ERRb and ERRc in order to
identify a potential correlation between ERRb and ERRc
expressions in malignant epithelium and the clinicopathological
characteristics of patients with PCa.

Statistical analyses. The correlation between the IR score,
age, and pretreatment serum PSA level was evaluated by Mann–
Whitney U-test. The analyses between the IR score, pathological
stage, and the GS was estimated by v2-square test. The compari-
son between IR score in the benign foci and that in cancerous
lesions was analyzed by Wilcoxon’s singed-rank sum test.
Cancer-specific survival curves were obtained using the
Kaplan–Meier method and verified by the log-rank (Mantel–
Cox) test. We used JMP 8.0 software (SAS Institute, Cary, NC,
USA) and regarded P-values <0.05 as statistically significant.
Cancer Sci | March 2010 | vol. 101 | no. 3 | 647
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Results

Western blot analysis. Using the polyclonal anti-ERRb and
anti-ERRc antibodies, a 56-kD and a 51-kD band, which
corresponded to the molecular weight of ERRb and ERRc,
respectively, were detected in 293T-pcDNA3-FLAG-ERRb and
293T-pcDNA3-FLAG-ERRc, respectively (Fig. 1).

Immunoreactivity of ERRb and ERRc in benign and malignant
prostate tissue. Strong IRs of ERRb and ERRc were identified
in the nuclei of human renal tissue (Fig. 2a,e). In prostatic tis-
sue, staining was abundant in the benign epithelium (Fig. 2b,f)
but less in cancerous cells (Fig. 2c,d,g,h). IRs of ERRb and
ERRc in the human prostate are summarized in Figure 3(a and
(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 2. Immunohistochemical staining for estrogen-related receptor
(ERR)-b (a–d) and ERRc (e–h) in human renal and prostatic tissues.
Positive staining for ERRb and ERRc was observed in the nuclei of
renal glomerular and epithelial cells, respectively (a,e).
Immunoreactivities (IRs) for anti-ERRb and ERRc antibodies were
abundant in benign prostatic epithelium (IR score, 7;
immunointensity, strong) (b,f). Decreased ERRb and ERRc IRs were
observed in low-grade prostate cancer (PCa) (Gleason score [GS], 6) (IR
score, 5; immunointensity, moderate) (c,g), and weak expression of
ERRb and ERRc was also observed in high-grade PCa (GS 9) (IR score,
4; immunointensity, moderate) (d,h). Original magnification, ·400;
Scale bar = 50 lm.
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b). Positive IR for ERRb and ERRc were observed in 84 of 92
(91%) and 91 of 92 cases (98%) of benign epithelium, respec-
tively, and in 72 of 107 (67%) and 88 of 107 (82%) cases of can-
cer, respectively. The benign foci showed significantly higher
ERRb and ERRc IR scores than the cancerous lesions
(P < 0.0001, for both).

The immunointensities of ERRb in the atrophic glands and
high-grade PIN were significantly lower than that of the hyper-
plastic lesions (P = 0.0047 and 0.0067, respectively). In addi-
tion, the immunointensities of ERRc in the atrophic glands and
high-grade PIN tended to be low compared with that of the hyper
plastic lesions (P = 0.083, both). We described these results of
IR scores in hyperplastic lesions as those in the benign foci.

Correlation of ERRb and ERRc expression with the
clinicopathological characteristics of patients with PCa. Almost
all the benign foci had IR scores of ‡5 for ERRb and ERRc, and
we defined an IR score of 4 as the cut-off value above which the
foci were classified as having high IR. No significant correlation
was found between ERRb and ERRc expression and clinico-
pathological characteristics such as age, serum PSA level, and
pathological stage (Table 1).

Figure 4 shows a cancer-specific survival curve prepared
using the Kaplan–Meier method. Twelve (11%) patients died
because of PCa during the follow-up period. No significant rela-
tion was observed between ERRb expression and the cancer-
specific survival rate (P = 0.29) (Fig. 4a). However, the patients
(a)

(b)

Fig. 3. Immunoassaying of estrogen-related receptor (ERR)-b (a) and
ERRc (b) in the human prostate. We evaluated 107 cancerous and 92
benign foci. ERRb and ERRc immunoreactivities (IRs) were positive in
84 of 92 (91%) and 89 of 92 cases (95%) of benign epithelium,
respectively, and in 71 of 106 (67%) and 85 of 106 (80%) cancer cases,
respectively. Over 80% and 92% cases of benign foci showed IR scores
of ‡5 for ERRb and ERRc, respectively, whereas IR scores of ‡5 were
obtained in the case of 35% and 55% of patients with cancerous
lesions, respectively.

doi: 10.1111/j.1349-7006.2009.01451.x
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Table 1. Relationship between immunoreactivity of ERRb, ERRg, and clinicopathological findings in PCa (n = 107)

Clinical findings
ERRb immunoreactive score† ERRc immunoreactive score†

Low (n = 71) High (n = 36) P-values Low (n = 47) High (n = 60) P-values

Serum PSA (ng ⁄ mL) 14.7 ± 13.9 19.7 ± 26.2 0.2 13.0 ± 13.7 18.9 ± 21.9 0.11

Gleason score £7 42 22 0.99 27 37 0.68

‡8 29 14 20 23

Pathological T stage £3a 48 24 0.89 27 45 0.08

‡3b 23 12 20 15

Pathological N stage 0 61 32 0.99 39 54 0.44

1 10 4 8 6

†ERRb and ERRg immunoreactive scores of 0–4 and 5–8 were defined as low and high immunoreactivity, respectively. ERR, estrogen-related
receptor; PCa, prostate cancer; PSA, prostate-specific antigen.

(a)

(b)

(c)

Fig. 4. Cancer-specific survival in patients with prostate cancer
according to the immunoreactivity (IR) of estrogen-related receptor
(ERR)-b and ERRc (n = 107). No significant difference was observed in
ERRb IR (a), whereas patients with low ERRc IR tended to show poor
cancer-specific survival (b). The patients with high ERRa IR and low
ERRc IRs (IR score, £4) showed significantly poorer cancer-specific
survival than patients with low ERRa IR and high ERRc IRs and the
other patients (P = 0.0003 and 0.07, respectively) (c).
with low ERRc IR (IR score £4) tended to show poor cancer-
specific survival (P = 0.07) (Fig. 4b). Then, on the basis of
these results and those of our previous study on ERRa, we eval-
Fujimura et al.
uated ERRc expression as a prognostic predictor.(23) The
patients were divided into three groups on the basis of the IR
scores: those with high ERRa but low ERRc IR, those with low
ERRa but high ERRc IR, and those who do not fall under either
of the above groups. The patients in the first group showed a sig-
nificantly poorer cancer-specific survival rate than those of the
second group (P = 0.0003, Fig. 4c).

Table 2 shows the results of univariate and multivariate pro-
portional analyses of the cancer-specific survival rates associ-
ated with ERRa and ERRc IR and clinicopathological
characteristics of the patients. GS, pathological T and N stages,
and ERR IR were found to be significant prognostic predictors
in the univariate analysis (P = 0.0001, 0.0002, 0.0094, and
0.0006, respectively). Multivariate analyses showed that among
the five parameters evaluated, two ERRs (ERRa and ERRc)
were significantly poor prognostic predictors (P = 0.0015;
hazard ratio, 15.2; 95% index, 1.65–186).

Discussion

Androgen deprivation and estrogen therapies have been used for
the treatment of PCa.(4,27,28) The growth-inhibitory effects of
endocrine therapies are associated with the status of steroid
receptors, such as androgen receptors (ARs) and ERs.(27,28) In
the 1980s, the emergence of techniques to clone orphan nuclear
receptors prompted the investigation of the physiological func-
tions of these receptors in target organs.(14,15) Among the orphan
nuclear receptors, ERRa, ERRb, and ERRc have functional
links with the activities of the ERs. The primary function of
ERRs seems to be the activation of fatty acid oxidation and
mitochondrial biogenesis in tissues that have high energy
requirements, for example cardiac and skeletal muscle.(19) ERRs
may also be involved in the transcriptional response to hypoxia
and the growth of solid tumors. The adaptive response to
hypoxia is mainly controlled by a transcriptional factor referred
to as the hypoxia-inducible factor (HIF). HIF regulates gene net-
works involved in glucose uptake and metabolism and tumor
angiogenesis. The ERRs can directly interact with HIF1a, -2a,
and -1b in vitro and in vivo to enhance HIF-mediated gene tran-
scription, while ERR inhibition attenuates hypoxic response.(29)

ERRa expression has also been associated with a negative out-
come in breast and ovarian cancers.(22,30) In the case of breast
cancer, ERRa is a potential biomarker of unfavorable clinical
outcome and hormonal insensitivity.(22) In contrast, ERRc over-
expression is associated with a hormonally responsive (ER-posi-
tive and progesterone receptor-positive) status.(22) Thus, in the
case of breast cancer, ERRc is a potential biomarker of a favor-
able clinical outcome and hormone sensitivity.(22) In a previous
study, we reported increased ERRa expression in PCa and
showed its clinical significance.(23) However, little is known
about the distribution of ERRb and ERRc in human prostate tis-
sue. In the present study, we found that the expression of ERRb
Cancer Sci | March 2010 | vol. 101 | no. 3 | 649
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Table 2. Univariate and multivariate proportional hazard analyses of cancer-specific survival (n = 106)

Variable
Univariate Multivariate

Hazard ratio 95% index P-values Hazard ratio 95% index P-values

Serum PSA (ng ⁄ dL) (‡10 vs <10) 1.02 0.32–3.26 0.98 1.39 0.39–5.01 0.6

Gleason score (‡8 vs £7) 17.2 3.34–314 0.0001 7.63 0.94–168 0.06

Pathological T stage (‡3b vs £3a) 11.4 2.99–74.3 0.0002 2.38 0.42–20.9 0.34

Pathological N stage (1 vs 0) 5.29 1.56–16.6 0.0094 1.01 0.26–3.69 0.98

ERRs (high ERRa and low ERRc vs low

ERRa and high ERRc or others)

23.2 3.73–173 0.0006 15.2 1.65–186 0.015

We divided the data into three groups on the basis of immunoreactivity: high ERRa and low ERRc, low ERRa and high ERR and other
immunoreactivity groups. ERR, estrogen-related receotor; PSA, prostate-specific antigen.
and ERRc was lower in PCa tissue than in benign epithelium.
Low ERRc expression tended to correlate with poor prognosis
in PCa, whereas ERRb expression did not correlate with the
clinical outcome. Recent studies have shown that the expression
of ERRb and ERRc was lower in PCa lesions than in benign
foci.(24,25) Functional analyses using cell lines with stable
expression of ERRb and ERRc and their agonists revealed that
ERRb and ERRc perform antiproliferative or tumor-suppressing
functions in PCa.(24,25) Thus, these findings suggest that ERRb
and ERRc may regulate the proliferation of prostatic epithelial
cells.

Interestingly, in the present study, combined analyses of the
expression of two ERRs – ERRa and ERRc – enhanced the
clinical significance of these receptors in PCa as compared with
the analysis of ERRa expression alone (hazard ratio, 5.24; 95%
index, 1.11–25.7; P = 0.0367).(23) We attempted to clarify how
these receptors contribute to the development of PCa. All ERRs
share the characteristic structural features of nuclear receptors,
including a nonconserved amino terminal domain (NTD), a
DNA-binding domain (DBD), and a functional ligand-binding
domain (LBD), which embeds docking sites for nuclear recep-
tor co-regulators.(18) NTD is a site for posttranslational modifi-
cations. The DBD contains two zinc finger domains that
recognize the consensus estrogen-related receptor responsive
element (ERRE), and the LBD possesses a functional ligand-
binding pocket and an AF-2 that interacts with co-activator
PGC-1a and co-repressor receptor-interacting protein (RIP)
140.(18) The functional mechanism of ERRs is complicated.
First, ERRs bind to extended half-sites with consensus
sequence TCAAGGTA, referred to as an ERRE.(14,18) How-
ever, like the ERs, the ERRs recognize the estrogen responsive
element (ERE), which suggests that these receptors may control
overlapping regulatory pathways.(14,18) Second, ERRs have the
potential to interact with co-activators in a ligand-independent
manner.(18) Third, there are more than 200 nuclear receptor co-
activator and co-repressor proteins, such as PPARc, steroid
receptor co-activator (SRC), and RIP140.(18) Thus, it is cur-
rently unknown whether these splice variants that coexist in tis-
sues play specific roles. In this study, we determined the
correlation between the three ERRs. A weak correlation was
found between ERRb and ERRc (index of correlation, 0.225;
P = 0.022), whereas no correlation was found between ERRa
and the other ERRs. Thus, in addition to ERa, ERb, and ERbcx
(splice variant of ERb), the three ERRs studied here may also
participate in regulating the development of PCa.(8,23)Further
investigation is required to identify the entire mechanism that
regulates the progression of PCa.

In addition to radical prostatectomy and radiotherapy,
endocrine therapies play an important role in the treatment of
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PCa. The growth of PCa is androgen dependent; therefore,
androgen-deprivation therapy (ADT) is the standard treatment
for PCa. Most PCs become hormone-refractory after several
years of therapy, which is a serious drawback for treat-
ment.(31) ARs were first evaluated as predictors of response
to hormonal therapy.(32) A recent study has shown that high
levels of both AR mRNA and protein are required for the
progression of PCa to the castration-resistant stage.(33) Dono-
van et al. have recently developed a model to predict both
clinical failure and ADT sensitivity by using data obtained
from 758 patients.(34) These data included the AR levels,
dominant GS at prostatectomy, lymph node involvement, and
the quantitative characteristics obtained by hematoxylin–eosin
staining of the prostate tissue.(34) This model also suggested
that high AR levels predict a PSA-relapse rate after ADT.
Moreover, the results of docetaxel-based chemotherapy, such
as TA327 and SWOG9916, show that chemotherapy is indi-
cated for metastatic androgen-independent PCa (AIPC).(35,36)

On the basis of the currently available data, multiple hor-
monal therapies can be administered to patients before the
initiation of chemotherapy.(37) Although tools such as Partin
tables and Kattan postoperative nomograms are useful for
predicting the prognosis of individual patients,(38,39) few per-
sonalized tools are available for predicting the sensitivity of
therapies (such as ADT, SERMs, radiation therapy, and che-
motherapy) for recurrent PCa with or without metastasis. The
availability of such personalized tools would enable us to
adjust the therapeutic regimens for patients with recurrent
PCa, according to the status of various receptors, including
AR, ERa, ERb, and ERRs.

In conclusion, we have shown the differential expression
of ERRb and ERRc in prostate tissue and their clinical sig-
nificance in human PCa. The combined analysis of ERRa
and ERRc expressions could be a useful prognostic indicator
of PCa.
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