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Abstract

Objectives: To investigate the association of glucocorticoid receptor (GR) expression in 

castration-resistant prostate cancer (CRPC) tissue samples with treatment response to 

androgen receptor (AR)-targeting therapy

Materials and methods: mRNA levels of GR, full-length AR (AR-FL) and AR splice 

variants (AR-V7) were measured in prostate cancer tissue from 52 prospectively enrolled 

CRPC patients. Thirty-eight patients were starting AR-targeting therapy, and 14 patients 

were starting taxane-based chemotherapy. The primary endpoint was prostate-specific 

antigen (PSA) response rate to treatment. Secondary endpoints were PSA progression-free 

survival, radiologic progression-free survival, and overall survival. Patients were divided 

into groups based on high versus low AR-V7/AR-FL ratios, and high versus low GR/AR-FL 

ratios.

Results: AR-V7 mRNA was detected in 45 patients (86.5%), and GR mRNA was detected in 

51 patients (98.1%). In patients with AR-targeting therapy, PSA response rate was higher in 

patients with low AR-V7/AR-FL ratios (77.8% vs. 25.0%, p=0.003) and low GR/AR-FL 

ratios (81.3% vs. 27.3%, p=0.003). Among patients receiving AR-targeting therapy, patients 

with low GR/AR-FL ratios had better 1-year rates of PSA progression-free survival (80.8% 

vs. 17.3%, p=0.003) and radiologic progression-free survival (75.7% vs. 24.4%, p=0.005). 
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However, the 1-year overall survival rate was similar between the two groups (93.8% vs. 

84.8%, p=0.246). The high GR/AR-FL ratio was associated with low PSA response to AR-

targeting therapy in multivariable models (HR 0.142; 95% CI 0.021-0.778; p=0.030).

Conclusion: Increased GR expression as well as increased AR-V7 expression relative to 

full-length AR may be associated with reduced treatment response to AR-targeting therapies.

Although GR expression was not associated with overall survival, GR may play a role as a 

biomarker in patient with CRPC.

Keywords: Glucocorticoid receptor, androgen receptor, treatment outcome, castration-

resistant prostate cancer, biomarkers
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INTRODUCTION

Androgen receptor (AR)-dependent mechanisms are the main pathways for development of 

castration-resistant prostate cancer (CRPC). Specifically, alternative splicing of AR mRNA 

has emerged as an important mechanism in CRPC progression and resistance to the AR-

targeting therapies enzalutamide and abiraterone acetate [1]. Increased expression of AR 

splice variant (AR-Vs) is generally accompanied by elevated expression of full-length AR

(AR-FL) [2] . AR-V7 in particular lacks a ligand-binding domain, but remains 

transcriptionally active [3]. The use of circulating tumor cell (CTC)-based AR-V7 mRNA 

detection [3] demonstrated that the presence of AR-V7 in CTCs is associated with increased 

resistance to AR-targeting therapies, and may be a viable treatment selection marker in 

patients with CRPC [4-9].

AR bypass signaling is another mechanism implicated in resistance to AR-targeting therapy 

[1]. The glucocorticoid receptor (GR) shares structural and functional properties with AR as 

a member of the steroid receptor superfamily of ligand-regulated transcription factors [10]. 

Almost all prostate cancers express AR, but expression of GR is more viable [11]. GR 

expression frequently increases after AR targeting therapy and in CRPC [12]. Importantly, 

GR contributes to development of resistance to AR-targeting therapies by bypassing AR 

blockade in CRPC [12, 13]. However, the clinical significance of GR assessment in patients 
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with CRPC is largely unknown.

In this study, we prospectively assessed AR-FL, AR-V7, and GR mRNA expression using 

biopsy derived tumor tissue from patients with CRPC to investigate the clinical relevance for 

prediction of treatment response.
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MATERIALS AND METHODS

Study population

Between January 2016 and December 2018, 60 men with CRPC starting taxane 

chemotherapy (docetaxel or cabazitaxel) or AR-targeting therapy (enzalutamide or 

abiraterone acetate) were prospectively enrolled. Patients in whom mRNA could not be 

extracted from the biopsy sample (n=2), who had no cancerous lesions in the tissue (n=4), or 

who did not receive treatment after biopsy (n=2) were excluded. In addition, two men with 

benign prostate hyperplasia (BPH) and 6 men with hormone-naïve prostate cancer were 

enrolled for the control group for mRNA analysis. The study protocol was approved by the 

institutional review board of Asan Medical Center (no. 2014-0957).

Study design 

All patients underwent transrectal ultrasonography-guided prostate biopsy after informed 

consent was obtained. Six biopsy cores were sent for pathologic review to confirm the 

presence of cancer cells, and two additional cores from target lesions most likely to be 

cancerous were used in mRNA analysis. The choice of treatment was at the discretion of the 

treating physician, who determined the course of treatment without knowledge of tissue-

based mRNA analysis. Follow-up protocols were developed, in which serum concentrations 

of prostate-specific antigen (PSA) were measured monthly, and abdominopelvic computed 
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tomography (CT) and bone scanning were performed every 3 months. All treatments were 

continued until PSA progression, radiologic progression, or severe treatment-related adverse 

events occurred.

Tumor cell collection

Prostate cancer tissues were obtained from patients who underwent a transrectal 

ultrasonography-guided needle biopsy and were subsequently diagnosed with prostate cancer 

at Asan Medical Center. Frozen prostate cancer tissue was ground to powder from in liquid 

nitrogen using a mortar and pestle. Powder samples were then transferred into microtubes 

containing Trizol® (Thermo Fisher Scientific, Waltham, MA, USA), and RNA was extracted 

according to manufacturer’s instructions.

Real-time quantitative reverse transcription PCR

Total RNA (2µg) was subjected to reverse transcription using a cDNA Synthesis Kit (Toyobo, 

Osaka, Japan), and cDNAs were then subjected to real-time PCR using an ABI 7500 Fast 

sequence detector system (Applied Biosystems, Foster City, CA, USA). The cycler was 

programmed with the following conditions: (a) holding stage at 95℃ for 20 seconds, 

followed by (b) cycling stage with 40 cycles of 95℃ for 3 seconds and subsequently 60℃

for 30 seconds. The subsequent melt curve stage consisted of the following steps: 95℃ for 

15 seconds, melt at 60℃ for 1 minute to 95℃ for 15 seconds with a ramp rate of 1%, and 
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60℃ for 15 seconds. The relative expression was illustrated by dividing AR-FR, AR-V7, and 

GR mRNA CT values with the GAPDH mRNA CT value and multiplying by 100. GAPDH 

was used as the reference gene. Primers were designed as follows: AR forward, 5’-

CAGTGGATGGGCTGAAAAAT-3’; reverse, 5’-AAGCGTCTTGAGCAGGATGT-3’; GR 

forward, 5’-GCGATGGTCTCAGAAACCAAAC-3’; reverse, 5’-

GCAGAGGATAACTTCCTCTGTAATCTC-3’; AR-V7 forward, 5’-

CAGGGATGACTCTGGGAGAA-3’’ reverse, 5’-GCCCTCTAGAGCCCTCATTT-3’; AR-

V12 forward, 5’-GCCATTGAGCCAGGTGTAGT-3’; reverse, 5’-

TGCAGCTCTCTCGCAATAGG-3’; GAPDH forward, 5’-CAATGACCCCTTCATTGACC-

3’; reverse, 5’-GACAAGCTTCCCGTTCTCAG-3’. PCR amplification efficiency and 

linearity for each gene, including target and control genes, were tested.

Western blot analysis

Cells lysates were prepared in lysis buffer [150 mmol/L NaCl, 1% Nonidet P-40, 50 mml/L 

Tris-HCL (pH 7.4), 50 mmol/L NaF, 5 mml/L EDTA, 0.1 mmol/L Na3VO4, and 0.1% SDS] 

containing protease inhibitor (Sigma Aldrich, St Louis, MO, USA). Cell lysates were 

centrifuged at 13,000 x g for 10 minutes, and supernatants were stored at 4℃. Protein 

sample concentration as then measured using a Bradford protein assay (Bio-Rad, Hercules, 

CA, USA). Equal amounts of protein were subjected to sodium dodecyl sulfate (SDS)-
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polyacrylamide gel electrophoresis (PAGE), and transferred to PVDF membrane. 

Membranes were stained with Ponceau red to confirm equal sample loading and transfer. 

After blocking with 5% bovine serum albumin (BSA) for 1 hour at room temperature, 

membranes were incubated with primary antibodies overnight at 4℃ with shaking (100 rpm). 

Membranes were then incubated with peroxidase-conjugated secondary antibodies for 1 hour 

at RT. Immunoreactive bands were visualized on X-ray film using Immobilon Western 

enhanced chemiluminescent (ECL) solution (Millipore Corp., Burlington, MA, USA). 

Analysis of GR, AR-V7, and AR-FL

Because the distributions of GR/AR-FL and AR-V7/AR-FL ratios were both highly skewed 

to the right, log-transformed values of the ratios were used to achieve approximate normality. 

Additionally, dichotomization of the ratios was considered, as the association between ratios 

and outcomes may not necessarily be linear. Specifically, the median ratios of hormone-

naïve patients were used as cutoffs rather than median ratios of the study samples to avoid 

increasing the chance of false positives due to a data-driven approach. For analysis using log 

values, PCR copy number of tissues with undetectable mRNA was calculated as 10-5.

Sample size was determined on the basis of the primary endpoint of PSA response. It was 

hypothesized that the proportion of patients that could be dichotomized according to GR 

expression and PSA response rates would be 25% or less in patients with highly expressed 

GR, and 70% or more in those with slight or absent GR expression. With this assumption, it 
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was calculated that a sample size of 38 patients would give the study 80% power to detect a 

difference of 45% in PSA response rates.

Clinical outcomes

The primary endpoint was PSA response rate. The PSA response was defined as a ≥50% 

decline in serum PSA from baseline lasting more than 4 weeks. The best PSA response was 

defined as the percentage of maximal decrease in serum PSA from baseline [3]. Secondary 

endpoints were PSA progression-free survival, radiologic progression-free survival, and 

overall survival. PSA progression was defined as an increase in serum PSA of 25% or more 

above the nadir (and by ≥2 ng/ml), with confirmation 4 or more weeks later – criteria are 

consistent with Prostate Cancer Clinical Trials Working Group 2 (PCWG2) guidelines [14]. 

Radiologic progression was determined by CT or bone scanning according to PCWG2 

guidelines.

Statistical analysis

Clinical and pathological data were summarized as the frequencies for categorical variables, 

and as means and standard deviations for continuous variables. Correlations between mRNA 

expressions were assessed using Pearson correlation coefficients. PSA response rates 

between groups were assessed using Fisher’s exact tests. Survival outcomes were 

summarized using a Kaplan-Meier plot, and compared with log-rank tests. Factors 
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significantly associated with survival were assessed by multivariable analysis using the Cox 

proportional hazard model. To avoid overfitting due to the limited number of patients and 

events, each multivariable model included only three or four variables. Covariates were 

chosen based on previous studies by Antonarakis et al.[3, 5]. To evaluate the performance of 

the fitted model, the areas under the time-dependent ROC curves were calculated. All 

statistical tests were two-tailed, with a significance level of 0.05. All statistical analyses were 

performed using R version 3.5.1 software (R Foundation for Statistical Computing, Vienna, 

Austria).
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RESULTS

After exclusions, 52 patients with CRPC were included in the analysis, with 38 patients 

starting AR-targeting therapy and 14 patients starting taxane chemotherapy. Patient 

characteristics are summarized in Table 1. The median follow-up duration was 20.5 months. 

Forty patients (76.9%) had not received any prior treatments for CRPC. Enzalutamide, 

abiraterone acetate, docetaxel, and cabazitaxel were administered in 24, 14, 12, and 2 

patients, respectively. 
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Table 1. Baseline patient characteristics

Total number of patients

N=52

Age (years, median) 68.0

ECOG performance status (%)

  0 24 (46.2)

  1-2 28 (53.8)

ADT duration (median, months) 26.0

Prior CRPC treatments (%)

  None 40 (76.9)

  AR-targeting therapy 5 (9.6)

  Chemotherapy 4 (7.7)

  AR-targeting therapy + chemotherapy 3 (5.8)

M stage (%)

  M0 5 (9.6)

  M1a 3 (5.8)

  M1b 43 (82.7)

  M1c 1 (1.9)

Bone metastasis (%)

  None 8 (15.4)

  1-3 19 (36.5)

  >3 25 (48.1)

Baseline laboratory findings

  Prostate-specific antigen (median, ng/ml) 26.5

  Hemoglobin (median, g/dl) 12.2

  Platelet counts (median) 209,500

  Albumin (median, g/dl) 3.9

  Alkaline phosphatase (median, U/L) 98.5

  Lactate dehydrogenase (median, U/L) 191.5
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Transcript levels of AR-FL, AR-V7, and GR mRNA in tumor tissue from patients with 

CRPC

The relative mRNA expression of AR-FL, AR-V7, and GR in each patent is shown in 

Supplementary Fig. 1. AR-V7 mRNA was detected in 45 patients (86.5%), and GR mRNA 

was detected in 51 patients (98.1%). mRNA expression of AR-FL, AR-V7, and GR in CRPC 

tissues was compared with that in BPH tissues and hormone-naïve cancer tissues. Western 

blot analysis revealed that protein levels of AR-FL, AR-V7, and GR proteins were consistent 

with mRNA expression (Supplementary Fig. 2).

The median ratio of AR-V7/AR-FL was 0.9% (IQR, 2.1-16.7%) in hormone-naïve cancers 

and 1.2% (IQR, 0.2-3.6%) in CRPC. The median ratio of GR/AR-FL was 35.6% (IQR, 12.5-

128.9%) in hormone-naïve cancers and 21.8% (IQR, 2.3-72.3%) in CRPC. AR-V7 mRNA 

expression was not significantly correlated with AR-FL mRNA expression (r=-0.061, 

p=0.693) or GR mRNA expression (r=-0.047, p=0.758). In addition, GR mRNA expression 

was not significantly correlated with AR-FL mRNA expression (r=-0003, p=0.983) or AR-

V7 mRNA expression (r=-0.047, p=0.758). 
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PSA response

Overall, PSA response rate was 52.0% for all treatments (27 of 52 patients). According to 

treatment, PSA response rate was 50.0% in enzalutamide- or abiraterone acetate-treated 

patients (19 of 38), and 57.1% in taxane-treated patients (8 of 14). In patients receiving AR-

targeting therapy, PSA response rate was higher in patients with low AR-V7/AR-FL ratios 

than in patients with high AR-V7/AR-FL ratios (77.8% vs. 25.0%, p=0.003; Table2). 

Similarly, PSA response rate was higher in patients with low GR/AR-FL ratios than in 

patients with high GR/AR-FL ratios (81.3% vs. 27.3%, p=0.003). These results were similar 

between enzalutamide and abiraterone acetate (Supplementary Table1). In patients with low 

ratios of both GR/AR-FL and AR-V7/AR-FL, PSA response rate was 91.7% (11/12), while 

PSA response rate was 18.8% (3/16) in patients with high GR/AR-FL and AR-V7/AR-FL 

ratios. ROC analysis showed that the area under the curve was 0.770 for AR-V7/AR-FL 

ratios, and 0.773 for GR/AR-FL ratios (Fig. 1). The best PSA response in patients treated 

with AR-targeting agents according to AR-V7/AR-FL and GR/AR-FL ratios are shown in 

Fig. 2. In logistic regression models (Supplementary Table2), a high GR/AR-FL ratio 

independently predicted PSA response [hazard ratio (HR), 0.142; 95% confidence interval 

(CI), 0.021-0.778; p=0.030], as did a high AR-V7/AR-FL ratio (HR, 0.167; 95% CI, 0.028-

0.862; p=0.036). 

In patients that received taxane chemotherapy (n=14), PSA response rate was not 

significantly different with AR-V7/AR-FL ratio [low vs. high: 60.0% (3/5) vs. 55.6% (5/9), 
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p=1.000] or GR/AR-FL ratio [low vs. high: 45.5% (5/11) vs. 100% (3/3), p=0.209]. The best 

PSA response in patients treated with taxane chemotherapy according to AR-V7/AR-FL and 

GR/AR-FL ratios is shown in Supplementary Fig. 3. 
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Table 2. PSA response rates in patients treated with AR-targeting agents according to AR-

V7/AR-FL and GR/AR-FL ratios.

GR/AR-FL

Low High Total

AR-V7/AR-FL

Low
91.7% 50.0% 77.8%

(11/12) (3/6) (14/18)

High
50.0% 18.8% 25.0%

(2/4) (3/16) (5/20)

Total
81.3% 27.3%

(13/16) (6/22)
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Figure 1. ROC curves of PSA response rate according to AR-V7/AR-FL and GR/AR-FL 

ratios
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Figure 2. The best PSA responses in patients treated with AR-targeting agents according to 

AR-V7/AR-FL and GR/AR-FL ratios
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Supplementary Table 1. PSA responses in patients treated with enzalutamide or abiraterone 

acetate

PSA response (%)

Treatment High AR-V7/AR-

FL

Low AR-V7/AR-

FL

High GR/AR-

FL

Low GR/AR-

FL

Enzalutamide 5/16 (31.3) 6/8 (75) 5/15 (33.3) 6/9 (66.7)

Abiraterone 0/4 (0.0) 8/10 (80.0) 1/7 (14.3) 7/7 (100)
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Survival outcomes

Among patients treated with AR-targeting therapy, patients with low AR-V7/AR-FL ratios 

had better 1-year rates of PSA progression-free survival (74.0% vs. 20.1%, p=0.004; Fig 3A) 

and radiologic progression-free survival (78.7% vs. 20.0%, p<0.001; Fig 3B) than patients 

with high AR-V7/AR-FL ratios. The 1-year overall survival rate was similar between groups 

(94.4% vs. 82.5%, p=0.272; Fig 3C).

Similarly, patients with low GR/AR-FL ratios had better 1-year rates of PSA progression-free 

survival (80.8% vs. 17.3%, p<0.001; Fig. 4A) and radiologic progression-free survival 

(75.7% vs. 24.4%, p=0.006; Fig. 4B) than patients with high GR/AR-FL ratios. The 1-year 

overall survival rate was similar between groups (93.8% vs. 84.8%, p=0.370; Fig 4C). 

Kaplan-Meier survival analyses revealed that the 1 year rate of PSA progression-free 

survival, radiologic progression-free survival, and overall survival did not differ with AR-

V7/AR-FL, or GR/AR-FL ratio in patients treated with taxane chemotherapy (all log-rank 

p>0.1).
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Figure 3. Survival outcomes according to AR-V7/AR-FL ratios

(A) PSA progression free survival

(B) Radiologic progression free survival

(C) Overall survival
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Figure 4. Survival outcomes according to GR/AR-FL ratios

(A) PSA progression free survival

(B) Radiologic progression free survival

(C) Overall survival
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DISCUSSION

New therapeutic agents have improved survival in CRPC patients. However, a substantial 

number of patients do not benefit from first-line or second-line treatments. Additionally, the 

mechanisms of cross-resistance between therapies and optional treatment sequencing are not 

fully understood [15]. These challenges highlight the importance of biomarkers to predict 

treatment response. 

Since the landmark study by Antonarakis et al. [3], several studies have investigated clinical 

implications of AR-FL and AR splice variant expression in CRPC. Most studies reported that 

CTC-based detection of AR-V7 predicts nonresponse to AR-targeting therapies in patients 

with CRPC [4, 6, 7, 9]. Most importantly, AR-V7 detection in CTCs from CRPC patients 

correlates with superior survival in response to taxane chemotherapy relative to AR-targeting

therapy, suggesting that CTC AR-V7 can be used as a treatment selection marker [5, 6, 9]. 

However, some reports argue that AR-V7 status in CTCs cannot fully predict nonresponse to 

AR-targeting therapies [16, 17]. Furthermore, in CRPC patient treated with cytotoxic 

chemotherapy, AR-V7 expression was not associated with clinical outcomes [5, 8]. Therefore, 

additional biomarkers to predict treatment response are needed.

In the present study, we again confirmed that increased AR-V7 expression is associated with 
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resistance to AR-targeting agents. Patients with high AR-V7/AR-FL ratios had poor PSA 

response and survival outcomes with enzalutamide and abiraterone acetate, supporting 

previous reports [3, 5, 7]. We analyzed outcomes based on tumor AR-V7/AR-FL ratios 

instead of AR-V7 detections in CTCs, as in prior studies. We observed that AR-V7 mRNA 

was detected in 86.5% of CRPC tissue biopsies, which is higher than the 18-46% detection

in previous CTC-based studies [3, 5, 7]. Even in recent study using highly sensitive assay, 

the detection rate of AR-V7 was only 56% [18]. Considering that AR-V7 detection rates 

depend on the utilized method as well as prior treatment with AR targeting therapy [18], 

tissue based detection rate of AR-V7 was higher than that of CTC-based studies. Conversely, 

the median ratio of AR-V7/AR-FL mRNA was 1.2%, which is markedly lower than that in 

CTC-based studies. These disparate results may be due to differences in detection methods 

between studies. Most studies evaluating the relevance of AR-V7 in CRPC are based on 

CTC-positive blood samples [3-9, 16], with various target specimens and detection methods 

for AR-V7 [2, 19-24]. CTCs are thought to represent cells or cellular material derived from 

metastatic tumors [15]. However, many patients with CRPC do not have detectable blood 

CTCs, and failure to detect CTCs is not indicative of AR-V7 negative disease [25].

AR-FL and AR are generally co-expressed, and the clinical significance of relative 

expression ratios has been investigated. The AR-V7/AR-FL ratio varies significantly 

between detection methods and target specimens. The median ratio of AR-V7/AR-FL was 
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above 20% in most CTC-based studies [3, 5, 7], but was below 5% in some tissue-based 

analyses [19, 23], consistent with our findings. In this study, we used the median AR-

V7/AR-FL and GR/AR-FL ratios of patients with hormone-naïve cancer as cutoff values for 

subgroup analysis in the study sample. We used ratios of patients with hormone-naïve cancer 

as cutoff values rather than ratios of the study sample to avoid false positives due to a data-

driven approach. However, when the cutoffs were determined according to median value of 

CRPC tissues, the results were similar (Supplementary Fig.S4).

We focused on GR expression in patients with CRPC in the present study, Glucocorticoids 

have long been taken into account for management of patients with CRPC [26]. Several 

studies investigated the role of GR-regulated escape mechanisms in AR pathway resistance 

in CRPC [11-13, 27]. Arora et al. found that GR upregulation was associated with acquired 

resistance to AR signaling inhibitors [13]. The same study found that relatively low levels of 

endogenous GR were sufficient to confer resistance to androgen-targeting agents in CRPC 

cells. In addition, mRNA analysis of AR and GR revealed highly overlapping transcriptome 

and cistrome profiles between the two receptors [11, 13].

GR-mediated bypass may occur in early stage of CRPC development [1]. GR is elevated in 

docetaxel-resistant cell lines and bone metastases of prostate cancer patients after 

enzalutamide therapy [27]. Abiraterone acetate, a potent androgen synthesis inhibitor, may 
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be not directly associated with GR signaling. However, previous studies reported that a 

significant amount of adrenal androgen precursors such as dehydroepiandrosterone-sulfate, 

persists after abiraterone acetate treatment and thus may lead to intratumoral biosynthesis of 

dihydrotestosterone (DHT) [28, 29]. We previously reported that DHT enhances cell 

proliferation through signal transducer and activator of transcription 5 (STAT5) activation 

via GR pathways in CRPC cells regardless of the presence of AR [30]. In our recent report, 

GR transcript levels increased as the stage, including hormone-naïve, hormone –sensitive, 

metastatic prostate cancer, and CRPC [31]. Based on these findings, we hypothesized that 

increased GR expression relative to AR may be associated with reduced treatment response 

to enzalutamide and abiraterone acetate. We observed that PSA response was poorer in 

patients with high GR ratios relative to patients with low GR ratios. In addition, higher GR 

ratio was also associated with decreased PSA progression-free and radiologic progression-

free survival. Further, GR assessment may be more useful for predicting treatment response 

when combined with AR-V7 assessment. Our results suggest that increased GR expression 

relative to AR-FL may be associated with poor response to AR-targeting agents in CRPC, 

and that GR expression may be a potential biomarker to predict response to AR-targeting 

agents, either alone or in combination with AR-V7 expression. However, in previous study, 

effect of GR in CRPC using GR antagonist (mifepristone) had limited activity [32]. This 

may be due to the fact that mifepristone can increase adrenal androgen by modulating AR 

signaling weakly. Therefore, trials are ongoing to develop selective GR modulators that 
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specifically antagonize GR activity in CRPC, and provide clinical benefit by blocking the 

GR mechanism for tumor growth [33]. 

To our knowledge, the follow-up period is short, but this is the first prospective study about 

the effect of GR expression to the treatment response in patients with CRPC. Our findings 

also support the use of GR antagonist for CRPC [34, 35]. Several studies reported that 

knockdown and pharmacologic inhibition of GR reduced proliferation of prostate cancer 

cells [27, 30]. Although GR inhibition may be ineffective and potentially harmful [26, 32],

an ongoing clinical trials are evaluating effects of the GR antagonist in patients with CRPC 

in combination therapy with enzalutamide (NCT02012296, NCT03437941). The result of 

these trials may determine the clinical efficacy of GR inhibition in patients with CRPC. 

The present study has several limitations. Frist, the patient cohort was small, and the absence 

of an independent validation set precluded drawing definitive conclusions from this 

prospective study. Moreover, the number of patients that received taxane chemotherapy was 

too small to examine the association of AR and GR expression with taxane sensitivity. 

Second, biopsy specimens may not represent the overall tumor burden due to potential tumor 

heterogeneity. Moreover, cancer cells were not observed in biopsy specimens from four 

patients (6.7%), who were excluded from analysis. In contexts where a CTC-based study is 

not possible, tissue-based analysis through prostate biopsy would be a viable strategy for 

assessment of molecular biomarkers in selected patients. Prostate biopsy is a procedure 
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familiar to urologists, and biopsy-related complications, which occurred in 3.4% of patients 

in this study, are rare. The tissue biopsy approach also has the advantage of a higher 

detection rate for AR-V 7 mRNA compared with CTC-based studies, and therefore enables 

more accurate quantification. However, this strategy might not be suitable for clinical 

practice settings, as target lesions for biopsy are not always present, and prostate needle 

biopsy is an invasive procedure. Therefore, future studies should be performed with non-

invasive methods using sampling approaches such as CTCs or cell-free nucleic acids from 

blood or urine.
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Supplementary Figure 4. Outcomes in patients with AR-targeting therapy when cutoff points 

of AR-V7/AR-FL and GR/AR-FL were determined according to median values of CRPC in 

the study sample.

(A) Best PSA responses.

(B) PSA progression-free survival according to AR-V7/AR-FL

(C) PSA progression-free survival according to GR/AR-FL
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CONCLUSIONS

Increased GR expression as well as AR-V7 expression relative to full-length AR may be 

associated with reduced treatment response to AR-targeting therapies. Although GR 

expression was not associated with overall survival, GR may play a role as a biomarker in 

patient with CRPC.
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KOREAN ABSTRACT

연구 목적: 당질코르티코이드 수용체 (glucocorticoid receptor, GR) 는거세저항전립선

암 환자에서 안드로젠 수용체를 우회함으로써 안드로젠 표적치료의 저항을

증가시키는 것으로 알려져 있으나 아직 임상적 중요성에 대해서는 알려진 것이 적다. 

이 연구는 거세저항 전립선 암 환자에서 당질 코르티코이드 수용체 mRNA 발현에

따른 안드로젠 수용체 표적치료의효과에대하여알아보기 위함이다.

방법: 2016 년 1 월부터 2018 년 12 월까지 52 명의 거세 저항 전립선 암 환자에서

전립선 조직검사를 시행하여 당질 코르티코이드 수용체, 총 안드로젠 수용체

(androgen receptor full-length, AR-FL), 안드로젠 수용 단백질 변이체 (angroden, receptor 

variant, AR-V7) 에서 mRNA 레벨을 측졍한다. 38 명에서는 안드로젠 수용체 표적치료

(엔잘루타마이드, 아비라테론), 14 명에서는탁센항암 치료 (도세탁셀, 카바지탁셀) 를

각각 시행한다. 환자를 AR-V7/AR-FL, GR/AR-FL 의 비율에 따라 두 그룹으로 나눈 뒤

(high vs. low) 1 차 평가변수인 치료에 따른 전립선 특이항원의 반응을 측정하고, 2 차

평가 변수인 전립선 특이항원 무진행 생존률, 영상학적 무진행 생존률, 전체 생존률을

측정한다.

결과:  AR-V7 mRNA 는 45 명(86.5%), GR mRNA 는 51 명(98.1%) 에서 각각

측정되었다. 안드로젠 수용체 표적 치료를 받은 환자들 중 낮은 AR-V7/AR-FL 비율, 

낮은 GR/AR-FL 비율을 갖는 환자에서 높은 전립선 특이항원 반응률을 나타냈다. 

(77.8% vs. 25.5%, p=0.003), (81.3% vs. 27.3%, p=0.003). 안드로젠 수용체 표적 치료를

받은 환자들 중낮은 GR/AR-FL 비율을 갖는 환자에서 높은 비율의환자와 비교하였을

때 뛰어난 1 년 전립선 특이항원 무진행 생존률 (80.8% vs. 17.3%, p<0.001), 1 년

영상학적 무진행 생존률 (75.7% vs. 24.4%, p=0.006) 을 나타냈다. 하지만 1 년 전체

생존률은 두 그룹에서 차이를 보이지 않았다 (93.8% vs. 84.8%, p=0.370). 다변량

분석에서도 높은 GR/AR-FL 비율은 안드로젠 수용체 표적치료에 대한 낮은 전립선

특이항원 반응을 나타냈다 (HR 0.142; 95% CI 0.021-0.778; p=0.030).

결론: 거세 저항 전립선 암 환자에서 AR-V7 의 발현의 증가와 GR 의 발현의 증가는
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안드로젠 수용체 표적치료의 효과의 감소와 관련이 있었다. GR 발현이 전체

생존률에는 영향을 미치지 못하였더라도 GR 은 거세저항 전립선 암 환자에서

바이오마커로서의역할을하는것으로판단된다.

중심단어: 당질코르티코이드 수용체, 안드로젠 수용체, 치료 결과, 거세 저항 전립선

암, 바이오마커
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