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Abstract
Genetic polymorphism in YB-1 was previously shown to be associated with the prognosis of advanced prostate cancer
patients treated with primary androgen-deprivation therapy. However, the significance of this polymorphism remains
invalidated. In this study, we aimed to validate the prognostic significance of the YB-1 genetic polymorphism in metastatic
prostate cancer. This study included 79 Japanese patients who were diagnosed as metastatic prostate cancer between 2000
and 2016. Genomic DNA was obtained from patient whole blood samples, and genotyping on YB-1 (rs12030724) was
performed by PCR-based technique. The association of genotype in YB-1 with clinicopathological parameters and
oncological outcome, including progression-free survival and overall survival, was examined. Homozygous wild-type
(AA), heterozygous variant (AT), and homozygous variant (TT) were identified in 47 (59.5%), 26 (32.9%) and 6 patients
(7.6%), respectively. Heterozygous/homozygous variant (AT/TT) in YB-1 was significantly associated with lower
progression risk compared with homozygous wild-type (AA) (hazard ratio= 0.52; 95% confidence interval= 0.30–0.88,
P= 0.015). Consistent with this finding, heterozygous/homozygous variant (AT/TT) in YB-1 was significantly associated
with lower risk of any-cause mortality compared with homozygous wild-type (AA) (hazard ratio= 0.46; 95% confidence
interval= 0.21–0.93, P= 0.031). Gene polymorphism in YB-1 rs12030724 was validated to be a promising predictive
biomarker of androgen-deprivation therapy in metastatic prostate cancer to identify patients requiring more intensive
therapeutics.

Introduction

Androgen-deprivation therapy (ADT) is the backbone
therapy for recurrent or advanced prostate cancer. How-
ever, most cases relapse in a castration-resistant fashion
during ADT and become lethal [1]. Several genetic poly-
morphisms have been found to be associated with the
efficacy of ADT and prognosis of ADT-treated prostate
cancer patients [2].

The Y-box binding protein-1 (YB-1) plays pleiotropic
roles such as in RNA splicing to modulate the expression
of its target genes [3, 4]. We recently reported that YB-1 is
a critical regulator of androgen receptor (AR) variants,
which are involved in resistance to hormone therapy,
including ADT, and AR-axis targeting (ARAT) agents,
such as abiraterone and enzalutamide [5]. Consistent with
these findings, YB-1 has also been shown to be a critical
factor affecting the therapeutic efficacy of hormone ther-
apy for prostate cancer [6–9]. In addition, a single
nucleotide polymorphism (SNP) in YB-1 (rs12030724)
was associated with the prognosis of patients with
advanced prostate cancer treated with primary ADT [5].
This polymorphism is in the intron of the YB-1 gene and
may affect gene expression of YB-1 through intron-
mediated enhancement of gene expression. Thus far, a
validation study on the prognostic significance of the SNP
in YB-1 in prostate cancer has not been reported. In this
study, we investigated the prognostic significance of the
SNP in YB-1 in a distinct cohort of metastatic prostate
cancer patients.
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Methods

Patients

Seventy-nine male patients with metastatic prostate cancer
diagnosed at Akita University Hospital (Akita, Japan)
between 2000 and 2016 were included. Prostate biopsy was
performed for pathological diagnosis in all patients, and the
presence of distant metastasis was evaluated by radiography,
computed tomography scan, and bone scintigraphy. Patients
who were diagnosed with pathological diagnosis other than
adenocarcinoma were excluded. All patients underwent
primary hormone therapy by surgical castration or luteiniz-
ing hormone-releasing hormone analogs with or without
antiandrogens while neither up-front docetaxel nor ARAT
agents was utilized. Progression was defined as an increase
in prostate-specific antigen (PSA) levels of >2 ng/mL with a
25% increase over the nadir or radiographic progression,
which was defined as the appearance of two new lesions or
the progression of one or more known lesions (as classified
by the Response Evaluation Criteria in Solid Tumors)
according to the criteria by Prostate Cancer Working Group
2 [10]. In the analyses of progression-free survival (PFS) and
overall survival (OS), progression and any-cause mortality
were defined as an event, respectively. Patients without
events were censored at the last follow-up visit.

We obtained written informed consent from all patients.
This study was approved by the institutional review board,
and performed in accordance with the principles in the
Declaration of Helsinki and the Ethical Guidelines for Epi-
demiological Research enacted by the Japanese Government.

Polymorphism genotyping

We extracted genomic DNA from the whole blood of patients
and stored them at −80 °C until analysis. As described

previously, genotyping of rs12030724 in YB-1 was performed
on a CFX Connect Real-Time System with predesigned
Taqman SNP Genotyping Assays (C_30860318_10, Life
Technologies, Carlsbad, CA, USA) according to the manu-
facturer’s protocol [5].

Statistical analysis

JMP13 software (SAS Institute, Cary, NC, USA) was uti-
lized for all statistical analyses. Categorical and continuous
data were analyzed by Pearson’s chi square and Wilcoxon
rank sum tests, respectively. Survival analyses were per-
formed by the Kaplan–Meier method and the log-rank test.
The Cox hazard proportional model was used for univariate
and multivariate analyses to estimate hazard ratios (HRs).
All P values are two-sided. P values < 0.05 were defined as
significant.

Results

The clinical and pathological characteristics of the 79
Japanese patients with metastatic prostate cancer are shown
in Table 1. Genotyping revealed that the homozygous wild-
type (AA), heterozygous variant (AT), and homozygous
variant (TT) were detected in 47 (59.5%), 26 (32.9%), and 6
patients (7.6%), respectively. No statistical difference was
observed among patient backgrounds between patients who
were homozygous wild-type (AA) or heterozygous/homo-
zygous variant (AT/TT) (Table 1).

Subsequently, the prognostic impact of the genetic
polymorphism in YB-1 on PFS and OS was examined.
During a median follow-up of 2.5 years (interquartile range;
1.1–5.1), progression and any-cause mortality occurred in
58 (73.4%) and 35 patients (44.3%), respectively. Hetero-
zygous variant (AT) in YB-1 was significantly associated

Table 1 Clinicopathological
characteristics according to YB-1
genetic polymorphism in
metastatic prostate cancer
patients.

YB-1 (rs12030724)

Variables All (n= 79) AA (n= 47) AT/TT (n= 32) P value

Median age, years (IQR) 72 (64–76) 72 (63–76) 72 (64–78) 0.95

ECOG PS, n (%)

0 71 (89.9%) 41 (87.2%) 30 (93.8%)

≥1 8 (10.1%) 6 (12.8%) 2 (6.3%) 0.33

Median PSA at diagnosis,
ng/ml (IQR)

267.0 (51.5–845.0) 322.0 (87.0–1410.0) 160.4 (48.0–607.2) 0.21

Biopsy Gleason score, n (%)

<8 5 (6.3%) 5 (10.6%) 0 (0.0%)

8 17 (21.5%) 9 (19.1%) 8 (25.0%)

>8 57 (72.2%) 33 (70.2%) 24 (75.0%) 0.062

IQR interquartile range, PSA prostate-specific antigen, ECOG Eastern Cooperative Oncology Group,
PS performance status.
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with lower progression risk compared with homozygous
wild-type (AA) (HR= 0.54; 95% confidence interval [CI]
= 0.30–0.94, P= 0.028) (Table 2). In the dominant model,
the heterozygous/homozygous variant (AT/TT) in YB-1 was
significantly associated with lower progression risk com-
pared with the homozygous wild-type (AA) (HR= 0.52;
95% CI= 0.30–0.88, P= 0.015) (Table 2). Better PFS
among men carrying the heterozygous/homozygous variant
(AT/TT) was indicated by Kaplan–Meier curve (Fig. 1a). In
the recessive model, there was no significant difference
between homozygous/heterozygous wild-type (AA/AT) and
homozygous variant (TT) (HR= 0.54; 95% CI=
0.13–1.47, P= 0.26) (Table 2).

In terms of OS, the heterozygous variant (AT) in YB-1
was significantly associated with lower risk of any-cause
mortality compared with homozygous wild-type (AA)
(HR= 0.41; 95% CI= 0.18–0.87, P= 0.020) (Table 2). In
the dominant model, the heterozygous/homozygous variant
(AT/TT) in YB-1 was significantly associated with lower
risk of any-cause mortality compared with homozygous
wild-type (AA) (HR= 0.46; 95% CI= 0.21–0.93, P=
0.031) (Table 2). Better OS among men carrying the het-
erozygous/homozygous variant (AT/TT) was shown by
Kaplan–Meier curve (Fig. 1b). In the recessive model, there
was no significant difference between homozygous/hetero-
zygous wild-type (AA/AT) and homozygous variant (TT)
(HR= 1.21; 95% CI= 0.19–4.08, P= 0.81) (Table 2).

On multivariate analyses incorporating age, Eastern
Cooperative Oncology Group performance status, PSA at
diagnosis, and biopsy Gleason score as well as the dominant
model in YB-1 genotype as parameters, the heterozygous/
homozygous variant (AT/TT) in YB-1 was still significantly
associated with lower progression risk (HR= 0.54; 95% CI
= 0.30–0.95, P= 0.034), and lower risk of any-cause
mortality (HR= 0.45; 95% CI= 0.20–0.95, P= 0.035)
compared with homozygous wild-type (AA).

Discussion

As we previously reported, the SNP rs12030724 in YB-1
was associated with prognosis in advanced prostate cancer

Table 2 Risks of progression
and any-cause mortality
according to YB-1
polymorphism.

Progression-free survival Overall survival

Gene n HR 95% CI P value HR 95% CI P value

YB-1 (rs12030724)

AA 47 Ref Ref

AT 26 0.54 0.30–0.94 0.028a 0.41 0.18–0.87 0.020a

TT 6 0.41 0.099–1.15 0.098 0.93 0.15–3.19 0.92

Dominant model

AA 47 Ref Ref

AT/TT 32 0.52 0.30–0.88 0.015a 0.46 0.21–0.93 0.031a

Recessive model

AA/AT 73 Ref Ref

TT 6 0.54 0.13–1.47 0.26 1.21 0.19–4.08 0.81

HR hazard ratio, CI confidence interval.
aStatistically significant.

Fig. 1 Gene polymorphism in YB-1 rs12030724 correlates with
prognosis in metastatic prostate cancer patients. a, b Progression-
free survival rate (a) and overall survival rate (b) stratified by gene
polymorphism in YB-1 rs12030724.
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patients treated with primary ADT [5]. Here we conducted a
validation study in a distinct cohort that comprises Japanese
male patients with metastatic prostate cancer. Our results
demonstrated that the SNP rs12030724 in YB-1 was
reproducibly associated with prognosis in metastatic pros-
tate cancer. These results indicate that the gene poly-
morphism YB-1 rs12030724 may be a promising prognostic
factor in primary ADT for advanced prostate cancer.

In terms of molecular biology, YB-1 was shown to pro-
mote therapeutic resistance to hormonal therapy including
ADT through augmenting AR signaling [5, 7]. Since higher
YB-1 protein expression in prostate cancer tissues among
patients with homozygous wild-type (AA) in YB-1 gene
was reported, AA genotype seem to be associated with
poor response to hormonal therapy via augmented
YB-1/AR axis.

Up-front docetaxel as well as up-front abiraterone ther-
apy has been established as standard therapy for metastatic
hormone-sensitive prostate cancer [11]. In addition, a pro-
mise of local therapy and up-front therapy using novel
ARAT agents for metastatic diseases has emerged [12].
Thus, the therapeutic landscape for metastatic hormone-
sensitive prostate cancer has been changing, and multiple
therapeutic options are available. Therefore, the identifica-
tion of biomarkers that are useful for the selection of
appropriate therapy is required, although disease volume
and disease risk used in CHAARTED and LATITUDE
trials would also serve as criteria for therapeutic selection
[13–15]. Based on the obtained results, men carrying
homozygous wild-type who show poor prognosis when
treated with conventional primary ADT may receive benefit
from treatment with more intensive treatment utilizing
radiotherapy, docetaxel or novel ARAT agents. Therefore,
the significance of the SNP (rs12030724) in YB-1 in the
efficacy of therapy using radiotherapy, docetaxel or novel
ARAT agents for advanced prostate cancer should be
investigated in future studies.

This study had several limitations including relatively
small sample size and its retrospective design. In addition,
the patient group was limited to a Japanese population, and
thus further investigations in other populations are required.

In conclusion, our study validated the gene polymorph-
ism in YB-1 rs12030724 as a promising prognostic marker
in advanced prostate cancer to identify patients requiring
more intensive therapeutics for better outcome.
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