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Abstract. The aim of the present study was to investigate 
the overexpression and significance of ribosomal L1 domain 
containing 1 (RSL1D1) in prostate cancer (PCA). The present 
study performed immunohistochemical analysis on the 
tissues of 138 patients with pathologically confirmed PCA. 
The patients were followed up for a median of 87 months. In 
addition, 50 patients with benign prostatic hyperplasia (BPH) 
were enrolled in the present study as a control group. Of the 
138 PCA tissue samples, 124 (89.9%) expressed RSL1D1, 
while 4 out of the 50 (8.0%) BPH tissues expressed RSL1D1. 
The present study defined a high RSL1D1 expression level as 
the relative gene expression that was equal to or higher than 
the median, and low expression as the gene expression lower 
than the median. The pathological stage of patients with PCA 
(≥pT3a vs. pT2c) and the Gleason scores of patients (≥7 vs. <7) 
were associated with RSL1D1 expression (χ2=4.809 and 14.703; 
P=0.028 and P<0.0001, respectively) and a high expression 
of RSL1D1 (χ2=10.294 and 17.520; P=0.001 and P<0.0001, 
respectively). Kaplan‑Meier curve analysis demonstrated that 
the biochemical recurrence (BCR)‑free survival rate of the 
patients was increased in patients without RSL1D1 expression 
(P=0.0046), in those with low RSL1D1 expression (P<0.0001) 
and in those without RSL1D1 expression in the mesenchyme 
(P=0.006) compared with those patients with no expression, 
low expression and no mesenchymal expression, respectively. 
A high expression level of RSL1D1 was demonstrated to be 
an independent prognostic factor of BCR in patients with 
PCA using Cox regression analysis. Overall, the present study 
demonstrated that RSL1D1 expression was associated with 

PCA, and that it may aid in the improvement of diagnosis, 
prognosis and risk stratification of patients with PCA.

Introduction

Prostate cancer (PCA) is one of the most common forms 
of malignancy in men >50 years of age, and there are 
>200,000 newly diagnosed cases worldwide per year (1). 
Several clinicopathological variables, including pros-
tate‑specific antigen (PSA) level, Gleason score (GS) and 
clinical stage of PCA have contributed to treatment deci-
sion‑making prior to the administration of an intervention. 
However, prescribing an appropriate treatment for men with 
newly diagnosed PCA remains controversial, since there are 
no precise molecular biomarkers that are associated with the 
biological characteristics of the tumors (2). The identification 
of a biomarker that may be used in clinical practice is therefore 
required to provide accurate prognostic information.

Ribosomal L1 domain containing 1 (RSL1D1; gene 
no., 26156), also termed PBK1, L12 and CSIG, is a nucleolar 
protein that belongs to the L1p/L10e family, and contains a 
ribosomal L1 domain in the N‑terminus and a lysine‑rich 
domain in the C‑terminus (3). RSL1D1 has been demonstrated 
to delay cellular senescence through the inhibition of the 
translation of phosphatase and tensin homolog protein (3). In 
addition, it is a novel proapoptotic regulator that is activated 
in response to DNA damage (4). One of the most significant 
risk factors associated with PCA is aging, a process which 
represents an attenuation of antitumorigenic signals (5), such 
as those in cellular aging (6‑9). It is currently widely accepted 
that cellular aging is critical in tumor suppression and has been 
associated with the presence of benign prostate lesions (10‑12). 
However, to the best of our knowledge, there are no studies 
concerning RSL1D1 expression in prostatic tumor tissues and 
its association with the clinicopathological features of patients 
with PCA. Therefore, the current study investigated whether 
prostate tumors may be distinguished from benign prostatic 
hyperplasia (BPH) using cellular processes associated with 
aging and senescence, and whether RSL1D1 may be used as 
a novel biomarker for the diagnosis or risk stratification of 
patients with PCA.
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Materials and methods

Patient characteristics and tissue samples. For the present 
study, tumor samples were obtained from 138 patients with 
prostatic adenocarcinoma, who underwent a radical prosta-
tectomy at the Guangxi Medical University (Nanning, China) 
between October 2004 and July 2008. No patients received 
adjuvant androgen deprivation therapy prior to surgery. 
In addition to the PCA samples, the present study obtained 
50 corresponding tissue samples, via transurethral resection 
performed at the same hospital, from patients with BPH to 
serve as controls. The mean age of the patients with PCA 
at the time of diagnosis was 68.3 years (range, 51‑85 years), 
and the mean pre‑operative PSA level was 18.92 ng/ml 
(range, 2.14‑121.50 ng/ml). The mean age of the 50 patients 
diagnosed with BPH was 68.8 years, (range, 52‑89 years) and 
the mean PSA was 6.05 ng/ml (range, 0.3‑14.4 ng/ml). All 
patients with PCA were followed‑up after radical surgery. 
Biochemical recurrence (BCR) was defined as PSA levels >0.2 
ng/ml occurring two or more times.

The use of tissues was approved by the Institutional 
Review Board of the Guangxi Medical University and written 
informed consent was obtained from all patients.

Histological staining and immunohistochemical analysis. 
Paraffin‑embedded, 4‑mm thick tissue sections from all 
the obtained samples were stained with hematoxylin and 
eosin for histological analysis. RSL1D1 was detected 
using a goat anti‑human RSL1D1 polyclonal antibody 
(catalog no., BS‑0793R; dilution, 1:200; Bioss Inc., Woburn, 
MA, USA). The antibody was diluted according to the manu-
facturer's recommendations.

All the tissue sections were de‑waxed, rehydrated and incu-
bated in 3% hydrogen peroxide for 10 min at room temperature 
to halt endogenous peroxidase activity, prior to subsequent 
incubation overnight with the RSL1D1 antibody at 4˚C in 
phosphate‑buffered saline (PBS; ZSGB‑BIO, Beijing, China) 
containing 1% bovine serum albumin (ZSGB‑BIO). RSL1D1 
staining was detected using an EnVision kit (EnVision™+HRP; 
Dako, Glostrup, Denmark). The nuclei were counterstained with 
4',6'‑diamidino‑2‑phenylindole dilactate (ZSGB‑BIO), and 
0.3% hydrogen peroxide (ZSGB‑BIO) in PBS was used as the 
chromogen. Following staining, the tissue sections were coun-
terstained using hematoxylin (ZSGB‑BIO), and subsequently 
dehydrated using ethanol and xylene. Permount (ZSGB‑BIO) 
was then applied to the coverslips. Rat anti‑human polyclonal 
immunoglobulin G (catalog no., CB3560554; dilution, 1:200; 
Biomeda Corporation, Foster City, CA, USA) was used as the 
primary antibody in the negative controls.

Histological analysis was performed by two pathologists 
(Department of Urology, Sixth Affiliated Hospital of Sun 
Yat‑sen University; Department of Nuclear Medicine, Third 
Affiliated Hospital of Sun Yat‑sen University, Guangzhou, 
China) who were blinded to the clinical information of the 
patients. The staining intensity of the cells for RSL1D1 was 
graded according to the percentage of cells that expressed 
RSL1D1, as follows: 0, <10% of cells; grade I, 10‑25% of 
cells; grade II, 26‑50% of cells; grade III, 51‑75% of cells; and 
grade IV, ≥76% of cells. Strong staining (grade Ⅲ and Ⅳ) of 
RSL1D1 was considered as the high expression group, whereas 

light staining (grade I and II) was considered as the low 
expression group. Overexpression of RSL1D1 was determined 
as any expression in the PCA samples compared with the BPH 
samples. Morphological diagnoses were conducted according 
to the International Union Against Cancer 2009 staging classi-
fication guidelines for PCA (13), and histological analyses were 
performed according to the 2010 Gleason grading system (14). 

Statistical analysis. The association between the expression of 
RSL1D1 and the clinicopathological variables of the patients 
was analyzed using Fisher's exact or the χ2 test. Variables 
affecting the BCR of the patients were analyzed using logistic 
regression. SPSS version 13.0 software (SPSS, Chicago, IL, 
USA) was used for analysis. Two‑tailed P<0.05 was considered 
to indicate a statistically significant difference.

Results

RSL1D1 expression in PCA and BPH tissue samples. 
Immunohistochemical analysis demonst rated that 
RSL1D1 expression was localized to the nucleoli, with low to 
high expression in PCA cells. There was also expression in 
the mesenchyme of PCA cells (Fig. 1A‑G). Positive expression 
of RSL1D1 was observed in 124 out of 138 (89.9%) patients 
with PCA and 4 out of 50 (8.0%) patients with BPH. Of these 
124 patients, 18 patients (13.0% of total) exhibited grade I 
staining, 67 patients (48.6%) grade II staining, 25 patients 
(18.1%) grade III staining and 14 patients (10.1%) grade IV 
staining. Furthermore, RSL1D1 expression was more likely 
to be observed in the mesenchyme of PCA cells (41 out of 
138 patients; 29.7%) (Fig. 2A‑C).

Association between RSL1D1 overexpression and clinico-
pathological variables of patients with PCA. The present 
study observed that the overexpression rate of RSL1D1 was 
significantly associated with the pathological GS of the 
patients with PCA (<7 vs. >7; 80.3 vs. 100%; P<0.0001). 
Similarly, the pathological stage of the cancer was associ-
ated with the overexpression rate of RSL1D1 [organ‑confined 
(≤pT2c) vs. extraprostatic (≥pT3a); 85.7 vs. 97.8%; P=0.028]. 
There was no significant association identified between 
age (P=0.604), PSA level (P=0.166) and lymph node status 
(P=0.126) of patients with the overexpression rate of RSL1D1. 
A high expression rate of RSL1D1 was significantly associated 
with the GS of patients with PCA (>7 vs. <7; 44.8 vs. 12.7%; 
P<0.0001). There was a significant association between a 
strong expression rate of RSL1D1 and the pathological stage 
of the patients with PCA (≤pT2c vs. ≥pT3a; 21.9 vs. 45.7%; 
P=0.001). However, there was no significant association with 
the PSA level (<20 vs. ≥20 ng/ml; 26.0 vs. 33.3%; P=0.381), 
the age of the patients (≥70 and <70 years; 31.7 vs. 25.6%, 
P=0.436) or the presence of lymph node metastasis (yes vs. no; 
39.1 vs. 26.1%; P=0.31) (Table I).

Association between RSL1D1 expression and BCR. Cox 
analysis was performed to analyze whether RSL1D1 expres-
sion was significantly associated with the BCR of the patients. 
The results are shown in Table II. A GS of ≥7, PSA ≥20 ng/ml, 
RSL1D1 strong expression, extraprostatic cases (≥pT3a cancer 
stage), lymph node metastasis and RSL1D1‑positive staining 
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Figure 2. (A) Distribution of RSL1D1 staining in tissues from patients with PCA and BPH. (B) RSL1D1 staining intensity in tissues from patients with PCA. 
(C) RSL1D1 staining in the mesenchyme of tissues from patients with PCA. (D and E) Association between RSL1D1 protein expression and BCR of patients 
with PCA: (D) BCR was increased in patients that did not express RSL1D1 compared with patients that did express RSL1D1 (P=0.0046); (E) RSL1D1 
light vs. strong expression (P<0.0001); and (F) mesenchyme expression of RSL1D1, negative vs. positive (P<0.0001). PCA, prostate cancer; BPH, benign 
prostatic hyperplasia; NS, nucleostemin.
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Figure 1. Immunohistochemistry of the RSL1D1 protein. (A) Negative control. (B‑E) Representative images of RSL1D1 expression in PCA tissues with 
(B) grade I, (C) grade II, (D) grade III and (E) grade IV staining. (F) RSL1D1 in the mesenchyme of PCA tissues. (G) RSL1D1 light staining in benign prostate 
tissue. Magnification, x200. RSL1D1, ribosomal L1 domain containing 1; PCA, prostate cancer.
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in the mesenchyme were significant predictors of BCR using 
Cox univariate analysis, whereas multivariate analysis demon-
strated that GS and a strong expression of RSL1D1 were 
significant predictors of BCR.

The mean follow‑up time of the patients was 87 months 
(range, 61‑136 months). Of the 138 cases analyzed immunohis-
tochemically, 54 patients had BCR with PSA levels of ≥0.2 ng/ml 

≥3 times, and 23 patients succumbed to the disease. The present 
results demonstrated that 5‑year BCR‑free survival rate was 
increased in patients that did not express RSL1D1 compared 
with patients that did express RSL1D1 (P=0.0046; Fig. 2D), in 
patients with light RSL1D1 expression compared with patients 
with strong expression (P<0.0001; Fig. 2E) and in patients 
that did not have mesenchymal RSL1D1 staining compared 

Table I. Association between clinicopathological variables and expression of RSL1D1 in 138 patients with prostate cancer.

Variables Total, n RSL1D1+ overexpression, n (%) P‑value RSL1D1 strong expression, n (%) P‑value

Age, years     0.6040  0.4360
  <70   78 71 (91.0)  20 (25.6)
  ≥70   60 53 (88.3)  19 (31.7)
PSA, ng/ml     0.1660  0.3810
  <20   96 84 (87.5)  25 (26.0)
  ≥20   42 40 (95.2)  14 (33.3)
Pathological stage     0.0280  0.0010
  T2c   92 79 (85.7)  18 (19.6)
  ≥T3a   46 45 (97.8)  21 (45.7)
Post‑operative GS   <0.0001  <0.0001
  <7   71 57 (80.3)    9 (12.7)
  ≥7   67   67 (100.0)   30 (44.8)
LN metastasis     0.1260  0.3100
  No 115 101 (87.8)  30 (26.1)
  Yes   23     23 (100.0)    9 (39.1)

RSL1D1, ribosomal L1 domain containing 1; PSA, prostate‑specific antigen; GS, Gleason score; LN, lymph node.

Table II. Prognostic factors for biochemical recurrence of 138 patients with prostate cancer using Cox regression analysis.

Variables HR 95% CI P‑value

Univariate analysis
  Age, years (<70 vs. ≥70)   1.059 0.621‑1.807 0.833
  PSA, ng/ml (<20 vs. ≥20)   5.276 3.041‑9.155 <0.0001
  Pathological GS (<7 vs. ≥7) 30.922   9.659‑98.998 <0.0001
  Pathological stage (OC vs. EPE) 11.403   6.040‑21.527 <0.0001
  Lymph node status (neg vs. pos)   7.000   4.018‑12.197 <0.0001
  RSL1D1 expression (neg vs. pos) ‑ ‑ ‑
  RSL1D1 staining (light vs. strong)   4.405 2.570‑7.549 <0.0001
  RSL1D1 in mesenchyme (neg vs. pos)   2.079 1.215‑3.559 0.008
Multivariate analysis
  Age, years (<70 vs. ≥70)   1.116 0.639‑1.948 0.700
  PSA, ng/ml (<20 vs. ≥20)   1.895 0.950‑3.780 0.069
  Pathological GS (<7 vs. ≥7) 11.498   3.155‑41.910 0.0001
  Pathological stage (OC vs. EPE)   1.885 0.798‑4.452 0.148
  Lymph node status (neg vs. pos)   1.157 0.536‑2.498 0.711
  RSL1D1 expression (neg vs. pos) ‑ ‑ ‑
  RSL1D1 staining (light vs. strong)   1.915 1.094‑3.350 0.023
  RSL1D1 in mesenchyme (neg vs. pos)   1.193 0.585‑2.433 0.628

PSA, prostate‑specific antigen; RSL1D1, ribosomal L1 domain containing 1; GS, Gleason score; OC, organ‑confined; EPE, extra‑prostatic 
extension; neg, negative; pos, positive; HR, hazards ratio; CI confidence interval.
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with patients that did have mesenchymal RSL1D1 staining 
(P=0.006; Fig. 2F).

Discussion

The identification of a novel biomarker is required for PCA, 
since it may be used by physicians and surgeons to identify 
patients who require radical surgery or active surveillance. 
Furthermore, a biomarker leads to improved screening, diag-
nosis and clinical outcome prediction prior to surgery (15). As a 
consequence of the high global incidence of PCA, the demand 
for the identification of dependable biomarkers is strong. PSA 
remains the most widely used biomarker for PCA diagnosis and 
screening; however, it has a number of limitations, including 
false‑positive diagnoses and may lead to excessive treatment, 
due to its poor sensitivity and specificity (16‑18).

The present study analyzed the association between 
RSL1D1 protein expression and the pre‑operative clinicopath-
ological characteristics of patients with PCA. It was observed 
that the levels of RSL1D1 protein were significantly increased 
in PCA tissues compared with the expression levels in the 
tissues of patients with BPH. In addition, the expression of the 
RSL1D1 protein was observed to be significantly associated 
with the pathological stage and increased GS of patients with 
PCA. In survival analysis, the BCR‑free survival rate of PCA 
patients with high RSL1D1 protein expression was significantly 
decreased compared with patients with low RSL1D1 expres-
sion. Similarly, this result was also observed in patients that 
expressed RSL1D1 and in those that expressed RSL1D1 in 
the mesenchyme compared with patients with no expression 
and no mesenchymal expression, respectively. Univariate 
analyses also demonstrated that high RSL1D1 protein expres-
sion in patients with PCA was significantly associated with 
the BCR‑free survival rate. Furthermore, multivariate analysis 
showed that a high expression level of RSL1D1 protein is 
an independent risk factor in the prognosis of patients with 
PCA. These results indicate that the detection of increased 
RSL1D1 protein may aid in identifying patients with an 
aggressive PCA phenotype and a poor prognosis. Therefore, 
RSL1D1 may be a promising prognostic marker for patients 
with PCA, although the precise molecular mechanisms behind 
the high expression of RSL1D1 in patients with PCA remains 
unknown.

In addition, the present study demonstrated that a GS of 
≥7 was an independent predictor for the BCR of patients. 
It is widely accepted that the GS of patients is one of the 
most critical predictors of PCA progression and survival 
regardless of the therapy used, and it is also one of the most 
influential factors used to determine treatment for PCA (19). 
An increased GS was associated with recurrence and metas-
tasis in a previous study that consisted of 450 patients with 
PCA with ≥8 years follow‑up (20). In the study, the lowest 
risk of BCR and metastases at 10 years was found in patients 
with a GS of ≤7. In addition, another study demonstrated 
that the GS may be used to assess the risk of progression 
post‑operatively in patients primarily treated with radio-
therapy that subsequently develop local recurrence (21). In 
that study, the patients that had the most favorable outcome 
had a GS of ≤7 and PSA levels of <4 ng/ml. These findings 
were also confirmed by other studies, which demonstrated 

that patients with a GS of ≥7 and a higher GS of the tumor 
were more likely to have BCR compared with patients with 
a lower GS (22‑24).

RSL1D1 can be identified using a yeast two‑hybrid screen 
and is a cellular aging regulatory gene, whose expression is 
associated with senescence; however, its role in malignant 
tumors remains unknown (25). The present pilot study has 
demonstrated that there was a significant association between 
RSL1D1 protein overexpression and patients with PCA, 
suggesting that it may be used as a novel biomarker for the 
diagnosis and risk stratification of patients with PCA. The 
present pilot study has certain limitations, including the small 
sample size; therefore, additional studies to investigate the 
molecular mechanisms of RSL1D1 expression in the tumori-
genesis or progression of PCA are essential. 

In summary, the present results demonstrated that 
RSL1D1 protein overexpression is an independent prognostic 
factor for 5‑year BCR‑free survival and suggest that the 
RSL1D1 protein may be a novel biomarker for the risk stratifi-
cation and prognosis of patients with PCA.
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