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Objective: Prostate cancer (PCa) ranks as the second common malignancy in males world-
wide. Although conspicuous progressions in diagnosis and treatment have been achieved in 
the past decades, the prognosis expectation of PCa remains unsatisfied yet. To improve the 
prognosis prediction of PCa, more specific biomarkers are needed. In this retrospective 
research, we focused on βKlotho and ETS-like transcription factor 4 (ELK4), aiming to 
identify potential prognostic biomarkers for PCa.
Methods: Western blotting was used to determine the expression of βKlotho, ELK4, and 
PARP in C4-2B and PC3 PCa cell lines. CCK-8 assay and colony formation assay were 
applied to examine the roles of βKlotho and ELK4 in the proliferation of PCa cells. The 
expression of βKlotho and ELK4 in PCa tissue samples was determined by immunochem-
istry. Pearson’s χ2 test and Fisher’s exact test were performed to investigate the associations 
among βKlotho, ELK4 and various clinical factors. Kaplan–Meier curves and Cox regression 
model were established to reveal the correlation among βKlotho, ELK4 expression and the 
prognosis of patients.
Results: βKlotho overexpression down-regulated the ELK4 expression, induced apoptosis 
and inhibited cell proliferation in both C4-2B and PC3 cells, which were reversed by ELK4 
overexpression. βKlotho expression in PCa tissue samples had negative correlation with the 
ELK4 expression, and higher βKlotho expression was associated with lower Gleason score, 
absent distant metastasis and lower prostate-specific antigen (PSA) level. On the contrast, 
higher ELK4 expression was correlated with distant metastasis and higher PSA level. 
Moreover, βKlotho and ELK4 were both recognized as independent factors for the prognosis 
of patients with PCa.
Conclusion: βKlotho inhibits proliferation of prostate cancer cells by downregulating 
ELK4. Both βKlotho and ELK4 expressions correlate with the prognosis of PCa, which 
may serve as potential biomarkers for follow-up surveillance and prognostic assessments.
Keywords: FGFR, biomarker, prostate cancer, survival

Introduction
Prostate cancer (PCa) is considered as the most diagnosed cancer for men in 2020 
worldwide, with 191,930 new cases, accounting for almost 21.5% newly diagnosed 
cases in all types of cancer, the total deaths were up to 33,330, as a proportion of 
10%.1 Over the past decades, a steady increasement of PCa incidences and mor-
tality in Asian countries was observed, due to the changes in risk factor exposure, 
westernized lifestyle tendency and insufficient cancer screenings.2 Especially in 

Correspondence: Zhao Liu  
Department of Urology, Qilu Hospital, 
Cheeloo College of Medicine, Shandong 
University, Jinan, Shandong, 250012, 
People’s Republic of China  
Email zhao.liu@sdu.edu.cn   

Sentai Ding  
Department of Urology, Shandong 
Provincial Hospital Affiliated to Shandong 
First Medical University, Jinan, Shandong, 
250021, People’s Republic of China  
Email dingsentai@126.com

Cancer Management and Research 2021:13 6377–6387                                                   6377
© 2021 Mao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 17 May 2021
Accepted: 27 July 2021
Published: 12 August 2021

mailto:zhao.liu@sdu.edu.cn
mailto:dingsentai@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


China, the diagnosis of PCa was evermore at later stage 
than western countries, with the mortality rate of 42.2 -
per million in 2018.3

Although tremendous progressions in PCa manage-
ments have been achieved during the past decades, due 
to the highly heterogeneous PCa, the unpredictability of 
disease evolutions and outcomes is still the major thera-
peutic challenge. Prostate-specific antigen (PSA), as the 
clinical widely applied biomarker, significantly improved 
PCa detection rate and decreased mortality. However, the 
screening of serum PSA also resulted in a controversial 
dilemma related to overdiagnosis and overtreatment, espe-
cially for indolent low-risk PCa.4 Although a series of 
markers for PCa have recently been investigated, such as 
osteopontin,5 RRBP1,6 and FKBP9,7 there still remains 
insufficient diagnostic and prognostic tools for use in 
clinical settings. Therefore, the identification of effective 
biomarkers for predicting the prognosis of PCa and estab-
lishing promising therapeutic approaches are required.

Endocrine fibroblast growth factor (FGF) receptor 
complex is formed by the high-affinity conjunction of 
FGF21, FGF19, and FGF23 with αklotho or βKlotho, 
guided by their FGFRs. Collectively, these essential com-
ponents build a unique endocrine regulation system.8 

βKlotho, an essential coreceptor of the FGF/FGFR signal-
ing pathway, is characterized as a single-pass transmem-
brane protein composed of 1014 amino acids.9 Growing 
evidence indicated that the FGF-βKlotho-FGFR endocrine 
system has a crucial role in the pathophysiology of various 
diseases, including diabetes, arteriosclerosis and chronic 
kidney failure.10,11 The initiation and progression of multi-
ple carcinomas were also reported to be linked to 
βKlotho.12–14 Moreover, our previous studies revealed 
that the expression of βklotho in PCa tissue was lower 
than that in benign prostate tissue, and βklotho overexpres-
sion significantly inhibited the epithelial–mesenchymal 
transition (EMT) process of PCa.15 However, the value 
of βKlotho expression in predicting the clinical prognosis 
of PCa has not been elucidated yet.

ELK4 (SRF accessory factor-1, SAP-1) belongs to the 
ELK subfamily of the ETS transcription factors that are 
classic targets for mitogen-activated protein kinases 
(MAPKs)/ERK signaling.16 Recently, various studies 
have detailedly elucidated the crucial role of ELK4 parti-
cipating in various metabolic procedures: cell 
differentiation,17 inflammatory response18 and cellular 
microenvironment regulation.19 The oncogenic role of 
ELK4 was also verified in multiple cancers,20,21 including 

PCa.16,22 In addition, ELK4 was identified as a crucial 
nuclear cofactor of ERK signaling pathway, acting ade-
quately in coordination with their DNA targeting partner 
SRF.17 We previously reported that βKlotho overexpres-
sion inactivates ERK signaling in endometrial cancer and 
PCa.13,15 However, whether there is a regulatory relation-
ship between βKlotho and ELK4, and the role of ELK4 in 
PCa prognosis has not been reported.

In this study, we investigated the expressions of 
βKlotho and ELK4, and their potential regulatory pattern 
in PCa tissues and cells, respectively. Meanwhile, we 
evaluated the clinicopathological significance and prog-
nostic values of βKlotho and ELK4 in PCa.

Materials and Methods
Patient Selection and Tissue Samples
This was a retrospective study, which enrolled 109 PCa 
patients from Shandong Provincial Hospital Affiliated to 
Shandong First Medical University from October 2012 to 
December 2016. All tissue samples were obtained from 
prostatectomy or biopsy, fixed in 4% buffered formalin 
and embedded in paraffin. The slides were stained with 
hematoxylin and eosin, analyzed by two independent 
board-certified pathologists and selected the most repre-
sentative slide for each case. Clinicopathological data, 
including age, Gleason scores, distant metastasis status, 
lymphatic status, and PSA levels, were collected. None 
of the patients recruited in this study had received neoad-
juvant chemotherapy, radiotherapy or hormonal therapy 
before. Those who were diagnosed with an extra malig-
nant carcinoma or other life-threatening disease were 
excluded from this study, all the patients enrolled in this 
study had an Eastern Cooperative Oncology Group 
(ECGO) performance status score less than 3 points (will 
be tolerant to surgeries or adjuvant therapies). For loca-
lized PCa, patients with low, intermediate or a proportion 
highly selected high-risk PCa were recommended for radi-
cal prostatectomy, adjuvant therapies (hormonal treatment 
or radiation treatment) were applied to remain high-risk 
PCa patients, also referring to their individual preferences. 
For metastatic PCa, patients were performed biopsies fol-
lowed by androgen deprivation therapy (ADT), with or 
without chemotherapy. The follow-up scheme was exe-
cuted every three months by multiple approaches (tele-
phone, e-mail, outpatient), the median follow-up time 
was 44.84 months (ranges: 3 to 92 months). Overall sur-
vival (OS) was defined as the time from surgical 
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procedures to death or the last follow-up and cancer- 
specific survival (CSS) was defined as the time from 
surgical procedures to death caused by PCa or the last 
follow-up. This study complies with the Declaration of 
Helsinki. All patients signed informed consent prior to 
study commencement and this study was approved by 
the Medical Ethics Committee of Shandong Provincial 
Hospital Affiliated to Shandong First Medical University.

Immunohistochemistry
The protocol and analysis of immunohistochemistry were 
performed as previously described.14 The fresh tissues 
were washed with phosphate-buffered saline (PBS) and 
then fixed in 4% paraformaldehyde. After dehydration 
and paraffin embedding, the samples were cut into 5 μm 
sections and mounted onto glass slides. The deparaffi-
nized, rehydrated sections were incubated with 3% H2O2 
and then antigen retrieval was performed. After blocking, 
the sections were incubated overnight with the anti- 
βKlotho (diluted 1:100, Abcam, cat. no. 106794), and anti- 
ELK4 (diluted 1:100, Santa Cruz, cat. no. sc-166823) 
primary antibodies in a humid chamber at 4°C. HRP con-
jugated goat anti-rabbit and anti-mouse IgG (ZSGB-BIO, 
cat. no. SAP-9100) was used as the secondary antibody.

The immunohistochemical scores were evaluated 
according to the staining intensity and percentage of 
stained cells. The staining intensity was judged as follows: 
colorless, 0 points; light yellow, 1 point; brown, 2 points; 
and tan, 3 points. The percentage of stained cells was 
scored as follows: <5%, 0 points; 5% ~ 25%, 1 point; 
26% ~ 50%, 2 points; 51% ~ 75%, 3 points; and 76% ~ 
100%, 4 points. The two scores were multiplied to obtain 
the immunohistochemical scores: ≤6 was defined as low, 
and >6 was defined as high.

Cell Culture and Transfection
We obtained the human PCa cell lines C4-2B and PC3 
from the American Type Culture Collection (ATCC, 
Manassas, USA), and the short-tandem repeat (STR) 
assay (Microread, Beijing, China) was performed to ver-
ify the cell line. We cultured the C4-2B and PC3 cells in 
RPMI-1640 medium (Invitrogen, Carlsbad, USA), sup-
plemented with 100 U/mL penicillin,100 µg/mL strepto-
mycin and 10% fetal bovine serum (FBS), at the 
temperature of 37°C with a 5% CO2 humidified environ-
ment. The cells were cultured on the 6-well plates and 
transfected with 2µg of the GV230-CON083 plasmid, 
GV230-βKlotho plasmid, or equivalent GV230-βKlotho 

plus GV230-ELK4 plasmid by using the X-tremeGENE 
HP DNA Transfection reagent (Roche, Rotkreuz, 
Switzerland) according to the manufacturer’s protocol. 
All plasmids were constructed by GeneChem Co., Ltd. 
(Shanghai, China).

Protein Extraction and Western Blotting 
Assay
The cells were collected by centrifugation (4 °C, 
12,000 rpm, 5 min) and then washed by PBS for twice. 
RIPA lysis buffer containing Protease inhibitor (Thermo, 
Rockford, USA) was applied for protein extraction. 
Thereafter, protein lysate sample was subjected to 10% 
SDS-PAGE for electrophoretically separation and trans-
ferred to the nitrocellulose membrane, followed by 
blocking with sealing solution (TBST solution containing 
5% skim milk) at room temperature for 1h. After incu-
bation with the primary antibodies and subsequently 
incubation with the peroxidase-conjugated secondary 
antibodies, the protein band was visualized by the ECL 
Western blotting system (BD Biosciences, USA). β-actin 
was used as the loading control in this assay. The anti- 
βKlotho (cat. no. ab106794) was purchased from Abcam 
(Cambridge, MA, USA), anti-ELK4 (cat. no. sc-166823) 
and anti-PARP (cat. no. sc-53643) antibodies were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Anti-β-actin (cat. no. TA-09) antibody was pur-
chased from ZSGB BIO (Beijing, China) and secondary 
antibodies (cat. no. SA00001-1 and SA00001-2) were 
purchased from WUHAN SANYING (Wuhan, China).

Cell Counting Kit-8 (CCK-8) Assay
We applied cell counting kit-8 (Tongren, Shanghai, China) 
to assess the cell proliferation. The cells in the logarithmic 
phase were digested and formulated into cell suspensions, 
afterward, laid on the 96-well plate with a density of 1000 
cells/well, a measure of 10μL 5mg/mL CCK-8 regent was 
added to the plate well at the 0h, 24h, 48h and 72h after 
incubation. The culture was terminated 1 hour after CCK- 
8 regent adding, and the optical density OD value of each 
well was detected by microplate reader (Tecan, 
Mannedorf, Switzerland) at 450nm. The experiments 
were repeated in triplicate for each group.

Colony Formation Assay
The cells were inoculated on the 6-well plates with 
a density of 500 cells/well in triplicate in 3mL of medium 
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containing 10% FBS and allowed to grow for 7 days. The 
culture medium was replaced every 3 days. Following 
incubation, the medium was removed. The colonies were 
fixed with 4% paraformaldehyde for 15 min, and then 
stained with hematoxylin for 15 min. The stained cells 
were rinsed three times with tap water to remove the 
excess dye. Each dish was then washed and dried. The 
colonies with diameter larger than 1.5 mm were counted.

Statistics
SPSS 25.0 software (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. The numerical data were pre-
sented as the means ± SD and the differences between the 
two groups were determined by the two-tailed Student’s 
t-test. The comparison of categorical variables was per-
formed by using the chi-square test (χ2) or Fisher’s exact 
test. Kaplan–Meier curves and Cox regression model were 
established to reveal the correlation among βKlotho, ELK4 
expression and the prognosis of patients. A value of p < 
0.05 was considered statistical significance.

Results
βKlotho Overexpression Inhibited the 
Proliferation and Promoted Apoptosis of 
Prostate Cancer Cells by Downregulating 
ELK4
The Western blotting assay was conducted to determine 
the expression of βKlotho, ELK4 and PARP in PCa C4- 
2B and PC3 cells. The results showed that βKlotho 
overexpression significantly down-regulated the expres-
sion of ELK4, and the 89 kDa cleavaged PARP band 
was appeared following βKlotho overexpression, which 
indicated that the elevated βKlotho expression induced 
the apoptosis of PCa cells. In addition, after introduction 
of ELK4, the expression of cleavaged PARP was 
decreased (Figures 1A and 2A). By using CCK-8 
assay, we showed that βKlotho overexpression signifi-
cantly reduced the proliferation of both C4-2B and PC3 
cells, which was reversed by the exogenous ELK4 
expression (Figures 1B and 2B). The effects of 
βKlotho and ELK4 on cell proliferation were further 
demonstrated by colony formation assay (Figures 1C 
and 2C).

βKlotho Expression Negatively Correlate 
with ELK4 Expression in PCa Tissues
The immunohistochemical staining was conducted to 
determine the expression level of βKlotho and ELK4 
in PCa tissues from 109 patients. Representative high 
and low immunohistochemical staining of βKlotho and 
ELK4 are shown in Figure 3A. The majority of βKlotho 
was expressed in the cytoplasm and cytomembrane of 
both epithelial and stromal cells, whereas the ELK4 was 
mainly located in the nucleus of epithelial cells. 
Besides, the Pearson correlation coefficient analysis 
showed a significantly negative association between 
βKlotho and ELK4 expression (r = −0.425, p < 0.001, 
Figure 3B). Patients with low βKlotho expression were 
more likely to show high ELK4 expression, and vice 
versa (Figure 3C). These results indicated that the 
expression of βKlotho was inversely correlated with 
ELK4.

Clinicopathologic Parameters of the 
Cases
At the end of the study, 72 (66.1%) patients were alive, 
33 (30.3%) patients were died, and 4 (3.67%) patients 
were lost to follow-up. We retrospectively collected the 
clinicopathological information (including age, Gleason 
score, T stage, lymphatic status, distant metastasis and 
PSA level) of the patients, and the results are listed in 
Table 1. The median age of patients was 67 years (range: 
52–86 years). Forty-three (39.4%) patients were less or 
equal to 65 years, 66 (60.6%) patients were above 65 
years. Twenty-five (22.9%) patients were identified to be 
with positive lymphatic status and 20 (18.3%) patients 
were found to possess distant metastasis (organ or bone). 
Twenty-two (20.2%) patients were at tumor stage T1, 50 
(45.9%) patients were at tumor stage T2, 27 (24.8%) 
patients were at tumor stage T3 and 10 (9.2%) patients 
were at tumor stage T4. Sixty-six (60.6%) patients had 
a Gleason score below or equal to 7 and 43 (39.4%) 
patients had a Gleason score above or equal to 8. 
A total of 23 (21.1%) patients had a PSA level less than 
10 ng/mL, 36 (33.0%) patients measured between 10 and 
20 ng/mL and 50 (45.9%) patients had a PSA level above 
20 ng/mL.
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Relationships Among βKlotho, ELK4 
Expression and Clinicopathologic 
Parameters
The Chi-square tests and Fisher’s exact tests were used to 
explore the links between βKlotho, EKL4 expression and 
clinicopathological variables. The result indicated that high 
βKlotho expression was correlated to lower Gleason score 
(p = 0.011), absent distant metastasis (p = 0.029) and lower 
PSA level (p = 0.008). On the contrast, high ELK4 over-
expression was correlated to distant metastasis (p = 0.034) 
and higher PSA (p = 0.036). No significant differences were 
indicated for other clinicopathologic parameters (Table 1).

The Prognostic Values of βKlotho and 
ELK4 Expression in PCa Patients
The overall survival and cancer-specific survival subject to 
the βKlotho expression and ELK4 expression were, 

respectively, investigated by the Kaplan–Meier method. 
High βKlotho expression predicted favorable prognosis 
in both overall survival (Figure 4A, p < 0.001) and cancer- 
specific survival (Figure 4B, p = 0.003) in PCa patients, 
and low ELK4 expression also indicated favorable overall 
survival (Figure 5A, p < 0.001) and cancer-specific survi-
val (Figure 5B, p = 0.006) in PCa patients.

The cox-regression analysis was applied to determine pre-
dictive values of βKlotho expression, ELK4 expression and 
other variables for the prognosis of PCa patients. The univari-
ate analysis result revealed that βKlotho expression (p < 
0.001), ELK4 expression (p < 0.001), T stage (p = 0.005), 
Gleason score (p = 0.027), PSA (p = 0.002) and distant metas-
tasis (p = 0.001) were related to the prognosis of PCa 
(Figure 4C, Table 2). Further multivariate analysis recognized 
βKlotho expression (HR=0.299, 95% CI=126-0.708, 
p=0.006), distant metastasis (HR=2.326, 95% CI=1.032– 
5.245, p=0.042) and PSA level (HR=2.153, 95% CI=1.136– 

Figure 1 βKlotho overexpression down-regulated the expression of ELK4, and the elevated βKlotho expression inhibited the proliferation of C4-2B cell line, which can be 
reversed by the overexpression of ELK4. The C4-2B cell line was transfected with empty vector (GV230-CON083), GV230-βKlotho (βKlotho) or GV230-βKlotho plus 
GV230-ELK4 plasmids (βKlotho+ELK4). (A) The Western blotting assay. (B) The CCK-8 assay. (C) The colony formation assay. *p < 0.05, **p < 0.01. 
Abbreviations: ELK4, ETS-like transcription factor 4; PARP, poly ADP-ribose polymerase; EV, empty vector.
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4.080, p=0.019) as independent prognostic factors in PCa, 
referring to βKlotho expression (Figure 4D, Table 2). In addi-
tion, the ELK4 expression (HR=3.400, 95% CI=1.354–8.540, 
p=0.009), distant metastasis (HR=2.323,95% CI=1.042– 
5.179, p=0.039) and PSA level (HR=2.005,95% CI=1.022– 
3.935, p=0.043) were also considered as independent prognos-
tic factors, referring to ELK4 expression (Figure 5C, Table 2).

We further detected the expressions of βKlotho and 
ELK4 in the subgroups classified by metastasis status 
and PSA levels. The results showed that high βKlotho 
expression was related to absent distant metastasis 
(Figure 4E) and lower PSA level (Figure 4F), whereas 
high ELK4 expression was related to present distant 
metastasis (Figure 5D), and higher PSA level (Figure 5E).

Discussion
PCa, the second most common malignancies in male gen-
itourinary system, has become one of the foremost cancer- 

related mortality worldwide.23–25 Although the elevation 
of PSA is usually recognized as an indicator of PCa in 
clinical diagnosis, its role in predicting the prognosis is 
limited. PCa can be classified into low-risk type and high- 
risk type according to their biologic behavior, and different 
therapeutic schedules are settled for each cancer type and 
different prognoses are expected.7 High-risk PCa calls for 
radical prostatectomy or radiotherapy, but one of the pro-
minent strategic treatment for low-risk PCa is active sur-
veillance before progression. However, how to precisely 
predict the prognosis of individual PCa patients to adjust 
the therapy strategy remains unclear.

A series of studies have been conducted to exploit 
promising biomarkers for prognosis prediction of PCa. 
Hoter et al concluded that members of heat shock proteins 
(HSPs) were involved in the tumor aggressiveness and 
prognosis of PCa,26 and studies conducted by Ni et al 
identified tenascin-C as a potential cancer-associated 

Figure 2 βKlotho overexpression down-regulated the expression of ELK4, and the elevated βKlotho expression inhibited the proliferation of PC3 cell line, which can be 
reversed by the overexpression of ELK4. The PC3 cell line was transfected with empty vector (GV230-CON083), GV230-βKlotho (βKlotho) or GV230-βKlotho plus 
GV230-ELK4 plasmids (βKlotho+ELK4). (A) The Western blotting assay. (B) The CCK-8 assay. (C) The colony formation assay. **p < 0.01. 
Abbreviations: ELK4, ETS-like transcription factor 4; PARP, poly ADP-ribose polymerase; EV, empty vector.
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fibroblast marker that predicted poor survival outcome in 
PCa.27 However, none of these candidate biomarkers have 
been successfully accessed in clinical application.

Several studies have been showed that βKlotho was 
involved in the initiation and progression in multiple 
cancers.10,28 Moreover, reduced βKlotho expression in 
PCa tissues has been proven by our previous study,15 

indicating the potential tumor-inhibitory role of βKlotho 
in PCa. As the continuation of our previous research, we 
investigated the prognostic role of βKlotho in PCa. In this 
study, we identified that βKlotho overexpression was asso-
ciated with favorable clinicopathologic features and pre-
dicted favorable prognosis in PCa. Our findings were in 
accordance with a recent study conducted by Li et al, they 
found that higher βKlotho level was associated with longer 
overall survival and progression-free survival in non-small 
cell lung cancer (NSCLC).14 However, another study 

revealed that elevated βKlotho expression was associated 
with poor progression-free survival of non-muscle- 
invasive bladder cancer (NMIBC).29 This inconsistency 
may be attributed to multiple aspects of each study (such 
as sample size, study method, IHC interpretation, etc.) and 
the context-dependent manner of βKlotho in the initiation 
and progression of human tumors. The association 
between βKlotho expression and the survival benefit for 
PCa should be further evaluated in larger multi- 
institutional trials.

Our previous studies have shown that βklotho over-
expression could inhibit the proliferation of PCa cells and 
endometrial cancer cells through inactivating phosphoryla-
tion of ERK signaling.13,15 Moreover, as the downstream 
transcription factor of ERK signaling, ELK4 has been 
reported to play an oncogenic role in PCa cells, and the 
expression of ELK4 in PCa was higher than that of benign 

Figure 3 The expression of βKlotho and ELK4 in PCa tissues by IHC. (A) Representative immunohistochemical staining images of negative control, βKlotho and ELK4 in 
PCa samples (negative control was stained with primary antibody absence). (B) The expression relationship between βKlotho and ELK4 demonstrated by scatter plot. (C) 
The percentage of ELK4 expression in low and high βKlotho expression groups. **p < 0.01. 
Abbreviations: ELK4, ETS-like transcription factor 4; IHC, immunohistochemistry.
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prostatic hyperplasia.16 In addition, the SLC45A3-ELK4 
chimeric transcripts were identified in PCa and interfer-
ence with the SLC45A3-ELK4 expression significantly 

inhibited the proliferation of PCa cells.30 Based on the 
above evidence, we are curious as to whether there is 
a regulatory relationship between βKlotho and ELK4. In 

Table 1 Relationships Between βKlotho, EKL4 and Clinicopathological Variables

Clinicopathological Variables No. of 
Cases 

(n=109)

βKlotho P value ELK4 P value

Low (n = 47) High (n = 62) Low (n = 56) High (n = 53)

Age (years) ≤ 65 43 (39.4%) 15 (13.8%) 28 (25.7%) 0.161 24 (22.0%) 19 (17.4%) 0.454

> 65 66 (60.6%) 32 (29.4%) 34 (31.2%) 32 (29.4%) 34 (31.2%)

Lymphatic status Positive 25 (22.9%) 13 (11.9%) 12 (11.0%) 0.307 10 (9.2%) 15 (13.8%) 0.195

Negative 84 (77.1%) 34 (31.2%) 50 (45.9%) 46 (42.2%) 38 (34.9%)

T stage T1 22 (20.2%) 10 (9.2%) 12 (11.0%) 0.303 12 (11.0%) 10 (9.2%) 0.058
T2 50 (45.9%) 17 (15.6%) 33 (30.3%) 29 (26.6%) 21 (19.3%)

T3 27 (24.8%) 15 (13.8%) 12 (11.0%) 8 (7.3%) 19 (17.4%)
T4 10 (9.2%) 5 (4.6%) 5 (4.6%) 7 (6.4%) 3 (2.8%)

Gleason score ≤ 7 66 (60.6%) 22 (20.2%) 44 (40.4%) 0.011* 38 (34.9%) 28 (25.7%) 0.109
≥ 8 43 (39.4%) 25 (22.9%) 18 (16.5%) 18 (16.5%) 25 (22.9%)

Distant metastasis Present 20 (18.3%) 13 (11.9%) 7 (6.4%) 0.029* 69 (5.5%) 14 (12.8%) 0.034*
Absent 89 (81.7%) 34 (31.2%) 55 (50.5%) 50 (45.9%) 39 (35.8%)

PSA < 10 ng/mL 23 (21.1%) 12 (11.0%) 11 (10.1%) 0.008** 14 (12.8%) 9 (8.3%) 0.036*
10–20 ng/mL 36 (33.0%) 8 (7.3%) 28 (25.7%) 23 (21.1%) 13 (11.9%)

> 20 ng/mL 50 (45.9%) 27 (24.8%) 23 (21.1%) 19 (17.4%) 31 (28.4%)

Notes: *p < 0.05, **p < 0.01. 
Abbreviations: T, tumor; PSA, prostate-specific antigen; ELK4, ETS-like transcription factor 4.

Figure 4 The prognosis prediction role of βKlotho in PCa. (A) The Kaplan–Meier survival curve revealed the relationship between βKlotho and overall survival of PCa. (B) 
The Kaplan–Meier survival curve revealed the relationship between βKlotho and cancer specific survival of PCa. (C) The univariate analysis demonstrated the predictable 
role of different clinicopathological variables in the prognosis of PCa. (D) The multivariate analysis demonstrated the independent predictable role of βKlotho and different 
clinicopathological variables in the prognosis of PCa. (E) The different βKlotho expression level in subgroups classified by distant metastasis. (F) The different βKlotho 
expression level in subgroups classified by PSA level. *p < 0.05, **p < 0.01. 
Abbreviations: PCa, prostate cancer; T, tumor; PSA, prostate-specific antigen; ELK4, ETS-like transcription factor 4.
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this study, we revealed the negative correlation between 
βKlotho expression and ELK4 expression in PCa tissues. 
And in contrast to βKlotho, ELK4 expression predicted 
poor prognosis in PCa patients. Further in vitro experi-
ments demonstrated that βKlotho overexpression inhibited 
cell proliferation by downregulating ELK4. However, how 

a transmembrane protein regulates the expression of 
a transcriptional factor and what is the specific mechanism 
link the βKlotho and ELK4 remain elusive. By retrieving 
literatures, an article titled “BAI1 Suppresses 
Medulloblastoma Formation by Protecting p53 from 
Mdm2-Mediated Degradation”31 has provided us with 

Figure 5 The prognosis prediction role of ELK4 in PCa. (A) The Kaplan–Meier survival curve revealed the relationship between ELK4 and overall survival of PCa. (B) The 
Kaplan–Meier survival curve revealed the relationship between ELK4 and cancer specific survival of PCa. (C) The multivariate analysis demonstrated the independent 
predictable role of ELK4 and different clinicopathological variables in the prognosis of PCa. (D) The different βKlotho expression level in subgroups classified by distant 
metastasis. (E) The different βKlotho expression level in subgroups classified by PSA level. *p < 0.05, **p < 0.01. 
Abbreviations: PCa, prostate cancer; T, tumor; PSA, prostate-specific antigen; ELK4, ETS-like transcription factor 4.

Table 2 Univariate and Multivariate Analysis of Prognosis for Patients with PCa

Univariate Analysis P value Multivariate Analysis 
(βKlotho)

P value Multivariate Analysis 
(ELK4)

P value

HR 95% CI HR 95% CI HR 95% CI

Age 1.675 0.745–3.768 0.212

Lymphatic status 1.710 0.829–3.525 0.157

T stage 1.762 1.188–2.613 0.005** 1.319 0.851–2.046 0.216 1.385 0.869–2.208 0.171

Gleason score 1.445 1.043–2.002 0.027* 1.300 0.624–3.007 0.433 1.679 0.778–3.622 0.186

PSA 2.838 1.468–5.488 0.002** 2.153 1.136–4.080 0.019* 2.005 1.022–3.935 0.043*

Distant metastasis 3.595 1.675–7.717 0.001** 2.326 1.032–5.245 0.042* 2.323 1.042–5.179 0.039*

βklotho 0.219 0.100–0.479 < 0.001*** 0.299 0.126–0.708 0.006**

ELK4 4.980 2.052–12.088 < 0.001*** 3.400 1.354–8.540 0.009**

Notes: *p < 0.05, **p < 0.01, ***p < 0.001. 
Abbreviations: PCa, prostate cancer; T, tumor; PSA, prostate-specific antigen; ELK4, ETS-like transcription factor 4.
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some enlightenment. They revealed an interaction between 
transmembrane protein BAI1 and transcriptional factor 
MDM2 by using Co-Immunoprecipitation. Their data 
made us assume that there may exist similar regulatory 
pattern between βKlotho and ELK4. However, the 
research regarding the mechanism is complex and may 
involve other factors or pathways, and we will endeavor 
to address this issue in the future studies.

Conclusion
In conclusion, for the first time, this study demonstrated 
that βKlotho inhibits proliferation of PCa cells by down-
regulating ELK4 and predicts favorable prognosis in PCa 
patients. The βKlotho and ELK4 may serve as potential 
targets for therapeutic purpose and prognosis prediction in 
the future.
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