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 Background: CPNE1 plays a vital role in regulating cell differentiation. The clinical and biological values of CPNE1 in prostate 
cancer are still unclear. The aim of this study was to investigate the clinicopathological value of CPNE1 and the 
association of CPNE1 with TRAF2 expression in patients with prostate cancer.

 Material/Methods: CPNE1 expression in prostate cancer was analyzed using Gene Expression Omnibus (GEO) databases. The 
Cancer Genome Atlas (TCGA) dataset was used to investigate the association of CPNE1 expression with TRAF2 
expression in prostate cancer. The association of CPNE1 expression with recurrence-free survival in patients 
was also analyzed using the TCGA dataset. Immunohistochemistry assay was performed to examine CPNE1 
expression in 65 normal prostate samples and 114 prostate cancer samples. The recurrence-free survival in 
patients was evaluated using Kaplan-Meier curves and log-rank test. In addition, multivariate and univariate 
analyses of prognostic factors were investigated by Cox regression. The effect of CPNE1 on TRAF2 expression 
was explored in human prostate cancer DU-145 cells.

 Results: Our results showed that expression level of CPNE1 is higher in prostate cancer than in normal prostate tissues 
(P=0.006). In the GSE35988 dataset, CPNE1 expression was found to be upregulated in castration-resistant 
prostate cancer compared with non-castration-resistant prostate cancer (P<0.001). Furthermore, we found that 
CPNE1 high expression was significantly related to tumor stage, Gleason score, and poorer biochemical recur-
rence-free survival in prostate cancer patients. Co-expression analysis of TCGA data showed that CPNE1 is sig-
nificantly associated with TRAF2 expression. CPNE1 overexpression can upregulate TRAF2 expression in pros-
tate cancer DU-145 cells as determined by Western blotting and immunofluorescence assays.

 Conclusions: Overall, our findings suggest that CPNE1 is a valuable prognostic marker for evaluating recurrence-free surviv-
al and is positively related to TRAF2 expression in prostate cancer.
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Background

Prostate cancer is one of the most common cancer types in ag-
ing men. There were approximate 220 800 new cases and 27 
540 deaths in the United States in 2015 [1,2]. The incidence 
rate of prostate cancer has also been increasing in Asian pop-
ulations [3]. Different treatments, including surgical resection, 
radiological therapy, and androgen deprivation therapy (ADT), 
can be used to treat patients with localized prostate cancer. 
However, prostate cancer eventually progresses to an andro-
gen-refractory state in most patients, which is also known as 
castration-resistant prostate cancer (CRPC). CRPC is relative-
ly resistant to ADT treatment and can influence approximate 
20% of prostate cancer patients in 5 years. However, the un-
derlying mechanisms governing the development and progres-
sion of prostate cancer remain unclear.

CPNE1 is a member of the calcium-dependent lipid-binding pro-
tein family. Currently, 9 family members have been reported in 
studies [4,5]. It is reported that Copine1, encoded by CPNE1, 
is a soluble membrane-binding protein, which includes 2 tan-
dem C2 domains at the N-terminus and an A domain at the 
C-terminus [6,7]. Copine1 can bind with different intracellular 
proteins via its A domain at the C-terminus [8,9]. In addition, 
Copine1 can also exhibit calcium-dependent phospholipid bind-
ing activity via its C2 domain [10]. Park et al. [7] reported that 
Copine1 plays a vital role in regulating neuronal differentia-
tion of HiB5 cells, which may be related to activating Akt sig-
naling. Akt has been found to be involved in various biological 
processes, including cell migration, invasion, and survival [11]. 
It was reported that CPNE1 can promote neuronal differenti-
ation via phosphorylating Akt on the residue 473 (S473) [12]. 
Currently, the effects of CPNE1 on development and progres-
sion of prostate cancer are not well understood.

Tumor necrosis factor receptor (TNF-R)-associated factor 2 
(TRAF2), as an adaptor protein, belongs to the TRAF family. 
Seven members (TRAF1-7) have been identified in the TRAF 
family. TRAF2 expression is upregulated in multiple cancer types 
and is a valuable prognostic biomarker in patients. It was re-
ported that TRAF2 expression is increased in gastric cancer 
and can be a novel diagnostic and prognostic biomarker in 
gastric cancer patients [13]. In addition, the expression level 
of TRAF2 is higher in malignant pleural effusion cells than in 
normal breast samples in breast cancer patients [14]. Further 
study showed that TRAF2 is an important prognostic biomark-
er in patients [14]. Our study also indicated that TRAF2 ex-
pression in prostate cancer is upregulated and can be a valu-
able prognostic marker in prostate cancer patients (data not 
shown). However, the relationship between CPNE1 and TRAF2 
expression is not clear.

In this report, our findings showed that CPNE1 expression is 
significantly increased in prostate cancer. CPNE1 expression 
is related to tumor stage and Gleason score. A novel finding 
is that CPNE1 expression is significantly related to TRAF2 ex-
pression. CPNE1 overexpression can upregulate TRAF2 expres-
sion in prostate cancer DU-145 cells. Overall, CPNE1 is a novel 
prognostic factor to predict biochemical recurrence-free survival 
and is positively related to TRAF2 expression in prostate cancer.

Material and Methods

Microarray analysis

Two publicly available datasets from the Gene Expression 
Omnibus (http://www.ncbi.nlm.nih.gov/geo/) were downloaded 
to investigate CPNE1 mRNA expression in prostate cancer, and 
castration-resistant prostate cancer (CRPC). For the GSE6956 
dataset, microarray gene expression data were used to exam-
ine CPNE1 mRNA expression in normal prostate samples (n=20) 
and prostate cancer samples (n=69) [15]. For the GSE35988 
dataset, microarray gene expression data were extracted to 
detect CPNE1 mRNA expression in non-CRPC (n=49) and CRPC 
(n=27) [16]. The GEO data were processed in the R statistical 
environment and analyzed by SPSS 16.0 software. For the GEO 
microarray dataset, CPNE1 high/low mRNA expression was re-
trieved and identified according to median value of gene ex-
pression. The statistical differences were evaluated using the 
t test. Co-expression analysis of CPNE1 and TRAF2 was per-
formed using the Cancer Genome Atlas (TCGA) dataset. In ad-
dition, we also analyzed the association of CPNE1 expression 
with recurrence-free survival in patients, using the TCGA data-
set. For the TCGA dataset, the normalized level 3 IllumiaHiSeq 
RNASeqV2 microarray gene expression data were download-
ed to evaluate the association of CPNE1 with TRAF2 expres-
sion in 497 prostate cancer samples.

Prostate samples

The study was conducted after the approval of the Ethics 
Committee of Wuxi People’s Hospital. A total of 65 normal 
prostate samples and 114 prostate cancer samples were col-
lected to investigate CPNE1 expression. The patients were di-
agnosed and treated at Wuxi People’s Hospital (WXPH) be-
tween December 2007 and December 2015.

All patients were treated with radical prostatectomy. The sur-
veillance included a serum prostate-specific antigen (PSA) 
measure at least every 3 months for the first year and every 
6 months thereafter. The endpoint was time to biochemical 
recurrence, which was defined as the time from operation to 
the first of at least 2 consecutive values of 0.2 ng/mL or great-
er in total serum PSA level.
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Prostate cancer of the patients were classified according to 
the 2010 AJCC/UICC TNM classification for stage and postop-
erative Gleason score (2005 ISUP modified) for grade [17,18]. 
Clinicopathological features are shown in Table 1. Follow-up 
was completed until October 2016.

Immunohistochemistry

Immunohistochemical assay was conducted to examine CPNE1 
expression in prostate samples according to the manufacturer’s 
protocol, as previously described [19]. Briefly, all prostate tis-
sues on slides were deparaffinized and rehydrated. The slides 
were incubated with polyclonal rabbit anti-CPNE1 (1: 400 di-
lution, Abcam, Cambridge, UK) antibody. The CPNE1 expres-
sion was evaluated as described below. Briefly, a score repre-
sented the percentage of tumor cells with positive staining. 
Score 0 represented negative staining; score 1 represented 
positive tumor cell staining (<25%); score 2 represented pos-
itive tumor cell staining (25–50%); score 3 represented pos-
itive tumor cell staining (50–75%); and score 4 represented 
positive tumor cell staining (>75%). Then, a score was further 
assigned according to the staining intensity (score 0 indicat-
ed negative staining intensity; score 1 indicated weak stain-
ing intensity; score 2 indicated moderate staining intensity; 
and score 3 indicated strong staining intensity). According to 
scores of positive staining and staining intensity, a total score 
was assigned (Range: 0–7). The expression levels of CPNE1 
were categorized into low expression (Scores: <4) or high ex-
pression (Scores: 4–7).

Cell culture

Human prostate cancer DU-145 cells were obtained from the 
American Type Culture Collection (ATCC), which were cultured 
in a humidified 5% CO2 atmosphere at 37°C using Dulbecco’s 
modified Eagle’s medium (DMEM, Invitrogen, CA, USA) with 
10% fetal bovine serum. Cells were split every 3–4 days.

Lentivirus-mediated expression of CPNE1 in prostate 
cancer cells

Human CPNE1 cDNA was amplified and subcloned into len-
tiviral transfer plasmid pLVX-puro. Then, lentiviral particles 
were generated in 293T/17 cells by co-transfection of lentivi-
ral transfer plasmid pLVX-puro-CPNE1 or control plasmid pLVX-
puro, along with the packaging plasmids psPAX and pMD2.G. 
Lentiviral particles were collected 48 h after transfection and 
used to treat prostate cancer cells. Cells were selected using 
2 μg/ml puromycin.

Immunofluorescence assay

Immunofluorescence assay was conducted according to a 
previously described method [20]. Briefly, cells were incubat-
ed with polyclonal rabbit anti-CPNE1 (1: 400 dilution, Abcam, 
Cambridge, UK) or TRAF2 (1: 400 dilution, Bioworld Technology, 
Minneapolis, USA) antibodies, and subsequently were incu-
bated with goat anti-rabbit IgG Rhodamine (TRITC) for 2 h at 
room temperature.

Parameters Cases (%)
CPNE1 expression

P*
Low High

Age (years)

 £70 55 (48.2) 38 17 0.473

 >70 59 (51.8) 37 22

Tumor stage

 T2 65 (57.0) 49 16 0.013

 T3 49 (43.0) 26 23

Gleason score

 £7 59 (51.8) 46 13 0.005

 >7 55 (48.2) 29 26

Biochemical recurrence

 Negative 95 (83.3) 68 27 0.004

 Positive 19 (16.7) 7 12

Table 1. Correlation between CPNE1 expression and clinicopathological factors.

* Pearson Chi-Square.
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Quantitative real-time RT-PCR

According to the manufacturer’s instructions, total RNA in can-
cer cells was obtained using the RNAiso Plus reagent (TaKaRa). 
Expression levels of CPNE1 and GAPDH mRNA were investigated 
using the SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) (TaKaRa) by 
quantitative real-time RT-PCR (qRT-PCR). The primers for qRT-
PCR were as follows: for CPNE1, 5’- CAAGAACAACCTGAACCCTACA 
-3’ (forward) and 5’-GTGACCCGTCACTGTCATAATC-3’ (reverse); 
for GAPDH, 5’-AGGTGAAGGTCGGAGTCAAC-3’ (forward) and 
5’-GACAAGCTTCCCGTTCTCA-3’ (reverse). Sample amplification 
was performed using the following cycle scheme: 95°C for 30 
s, 40 cycles of 95°C for 5 s, and 60°C for 50 s.

Western blotting

Western blotting was performed as previously described [21]. 
Briefly, proteins were transferred to polyvinylidene difluoride 
membranes when separated by SDS-polyacrylamide gel elec-
trophoresis (PAGE). The membranes were first incubated with 
the following primary antibodies: Polyclonal rabbit anti-GAPDH 
or TRAF2 (1: 1000 dilution, Bioworld Technology, Minneapolis, 
USA) antibodies, and polyclonal rabbit anti-CPNE1 antibody (1: 
1000 dilution, Abcam, Cambridge, UK). Then, the membranes 
were incubated with secondary antibody goat anti-rabbit IgG 
(H+L) HRP (1: 5000 dilution, Bioworld Technology, Minneapolis, 
USA) for 2 h at room temperature.

Statistical analysis

The recurrence-free survival in prostate cancer patients from 
the Wuxi cohort was analyzed by Kaplan-Meier curves and log-
rank test. For the multivariate and univariate analyses, Cox re-
gression analysis was performed to investigate the association 
of CPNE1 with recurrence-free survival in patients with pros-
tate cancer. The intergroup comparison was performed using 
the t test. A two-sided P value <0.05 indicated statistical sig-
nificance. Statistical analyses were performed using SPSS 16.0 
software (SPSS Inc., USA).

Results

CPNE1 mRNA expression is upregulated in prostate cancer

To examine CPNE1 mRNA expression in prostate cancer, the 
publicly available GSE6956 and GSE35988 datasets from the 
Gene Expression Omnibus (GEO) were downloaded in our study. 
For the GSE6956 dataset, 20 normal prostate samples and 69 
prostate cancer samples were included to investigate the CPNE1 
mRNA expression. Our findings showed that CPNE1 mRNA ex-
pression is significantly increased in prostate cancer tissues 
compared with normal prostate tissues (P=0.006, Figure 1A). 

In addition, the GSE35988 dataset was analyzed to investigate 
CPNE1 mRNA expression in castration-resistant prostate can-
cer (CRPC). Our analysis of GEO dataset showed that CPNE1 
mRNA expression is significantly upregulated in CRPC com-
pared with non-CRPC (P<0.001, Figure 1B). Furthermore, us-
ing the TCGA dataset, our analysis indicated that CPNE1 ex-
pression is significantly related to recurrence-free survival in 
prostate cancer patients (Figure 1C).

CPNE1 expression and clinicopathological features in 
patients with prostate cancer

To evaluate CPNE1 protein expression in prostate cancer, 65 
normal prostate samples and 114 prostate cancer samples 
were analyzed by immunohistochemistry. CPNE1 high ex-
pression was found in 18.5% (12/65) of normal prostate can-
cer samples. In addition, CPNE1 high expression was detect-
ed in 34.2% (39/114) of prostate cancer samples (Figure 2). 
It was also found that CPNE1 high expression is significantly 
associated with prostate cancer by chi-square test (P=0.025). 
Furthermore, CPNE1 high expression is significantly related to 
tumor stage (P=0.013, Table 1) and Gleason score (P=0.005, 
Table 1). CPNE1 high expression is significantly related to bio-
chemical recurrence-free survival (P=0.004, Table 1).

Effect of CPNE1 expression on biochemical recurrence-free 
survival in prostate cancer patients

In this study, we found that the 5-year overall biochemical re-
currence rate in prostate cancer patients is 16.7%. The bio-
chemical recurrence-free rate in patients from the WXPH co-
hort was further investigated according to age, tumor stage, 
Gleason score, and CPNE1 expression. Our data showed that 
the biochemical recurrence-free survival is related to tumor 
stage (P<0.001), Gleason score (P=0.005), and CPNE1 expres-
sion (P<0.001, Figure 3).

Evaluation of the prognostic factors in prostate cancer 
patients

To investigate the effects of CPNE1 expression on other patho-
logical features of patients, the Cox proportional hazard mod-
el was used in the analyses. Univariate analysis showed that 
tumor stage, Gleason score, and CPNE1 expression are signif-
icant prognostic factors (Table 2). Furthermore, CPNE1 expres-
sion is a valuable prognostic factor (Table 2). Taken together, 
our findings show that CPNE1 is a valuable prognostic bio-
marker for predicting biochemical recurrence-free survival in 
prostate cancer patients (P=0.019).

5507
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Liang J. et al.: 
CPNE1 is a biomarker in prostate cancer
© Med Sci Monit, 2017; 23: 5504-5514

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



GSE6956

Normal

Re
lat

ive
 CP

NE
1 e

xp
re

ss
io

n
Re

lat
ive

 CP
NE

1 e
xp

re
ss

io
n

Re
cu

rre
nc

e-
fre

e s
ur

viv
al 

(%
)

Prostate cancer

**

Normal (n=20)
Prostate cancer (n=69)

10

5

11

10

9

8

7

CPNE1

CPNE3

CPNE6

CPNE7

CPNE1

CPNE3

CPNE6

CPNE7

2

0

–2

Non-castration-resistant prostate cancer (n=49)
Castration-resistant prostate cancer (n=27)

GSE35988

Non-CRPC

0 50

Months

100 150

CRPC

**
2

1

0

–1

–2

–3

100

80

60

40

20

0

Low CPNE1 TPM
Hight CPNE1 TPM
Logrank p=0.0021
n (high) = 246
n (low) = 246

A

B

C

Figure 1.  CPNE1 expression in prostate cancer. (A) Levels of CPNE1, CPNE3, CPNE6, and CPNE7 expression are shown as a heatmap; 
levels of CPNE1 expression were statistically analyzed in normal prostate samples (n=20) and prostate cancer samples 
(n=69) from GEO dataset GSE6956. (B) Levels of CPNE1, CPNE3, CPNE6, and CPNE7 expression are shown as a heatmap; 
expression level of CPNE1 was statistically analyzed in non-castration-resistant (n=49) and castration-resistant (n=27) 
prostate cancer samples from GEO dataset GSE35988. Asterisks indicate a significant difference (** P<0.01). (C) The 
association of CPNE1 expression with recurrence-free survival in prostate cancer patients was analyzed using TCGA dataset.
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Exogenous CPNE1 expression in prostate cancer cells

To investigate the effect of CPNE1 on prostate cancer devel-
opment, prostate cancer DU-145 cells with exogenous CPNE1 
expression were developed. CPNE1 overexpression in DU-145 
cells was observed as determined by immunofluorescence as-
say (Figure 4A). Expression levels of CPNE1 mRNA and protein 
were found to be upregulated in DU-145 cells as determined 
by qRT-PCR and Western blotting assays (Figure 4B, 4C).

Association of CPNE1 with TRAF2 expression in prostate 
cancer

Our study has shown that TRAF2 is a valuable prognostic bio-
marker and can promote the growth of prostate cancer (data 

not shown). Here, we investigated the relationship between 
CPNE1 and TRAF2 expression. To determine the association of 
CPNE1 with TRAF2 expression, the TCGA dataset for prostate 
cancer was analyzed. From the TCGA dataset, there are 497 
prostate cancer samples included in the analysis. Our analysis 
of TCGA data showed CPNE1 is significantly associated with 
TRAF2 expression in prostate cancer (Figure 5A).

CPNE1 upregulates TRAF2 expression in prostate cancer

Co-expression analysis of TCGA dataset showed that CPNE1 is 
related to TRAF2 expression in prostate cancer. This led us to 
investigate the in vitro effect of CPNE1 on TRAF2 expression 
in prostate cancer cells. Lentivirus containing human CPNE1 
gene were used to infect DU-145 cells. Our findings showed 

A

C

B

D

Figure 2.  Immunohistochemical staining of CPNE1 in human prostate tissues. (A) Representative images of normal prostate CPNE1 
low expression and (B) high expression. (C) Representative images of prostate cancer CPNE1 low expression and (D) high 
expression. Scale bar indicates 50 μm.
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that exogenous CPNE1 overexpression can upregulate TRAF2 
expression in DU-145 cells as determined by Western blotting 
and immunofluorescence assays (Figure 5B, 5C). These results 
suggest that CPNE1 may promote the growth of prostate can-
cer at least partially via upregulating TRAF2 expression.

Discussion

CPNE1 is thought to be an important member of the calcium-
dependent lipid-binding protein family, which is conserved in 
species ranging from Arabidopsis to Homo sapiens. It was re-
ported that CPNE1 plays a vital role in regulating neuronal 
differentiation via activation of Akt [7,12], which suggests 

Parameters
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age  1.083 (0.439–2.674) 0.862*  0.896 (0.353–2.271) 0.817#

Tumor stage  6.856 (2.260–20.795) 0.001*  4.152 (1.303–13.235) 0.016#

Gleason score  3.892 (1.394–10.868) 0.009*  2.323 (0.795–6.782) 0.123#

CPNE1 expression  5.013 (1.953–12.867) 0.001*  3.273 (1.220–8.778) 0.019#

Table 2. Prognostic factors for recurrence-free survival in univariate and multivariate analyses.

* Univariate analysis; # multivariate analysis.
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Figure 3.  An analysis of biochemical recurrence-free survival in prostate cancer patients by the Kaplan-Meier method. (A) Kaplan-Meier 
curves for biochemical recurrence-free rate according to age, (B) tumor stage, (C) Gleason score, and (D) CPNE1 expression.
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that CPNE1 itself may have protease activity. Multiple bio-
markers have been identified to evaluate the prognosis in 
prostate cancer patients [22–24], but the prognostic value of 
CPNE1 in prostate cancer patients is still unclear. Indeed, CPNE 
gene expression has been found to be increased in late-stage 
breast and gastrointestinal tract cancers [25–27]. In addition, 
Choi et al. [28] reported that CPNE3 can activate downstream 
ErbB2 signaling and promote migration in SKBr3 breast can-
cer cells. Heinrich et al. [29] also found that CPNE3 RNA levels 
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Figure 4.  Overexpression of CPNE1 in prostate cancer cells. (A) Representative images of CPNE1 overexpression in DU-145 cells by 
immunofluorescence assay. Scale bar indicates 50 μm. (B) CPNE1 overexpression in DU-145 cells was confirmed by qRT-PCR 
and (C) Western blotting. Quantitation of CPNE1 expression was normalized by GAPDH. Data are expressed as mean ±SD. 
Asterisks indicate a significant difference (** P<0.01).

are significantly correlated with ERBB2 amplification. It was 
further reported that CPNE3 can interact with ErbB2 and pro-
mote tumor cell migration. Taken together, CPNE genes may 
promote tumor development and progression.

The present study is the first to report that CPNE1 expression 
is significantly upregulated in prostate cancer. Increased CPNE1 
expression is related to tumor stage, Gleason score, and bio-
chemical recurrence-free survival in prostate cancer patients. 
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Figure 5.  CPNE1 upregulates TRAF2 expression in prostate cancer cells. (A) Co-expression analysis of TCGA data showed CPNE1 is 
positively associated with TRAF2 expression in prostate cancer. TRAF2 expression was found to be upregulated in CPNE1-
overexpressed DU-145 cells as determined by (B) Western blotting and (C) immunofluorescence assays. Scale bar indicates 
50 μm.

In addition, using GEO datasets, we also found that CPNE1 ex-
pression is significantly increased in castration-resistant pros-
tate cancer (CRPC). Overall, this study suggests that CPNE1 
can be a novel prognostic biomarker for predicting biochem-
ical recurrence-free survival in prostate cancer patients, and 
may promote development and progression of prostate cancer.

CPNE1 had 2 tandem C2 domains (C2A and C2B) at the 
N-terminus and an A domain at the C-terminus [30], suggesting 

that this A domain is known from von Willebrand Factor, which 
is a plasma and extracellular matrix protein. Further study 
showed that this A domain has been investigated in several 
integrins and extracellular matrix proteins and may serve as a 
protein-binding domain [31]. The C2 domain is a calcium-depen-
dent phospholipid-binding motif, which was originally found in 
protein kinase C [32]. The C2 domain was found to be very im-
portant for calcium and phospholipid binding [32,33]. Multiple 
proteins have been identified as Copine targets, including 
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MEK1/ERK, protein phosphatase 5, and CDC42-regulated pro-
tein kinase [8,9]. Furthermore, it was reported that CPNE1 can 
activate Akt signaling and induce neuronal differentiation. Taken 
together, CPNE1 may promote the development and progres-
sion of prostate cancer via its C2 domain. However, the under-
lying mechanisms should be further investigated.

Using the TCGA dataset, we analyzed the association of CPNE1 
expression with TRAF2 expression. We found that CPNE1 ex-
pression is positively associated with TRAF2 expression in pros-
tate cancer. For the TCGA dataset, almost 497 samples were 
included in the analysis, which significantly improved the con-
fidence of the results. Because TRAF2 plays a vital role in can-
cer development and progression [34–28], and this finding fur-
ther shows that CPNE1 may influence the development and 
progression of prostate cancer, at least partially via upregu-
lating TRAF2 expression. However, more in vitro experiments 
should be performed to verify the roles of CPNE1 in regulat-
ing TRAF2 expression in prostate cancer.
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