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Abstract Ephrin-A2, a member of the Eph/ephrin family, is
associated with tumorigenesis and tumor progression. This
study aimed to assess the diagnostic and prognostic value of
both serum and tissue levels of Ephrin-A2 in prostate cancer
(PCa) management. One hundred and forty-five frozen pros-
tate tissues, 55 paraffin-embedded prostate tissues, 88 serum
samples, and seven prostate cell lines (RWPE-1, LNCaP,
LNCaP-LN3, PC-3, PC-3M, PC-3M-LN4, and DU145) were
examined via quantitative reverse transcription-PCR (qRT-
PCR), immunohistochemistry, enzyme-linked immunosor-
bent assay, and western blotting. Induced Ephrin-A2

messenger RNA (mRNA) or protein expression was detected
in 8.6 % (5/58) benign prostatic hyperplasia (BPH), 59.8 %
(52/87) PCa, and five prostate cancer cell lines. Ephrin-A2
immunostaining was present in 6.7 % (1/15) patients with
BPHs and 62.5 % (25/40) clinically localized PCa.
Accordingly, serum Ephrin-A2 was significantly higher in
PCa patients compared to those in the BPH patients and con-
trols (P<0.001). The expression of Ephrin-A2 was higher in
tumor patients with an elevated Gleason score or T3–T4 stag-
ing. Ephrin-A2 expression was correlated with Ki-67 expres-
sion in PCa patients, both at the gene scale and protein level.
Our data indicate that Ephrin-A2 is a potential diagnostic and
prognostic biomarker and a promising molecular therapeutic
target to attenuate prostate cancer progression.
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Introduction

Prostate cancer (PCa) is the most commonly diagnosed ma-
lignancy in male and the second leading cause of death from
cancer for men in the USA andWestern countries [1].With the
rapidly aging population and changing food consumption in
developing countries all around the world, more and more
PCa cases have been reported in recent years [2]. So far, the
prostate-specific antigen (PSA) testing still remains the most
widely used method for diagnosis and prognosis of PCa [3].
Recently, however, PSA screening has fallen under controver-
sy, as other nonmalignant prostate diseases, such as benign
prostate hyperplasia (BPH), also display elevated serum
PSA levels, which can lead to over-diagnosis [4]. In addition,
PSA is a poor indicator of aggressiveness, leading to potential
over-treatment of many PCa patients [5]. Thus, there is an
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urgent need for more sensitive and specific biomarkers for
PCa diagnosis and prognosis.

The Eph receptors, the largest family of receptor tyrosine
kinases (RTKs), include 14 human type 1 transmembrane pro-
tein members in human [6]. They are divided into two sub-
groups designated EphA and EphB based on both sequence
similarity and affinity to their ligands, the ephrins. In general,
EphA receptors bind to glycosylphosphatidylinositol (GPI)-an-
chored ephrin ligands (Ephrin-A), while EphB receptors bind to
Ephrin-B, which are transmembrane proteins [6, 7].

Growing evidence has indicated the import role of Ephs
and ephrins in angiogenesis, axon guidance, tissue border for-
mation, cell migration, repulsion, and adhesion [6]. Aberrant
expression of Ephs and ephrins in human cancer is implicated
in malignant transformation, tumor metastasis, tumor differ-
entiation, and outcome [7]. For example, upregulation of
EphA2 has been observed in many malignant tumors and is
associated with accelerated cell proliferation, enhanced neo-
vascularization, and promoted cell migration and invasion
[8–12]. Several studies [13–15] on EphB4 have revealed that
its overexpression can promote tumor development by stimu-
lating angiogenesis, increasing cancer cell survival, and facil-
itating invasion and migration.We recently completed a series
of studies on Eph receptor in PCa tumorigenesis and progres-
sion, which not only illustrates that EphA6 expression is in-
creased consistently and significantly in PCa tumor tissues
compared with their adjacent nontumor tissues and is associ-
ated with PCa progression [16], but also confirms that normal
prostate tissue expresses a high level of EphA5, which is pro-
gressively lost during PCa development [17]. However, re-
search of Ephrin members in PCa is still rare.

Ephrin-A2, located on chromosome 19p13.3, is a cog-
nate ligand to several Eph receptors, including EphA3,
EphA5, EphA6, EphA7, and EphA8 [18]. It is widely
expressed in normal tissue including lung, small intesti-
nal, kidney, bladder, thymus, and colon tissue [19, 20].
Overexpression of Ephrin-A2 has been observed in hepa-
tocellular carcinoma, renal cell carcinoma, and breast car-
cinoma cell lines and PCa cell lines [20–23]. Moreover,
Ephrin-A2 could be cleaved by the A disintegrin and me-
talloproteinase 10 (ADAM10) from the membrane and
naturally generated soluble Ephrin-A2 into the superna-
tant of Neuro2a neuroblastoma cell medium [24].
However, knowledge on the role of Ephrin-A2 in the car-
cinogenesis of prostate carcinoma remains limited. In the
present study, we firstly evaluated the expression of
Ephrin-A2 messenger RNA (mRNA) and protein of pros-
tate cell lines and tissues. Secondly, we analyzed serum
concentrations of Ephrin-A2 in men both with and with-
out PCa. Finally, we explored the association between
Ephrin-A2 and clinicopathologic parameters such as pa-
tients’ age, prostate volume, PSA levels, tumor-node-
metastasis (TNM) staging, and Gleason score.

Materials and methods

Cell culture

The human prostate cell lines RWPE-1, LNCaP, PC-3, and
DU145 were purchased from American Type Culture
Collection (ATCC). The LNCaP-LN3(a more metastatic
subclone of LNCaP from Lymph node metastasis), PC-3M
(a more invasive subclone of PC-3), and PC-3M-LN4 cells
(a more metastatic subclone of PC-3M from lymph node me-
tastasis) were obtained from Dr. Zhang (Biomedical Research
Institute, Shenzhen PKU-HKUST Medical Center, Shenzhen,
China). All cells were cultured in a 5 % CO2 and 95 % atmo-
sphere at 37 °C. RWPE-1 was grown inDefined Keratinocyte-
SFM (Gibco, Carlsbad, USA) containing 50 μg/mL bovine
pituitary extract (Gibco), 5 ng/mL epidermal growth factor
(Gibco), 100 U/mL penicillin, and 100 U/mL streptomycin.
LNCaP, LNCaP-LN3, PC-3, PC-3M, PC-3M-LN4, and
DU145 were cultured in DMEM/F-12 medium (Gibco) con-
taining 10 % fetal bovine serum (FBS, Gibco), 100 U/mL
penicillin, and 100 U/mL streptomycin.

Clinical samples

All specimens were obtained between March 2013 and
November 2014 at the Urology Department of Huashan
Hospital (Shanghai, China) under an institutional review
board-approved protocol. Overall, 288 samples of 205
men [107 with PCa, 78 with benign prostate hyperplasia
(BPH), and 20 healthy controls] divided into three partly
overlapping cohorts were included in this study: (1) 145
frozen tissue samples (87 PCa and 58 BPH) analyzed by
quantitative reverse transcription (RT) real-time PCR, (2)
55 paraffin-embedded tissues (40 PCa and 15 BPH) ana-
lyzed by immunohistochemistry (IHC), and (3) 88 serum
samples (48 PCa, 20 BPH, and 20 controls) assessed by
ELISA. The clinical characteristics of the subjects are
listed in Supplementary Table 1.

All tissue specimens were obtained from patients undergo-
ing prostate needle biopsies (PNB) or radical prostatectomy
(RPE). All the tumors were confirmed to contain more than
80 % tumor cells by histological examination of sequential
sections. Staging was assessed after pathological examination
of formalin-fixed specimens according to the 1997 TNM clas-
sification. Control serum samples were collected from age-
matched men who participated in PCa screening and were
deemed of low risk of PCa based on digital rectal examination
and low PSA level. Written informed consent was obtained
from each patient before sample acquisition, and the study
was carried out in accordance with the ethical standards of
the Helsinki Declaration II and approved by the Institution
Review Board of Huashan Hospital.
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Quantitative reverse transcription-PCR

RNA was isolated from cells and tissues using the AllPrep
DNA/RNA/Protein (Qiagen, Hilden, Germany) and reverse
transcribed with the PrimeScript™ RT Reagent Kit (TaKaRa,
Dalian, China) according to the manufacturer’s protocol. The
mRNAs were quantified by real-time reverse transcriptase po-
lymerase chain reaction (RT-PCR), based on TaqMan Gene
Expression Assay (Applied Biosystems, CA, USA):
Hs01023290_ml for Ephrin-A2, Hs01032434_ml for Ki-67,
and Hs99999905_ml for GAPDH, respectively (www.
appliedbiosystems.com). The comparative cycle threshold
(Ct) method was used to determine the relative expression
for Ephrin-A2 and Ki-67 mRNA to GAPDH control gene
(ΔCt=CT analyzed gene-CT control gene GAPDH). The rel-
ative expression levels of analyzed genes were calculated as 2-
ΔCt according to Applied Biosystems instruction.

Western blotting

Total protein was extracted from prostate cell lines using
radioimmunoprecipitation assay buffer, and protein concen-
trations were determined using the BCA Protein Reagent Kit
(Beyotime, Nantong, China) as described in the manufac-
turer’s instructions. Proteins (30 μg) were separated on 12 %
SDS-PAGE, transferred to a polyvinylidene fluoride mem-
brane (Millipore, Bedford, USA), and incubated with primary
antibodies against Ephrin-A2 (1:1000, Abcam ab123877,
Cambridge, USA) and GAPDH (1:5000, Proteintech 10494-
1-AP, Wuhan, China) overnight at 4 °C. After washing, the
membranes were incubated with secondary antibodies
(1:5000, Abcam) for 2 h and visualized with enhanced chemi-
luminescent substrate (Millipore). Then, immunoreactive
bands were quantified using the LAS-3000 system (Fuji
Film, Tokyo, Japan).

Immunohistochemistry

Immunohistochemical staining of Ephrin-A2 and Ki-67 was
performed according to a standard method. Briefly, tissues
were fixed in 10 % formalin, embedded in paraffin, and sec-
tioned at a thickness of 5 μm. The sections were dewaxed,
rehydrated, and microwaved for 30 min in sodium citrate
buffer (pH 9.0) to retrieve antigen epitopes. After endogenous
peroxidase had been quenched with aqueous 3 % H2O2 for
10 min, the sections were permeabilized by 0.1 % TritionX-
100 in PBS for 15 min, washed in PBS, incubated overnight
with a mouse anti-Ephrin-A2 monoclonal antibody (1:100,
Abcam ab123877, Cambridge, USA) or a mouse anti-Ki-67
monoclonal antibody (1:50, BD Biosciences 563462, NY,
USA), and then washed with PBS. Next, the sections were
incubated with secondary antibody (Dako, Glostrup,
Denmark) for 30 min at room temperature. Color

development was performed with 3,3′-diaminobenzidine
(DAB). Nuclei were lightly counterstained with hematoxylin.
Negative control sections with the omission of the primary
antibody were included in each run. Two pathologists inde-
pendently assessed the immunostained slides. For subsequent
statistical analysis, immunohistochemical staining of cancer
cells was semiquantitatively assessed according to the staining
intensity and percentage of positive cells. Ephrin-A2 expres-
sion was assessed for intensity (0=no staining, 1=weak, 2=
moderate, 3=strong) and the percentage of positive cells (0=
0 %, 1≤10 %, 2=10 % to 50 %, 3=51 % to 80 %, 4≥80 %
positive cells) as defined previously. The scores for intensity
and percentage were multiplied and a cutoff of 6 was used.
The percentage of Ki-67 positivity was recorded in all cases at
the time of diagnosis. The Ki-67 labeling index (LI) was
grouped as ≥4 % or <4 %.

Measurement of serum Ephrin-A2 levels

Blood serum Ephrin-A2 levels were quantified using a sand-
wich ELISA kit (TSZ, NJ, USA) according to the manufac-
turer’s instructions. Briefly, an anti-human Ephrin-A2 coating
antibody was adsorbed onto microwells and bound to human
Ephrin-A2 present in the samples or the standard. Serum sam-
ples were diluted (1:4) with sample diluent and placed in des-
ignated microwells. In addition, calibrators (the different con-
centrations of standard: 30, 60, 120, 240, 480, and 960 ng/L)
and negative and positive controls were added to the designat-
ed microwells to construct a standard curve ranging from 0.1
to 960 ng/L. Then, the plates were incubated for 30 min at
37 °C and washed with wash buffer three times. After the
incubation of horseradish peroxidase (HRP)-conjugated anti-
human Ephrin-A2 antibody and washing, each well was
added 100 μL tetramethylbenzidine (TMB) substrate and in-
cubated for 30 min at 37 °C, protected from intense light.
Following washing, 100 μL of stop solution was added to
each well, using the same order as for the substrate, and incu-
bated for 5 min. The absorbance of the resulting product was
read at 450 nm within 15 min using a microplate reader
(BioTek Instruments Inc, Winooski, USA). All samples were
examined in duplicate, and the mean values were used for
statistical analysis.

Statistical analysis

Associations of the expression of Ephrin-A2 with clinicopath-
ological parameters and the correlation between Ephrin-A2
and Ki-67 protein expression in PCa tissues were evaluated
by a chi-square test. Pearson correlation coefficients (r) were
calculated to evaluate the relationship between Ephrin-A2
transcript and Ki-67 mRNA expression in PCa tissues.
Association between Ephrin-A2 serum concentrations and
clinicopathological parameters was assessed using Mann–
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Whitney U tests. For paired group comparisons, the nonpara-
metric, two-sided Wilcoxon rank-sum test was applied.
Receiver operating characteristic (ROC) analysis was done
to verify whether Ephrin-A2 serum levels could be used to
distinguish patients with PCa from patients with BPH. All
statistical analyses were performed by using SPSS16.0 soft-
ware program (SPSS, Chicago, USA). A two-sided P value of
less than 0.05 was considered statistically significant in all of
the statistical tests.

Results

Ephrin-A2 was overexpressed in PCa cell lines

To explore the potential role of Ephrin-A2 in PCa, we first
analyzed the mRNA expression of Ephrin-A2 by real-time
quantitative reverse transcription-PCR (qRT-PCR) in a panel
of human nonmalignant (RWPE-1) and PCa (LNCaP,
LNCaP-LN3, PC-3, PC-3M, PC-3M-LN4, and DU145) cell
lines. Figure 1a shows that Ephrin-A2was highly expressed in
all cancer cell lines except PC-3 cell when compared with
RWPE-1cells. In addition, we also observed that the level of
Ephrin-A2 transcript is increased consistently and significant-
ly in both of lymph node derivative cell lines compared with
their parental PCa cells LNCaP and PC-3. In order to confirm
the overexpression of Ephrin-A2 in PCa cell, we next ana-
lyzed Ephrin-A2 expression at the protein level by western
blotting, in which Ephrin-A2 protein could be detected in
LNCaP, LNCaP-LN3, and DU145 cell lines (Ephrin-A2
mRNA high-expressing cells). These data are consistent with

the pattern of Ephrin-A2 mRNA expression, further demon-
strating that Ephrin-A2 was overexpressed in most PCa cell
lines compared to the nonmalignant cells (Fig. 1b).

Overexpression of Ephrin-A2 transcript in prostatic
cancer tissues

To determine whether overexpression of the Ephrin-A2 gene
also occurs in primary prostate tumors, Ephrin-A2 expression
was analyzed by qRT-PCR in 58 BPH tissues, 87 primary
prostate tumor tissues, and 23 matched adjacent tissues.
Compared to the matched adjacent tissues, Ephrin-A2 was
upregulated in 52 of 87 (59.8 %) PCa samples and in 5 of
58 (8.6 %) BPH samples compared to matched adjacent tis-
sues (Fig. 2a).

We next analyzed the association between Ephrin-A2 tran-
script and various clinicopathologic parameters. As shown in
Table 1, the high Gleason score group (Gleason score 8–10)
had significantly high expression of Ephrin-A2 mRNA than
low Gleason score group (Gleason score 6–7) (73.8 vs.
46.7 %; P=0.010). Moreover, we also observed a positive
correlation between the overexpression of Ephrin-A2 tran-
script and TNM staging (P=0.008). However, no significant
association was observed between Ephrin-A2 transcript level
and patient age, PSA levels, or prostate volume.

Immunohistochemical expression of Ephrin-A2

To further characterize Ephrin-A2 expression, we exam-
ined Ephrin-A2 protein expression via immunohistochem-
istry in 15 BPH tissues, 22 primary prostate tumor tissues,

Fig. 1 Ephrin-A2 expression in prostate cell lines. a Ephrin-A2 mRNA
expression was analyzed by qRT-PCR in seven prostate cell lines.
GAPDH was amplified as an internal control. b Western blotting
analysis of Ephrin-A2 protein expression in seven prostate cell lines.
GAPDH was used as a control for equal loading of cell lysates. The

relative expression of Ephrin-A2 in prostate cell lines was also
normalized to that in LNCaP cells. Representative results of triplicate
experiments are shown as mean±SD (n=3). *P<0.05 vs. the RWPE-1
cell line; **P<0.05 vs. the LNCaP cell line, ***P<0.05 vs. the PC-3 cell
line

Tumor Biol. (2016) 37:5365–5374 5369



and 18 paired prostate carcinomas and noncancerous tis-
sues. All 18 prostate noncarcinoma specimens and 93.3 %
(14/15) BPH samples exhibited undetectable or weak im-
munostaining. Strong immunostaining of the Ephrin-A2
protein was observed in the cell membrane and cell cyto-
plasm of the prostate cells in one BPH tissue and 25
tumor tissues. Fifteen cancerous tissues exhibited weak
immunostaining (Fig. 2b). Ephrin-A2 immunopositivity
was correlated with Gleason score (P=0.014) (Table 1).
However, there was no correlation between Ephrin-A2
immunostaining and patients’ age, prostate volume, PSA
value, or TNM staging (Table 1). Interestingly, the corre-
lations between Ephrin-A2 protein and TNM staging are
inconsistent with the pattern of Ephrin-A2 transcript in
PCa tissues. One possible explanation for this finding is
that mRNA expression of Ephrin-A2 is earlier than the
expression of Ephrin-A2 protein in PCa tissues.

Ephrin-A2 serum levels and clinicopathological
parameters

The averages of serum circulating Ephrin-A2 concentrations
were respectively 1.4-fold and 2-fold higher in PCa patients
(521.7±35.8 ng/L) compared to BPH patients (394.0±
37.9 ng/L) and controls (256.8±46.3 ng/L). Moreover, serum
circulating Ephrin-A2 concentrations were significantly
higher in PCa patients with high Gleason sore (8–10) com-
pared to those with low Gleason sore (6–7) (P=0.032).
However, no correlation was observed between Ephrin-A2
serum concentrations and patients’ age, prostate volume,
PSA levels, or TNM staging (Table 1).

Based on the differential serum level of Ephrin-A2 in pa-
tients with PCa and BPH, ROC curve analyses of the serum

Ephrin-A2 levels were performed, in comparison to analysis
of the pre-surgical serum PSA levels, to distinguish PCa from
BPH patients (Fig. 3). The serum Ephrin-A2 levels differen-
tiated PCa from BPH patients (area under curve (AUC)=0.86;
confidence interval (CI)=0.72–0.95; P<0.001), with a more
favored ROC than serum PSA levels (AUC=0.59; CI=0.45–
0.73; P=0.258) in this group of samples analyzed. For the
discrimination between PCa and BPH, the optimal cutoff
point of Ephrin-A2 concentration was 394.6 ng/L, with a sen-
sitivity of 83.3 % and a specificity of 85.5 %, whereas the
serum PSA value cutoff was 5.35, with a sensitivity of
79.2 % and a specificity of 37.5 %. The cutoff values were
estimated in order to obtain the best discriminatory power
between PCa and BPH patients. These results suggest that
serum Ephrin-A2 levels can distinguish PCa from BPH pa-
tients and that serum Ephrin-A2 concentration is a better pa-
rameter than pre-surgical serum PSA level measurement for
the differential diagnosis of these prostatic diseases. The low
serum Ephrin-A2 levels are associated with the presence of
BPH, while the high Ephrin-A2 levels are associated with the
presence of PCa.

Ki-67 expression correlates with increased Ephrin-A2
expression in PCa

qRT-PCR has shown that there was a significant correlation
between Ki-67 and Ephrin-A2 in mRNA expression level
(Pearson coefficient=0.582) (Fig. 4). In positive cases, Ki-
67 IHC shows a nuclear staining of the prostatic adenocarci-
noma cells (Fig. 5). Furthermore, this positive correlation be-
tween Ephrin-A2 and Ki-67 was also observed in the protein
level (Table 2), suggesting that Ephrin-A2 may play an impor-
tant role in PCa development.

Fig. 2 Ephrin-A2 expression in prostate tissues. a Expression of Ephrin-
A2 mRNA in 87 primary PCa tissues, 23 matched adjacent prostate
tissues, and 58 BPH tissues was measured by qRT-PCR and normalized
to the endogenous control GAPDH. Ephrin-A2 mRNA expression was
determined in BPH and PCa tissue relative to the mean of 23 matched

adjacent normal tissues. b Representative Ephrin-A2 IHC staining of
paraffin-embedded normal and malignant prostate tissues. I Negative
staining of Ephrin-A2 in normal prostate tissues. II BPH tissues show
no Ephrin-A2 expression. IIIWeak Ephrin-A2 staining in prostate cancer.
IV Strong Ephrin-A2 staining in prostate cancer (scale bar=50 μm)
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Discussion

The present study was the first to systematically evaluate
the expression profile of Ephrin-A2 in both prostate tissues
and serum samples of PCa patients, BPH patients, and
healthy controls. We observed significantly elevated
Ephrin-A2 levels in both tissue and serum samples of
PCa patients comparing to those of BPH patients and
healthy controls. Moreover, high Ephrin-A2 serum con-
centrations and tissue expressions were associated with
Gleason score. This gradually increasing expression pat-
tern paralleled with deterioration of this disease, suggest-
ing a potential role of Ephrin-A2 in the progression of PCa.

There is emerging evidence demonstrating that Ephrin-
A2 is involved not only in the developmental processes
[25, 26], but also in carcinogenesis and tumor progression
of many tumor types [20–23]. For example, Feng et al. [21]
carried out a study of hepatocellular carcinoma (HCC) and

found that Ephrin-A2 is significantly upregulated in both
cancerous cell lines and clinical tissue samples of HCC
compared with the normal ones. Several studies [20, 22]
on the Eph/ephrin expression profiles also identified that
Ephrin-A2 transcript was overexpressed in breast cancer
and renal cell carcinoma, implying that Ephrin-A2 plays
an important role in cancer progression. In addition, Fox
et al. [23] reported that the expression of Ephrin A2 mRNA
is significantly higher in CPTX cell (human local prostate
tumor) compared to NPTX cell (normal human prostate
epithelium), suggesting that Ephrin-A2 may promote the
transformation of the normal prostate epithelial cell into
one with a malignant phenotype. The transcript for
Ephrin-A2 is also highly present in DU145 and LNCaP
and shows a relative increase in the more aggressive PC-
3ML as compared to its parent cell line PC-3, implying that
Ephrin-A2 may also play an important role in promoting
PCa invasion. Consistent with the previous studies
[20–23], upregulation of Ephrin-A2 transcript expression
was also observed in 52 of 87 (59.8 %) PCa tissues with
various histological stages and in five PCa cell lines,
whereas only 8.6 % (5/58) of BPH tissues exhibited upreg-
ulation of the Ephrin-A2 gene expression. Moreover,
Ephrin-A2 IHC positivity rate was significantly higher in
PCa tissues (62.5 %) than in BPH tissues (6.7 %). These
findings suggest that Ephrin-A2 could be a potential mark-
er to distinguish malignant prostate tissues from the
nonmalignant.

Diagnosing cancers by serum profiling is a particularly
attractive concept. As a biomarker, serum prostate-specific
antigen (PSA) remains the gold standard for detecting PCa
in males [3, 4]. In a normal healthy male, serum PSA concen-
trations are usually well below 4 ng/mL while men with PCa
generally present elevated concentrations of PSA [4].

Fig. 3 ROC for Ephrin-A2 and
PSA serum levels. a The ROC
curve discrimination of PCa and
BPH patients according to serum
circulating Ephrin-A2
concentrations (AUC=0. 86;
CI=0.72–0.95; P<0.001) with a
cutoff value of 394.6 ng/L
(specificity 83.3 %; sensitivity
85.5 %). b The ROC curve
discrimination of PCa and BPH
patients according to serum
PSA level (AUC=0.59;
CI=0.45–0.73; P=0.258) with a
cutoff value of 5.35 ng/mL
(specificity 79.2 %; sensitivity
37.5 %)

Fig. 4 Ephrin-A2 expression correlates with Ki-67
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However, the serum PSA level may fluctuate in a patient de-
pending on his diet and exercise conditions [27]. Furthermore,
the serum PSA concentration of patients with other prostatic
diseases such as benign prostate hyperplasia (BPH) can also
be increased [28], which could lead to unnecessary interven-
tion such as prostate biopsies. Therefore, better biomarkers are
desirable for distinguishing PCa from BPH.

Ephrin-A ligands belong to a membrane-bound protein
with a glycosylphosphatidylinositol (GPI) lipid anchor and
include five members (A1–A5) in human [6, 7]. Research
and clinical trials have confirmed proteolytic shedding of
membrane-bound Ephrin-As, which released soluble frag-
ments at the cellular level [24, 29, 30]. For example, a recent
report has identified that ADAM12 cleaved Ephrin-A1 at the
primary tumor, and naturally generated soluble Ephrin-A1
was released into blood [30]. Studies on tumor markers have
demonstrated that secreted Ephrin-A1 was detected in the me-
dium of several tumor cell lines and in the serum from patients
with HCC [31, 32]. In addition, membrane-bound Ephrin-A2
and Ephrin-A5 have been identified as the substrate of
ADAM10 and released soluble Ephrin-A2 fragments and
Ephrin-A5 fragments into the cell medium [24, 29].
Moreover, KälinM et al. [33] carried out a study in 57 patients
with castration-resistant PCa and found a significant prognos-
tic value of elevated serum Ephrin-A5 levels. The above data
suggested that secreted Ephrin-As may be useful serum
markers for the diagnosis and prognosis of many tumors in-
cluding PCa [34]. In the present study, the Ephrin-A2 serum
level was found to be significantly higher in patients with PCa
than those with BPH or health controls, suggesting that the
high serum Ephrin-A2 concentration might help identify pa-
tients with PCa. Since ADAM-10 (protein and/or mRNA) is

overexpressed in prostatic cancer tissues [35, 36], the potential
reason of elevated Ephrin-A2 serum concentration is that
ADAM10 cleaved Ephrin-A2 at the prostate tumor tissue
and released soluble Ephrin-A2 fragments into the blood of
patient with PCa. What is more, the use of serum Ephrin-A2
levels to distinguish PCa and BPH groups was efficient in our
cohort of samples, with a desired sensitivity (83.3 %) and
specificity (85.5 %). Conversely, in the same patient cohort,
the use of serum PSA levels had lower sensitivity (79.2 %)
and specificity (37.5 %) to distinguish PCa from BPH sam-
ples. These data imply that the serum Ephrin-A2 concentra-
tion could be a valuable tool for PCa patient identification.

Ki-67, a proliferation marker, is strongly associated
with the prognosis of many tumors, including breast can-
cer, nonsmall cell lung cancer, and rectal/recto sigmoid
cancer, especially PCa [37–40]. Previous studies [41–44]
have demonstrated the independent prognostic value of
Ki-67 staining both in clinically localized disease treated
by RPE or radiation and in patients with advanced dis-
ease. Recently, Gunia et al. [44] reported that Ki-67 SI
>5 % is an independent predictor of biochemical recur-
rence following RPE. Moreover, Feng et al. [21] reported
that overexpression of Ephrin-A2 promotes tumor growth
and knock down of Ephrin-A2 inhibits HCC cell growth
in vivo, which imply that Ephrin-A2 promotes HCC cell
proliferation in vivo. In our study, the positive relation
was observed between expression of Ki-67 and Ephrin-
A2 in both transcript level and protein level in prostate
tumor tissues. Based on the above data, we hypothesized
that Ephrin-A2 might be a valuable prognostic predictor
of PCa. Since Gleason score is one of the most important
parameters for PCa prognosis evaluation, the significant
associations of Ephrin-A2 with higher Gleason score also
suggest that Ephrin-A2 has a favored prognosis value.

Taken together, we have identified that increased
Ephrin-A2 expression may promote PCa cell proliferation
and can be used both in disease diagnosis and in prognosis,
although much more follow-ups should be performed to
validate this hypothesis. Yet, the potential application of
Ephrin-A2 as a prognostic marker for PCa would be ad-
dressed in future work.

Fig. 5 Representative
photographs of Ki-67 IHC
staining of paraffin-embedded
prostate tumor tissues. a Negative
staining of Ki-67 in prostate
carcinoma tissues. b Positive
staining of Ki-67 in malignant
prostate tissues

Table 2 Correlations between Ephrin-A2 levels and Ki-67 LI in
prostate cancer tissues

Ki-67 LI (%) Negative Positive P (χ2)

<4.0 13 13 0.026
≥4.0 2 12
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In sum, we found upregulated Ephrin-A2 levels in tissue
and serum samples of PCa patients compared to those without
PCa. Moreover, increased Ephrin-A2 expression was found to
correlate with Ki-67 expression in PCa patients. Those results
indicate that Ephrin-A2 is a potential diagnostic and prognos-
tic biomarker and a useful molecular therapeutic target to at-
tenuate PCa progression.
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