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Impact statement
Prostate cancer is the third most common

cancer in the world and the most common

cancer among men. Development of

metastatic castration-resistant prostate

cancer (mCRPC) is a result of the lack of an

apoptotic response by the tumor cells and

loss of the ability to stick to adjacent cells

through epithelial–mesenchymal transition

(EMT). The present study analyzes for the

first time the expressions of EMT marker

proteins – periostin, integrin a4, fibronectin

– in mCRPC and in benign prostatic

hyperplasia (BPH) with the aim to deter-

mine the clinical relevance of changes in

these three proteins vis-a-vis the PCa

aggressive phenotype. In doing so, it

sheds light on the molecular mechanism

underlying the disease. We concluded that

elevated periostin and fibronectin levels in

mCRPC patients may be appropriate tar-

gets of therapeutic intervention in the

future; hence, adopting methods that

target these proteins may help treat pros-

tate cancer effectively.

Abstract
Development of metastatic castration-resistant prostate cancer is a result of the lack of an

apoptotic response by the tumor cells and loss of the ability to stick to adjacent cells through

epithelial–mesenchymal transition. Although there are several strongly recommended bio-

markers for determining prognosis of metastatic castration-resistant prostate cancer, only

few of them may help decide the selection of the optimal treatment option. The mode of

treatment sequencing in metastatic castration-resistant prostate cancer will be based on

the individual characteristics of the patient. In this study, we aimed to explain the correlation

between the expression characteristics of periostin, integrin-a4, and fibronectin in

metastatic castration-resistant prostate cancer patients and their clinico-pathological

data comprising Gleason score, PSA levels, and metastatic sites in the process of epithe-

lial–mesenchymal transition. We evaluated by using Western blotting, periostin, integrin-a4,

and fibronectin expressions in peripheral blood samples of metastatic castration-resistant

prostate cancer patients (n¼ 40), benign prostatic hyperplasia patients (n¼ 20), and the

healthy control group (n¼ 20). Associations between changes in the protein expressions

and clinico-pathological parameters were also analyzed in the metastatic castration-

resistant prostate cancer group. When comparing BPH and healthy groups with the meta-

static castration-resistant prostate cancer group, a reduced expression of integrin-a4 was

found in metastatic patients, albeit being statistically insignificant (P> 0.05). Protein expressions of periostin and fibronectin in the

metastatic castration-resistant prostate cancer group were higher than those in the BPH and heathy groups (P< 0.001). Increased

periostin expression in metastatic patients was significantly associated with bone metastasis (P< 0.05). Elevated periostin and

fibronectin levels in metastatic castration-resistant prostate cancer patients may be appropriate targets of therapeutic intervention

in the future.
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Introduction

The recurrence and metastasis of prostate cancer (PCa)
point to the acquisition of epithelial to mesenchymal

transition (EMT) phenotype.1 During this transition,
cancer cells become more fibroblastic and gain invasive
and metastatic properties due to the loss of ability to
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adhere to adjacent neighboring cells and extracellular
matrix (ECM) proteins.2 Bornstein and Sage3 defined a
group of de-adhesive extracellular proteins as ‘‘matricel-
lular.’’ These matricellular proteins do not contribute
directly to the formation of structural elements but serve
to modulate cell–matrix interactions and cell functions.
They also characteristically contain binding sites for ECM
structural proteins and cell surface receptors and may ini-
tiate, inhibit, or modulate activities of specific growth fac-
tors.4 The factors that are used to define the clinical state of
PCa are the primary tumor’s status, presence or absence of
noticeable metastases, prior and current treatment and
serum testosterone levels (non-castrate/castrate).5 This
dynamic clinical states transition model estimated that the
point prevalence of PCa which was predicted as 2.2 million
for 2009 would increase to 3.07 million in 2020.5 Castration-
resistant prostate cancer (CRPC) presents involves
patients without metastases or symptoms with rising
prostate-specific antigen (PSA) levels despite androgen
depletion therapy (ADT), and those with metastases.
Metastatic CRPC (mCRPC) – bearing the highest mortality
risk – is characterized by disease progression despite first-
line chemotherapy associated with a steady increase in
serum PSA levels and/or the emergence of new metastases.
The majority (86%) of mCRPC incidence was observed from
within the non-metastatic CRPC (nmCRPC) clinical state,
with <15% from the non-castrate state.5

Ding et al.6 and Gao et al.7 demonstrated that PCa cells
acquired mobility and invasive potential throughout EMT.
EMT of cancer cells could be characterized by the expres-
sion of hallmark proteins such as periostin and fibronectin.
Periostin, also called osteoblast-specific factor 2 (OSF-2), is a
multifunctional glycoprotein that belongs in the group of
‘‘matricellular’’ proteins. Periostin can interact with other
ECM proteins such as fibronectin – one of the ECM pro-
teins, and integrins – a cell-surface receptor.8 It has been
reported that the overexpression of periostin was correlated
with the development of various tumors, such as colon,9

breast,10 lung,11 ovarian cancer,12 and PCa.13,14

These reports have suggested that a number of periostin-
associated signaling pathways (e.g. PI3-K/Akt) promote
numerous processes, such as cell growth and survival,
resistance to hypoxia-induced cell death, epithelial–mesen-
chymal transition, invasion, tumor angiogenesis, and
metastasis. Hu et al.15 showed that overexpression of peri-
ostin in PC3 and DU145 prostate cell lines increased the
expression of EMT-associated factors. Few studies have
investigated periostin expression in PCa patients.
Periostin, as a potential biomarker, may predict the
pathological grade and prognosis of PCa.16,17 Periostin
expression was found to be closely correlated with aggres-
sive phenotype in radical prostatectomy cases.18

Integrins – heterodimers consisting of a and b subunits –
are one of the major families of cell surface receptors that
bind to ECM proteins. Integrin signaling has deregulated in
several types of cancers, including PCa.19 Integrin a4 is a
‘‘matricellular’’ protein receptor that forms a complex with
integrin b1 or b7, which then adheres to fibronectin.20

Several reports on integrin expression in PCa showed that
some a subunits including a4 were downregulated.19,21

In the occurrence and development of PCa, a reduction in
the expression of a5-integrin and a7-integrin was related to
Gleason score, pathological stage, lymph node metastasis,
and PSA level.22 On the other hand, upregulation of b1
integrin promotes the growth and invasion of PCa cells.23

Fibronectin is an essential ECM glycoprotein involved in
both physiological and pathological processes. Fibronectin
pre-mRNA undergoes alternative splicing to generate over
20 splicing variants, all of which contain integrin binding
motifs.24 Within tumors, changes may occur in deposition
of certain matrix proteins including fibronectin. The EMT
process is accelerated by increased deposition of fibronectin
into the matrix during EMT via continual stimulation of
integrin signaling.25 An increased expression of fibronectin
was observed during androgen deprivation in PCa
patients.26 In human prostate cell lines, fibronectin can
upregulate the expression of matrix metalloproteinases
(MMPs) which are directly involved in PCa progression.27

Lee et al.28 found that fibronectin matrix induced mesenchy-
mal phenotypes in human PCa cells with zero or low
expression levels of CD82 – a transmembrane protein
which was identified as a metastasis suppressor of PCa.
They showed that repression of adhesion signaling
mediated by CD82 interacting with fibronectin-receptor
integrins resulted in the blocking of fibronectin-induced
EMT by high CD82 expression levels. This both suggests a
mechanism of EMT inhibition by CD82 and supports the
importance of integrin signaling in EMT.28

Although EMT in PCa has been mostly studied in cell
line models, the gene expression levels and the mechanism
underlying the regulation have not yet been characterized
in mCRPC patients. This is the first study to analyze the
expressions of EMT marker proteins – periostin, integrin
a4, fibronectin – in mCRPC and in BPH with the aim to
determine the clinical relevance of changes in these three
proteins vis-a-vis the PCa aggressive phenotype.

Materials and methods
Patient selection and sample preparation

All 40 mCRPC (median 68; range for the patient ages 40–85)
and 20 BPH (median 57; range for the patient ages 39–83)
patients admitted to the Urology Clinic, Hacettepe
University Hospital (Ankara, TR) were recruited into this
prospective single-center study from May 2015 through
June 2016. Control group (n¼ 20) was composed of healthy
volunteer men at the urology clinic within the same age
range. An a priori power analysis (R 3.0.1. open source soft-
ware) indicated that 20 individuals per group would be
required to detect correlations between clinico-pathological
variables and expression levels (a¼ 5% probability type 1
error, significance level; >90% power) of the selected three
EMT genes. The Ethics Committee of Gazi University
Faculty of Medicine approved the study and informed con-
sents were obtained from all subjects. All clinical informa-
tion concerning mCRPC patients, including Gleason score,
serum PSA values and TNM classification, were gathered
from surgical records of the Urology Department. Thirty-
five patients have been recently diagnosed with metastatic
PCa; 5 out of 40 patients who had been pre-screened earlier
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were metastatic despite having been castrated during the
follow-up, and PSA levels of these patients were less than
10 ng/ml and they had low tumor load. These five patients
had received luteinizing hormone-releasing hormone
(LHRH) analogue and metastases were observed approxi-
mately three to five years after treatment. In all mCRPC
patients (stage T3–T4), the cancer had spread to lymph
nodes and/or distant sites. The metastasis sites of the
patients were also recorded. Peripheral blood from each
patient was collected before commence of subsequent
therapy.

Peripheral blood samples in EDTA-containing tubes
(Monovette, Sarstedt, Numbrecht, Germany) were immedi-
ately centrifuged at 2000g for 30 min at 4�C. The separated
plasma was quickly frozen in aliquots at �80�C for later
analysis. The frozen plasma was then diluted in proper
amount and protein concentrations were determined in all
samples using the BCA Protein Assay Kit (Thermo Fisher
Scientific Inc., Rockford, IL 61105, USA). For this method,
we used 25 ml from each sample and also added working
reagents to these samples. After incubation at 37�C for
30 min, absorbance was measured at a wavelength of
562 nm using ELISA reader (Spectramax� M3; Molecular
Devices LLC, Sunnyvale, CA, USA).

Western blotting

Lysates containing 25 ug of protein were mixed with a
loading buffer with 5% b-mercaptoethanol and heated for
5 min at 95�C. Equal quantities of protein were loaded and
separated by 12% SDS-PAGE, then transferred to a polyvi-
nylidene difluoride membrane (Thermo Fisher Scientific,
Inc., Rockford, lL 61105, USA). Following blocking with
5% w/v non-fat milk or 5% w/v bovine serum albumin
in Tris-buffered saline with 0.1% Tween 20 (TBST-T), the
membrane was incubated overnight at 4�C with rabbit
anti-human Periostin antibody (Abcam, Cambridge, MA),
Integrin-a4 antibody (Elabscience Biotechnology Co., Ltd,
Bethesda, MD), and Fibronectin antibody (Elabscience
Biotechnology Co., Ltd, Bethesda, MD), as well as rabbit
anti-human b-actin monoclonal antibody (Cell Signaling

Technology, Inc., Danvers, MA) as the loading control. All
primary antibodies were diluted in 1: 500–1000. After three
washes in TBS/0.1% Tween 20, the membranes underwent
hybridization with a horseradish peroxidase-conjugated
secondary rabbit IgG antibody (1:5000 dilution; Thermo
Fisher Scientific, Inc., Rockford, lL 61105, USA) for 2 h at
room temperature. After washing extensively in TBS/
0.1% Tween 20, proteins were visualized using a Kodak
Gel Logic 2200 imaging system (Kodak, Rochester, NY,
USA) with LuminataTM Crescendo Western HRP substrate
(EMD Millipore, Billerica, MA, USA).

Statistical analysis

Densitometry of the Western Blot protein bands was
analyzed using Image J program and normalized against
b-actin. Variables were processed and analyzed by using
SPSS Statistics 21.0. Descriptive statistics were presented
as mean� standard deviation (SD) and median (min-
max). Non-parametric tests were used for inferential statis-
tics. Mann–Whitney-U and Kruskal–Wallis tests were per-
formed to compare the three groups and clinico-
pathological parameters (Gleason Score, PSA levels, meta-
static sites). P< 0.05 was considered statistically significant.

Results
Differential expressions of periostin, integrin-a4 and
fibronectin proteins

We firstly investigated expression levels of these three EMT
members at protein level in control, BPH, and metastatic
plasma samples. This comparison was carried out by
Western Blotting with isolated total proteins from control,
BPH, and metastatic blood plasma samples. Western Blot
results revealed that expression levels of these genes
showed variations within all groups, indicating heterogen-
eity of gene expression in each sample (Figure 1). Periostin
and fibronectin expression levels increased in BPH group
when compared to controls. Also, the greatest increase in
expression levels was observed in metastatic group in com-
parison to the control and BPH groups. Conversely,

Figure 1 Western Blot results of three EMT members from 20 controls, 20 BPH, and 40 metastatic samples. Periostin and Fibronectin showing quite high expression

levels in metastatic group compared to control and BPH groups. In the majority of metastatic samples, integrin-a4 showed very low or no expression in comparison to

the control and BPH groups (C: control; BPH: benign prostatic hyperplasia; MET: metastatic)
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integrin-a4 expression decreased in the BPH and metastatic
groups.

Secondly, we transformed expression levels of these pro-
teins obtained from Western Blot bands into numerical data
by using Image J software and calculated mean abundance
values. As shown in Figure 2(a), Mann–Whitney U test
revealed that expression levels of integrin-a4 decreased,
whereas those of periostin and fibronectin increased in
metastatic samples. Periostin protein expression levels sig-
nificantly increased in the metastatic group in comparison
to the BPH and control groups (P¼ 0.001). Between BPH
and control groups, there were no statistical differences
in periostin expression (P¼ 0.054). Expression levels of
integrin-a4 protein decreased in metastatic and BPH
groups; however, no statistically significant changes were
found between control-BPH (P¼ 0.351), control-metastatic
(P¼ 0.122), and BPH-metastatic (P¼ 0.546) groups. Among
the investigated proteins, the greatest expression change
was seen in fibronectin protein. About 7-fold increase was

observed in the expression levels of fibronectin in the meta-
static group (P¼ 0.001) when compared to BPH and control
groups. There was no statistically significant difference in
terms of fibronectin expression between control and BPH
groups (P¼ 0.504).

Control and BPH groups were combined and then
compared with the metastatic group in terms of gene
expression. Our results showed that expression levels of
periostin and fibronectin proteins significantly increased
in the metastatic group when compared to the combined
controlþBPH group (P¼ 0.001). There was no statistically
significant difference in terms of integrin-a4 expression
between the two groups (P¼ 0.122) (Figure 2(b)).

Associations among periostin, integrin-a4, fibronectin
protein levels, and Gleason score and PSA levels

We analyzed the association between the two conventional
clinico-pathological parameters – Gleason score and serum

Figure 2 (a) Comparative mean abundance values of Western Blot bands of periostin, integrin-a4 and fibronectin proteins in all groups. Statistical analyses showed

decreased expression levels of integrin-a4, increased expression levels of periostin and fibronectin in metastatic samples compared to other two groups. (b) We merged

the control and BPH groups and compared with the metastatic group. Results showed that expression levels of periostin and fibronectin increased in metastatic samples in

comparison to controlþBPH. P<0.05 was considered statistically significant (*P<0.05) (C: control; BPH: benign prostatic hyperplasia; MET: metastatic)
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PSA level – and expression levels of three EMT proteins in
metastatic samples (Table 1). Patients were classified
according to Gleason scores (from 8 to 10) obtained after
the prostate biopsy. Then, plasma expression levels of
periostin, integrin-a4, and fibronectin were calculated and
matched with the Gleason scores. Kruskal–Wallis test
revealed that there were no statistically significant differ-
ences among plasma periostin (P¼ 0.329), integrin-a4
(P¼ 0.795), and fibronectin (P¼ 0.321) levels of patients
classified according to Gleason scores.

We did not find a significant association between serum
PSA and plasma periostin (P¼ 0.486), integrin-a4 (P¼ 0.446),
and fibronectin (P¼ 0.549) levels. On the other hand, sam-
ples with PSA levels higher than or equal to 20 ng/ml
showed higher periostin and fibronectin expression values
than samples with PSA levels lower than 20 ng/ml.

Associations among periostin, integrin-a4, fibronectin
protein levels, and metastasis sites

We analyzed expression levels of the three proteins in con-
nection to the metastasis sites of the patients. We divided
patients into three groups of metastasis sites for this pur-
pose. The first group is bone (B), second is boneþ lymph
(BþL) and third is boneþ lymphþ organ (BþLþO)
(Table 2). Our results showed that periostin had a

significantly higher expression in patients with bone metas-
tasis (Group 1), when compared to Group 2 (P¼ 0.004).
Moreover, periostin showed an increased expression in
Group 1 when compared to combined Group 2þGroup 3
(P¼ 0.039). There were no significant changes in terms of
periostin expression between groups other than those men-
tioned above (P> 0.05). As opposed to periostin, we did not
detect any statistically significant changes in terms of integ-
rin-a4 and fibronectin expression levels between any
groups (P> 0.05). Finally, when we compared Group 1þ 2
with Group 3, we did not observe any statistically signifi-
cant changes in any of these proteins (P> 0.05).

Discussion

The search for markers of tumor metastasis depends
heavily on molecular mechanisms underlying EMT pro-
cess.29,30 In this study, we analyzed the expression levels
of three EMT-related proteins in mCRPC and BPH patients
and healthy controls. Then we investigated the possible
association between expression levels of these proteins
and conventional clinico-pathological prognostic factors in
metastatic samples.

Tsunoda et al.16 reported significantly increased periostin
expression in the early stages of PCa (Gleason score 6–7),
but not in the advanced stages of PCa. Our data indicate

Table 2 Association among metastasis sites of mCRPC patients and periostin, integrin-a4, fibronectin expressions

Periostin Integrin-a4 Fibronectin

Metastasis sites n Mean Median Mean Median Mean Median

Group 1:B 15 6.1� 2.83 6.32 (1.6–10.8) 0.9� 9.57 0.26 (0.01–2.7) 6.0�3.43 7.0 (0.04–9.7)

Group 2: Bþ L 17 4.1� 2.25 3.5 (0.88–9.9) 1.4� 2.21 0.22 (0.03–7.4) 6.2�4.5 5.8 (0.01–12.5)

Group 3: Bþ LþO 8 4.7� 2.46 4.6 (2–9.7) 2.7� 2.76 2.0 (0.03–7.6) 8.8�2.7 8.3 (5.1–14.1)

Statistics P P P

Group1 vs. Group2 0.040* 0.650 0.821

Group1 vs. Group3 0.208 0.100 0.093

Group2 vs. Group3 0.641 0.308 0.294

Group1 vs. Group(2þ 3) 0.039* 0.295 0.371

Group(1þ2) vs.Group3 0.697 0.146 0.144

B: bone; L: lymph; O: organ; mCRPC: metastatic castration-resistant prostate cancer.

*P<0.05.

Table 1 Association among Gleason scores, PSA levels, periostin, integrin-a4, fibronectin expressions in the mCRPC patient group

Periostin Integrin-a4 Fibronectin

n Mean Median P Mean Median P Mean Median P

Gleason score

8 12 5.8� 2.75 5.4 (2–9.9) 0.329 1.6� 2.81 0.15 (0.03–7.6) 0.795 8.1�3.28 8.5 (0.01–12.5) 0.321

9 16 4.3� 2.57 3.6 (0.9–9.1) 1.4� 1.43 0.6 (0.02–4.1) 5.5�4.19 5.2 (0.09–14.1)

10 12 4.9� 2.58 5 (2–10.8) 1.5� 1.97 0.3 (0.02–5.5) 6.6�3.82 7.4 (0.04–11.4)

PSA (ng/ml)

<20 9 4.2� 2.00 3.8 (0.9–6.5) 0.486 1.3� 2.37 0.1 (0.03–7.4) 0.446 5.7�3.76 5.8 (0.8–10.2) 0.549

�20 31 5.2� 2.78 4.5 (1.6–10.9) 1.5� 1.96 0.5 (0.01–7.6) 6.9�3.93 7.3 (0.01–14.1)

PSA: prostate-specific antigen; mCRPC: metastatic castration-resistant prostate cancer.
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that periostin is remarkably upregulated in metastatic cas-
tration-resistance group (Gleason score 8–10) compared to
control and BPH groups (P< 0.001). This provides strong
evidence pointing to the fact that increased expression of
periostin can facilitate invasive and metastatic potential of
tumor cells. Tischler et al.13 have reported upregulation of
periostin in high grade and high stage human PCa tissues.
Another work showed that periostin increased 9.12 folds in
PCa when compared with BPH.14 It has also been suggested
that periostin expression was correlated with cancer
metastasis. Indeed, the periostin increased in prostate
tumor tissues with Gleason score 6 and higher in compari-
son to paired non-tumorous prostate tissues.17 Our results
were consistent with aforementioned studies. Although we
did not find any statistically significant differences among
Gleason scores and PSA levels in the expression levels of
periostin in mCRPC patients, bony metastasis was found all
closely correlated to the increased periostin expression
(P< 0.05). The significant increase in periostin expression
in only bone metastasis group may indicate that this protein
is important in the adhesion of the tumor cell to the bone
surface.

We showed that integrin a4 expression was downregu-
lated in mCRPC group compared with control and BPH
groups, but this downregulation was not correlated with
Gleason scores, PSA levels, and metastatic sites. a4 subunits
and b subunits have been shown to be downregulated in
PCa.21,22,31 We found that integrin a4 expression was nega-
tively correlated with fibronectin expression. This result
may be due to degradation of integrins which were ubiqui-
tinated in migrating cells in response to fibronectin binding
and degraded in lysosomes.32 Another cause of the molecu-
lar mechanism underlying the loss of integrin a4 expression
in mCRPC is the transcriptional silencing of this gene.
Hypermethylation of integrin a4 was observed in 66.6% of
PCa patients, whereas no hypermethylation was observed
in BPH patients.33 Another study suggested that metastasis
suppressor CD82 repressed adhesion signaling through lat-
eral interactions with the associated a3b1 and a5b1 integ-
rins, and hence inhibited fibronectin adhesion-induced
EMT in PCa cells.28

The role of fibronectin as marker of EMT is less straight-
forward in clinical PCa than it is in vitro. Although expres-
sion of mesenchymal marker fibronectin increased in PCa
patients, overexpression of fibronectin was not found stat-
istically significant in BPH and malignant prostate epithe-
lium.34 Kolijn et al.34 showed that fibronectin was expressed
in only a small percentage of tumor cells. In our study, as
compared to BPH and control groups, nearly a 7-fold
increase was observed in expression level of fibronectin in
mCRPC patients. According to Moroz et al.,27 expression of
MMPs that are directly involved in PCa aggressiveness can
be upregulated by fibronectin. As demonstrated by Han
et al.,35 fibronectin may be a potential therapeutic target
for PCa. There was also an increased fibronectin expression
in both mRNA and protein levels in metastatic PCa cell line
DU145.36 Our results are in parallel with those of Han et al.35

in clinical terms and with those of Kang et al.36 in vitro. We
did not find any significant correlations between fibronectin
expression and any of the clinico-pathological parameters,

including Gleason scores, PSA levels, and metastatic sites,
of mCRPC patients.

The small sample size in terms of patients and the small
number of proteins studied are the main limiting factors in
the present study. Despite this limitation, our findings pre-
sented here have highlighted the role of EMT in facilitating
PCa progression and metastasis. The serum levels of these
markers – periostin, integrin-a4 and fibronectin – should be
explored in non-recurrent, non-metastatic PCa to determine
whether they are markers of metastasis or simply present in
the serum of PCa patients.

Conclusion

Western Blot results showed increased expression in fibro-
nectin and periostin and decreased expression in integrin-
a4 in the mCRPC group compared to BPH and control
groups. Our findings indicate that elevated periostin
might be a co-stimulator of PCa cell progression in bone.
Therefore, periostin might be a potential therapeutic target
for suppressing the metastatic progression of PCa.
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