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High-level expression of periostin is significantly
correlated with tumor angiogenesis in prostate cancer
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Abstract: Periostin (PN), originally named osteoblast-specific factor-2 (OSF-2), is a multifunctional glycoprotein
which can significantly promote EMT (epithelial-mesenchymal transition). Recently, many studies have shown that
high-level expression of PN is correlated significantly with tumor angiogenesis and prognosis in many kinds of hu-
man cancer. In previous experiments, we screened PN from prostate cancer through iTRAQ technology and found
that PN affects occurrence and development of prostate cancer (PCa). However, whether and how periostin expres-
sion influences tumor angiogenesis in prostate cancer remains unknown. Our study aimed to examine expression
of PN in patients with PCa and explored the relationship of PN expression with clinicopathologic factors and tumor
angiogenesis. Immunohistochemistry was performed to determine expression of PN in PCa and benign prostate
hyperplasia (BPH). Vascular endothelial growth factor (VEGF) and CD31 (used to mark tumor angiogenesis) were
also examined in tissues from the PCa patients and hyperplasia patients mentioned above. The results showed
that PN expression was significantly (P<0.001) higher in PCa (58%) than in BPH (18.8%) and VEGF expression was
significantly (P=0.003) higher in PCa (55%) than in BPH (24.5%). Increased PN protein expression was associated
with Gleason score (P=0.005) but there was no correlation with age (P=0.548), PSA (P=0.343) or clinic tumor stag-
ing (P=0.049). The results also showed that high expression of PN correlated with VEGF expression (P<0.001) and
that tumors with PN-positive expression had significantly higher microvessel density (38.7+14.4 vs. 29.7+10.5;
P=0.026) compared to those with PN-negative. In conclusion, our findings suggest that PN may have an important
role in tumor progression and may impact tumor angiogenesis in prostate cancer.
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Introduction Because of the trend of rapid growth of pros-
tate cancer, we have struggled to explore rele-
vant mechanisms in the occurrence, develop-
ment, and metastasis of prostate cancer and
look for new diagnosis and treatment targets of

prostate cancer.

Prostate cancer is one of the most common
malignancies of the urinary system and is
mostly found in the prostate epithelium.
According to data of Cancer Statistics 2017,
there were 161,360 new cases of prostate can-

cer in the United States, about 19% of male
malignant tumors. Deaths by prostate cancer
were 26,730, about 8% of cancer deaths in
males [1]. Although slightly lower, it is still one
of the most malignant tumors in American
males. In another report [2], morbidity and mor-
tality of prostate cancer are increasing in China
and had reached to 60.3/100000 and
26.6/100000 in 2015. In addition, elderly men
are the crowd of peak incidence of prostate
cancer. As the population ages, morbidity and
mortality are expected to increase further.

Periostin (PN), also named osteoblast-specific
factor-2 (OSF-2), was originally identified in
1993 as a 90 kDa protein acid which was
secreted from the mouse osteoblastic cell line
MC3T3-E1 [3]. This protein appears homolo-
gous with an insect cell adhesion protein
named fasciclin | (FAS 1) protein family, mem-
bers of which are involved in many biologic pro-
cesses such as cell motility, adhesion, meta-
static growth, and angiogenesis [4]. Recently,
accumulating evidence has revealed that high-
level expression of PN is correlated significantly
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Table 1. Differential expression of periostin
between PCa tissues and BPH tissues (cases)

) Case . . Positive
Tissues number Positive Negative rate (%)
PCa 53 31 22 58.40%
BPH 53 10 43 18.80%

with various human cancers including colon,
breast, head and neck, liver, and esophagus,
etc. [5-9].

In previous studies, we have proven high ex-
pression of PN in prostate stroma through the
Western blot technique and animal experi-
ments. We have demonstrated that silencing
PN could not only inhibit migration of LNCap
cells but also promote the apoptosis of the
LNCap in vitro [10]. We have also found that PN
mediates TGF-B-Induced Epithelial Mesenchy-
mal Transition (EMT) in Prostate Cancer Cells
[14].

PN plays an important role in the process of cell
migration and adhesion, especially in the pro-
cess of EMT in tumors [12]. Maybe this charac-
teristic and function also makes it play an
important role in tumor angiogenesis. Fur-
thermore, emerging evidence has suggested
that high expression of PN protein is closely
correlated with tumor angiogenesis in some
types of human cancer [13-18].

Although in prostate cancer, the role of the peri-
ostin in tumor angiogenesis is still unclear. In
our present study, we used immunohistoche-
mistry to examine the expression of PN, vascu-
lar endothelial growth factor (VEGF), and micr-
ovessel density (MVD) in PCa tissues. The
objective of this study was to elucidate expres-
sion of PN in PCa and to examine its correlation
with tumor angiogenesis and clinicopathologi-
cal characteristics.

Materials and methods
Patients and specimens

Fifty-three patients with prostate cancer were
selected at the Department of Urology bet-
ween 2013 and 2015. The 53 cases were diag-
nosed with benign prostatic hyperplasia (BPH)
in Huashan Hospital of Fudan University. The
Pathology Department took paraffin block and
sliced. This study was approved by the Insti-
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tutional Review Board of the Huashan Hospital
affiliated to Fudan University. All of the patien-
ts involved in this study signed the inform-
ed consent. The study protocol conformed to
the ethical guide lines of the Declaration of
Helsinki.

Ethical approval

Ethical approval for the use of human subjects
was obtained from the Research Ethics Com-
mittee of Fudan University.

Histopathological and immunohistochemical
analyses

The histopathological and immunohistochemi-
cal analyses were performed. The expressions
of PN, VEGF, and CD31 were detected by immu-
nohistochemistry using a two-step method ac-
cording to the manufacturer’s instructions.
Semi-quantitative estimation was made to
interpret the results of immunohistochemistry
according to the percentage of staining cells
per 100 cells in 10 microscopic fields with high-
power (200x) microscope, as follows: 0-10%,
negative (-); 10-30%, weak positive (+); >30%,
strong positive (++). MVD was quantified in five
fields in which there was high expression using
high-power lens (200x%) and values were expr-
essed by average measurements.

Statistical analysis

All statistical analyses were performed using
state 14.0. Corrections between PN expres-
sion and clinicopathological parameters were
assessed by Chi-square test, Fisher’'s exact
test and Logistic regression analysis. P<0.05
was considered statistically significant.

Results

Expression of PN in prostate cancer and be-
nign prostatic hyperplasia tissues

As shown in Table 1, the positive rate of PN
expression was 58.4% (31/53) in PCa and
18.8% (10/53) in BPH samples. The protein
expression level of PN was significantly higher
in PCa tissues than in BPH tissues (P<0.05).
The distribution of positive expression area of
PN was mainly interstitial expression, some
tumor cells stained strongly while others exhib-
ited slight or no staining at all (Figure 1).
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ore, and clinic tumor stage. To

elucidate its clinical signifi-

cance, we also assessed cor-

relation between PN expres-

sion and clinicopathological

parameters available for the

yioe, % patients (Table 2). Positive

. expression of PN in PCa was

significantly correlated with

Gleason score (P=0.005). Ho-

wever, there was no signifi-

cant correlation with age,

PSA, and T staging (P=0.548,
P=0.343, P=0.049).

Correlation of periostin and

- 2 VEGF in prostate cancer

Figure 1. In BPH tissues, the Periostin expression is weak or not expressed:
(A) HE staining of BPH, x100; (B) HE staining of BPH, x200. In PCa, the posi-
tive Periostin expression: (C) HE staining of BPH, x100; (D) HE staining of

BPH, x200.

Table 2. Periostin expression status in relation to selected clinico-
pathologic features in 53 prostate cancer patients (cases)

Expression of VEGF and MVD
in prostate cancer tissues
and its correlation with PN:
The positive rate of VEGF ex-
pression was 54.71% (29/53)
and the distribution of posi-
tive expression area was ma-
inly localized in the cytoplasm

Clinicopathologic data Case Positive Negative V2 P value (Figure 2). The I?elatlonshlp
number between expression of PN
Age at diagnosis (year) and VEGF was calculated and
67.7£6.3 (50-80) 0.36 0.548 is outlined in Table 3. The re-
<70 34 20 14 sult also shows that high ex-
>70 19 11 8 pression of PN correlates with
Pre-operative PSA (ng/ml) VEGF expression (r=0.707; P<
19.3+6.3 (0.93-158.3) 09 0.343 0.001; Table 3).
<10 21 1 10 Correlation of periostin and
10-20 21 12 9 .
MVD in prostate cancer
>20 11 8 3
Gleason score 7.87  0.005 To further evaluate the asso-
2-4 1 0 1 ciation between PN and ang-
5-6 10 4 6 iogenesis, we detected MVD
7 20 9 11 by expression of CD31 in the
8-10 22 18 4 PCa and the BPH tissue using
T staging 3.85 0.049 an antibody against CD31
T1T2 41 23 18 (Figure 3). The results indicat-
T3 12 8 4 ed that tumors with PN-po-

Expression of PN in prostate cancer with differ-
ent clinic data

As shown in Table 2, fifty-three patients with
prostate cancer were mean age of 67.7+6.3
years old and mean PSA of 19.3+25.6 ng/mL.
They were grouped by age, PSA, Gleason sc-

1571

sitive expression had signifi-
cantly higher MVD (38.7+
14.4 vs. 29.7+10.5; P=0.026) compared to
tumors with PN-negative. (Graph 1).

Discussion

PN, a stroma-associated protein, has previous-
ly been found to be involved in formation and
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Figure 2. In BPH tissues, the VEGF expression is weak or not expressed: (A)
HE staining of BPH, x100; (B) HE staining of BPH, x200. In PCa, the positive
VEGF expression (C) HE staining of BPH, x100; (D) HE staining of BPH, x200.

Table 3. The expression correlation between
vascular endothelial growth factor (VEGF) and
periostin (cases)

) Periostin
Stain — -
Positive Negative r P value
VEGF Positive 26
0.707 <0.001

Negative 5 19

maintenance of the normal structure of bone
and teeth and the development of the heart
[19, 20]. Recently, it has been frequently rep-
orted that PN is overexpressed in various types
of human malignant tumors. Moreover, accu-
mulating evidence has revealed that PN was
correlated significantly with tumor invasiveness
and progression in nasopharyngeal carcinoma
and can regulate epithelial-to-mesenchymal
transition (EMT) and cell invasiveness in pros-
tate and bladder cancer cells as well as medi-
ate proangiogenic activity in oophoroma [21].

In our study, overexpression of PN was detect-
ed in 31 of 53 (58.4%) tumor tissues. Fur-
thermore, we found that PCa with PN-positive
expression had higher Gleason scores than
osteosarcoma with PN-negative expression.
Therefore, we believe PN can affect invasive-
ness of prostate cancer. PCa often tends to
develop distant metastasis, especially in bone,
and results ultimately in death. There is plen-
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ty of evidence to support
the significance of angiogen-
esis in initiation, developme-
nt, and aggressiveness [22].

VEGF is considered a prime

mediator for both physiologi-
cal and pathological angio-
genesis and has been impli-
cated in carcinogenesis and
metastasis. In normal pros-
tate tissue, there is a small
amount of expression or no
expression of VEGF. In pros-
tate cancer tissues we can
detect high expression of
VEGF [23]. Our experiments
about VEGF have verified this
point. In addition, in the se-
rum and urine of patients
with prostate cancer, we co-
uld significantly detect high-
er expression of VEGF and
compared with the control
group and non-metastasis group, VEGF levels
of metastasis group was obviously higher
[24]. These experiments suggest that VEGF
plays a role in helping to determine tumor
progression.

To explore the relationship between PN and
tumor angiogenesis in our study, we quantified
the levels of VEGF and MVD, the most widely
accepted markers of tumor angiogenesis. Our
results show that tumors with PN-positive
group express higher VEGF and have higher
MVD than those in PN-negative group. We ana-
lyzed the relation between VEGF and PN and
found that there was a significant positive cor-
relation between PN and VEGF. Taken together,
these findings suggest that PN plays a crucial
role in PCa tumorigenesis by inducing and/or
promoting tumor angiogenesis.

PN plays a major role in stromal invasion and
tumor adhesion. However, its exact mechanism
of action remains unclear. Here, PN can act as
an adhesion protein by facilitating interaction
between the cancer stem cells and the niche.
As mentioned above, PN can also promote
angiogenesis in tumor metastases and facili-
tate survival and proliferation of tumor cells fol-
lowing their colonization of distant tissues and
may be related to the role in the process of cell
migration and adhesion, especially in the pro-
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Figure 3. Immunohistochemical staining of CD31 in prostate cancer tissues.

A: HE staining, x100; B: HE staining, x200.
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Graph 1. Expression of MVD in prostate cancer with
different expression of PN and VEGF.

cess of EMT in tumors. To demonstrate these
hypotheses, further investigation is needed to
explore possible molecular mechanisms.

There are several inherent limitations to this
study, including small sample size and possible
selection bias of the cohort. Thus, the current
findings should be verified in a prospective, ran-
domized, and multicenter study.

In conclusion, our study found that PN is over-
expressed in human PCa compared with BPH
tissues. Overexpression of PN has a close cor-
relation with tumor invasiveness and angiogen-
esis and may be used as a prognostic biomark-
er and therapeutic target in patients with
prostate cancer.
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