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Abstract. The present study was performed to explore the
prognostic significance of periostin expression in a cohort
of patients with early-stage breast cancer treated with breast
conserving surgery following radiotherapy. A tissue micro-
array of tumor samples from 259 patients with early-stage
breast cancer was assayed for periostin, estrogen receptor (ER),
progesterone receptor (PR), ErbB2 receptor tyrosine kinase 2
and Ki-67 expression by immunohistochemistry. The associa-
tion of periostin with other clinicopathological parameters and
clinical outcomes, including local recurrence free survival
(RFS), distant metastasis free survival (DFS) and overall
survival (OS), were assessed through log-rank tests and
univariate and multivariate analysis. Periostin expression
was identified in 91 of the 259 tissue samples (35%). The
periostin status was significantly associated with histological
grade (P=0.001), nodal status (P=0.023), molecular subtype
(P<0.01), ER status (P<0.01), PR status (P<0.01) and Ki-67
expression (P=0.011). Furthermore, periostin expression was
associated with an increased risk of five-year local recurrence
(95.8% vs. 89.0%; P=0.017) and distant metastasis (92.3%
vs. 79.1%; P=0.001) in patients with early stage breast cancer.
Multivariate analysis using Cox's proportional hazards model
demonstrated that periostin expression was an independent
predictor of all clinical outcomes in breast cancer (RFS,
P=0.018; DFS, P=0.025; OS, P=0.047). Therefore, it was
concluded that periostin is associated with an increased risk
of local relapse and distant metastasis in early-stage breast
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cancer treated with conserving surgery and radiotherapy. This
association should be further investigated in larger cohorts to
validate the clinical significance of periostin expression.

Introduction

Breast cancer is the most common cause for cancer-associated
mortality among women (1), and the treatment of breast
cancer continues to present a difficult clinical challenge.
Although radiotherapy with surgery may significantly
prolong the survival period of patients with breast cancer,
the 10-year loco-regional recurrence rate remains 38%
for women <40 years; the reasons for this have yet to be
established. The existence of loco-regional recurrence was
associated with a worse distant disease-free survival and with
a worse overall survival compared with those who did not (2).
At present, the majority of patients with breast cancer in early
stages are treated with breast conserving surgery followed by
radiation therapy, with appropriate adjuvant systemic therapy.
However, it remains a challenge for clinicians to predict the
response to radiotherapy, and there is a demand to develop
novel strategies to reduce tumor radioresistance. Therefore,
an improved understanding of the molecular characteristics
associated with intrinsic radioresistance is required. The
tumor microenvironment has been increasingly recognized to
serve an important role in the pathogenesis of breast cancer, in
which stromal cells may produce extracellular matrix (ECM)
components and growth factors to promote cancer cell activa-
tion, reprogramming and survival (3).

The ECM protein periostin (POSTN) is a bone adhesion
molecule that regulates osteoblast adhesion and differentia-
tion that may be upregulated in a wide range of cancer types,
including colon, pancreatic, breast, gastric and non-small cell
lung cancer, and neuroblastoma (4,5). POSTN is required
for cancer stem cell maintenance and may act as a critical
regulator of tumorigenesis and progression (6,7). It has been
reported that the overexpression of POSTN is associated with
metastasis and chemotherapy resistance by interacting with
integrin receptors, as well as with other signals, particularly
via the phosphoinositide 3-kinase/AKT pathway (8.9).

A previous study demonstrated that POSTN protein expres-
sion was increased in CD44*/CD24" breast cancer stem cells
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compared with control cells, which was associated with cancer
stem cell chemotherapy resistance (10). In the serum of patients
with early-stage breast cancer, POSTN expression could be
detected prior to surgery, and increased baseline serum POSTN
levels were predictive of worse long-term survival outcomes in
specific subgroups of patients (11). However, the relevance of
POSTN expression status to clinical implications, particularly
the response toradiotherapy for the management of breast cancer,
is poorly understood.

In the present study, a tissue microarray (TMA) with
tissue from 259 tumors from patients with breast cancer was
used to evaluate the prognostic value of POSTN, including
its association with clinical outcomes, and therefore, radio-
therapy response. These data may provide clinical evidence of
a method for predicting the tumor response to radiotherapy in
patients with breast cancer and optimizing therapeutic strate-
gies against radioresistance.

Materials and methods

Patient characteristics and histological review. Subsequent
to obtaining approval from the institutional review board of
Qingdao University School of Medicine Ethics Committee,
259 patients with early stage breast cancer were recruited to the
study between January 2010 to January 2011 at the Department
of Breast Surgery, Qingdao Central Hospital, the Second
Affiliated Hospital of Qingdao University (Qingdao, China).
All patients provided written informed consent prior to their
inclusion in the study. Information about the patients' clinical
history was obtained from the patient records database of
Qingdao Central Hospital.

The age of each patient was defined at diagnosis. The size
of the primary tumor was considered to be the largest tumor
diameter reported by a pathologist subsequent to surgical
excision. Patients with early stage breast cancer were staged
as I and II based on the tumor-node-metastases (TNM) clas-
sification of the International Union against Cancer, revised in
2010 (12). The histological grade of the tumors was classified
according to the World Health Organization criteria (13). The
lymph node status was determined by the presence of histo-
logical evidence for lymph node metastasis. All patients in the
present study were treated with breast conserving surgery with
or without axillary lymph node dissection. Following surgery,
the patients received standard whole breast irradiation at the
radiation oncology facilities of the Department of Therapeutic
Radiology, Qingdao Central Hospital, the Second Affiliated
Hospital of Qingdao University. The median total dose was
50 Gy to the whole breast. Adjuvant systemic chemotherapy
and/or adjuvant hormone therapy were administered as clini-
cally indicated in accordance with standard practice during the
time of the study. Local recurrence-free survival (RFS), distant
metastasis-free survival (DFS) and overall survival (OS) were
the endpoints evaluated.

TMA construction. Formalin-fixed, paraffin-embedded tissues
from the Department of Pathology, Qingdao Central Hospital
were used in the construction of the breast cancer sample
TMA. Briefly, representative areas of breast tumor samples
were selected from whole tissue sections by pathologists. A
cylindrical specimen core of 2-mm diameter was extracted
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from these regions and precisely arrayed into a new recipient
paraffin block using a custom-built precision instrument
(Beecher Instruments; Estigen OU, Tartu, Estonia) as previ-
ously described (14). The resulting TMA blocks were cut to
4-um thickness with a microtome and placed on slides with
an adhesive tape-transfer method (InstruMedics; Stryker
Corporation, Kalamazoo, MI, USA). One section from each
TMA was stained with hematoxylin and eosin (in hematoxylin
for up to 2 min and eosin for 30 sec at room temperature) to
verify the presence of tumor cells. The TMA was assessed for
the staining intensity, and the percentage of stained cells in the
nucleus, cytoplasm or membrane.

Immunohistochemical study. Immunohistochemical analysis
was performed on the 4-um thick paraffin-embedded tissue
sections of the TMA using a standard streptavidin-peroxidase
method. The subsequent levels of tissue sections were stained
with Ventana Benchmark XT Autostainer according to the
manufacturer's instructions (Ventana Medical Systems, Inc.,
Tucson, AZ, USA). The slides were incubated with a rabbit
anti-human primary antibody against POSTN (dilution 1:500,
cat. no. sc-67233; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), ER (cat. no. GO7268), PR (cat. no. Y12992),
HER?2 (cat. no. YO08422) and Ki-67 (cat. no. Y13569) (all from
Roche Diagnostics, Indianapolis, IN, USA) for 28-32 min
at 37°C. The primary antibodies for ER, PR, HER2, Ki-67
and the goat anti-rabbit horseradish peroxidase-conjugated
secondary antibody (Ultraview Universal DAB detection kit;
cat. no. 05269806001; Roche Diagnostics) were ready-to-use
for 8 min at 37°C. A known positive case was stained as a
positive control. The primary antibody was replaced with
nonimmune mouse serum (Santa Cruz Biotechnology, Inc.) as
a negative control. Immunohistochemical staining was devel-
oped in a Dako Autostainer Plus using an LSAB detection kit
(Dako; Agilent Technologies, Inc., Santa Clara, CA, USA). The
individuals performing immunohistochemical evaluation were
blinded to the clinical information. The staining results for all
markers were first determined independently, then reviewed
together at a multi-head microscope. According to the criteria
for immunohistochemical evaluation reported previously (10),
the presence of 1% of positively stained neoplastic cells was
defined as positive POSTN expression.

Statistical analysis. Statistical analysis was performed using
SPSS 22.0 (IBM Corp., Armonk, NY, USA). The association of
POSTN expression with categorical clinicopathological param-
eters was assessed by y* tests. Estimates of RFS, DFS and OS
were calculated by the Kaplan-Meier product-limit method, and
the differences were assessed by the log-rank test. Multivariate
analysis was performed using the Cox proportional hazards
regression model to determine the prognostic effect on the
independent contribution of each variable to survival; hazard
ratios (HRs) and their corresponding 95% confidence intervals
(CIs) were calculated. All P-values are two-sided; P<0.05 was
considered to indicate a statistically significant difference.

Results

Immunostaining results of POSTN in breast cancer tissues.
The intracellular localization of POSTN protein staining



Figure 1. Representative images of immunohistochemical staining of POSTN
in breast cancer tissues, including (A) negative, (B) moderate and (C) high
expression of POSTN. Magnification, x400. POSTN, periostin.

was examined, as its location may affect the mechanism of
action and potentially, the response to treatment. In the breast
cancer tissue samples, there was a heterogeneous distribution
of POSTN in the cytoplasm. Nuclear POSTN expression was
relatively infrequent. Representative POSTN immunostaining
results are included in Fig. 1.

Descriptive statistics. The clinical and pathological variables
of the patients are included in Table I. The median age at
diagnosis for all patients was 53 years (range, 27-93), with
44 4% of the patients (n=115) <50 years at the time of diag-
nosis. A total of 45% (n=117) of the patients presented with
lymph node metastases (N1 or 2) at the time of surgery. Of the
259 patients, 27% had the Luminal A molecular subtype, 33%
Luminal B, 13% HER2-overexpressed and 25% triple-negative;
the remaining patients were uncategorized.

As of February 2015, the median follow-up time was
51 months. Of all the patients in the study, 7% (n=17) of
patients experienced local relapse, 12% (n=32) experienced
distant metastasis and 11% (n=29) succumbed to the disease.

POSTN expression in breast cancer and its association with
clinicopathological characteristics. Clinicopathological
characteristics and molecular features were compared with
the POSTN expression status for the patients in the cohort
of the present study. The results are summarized in Table I.
The POSTN status was significantly associated with the
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Figure 2. Kaplan-Meier survival curves of five-year clinical outcomes strati-
fied by POSTN expression in patients with breast cancer, including (A) local
recurrence free survival, (B) distant metastasis free survival and (C) overall
survival. POSTN, periostin.

histological grade (P<0.01), nodal status (P<0.05), molecular
subtype (P<0.01), estrogen receptor (ER) status (P<0.01),
progesterone receptor (PR) status (P<0.01) and Ki-67
expression (P<0.05). No significant association between
POSTN expression and other parameters could be established.

Association between POSTN and postoperative local relapse
and distant metastasis. Five-year survival analysis was
performed for the 259 patients, considering the RFS, DFS and
OS rates. As summarized in Table II and illustrated in Fig. 2,
tumors with positive POSTN expression were associated with
poorer outcomes for all endpoints, including RFS (P<0.05),
DEFS (P<0.01) and OS (P<0.01).

Prognostic analysis of POSTN expression in breast cancer.
Multivariate analysis with the Cox proportional hazards
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Table I. Clinicopathological features of 259 patients with breast cancer, and the association with the expression of POSTN.

POSTN expression, n

Clinicopathological feature n (%) Negative Positive P-value

Total 259 168 91

Age (years) 0.248
<50 115 (44.4) 79 36
>50 144 (55.6) 89 55

Tumor size 0.123
T1 142 (54.8) 98 44
T2 117 (45.2) 70 47

Histological grade 0.001*
I 29 (11.2) 26 3
I 160 (61.8) 106 54
I 70 (27.0) 36 34

Nodal status 0.023*
Negative 146 (56 .4) 99 47
Positive 113 (43.6) 61 52

Molecular subtype <0.001*
Luminal A 71 (274) 59 12
Luminal B 84 (32.4) 55 29
HER2-overexpressed 34 (13.1) 22 12
Triple-negative 65 (25.1) 28 37
Unclassified 5(1.9) 4 1

Estrogen receptor status <0.001*
Negative 106 (40.9) 54 52
Positive 153 (59.1) 114 39

Progesterone receptor status <0.001*
Negative 124 (47.9) 67 57
Positive 135 (52.1) 101 34

HER? status 0.897
Negative 178 (68.7) 115 63
Positive 81 (31.3) 53 28

Ki-67 expression 0.011*
Low 104 (40.2) 77 27
High 155 (59.8) 91 64

Local recurrence 0.034*
No 242 (934) 161 81
Yes 17 (6.6) 7 10

Postoperative distant metastasis 0.002*
Negative 227 (87.6) 155 72
Positive 32 (12.4) 13 19

Survival status 0.001¢
Alive 230 (88.8) 157 73
Deceased 29 (11.2) 11 18

‘P<0.05. POSTN, periostin; HER2, ErbB2 receptor tyrosine kinase 2.

model was performed using the following variables: POSTN
expression, age, tumor size, histological grade, nodal status,
disease subtype, ER, PR and HER?2 status, and Ki-67

expression (Table I1I). Positive POSTN expression was associ-
ated with a relatively poor outcome for all endpoints. A larger
tumor size, the tumor subtype and high Ki-67 expression were
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Table II. Five-year outcomes as a function of POSTN expres-
sion.

Patients with POSTN
status (%)

Clinical outcome Negative Positive P-value

Local recurrence-free survival 958 89.0 0.017
Distant metastasis-free survival 923 79.1 0.001
Opverall survival 935 80.2 0.001

POSTN, periostin.

associated with reduced RFS time (P=0.007, P=0.005 and
P=0.012, respectively). Positive nodal status was also associ-
ated with a reduced DFS and OS time (P=0.005 and P=0.003,
respectively). A higher histological grade and high Ki-67
expression were further associated with a reduced OS time
(P=0.043 and P=0.016, respectively).

Therefore, it was demonstrated by the multivariate analysis
that POSTN expression retained significance independent of
other prognostic factors, including as an independent prog-
nostic marker for local relapse, distant metastasis and OS in
the patients with early stage breast cancer of the present study.

Discussion

Radiation therapy subsequent to conserving surgery has made
notable contributions to oncotherapy; it remains the standard
therapeutic modality for breast cancer patients in early stages,
and has been demonstrated to improve the overall survival (15).
Nevertheless, tumor relapse and therapy failure continue
to occur in a high proportion of patients. One emerging
explanation posits that cancer stem cells may be responsible
for the resistance to chemotherapeutic agents and radia-
tion therapy (16). The exposure to radiation may reprogram
differentiated breast cancer cells into induced breast cancer
stem cells, which express the same stemness-related genes and
exhibit enhanced tumorigenicity compared with non-irradi-
ated samples (17). Phillips et al (18) previously reported that
CD44*CD24”™ breast cancer stem cells are less radiosensi-
tive, supporting the hypothesis that cancer stem cells are more
radioresistant than non-stem cancer cells. Specifically, breast
cancer stem cells with the HER2*/CD44*/CD24"° phenotype
exhibited increased aggressiveness, tumorigenesis and radio-
resistance compared with HER2/CD44*/CD24"" breast
cancer cells, thus providing a potential therapeutic target for
the radiosensitization of breast cancer cells (19). One mecha-
nism for radioresistance in cancer stem cells appears to be
associated with their enhanced DNA repair capacity, reactive
oxygen species defenses and self-renewal potential (20).

The extracellular matrix protein POSTN is highly expre-
ssed in a subset of basal-like breast cancer (BLBC) cell lines,
as well as in cancer stem cell-enriched populations within
tumors. When produced by cancer stem cells, POSTN acts
to maintain the stem-like state through the activation of
integrin receptors and the production of the key cytokines,

Table III. Multivariate analysis of the association of prognostic factors with five-year outcomes.

Distant metastasis-free survival Overall survival

Recurrence-free survival

95% CI

95% CI

95% CI

ONCOLOGY LETTERS 15: 8072-8078, 2018

Lower Upper P-value HR Lower Upper P-value HR Lower Upper P-value

HR

Variable

1.240 9.603 0.018* 2.305 1.111 4781 0.025* 2.298 1.013 5.213 0.047*
0.952 0.986 0.061

3.450
0.992

Periostin expression

Age

1.056
2.112
5.759
9.823

0.999

1.027
0.935

0.339

1.042
2.630

1.014
1.244
1.535
3.169

0.721

1.035
19.194

0.872
0.043*

0414

0.569
0.265

0.588

0.007*
0.829
0.373

1.616
0.378

5.569
1.128
1.609
0.226

Tumor size

1.030
1.618

2435

3.259
7.067

0.723

3.366
4.575
0.644
1.232
5.723

Histological grade

Nodal status

0.003*
0.994

3.986
0.998

0.005*
0.590
0.695

1.421

0.566
0.079

1.866
1.611
11.015

0.533

0.636 2.215

1.187
1.362
1.002
0.801

0.005*
0.082

Phenotype
ER status

0.147
0.106
0.851

0.042

0.259

6.376
2.999
1.877
2.573

0.291

0.029
0.191

0.190
1.044

0.738

0.335 0.997 2.959 0.795

0.960
0.585

PR status

0.610 0.918 0.374 2.253
0.138

0.342
0.452

2.196
47731

0.248

HER?2 status

0.016*

0.816

0.336

0.865

1.078

0.012*

1.623

8.800

Ki-67 expression

“P<0.05. HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, ErbB2 receptor tyrosine kinase 2.
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interleukin-6 and -8 (21). POSTN is required for cancer stem
cell maintenance and increases Wnt signalling in cancer stem
cells, and therefore, is a critical limiting factor during meta-
static colonization (6).

Recent studies have demonstrated that POSTN may be
critical for the interactions between cancer stem cells and
their metastatic niche (4). It is necessary for cancer stem
cells to maintain vitality, and blocking its function prevents
metastasis (7). Xu et al (10) reported that POSTN was highly
expressed in cancer stem cells and could be a potential
biomarker for the bone metastasis and chemotherapy resis-
tance of breast cancer tumors. To the best of our knowledge, no
study has examined the relationship between POSTN, radio-
resistance and the prognosis of patients with breast cancer
receiving radiotherapy.

In the present study, in a cohort of breast cancer patients
treated with conserving surgery and radiation therapy, posi-
tive POSTN expression was associated with higher rates of
local recurrence and distant metastasis. It was considered to
be an independent predictor for all endpoints based on multi-
variate analysis, and therefore, may be suitable as a biomarker
of radioresistance. An association was also identified
between POSTN expression and certain clinicopathological
characteristics of the patients with breast cancer, although
previous studies have reported that serum POSTN levels
are not associated with clinicopathological parameters in
early-stage colorectal cancer, lung cancer and hepatocellular
carcinoma (22-24). However, Sasaki et al (25) reported on
the presence of elevated levels of serum POSTN in patients
with breast cancer affected by bone metastases, suggesting
that serum POSTN may represent a marker of bone metastasis
in patients with breast cancer. The present study identified
that POSTN expression in the tumor was associated with
histological grade, nodal status, molecular subtype, ER status,
PR status and Ki-67 levels in these patients. In addition, through
survival analysis, positive POSTN expression was associated
with a higher propensity for local and distant relapse and
poorer overall survival. Cox's proportional hazard regression
model analysis identified POSTN as an independent prog-
nostic factor for breast cancer outcomes following conserving
surgery and radiotherapy. This suggests that POSTN may be
critical for breast cancer tumorigenesis, and may be a potential
biomarker for the metastasis and radiotherapy resistance of
breast cancer.

The limitations of the present study include a relatively
small sample size and a short follow-up time. Further studies
with a larger number of subjects will be required. In addition, a
more detailed analysis with a focus on identifying associations
between POSTN expression and cohort subgroups, particu-
larly patients with triple-negative breast cancer treated with
radiotherapy, will be required. The association of POSTN
expression with the breast cancer stem cell ratio in tissues, and
the molecular mechanisms by which POSTN regulates the
effect of cancer stem cells in the radiotherapeutic resistance of
breast tumors, also require more extensive investigation.
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