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Abstract

Invasion and metastasis are direct causes of mortality in patients with breast cancer and
require reciprocal interactions between cancer cells and the extracellular matrix (ECM).
Periostin, a fasciclin-containing adhesive ECM glycoprotein, is frequently overexpressed in
various types of human cancer, and its overexpression in cancer-associated stroma and/or
cancer cells is usually associated with poor clinical outcomes. However, the expression of
periostin in the successive steps of breast tumorigenesis and its association with outcome
variables have not been well established in breast carcinoma. The present study aimed to
assess the role of periostin alteration in breast tumorigenesis and evaluate the putative
prognostic value of periostin as a function of its compartmentalization. Immunohistochemi-
cal staining with anti-periostin antibody was performed in a total of 300 patients (26 patients
with normal breast tissues, 76 patients with ductal carcinoma in situ [DCIS], and 198
patients with invasive breast carcinoma [IBC]) using tissue microarray. Periostin immunore-
activity was assessed in both epithelial tissue and the surrounding stromal compartment.
The mRNA and protein expression of periostin were analyzed in 10 paired normal/invasive
cancer frozen specimens by quantitative real time-polymerase chain reaction and western
blot analysis, respectively. In cancer tissues, periostin mRNA and protein expression were
increased compared with adjacent normal tissues. Both epithelial and stromal periostin
staining scores significantly increased in a stepwise manner with disease progression from
normal breast tissue to DCIS and IBC (P = 0.000 and 0.000, respectively). High epithelial
and stromal periostin expression was observed in 109/189 (57.7%) and 158/189 (83.6%)
cases of IBC, respectively. High epithelial periostin expression was more frequently
observed in the distant metastatic relapse-positive group than in the distant metastatic
relapse-negative group (41/51 [80.4%] vs. 68/138 [49.3%] cases [P = 0.000]). Furthermore,
high epithelial periostin expression was associated with reduced disease-free survival and
overall survival in univariate and multivariate analysis. Periostin may play an important role
in the progression of breast tumor, and epithelial periostin expression may serve as a new
parameter for prediction of prognosis in patients with IBC. Further studies examining perios-
tin expression and its potential as a target of IBC therapy are warranted.
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Introduction

Breast cancer is the second most common malignancy among Korean women, after thyroid
cancer and is one of the leading causes of cancer death among women [1]. Breast carcinoma
involves abnormal epithelial cell growth, potentially resulting in ductal carcinoma in situ
(DCIS), which can develop into invasive breast carcinoma (IBC). This process may result in
metastatic disease [2]. Despite recent developments in breast cancer treatment, invasion and
metastasis are the critical causes of death in patients with breast cancer [3].

Tumor invasion and metastasis is a multidirectional, controlled, and complicated process.
To metastasize, primary tumor cells invade local tissues, enter the blood or lymphatic circula-
tory system and survive, travelling to a distant secondary organ; following extravasation, the
cells need to survive in a new environment [4]. In this multistep process, tumor microenviron-
ment, composed of cellular and extracellular components, plays an important role. Reciprocal
interactions between epithelial cells and mesenchymal cells, and between cancer cells and the
extracellular matrix (ECM), could stimulate invasion and metastasis of cancer cells [5-7].
Alterations in the ECM components within the tumor microenvironment have a significant
impact on the process of cancer progression and metastasis [8].

Periostin is a fasciclin-containing adhesive ECM glycoprotein commonly found in collagen
rich connective tissues and upregulated in the embryonic periosteum, placenta, cardiac valves,
and periodontal ligaments, as well as in many adult tissues, and its deposition is augmented in
tissues with stress conditions and wound repair [9-11]. Reports have indicated that periostin
is involved in cancer cell survival, epithelial-mesenchymal transition (EMT), ECM degrada-
tion, invasion, and distant metastasis [12-14].

Recently, it has been reported that periostin plays an important role in tumorigenesis of a wide
variety of cancers, such as non-small-cell lung cancer [15], colorectal cancer [16], head and neck
cancer [17], ovarian cancer [18], pancreatic cancer [19], penile cancer [20], prostate cancer [21],
hepatocellular carcinoma [22], and cholangiocarcinoma [23]. Periostin expression in these can-
cers is well correlated with poor prognostic tumor features and poor outcome [15-23].

A limited number of studies have investigated periostin expression in breast cancer [24-
29]. Periostin expression is increased in breast cancer tissues compared with normal tissues
[24-29]. However, it is not clear whether periostin is located in cancer cells or cancer-associ-
ated stroma or in both compartments. Although overexpression of periostin in cancer-associ-
ated stroma and/or in cancer cells has been associated with poor clinical outcome in various
types of cancer [15-23], its influence on the clinical outcome of breast cancer has received little
attention. To the best of our knowledge, only one study has directly compared, although on a
retrospective basis, periostin overexpression in breast cancer with clinical outcome, namely
with disease-specific survival [29]. Furthermore, there have been few studies examining the
role of periostin alteration in DCIS, a precursor, albeit non-obligatory, to IBC [28].

To assess the role of periostin alteration in breast tumorigenesis and to evaluate the putative
prognostic value of periostin as a function of its compartmentalization, immunohistochemical stai-
ning with anti-periostin antibody was performed using tissue microarray in a total of 300 patients.
Of these 26 patients had normal breast tissue, 76 patients had DCIS, and 198 patients had IBC. Pe-
riostin immunoreactivity was assessed in both epithelial and surrounding stromal compartment.

Materials and methods

Periostin mRNA and protein expression in breast carcinoma (BC)
tissues and corresponding normal breast tissues

Collection of samples. Frozen samples and their corresponding formalin-fixed paraffin-
embedded (FFPE) samples composed of breast carcinoma (BC) and matched normal breast
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tissues were provided by the Biobank of Chonnam National University Hwasun Hospital, a
member of the Korea Biobank Network. We included 8 patients and informed consent was
obtained from all of these participants. The resected specimen in a mirror imaged fashion
alternatively submitted for biobanking and for histological assessment to assess overall appro-
priateness of frozen banking tissues. Approximately 1.0 x 1.0 x 0.5 cm of each BC and normal
tissues were removed from the resected samples. Specimens for biobanking were stored in
smaller fragments within 30 min after resection in a liquid nitrogen freezer at -196°C. Frozen
samples were used for by quantitative real time-polymerase chain reaction (QRT-PCR) and
Western blot analysis.

Quantitative real-time polymerase chain reaction (QRT-PCR). The expression of peri-
ostin mRNA was analyzed by qRT-PCR, as previously described [25]. Total RNA was extracted
from frozen breast tissues using a RNeasy Mini Kit (Qiagen, Valencia, CA) and used to prepare
cDNA synthesis by GoScript™ Reverse Transcription System (Promega, Madison, WA). The
real-time PCR reaction was performed with TagMan® Gene Expression Maser Mix (Thermo
Fisher Scientific, Rockford, IL) according to the manufacturer’s instructions and with the fol-
lowing cycling conditions: initial denaturation for 30 s at 95°C, followed by 40 cycles of 95°C
for 15 s and 60°C for 60 s, in a 7500 Fast Real-Time PCR System (Applied Biosystems, Foster
City, CA). The data were analyzed using the 7500 system SDS software program (v2.0.5;
Applied Biosystems). The following probes of TagMan® Gene Expression Assays (Thermo
Fisher Scientific) were used: Hs001566734_m1 (periostin) and Hs02758991_gl (glyceralde-
hyde 3-phosphate dehydrogenase, GAPDH). All experiments were performed in triplicate.
The 2"2“* method was used for data analysis [26]. The value of 222 hdicated the fold
change in gene expression normalized to GAPDH.

Western blot analysis. The level of periostin protein was determined by Western blot
analysis, as described previously [29]. For immunolabeling, mouse polyclonal antibodies to
periostin (1:1,000 dilution, US Biological Life Sciences, Salem, CA) and B-actin antibody (1:
1,000 dilution; Abcam; rabbit polyclonal) as an internal loading control were used. For quanti-
fication, the bands for periostin and B-actin protein were measured using Multi gauge V3.0
analysis software (Fujifilm Life-science, Tokyo, Japan).

Periostin expression in normal breast, DCIS, and IBC tissues

Tissues and patients. Archival paraffin-embedded tissue from normal breast tissue
(n =26), DCIS (n = 76), and IBC (n = 198) were retrieved from the files of the Department of
Pathology, Chonnam National University Hospital and Chonnam National University Hwa-
sun Hospital, Korea. Normal breast tissue samples were taken from women with no surgically
proven pathological breast lesions. Some of the specimens were provided by the Chonnam
National University Hwasun Hospital National Biobank of Korea (07SA2015001-001), a mem-
ber of the National Biobank of Korea.

We selected 198 IBC cases with a minimum follow-up of 10 years. Complete outcome data,
including survival status, survival time, cause of death, disease-free interval, time to loco-regional
recurrence, and/or distant metastasis, were available for all patients. Patient’ clinical history and
cancer characteristics, including patient age at the initial diagnosis, histologic type, tumor size,
nodal status, Nottingham combined histologic grade, stage, hormone receptor status [estrogen
receptor-o. (ER-ar) and progesterone receptor (PR)], and epidermal growth factor receptor
HER2/neu expression, were available for all patients. Luminal, HER2, and triple negative surro-
gates of molecular subtypes were defined according to expression of ER-a, PR, and HER2.

No IBC patients had received previous chemotherapy or radiotherapy. Adjuvant chemo-
therapy and radiotherapy were performed in 165 (83.3%) and 106 (51.5%) patients,

PLOS ONE | https://doi.org/10.1371/journal.pone.0187635 November 21, 2017 3/14


https://doi.org/10.1371/journal.pone.0187635

@° PLOS | ONE

Epithelial periostin expression is correlated with poor survival in invasive breast carcinoma

respectively. One hundred and thirty-eight patients (69.7%) underwent hormone therapy.
Sixty-one patients experienced local recurrence or metastasis (12 with local recurrence and 51
with distant metastases), and 138 remained disease free. There were 50 deaths due to breast
carcinoma.

The Institutional Review Board (IRB) at the Chonnam National University Hwasun Hospi-
tal (Jeollanam-do, Korea) approved the study protocol (CNUHH-2014-156) and provided all
the necessary ethical approvals.

Tissue microarray construction. Tissue microarray (TMA) construction was performed
on 1 representative paraffin block from each case. In brief, tissue 1.5 mm diameter cores were
punched from representative tumor regions of each donor block of IBC and arrayed into a
new recipient paraffin block using a tissue microarrayer (Beecher Instruments, Sun Prairie,
WI). Each sample was arrayed in triplicate. Tissue cores of 2.0mm in diameter were punched
from the representative regions of each donor block of normal breast tissues and DCIS. Each
sample was arrayed in duplicate.

Immunohistochemistry. Automated immunohistochemical staining was performed
using the Bond-max system (Leica Microsystems, Bannockburn, IL). Briefly, following depar-
affinization, rehydration, and heat-induced epitope retrieval (antigen unmasking) with Bond
Epitope Retrieval Solution 1 (Leica Microsystems) for 20 minutes at 100°C, the tissue microar-
ray tissue sections were incubated with the primary antibody directed against periostin
(Abcam; rabbit polyclonal; dilution 1:150) for 15 minutes at room temperature. Normal
human serum served as a negative control.

Evaluation of immunohistochemical staining. Tissue microarrays were digitized
(Aperio Technologies, Vista, CA) and immunoreactivity was evaluated. Evaluation of all
immunohistochemical staining was performed as a blind assessment and independently by
two investigators. Any discordant findings between the two observers were settled using a
multi-headed microscope. Periostin immunoreactivity in the epithelial compartment (inner
luminal cells of normal breast or tumor cells of DCIS and IDC) and in the surrounding stro-
mal compartment was evaluated using the intensity and extent of staining. Briefly, the intensity
of staining was scored on a scale of 0 to 3 (0 = negative staining, 1 = weakly positive staining,

2 = moderately positive staining, and 3 = strongly positive staining). The intensity of staining
was determined according to the maximum intensity of staining observed in the case. The
extent of positive staining was estimated and scored on a scale of 0 to 4 (0 = negative, 1 =
<10% positive cells, 2 = 10 to <30% positive cells, 3 = 30 to <50% positive cells, and 4 = >50%
positive cells). The sum of the intensity score and the extent of staining score were used as the
final staining scores (SS).

In IBC, cases with epithelial SS of <4 were categorized in the low expression group, and
cases with SS of 4 to 7 were categorized in the high expression group. Cases with stromal SS of
<6 were categorized in the low expression group, and those with SS of 6 to 7 were categorized
in the high expression group. These cut-off values were the values that better discriminated the
patient-cohort according to the main clinical outcome endpoints of the study.

Statistical analysis. One-way ANOVA and ¢-test were used to assess the difference in the
periostin SS between normal breast, DCIS, and IBC. Spearman correlations (r) were calculated
to evaluate the correlation in periostin SS between epithelial and stromal compartment in each
group. The association between clinicopathological features of the patients with IBC and
expression of periostin was analyzed using the y” test. Survival curves were constructed using
the Kaplan-Meier method. The distribution of survival was compared using the log-rank test.
Multivariate analysis was performed using Cox’s proportional hazard model. For all statistical
analyses, the SPSS system for personal computer (version 13.5 for windows; SPSS INC., Chi-
cago, IL) was used and P < 0.05 was considered significant.
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Results

Periostin mRNA and protein expression in BC tissues and corresponding
normal breast tissues

We examined periostin mRNA expression by qRT-PCR analysis in eight frozen BC tissues ver-
sus surrounding normal breast tissues obtained from the same patients. Periostin mRNA was
detected in all studied tissues samples. As shown in Fig 1, the expression level of periostin
mRNA in breast carcinoma tissues was elevated compared with that in corresponding normal
tissues and the difference was significant 8.12 + 7.37 vs. 1.00 + 0.00, P < 0.05). To find out the
correlation of periostin mRNA expression with protein levels, periostin protein levels was
measured by western blotting in the same samples used for gRT-PCR analysis. The density of
periostin expression measured by quantitative analysis was significantly increased in BC tis-
sues compared with the corresponding normal breast tissues (1.21 £ 0.72 vs. 0.27 £ 0.29,

P < 0.01). Periostin mRNA and protein ratio between BC tissues and corresponding normal
tissues in all 8 patients with BC was higher than 1. There was a positive correlation between
the periostin mRNA BC/normal ratio and periostin protein BC/normal ratio (r = 0.690,

P < 0.05).

Periostin expression in normal and neoplastic breast tissues

Immunostaining data of periostin were available in 26/26 (100%) cases of normal breast tissue,
74176 (97.4%) cases of DCIS, and 189/198 (95.5%) cases of IBC, after the exclusion of non-
informative and missing cores (Fig 2).
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Fig 1. Increased periostin expression in breast carcinoma. Western blot and gRT-PCR analysis of Periostin were performed in eight paired
breast carcinoma and adjacent normal specimens. (A) Periostin protein was increased in breast carcinoma (BC) tissues compared to that in the
corresponding adjacent normal (N) breast tissues. (B) gRT-PCR also demonstrated up-regulated periostin mMRNA expression in the BC tissues
compared to N breast tissues.

https://doi.org/10.1371/journal.pone.0187635.9001
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Fig 2. Periostin expression in normal breast tissue (A,B), ductal carcinoma in situ (C,D), and invasive breast carcinoma (E-H) TMA cores. A,
C, E, G: low magnification; B, D, F, H: high magnification.

https://doi.org/10.1371/journal.pone.0187635.9002

In all normal breast tissue, periostin expression was restricted to the stromal connective tis-
sue, while the epithelial component was devoid of periostin (Fig 2A and 2B). The intralobular
or interlobular stromal compartment displayed a fibrillary pattern of periostin staining with
considerable variation of staining intensity (Figure A in S1 File). In the majority of cases, peri-
ostin was faintly expressed and confined to a narrow faint band adjacent to the ducts. In some
cases, normal ducts were surrounded by well-defined bundles of periostin-positive stromal tis-
sues. In DCIS and IBC, periostin was occasionally detected in the cytoplasm of the malignant
epithelial cells (Figures B and C in S1 File). In DCIS lesions, there were variable and discrete
regions of periostin-positive stroma immediately adjacent to the malignant epithelium. Perios-
tin-positive stroma began to expand and formed a broad, well-defined band at the epithelial-
stromal interface (Fig 2C and 2D). However, stromal periostin staining in IBC was more dif-
fuse and intense, rather than juxtaposed to malignant epithelium as seen in DCIS lesions (Fig

2E-2H).

The SS of periostin in the epithelial and stromal compartment in normal breast tissue,
DCIS, and IBC are summarized in Table 1. Epithelial and stromal SS increased significantly

Table 1. Staining scores of periostin expression in normal and neoplastic breast tissues.

Histologic stage No. of cases Epithelial compartment (Mean £ SD) | Pvalue | Stromal compartment (Mean*SD) | Pvalue
Normal 26 0 <.001* 4.64+0.48 <.001*
Ductal carcinoma in situ 74 2.22+1.65 4.89+0.62

Invasive breast carcinoma 189 4.06+1.83 6.44+£0.88

N, numbers

*Linear-by-linear association

https://doi.org/10.1371/journal.pone.0187635.t001
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with disease progression in a stepwise fashion from normal breast tissues, to DCIS and then to
IBC (P = 0.000 and P = 0.000, respectively). Epithelial SS were significantly higher in IBC than
in normal tissue or DCIS (P = 0.000 and P = 0.000, respectively). Epithelial SS were also signifi-
cantly higher in DCIS than in normal breast tissue (P = 0.000). Stromal periostin SS were sig-
nificantly higher in IBC than in either normal tissue or DCIS (P = 0.000 and P = 0.000,
respectively), while the difference in SS between normal tissue and DCIS was not significant.

Periostin SS in the stromal compartment were significantly higher than those observed in
the epithelial compartment in each group (normal breast, P = 0.004; DCIS, P = 0.000; and IBC,
P =0.000). Notably, stromal periostin SS significantly correlated with epithelial periostin SS in
DCIS and IBC (DCIS, r = 0.297, P = 0.010; IBC, r = 0.207, P = 0.004).

Association between periostin expression and clinicopathological
features of IBC

On the basis of the cut-off point, we observed high epithelial and stromal periostin expression
in 109/189 (57.7%) and 158/189 (83.6%) of cases of IBC. The association between periostin
expression and clinicopathological characteristics is summarized in Table 2. Clinicopathologi-
cal factors were compared between the periostin high expression group and the low expression
group, and no significant difference was found except for metastatic relapse. High epithelial
periostin expression was more frequent in the distant metastatic relapse-positive group than in
the distant metastatic relapse-negative group [41/51 (80.4%) vs. 68/138 (49.3%) cases, respec-
tively (P = 0.000)]

Summary of survival analysis

On univariate analysis, tumor size, lymph node status, stage, and chemotherapy/radiotherapy
status were significant prognostic factors for a disease-free state as well as for overall survival
(Table 3). The disease-free and overall survival curves stratified by periostin status are shown
in Fig 3. Patients with high epithelial periostin expression had a significantly poorer prognosis
for disease-free and overall survival than those with low periostin expression (P = 0.000 and

P =0.000, respectively). We categorized periostin expression as high or low for both the epithe-
lial and the stromal compartment, according to the following combinations: epithelial low/
stromal low, epithelial high/stromal low, epithelial low/stromal high, and epithelial high/stro-
mal high. This categorization of periostin expression did not improve statistical performance
for the estimation of survival (data not shown).

All statistically significant variables from univariate analysis, as well as age, were entered
into the multivariate Cox regression analysis (Table 4). In multivariate analysis, lymph node
status and periostin epithelial expression were shown as independent prognostic factors for
disease-free and overall survival.

Discussion

Periostin expression by cancer cells and/or cancer-associated stroma has been found to corre-
late with tumor progression and clinical outcome in various types of cancer. In this study, we
demonstrated increased epithelial and stromal periostin expression with progression of histol-
ogy along the spectrum of normal-DCIS-IBC. Epithelial periostin expression was one of the
independent prognostic factors for disease-free and overall survival in patients with IBC.
ECM is defined as a complex mixture of proteins that provides structural and biochemical
support to the connective tissues. Reciprocal interactions between cancer cells and ECM sus-
tain tumor growth and angiogenesis, degrade the ECM, and enhance tumor cell invasion and
metastasis [5-8]. Periostin, a unique ECM protein, is physiologically expressed in a wide
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Table 2. Association between periostin expression and clinicopathological parameters in invasive breast carcinomas.

Characteristics High epithelial periostin expression N/total N | Pvalue* | High stromal periostin expression N/total N | P value*
(%) (%)
Age (years) 1.000 0.053
<46 61/106(57.5) 83/106(78.3)
> 46 48/83 (57.8) 75/83 (90.4)
Histopathologic type 0.556 0.459
Invasive ductal carcinoma, 96/162 (59.3) 137/162 (84.6)
NOS
Invasive lobular carcinoma 12/25 (48.0) 19/25 (76.0)
Mucinous carcinoma 1/2 (50.0) 2/2 (100)
Tumor size (cm) 0.655 0.226
<2 22/32 (68.8) 24/32 (75.0)
2-5 65/128 (50.8) 109/128 (85.2)
>5 22/29 (75.9) 25/29 (86.2)
Number of nodal metastasis 0.229 0.257
0 57/101 (56.4) 82/101 (81.2)
1-3 27/48 (56.3) 40/48 (83.3)
4-9 11/24 (45.8) 22/24 (91.7)
>10 14/16 (87.5) 14/16 (87.5)
Histologic grade 0.579 0.462
1 13/23 (56.5) 22/23 (95.7)
2 54/97 (55.7) 78/97 (80.4)
3 42/69 (60.9) 58/69 (84.1)
Stage
| 22/32 (68.8) 0.787 24/32 (75.0) 0.080
Il 54/108 (50.0) 90/108 (83.3)
1 33/49 (67.3) 44/49 (89.8)
Estrogen receptor- a 0.140 1.000
Negative 53/83 (63.9) 69/83 (83.1)
Positive 56/106 (52.8) 89/106 (84.0)
Progesterone receptor 1.000 0.166
Negative 49/85 (57.6) 75/85 (88.2)
Positive 60/104 (57.7) 83/104 (79.8)
HER-2 0.061 1.000
Negative 83/153 (54.2) 128/153 (83.7)
Positive 26/36 (72.2) 30/36 (83.3)
Chemotherapy/radiotherapy 0.022 0.401
No 10/27 (37.0) 21/27 (77.8)
Yes 99/162 (61.1) 137/162 (84.6)
Molecular subtypes 0.211 0.243
Luminal 73129 (56.6) 104/129 (80.6)
HER2 15/20 (75.0) 18/20 (90.0)
Triple negative 21/40 (52.5) 36/40 (90.0)
Hormonal therapy 0.155 0.394
No 38/58 (65.0) 51/58 (87.9)
Yes 71/131 (54.2) 107/131 (81.7)
Metastatic relapse <.001 1.000
No 68/138 (49.3) 115/138 (83.3)
(Continued)
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Table 2. (Continued)

Characteristics High epithelial periostin expression N/total N | Pvalue* | High stromal periostin expression N/total N | P value*
(%) (%)
Yes 41/51 (80.4) 43/51(84.3)

N, number; NOS, Not otherwise specified; ns, not significant
*Analyzed by x? test

https://doi.org/10.1371/journal.pone.0187635.1002

variety of normal adult tissues and fetal tissues and plays an important role, regulating cell
function and cell-matrix interactions [9-11]. Recent studies revealed that periostin is involved
in tumor development and progression [12-14] and its overexpression in cancer-associated
stroma and/or in cancer cells has been associated with poor clinical outcome in various types
of human cancer [15-23].

Breast tumor progression involves a complex series of processes, including induction of
angiogenesis, invasion of neighboring tissues, and metastasis to the distant organs. Current
reports have demonstrated that periostin plays a critical role in the acquisition of most of these
hallmarks of breast tumor progression. Overexpression of periostin in human breast cancer
cells leads to a significant enhancement of angiogenesis [25]. Human MDA-MB-231 breast
cancer cells engineered to overexpress periostin showed a phenotype of accelerated angiogene-
sis as xenografts in immunocompromised animals. The underlying mechanism of periostin-
mediated induction of angiogenesis has been found to derive partly from the upregulation of
vascular endothelial growth factor receptor Flk-1/KDR by endothelial cells, through an integ-
rin avfp3-focal adhesion kinase-mediated signaling pathway. A recent report demonstrated
that stromal periostin is a key limiting factor regulating lung metastasis of mouse breast
tumors [30]. In human MCF-10A mammary breast cells, periostin-overexpression enhances
tumor growth and metastasis to the lung [31].

Few studies on human breast cancer have revealed that periostin expression is considerably
higher in cancer tissues than in normal tissues and is considered as tumor-enhancing factor
[24-29]. Periostin expression is low or undetectable in normal breast epithelium [24, 25, 28,
29] and, in accordance with its known mesenchymal expression, it is expressed only in the

Table 3. Univariate analysis of prognostic factors in patients with invasive breast carcinoma.

Survival
Disease-free Overall
Age 0.921 0.490
Histologic type 0.084 0.439
Tumor size 0.001 <.001
Lymph node status <.001 <.001
Histologic grade 0.533 0.110
Stage <.001 <.001
Hormonal therapy 0.386 0.310
Chemotherapy/radiotherapy 0.027 0.017
Estrogen receptor- o status 0.446 0.411
Progesterone receptor status 0.565 0.658
HER-2 status 0.911 0.667
Periostin epithelial expression (low vs. high) <.001 <.001
Periostin stromal expression (low vs. high) 0.291 0.547

https://doi.org/10.1371/journal.pone.0187635.t1003
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Fig 3. Survival of patients grouped according to periostin expression. The categorization of periostin expression as high or low for both the
epithelial and the stromal compartment cannot predict significantly disease-free and overall survival.

https://doi.org/10.1371/journal.pone.0187635.g003

stroma [28]. However, it is not clear whether periostin is produced and secreted by breast can-
cer cells rather than by cancer-associated stromal cells or by both. Several studies indicated
that periostin overexpression appears to occur mainly in cancer-associated stroma [24, 26-28].
These findings contradict the report by Sho et al. [25]. Identifying epithelial breast cancer cells
as the unique source of periostin expression. Puglisi et al. detected increased periostin expres-
sion in both cancer cells and cancer-associated stromal cells compared to normal tissue [26].
Although the reasons underlying these discrepancies are unclear, these findings could be
explained by methodological differences, and different scoring systems and protein expression
cut-off levels.

Although breast cancer is believed to develop from histologically identifiable intraductal
lesions known as DCIS, there have been few studies examining periostin expression in breast
tumor progression along the spectrum of normal-DCIS-IBC. Kharaishvili et al. evaluated peri-
ostin expression in 173 cases of invasive breast cancer, 36 cases of DCIS and 31 normal tissue
samples (adjacent to a tumor) [28]. Periostin expression was either absent or low positive in
IBC cancer cells, while highly positive in cancer-associated stroma in almost all cases. In nor-
mal tissue and DCIS, periostin expression was limited to the stromal compartment. Stromal
and epithelial periostin expression was significantly higher in invasive breast cancer than in
normal tissue and DCIS.

Table 4. Multivariate analysis with Cox’s proportional hazard model for prognostic factors in patients with invasive breast carcinoma.

Disease-free survival Overall survival

HR 95% ClI Pvalue HR 95% CI Pvalue
Age (< 46 vs. >46 years) 0.20 0.53-1.48 0.654 0.00 0.56-1.18 0.987
Tumor size (< 5 vs. >5 cm) 0.93 0.36-1.42 0.336 0.21 0.40-1.76 0.648
Lymph node status (negative vs. positive) 9.79 0.17-0.66 0.002 7.49 0.14-0.72 0.006
Stage (I/1l vs. lI) 0.59 0.38-1.52 0.440 2.48 0.25-1.17 0.116
Chemotherapy/radiotherapy (No vs. Yes) 0.33 0.25-2.13 0.566 0.53 0.13-2.54 0.467
Periostin epithelial expression (low vs. high) 13.71 0.17-0.58 <.001 13.00 1.87-8.16 <.001

https://doi.org/10.1371/journal.pone.0187635.1004
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We also evaluated periostin expression in the epithelial compartment and the surrounding
stromal tissue of samples in the following order: normal breast tissue, DCIS, and IBC. Normal
breast tissue samples in this study were taken from women with no surgically proven patholog-
ical breast lesions and were not taken from normal tissue adjacent cancer. The sample size of
DCIS in the present study was larger than that of the study by Kharaishvili et al. [28]. In the
present study, stromal periostin SS in each normal breast tissue, DCIS, and IBC group was sig-
nificantly higher than epithelial periostin SS. Moreover, stromal periostin SS significantly cor-
related with epithelial periostin SS in DCIS and IBC. These findings suggest that although
periostin is secreted directly by tumor cells, stromal cells largely contribute to periostin secre-
tion both in normal and in neoplastic conditions and an autocrine/paracrine periostin loop
between stromal and epithelial tumor cells may exist.

The present study found changes in epithelial and stromal periostin expression during
breast tumor progression, supporting the findings by Kharaishvili et al. [28] and suggest that peri-
ostin may play a different biological role in breast tumor progression, according to its compart-
mentalization. Epithelial periostin expression was not detected in normal breast tissues, although
it was present to a variable extent in DCIS and IBC. Epithelial periostin expression was found to
progressively increase from normal breast to IBC. The EMT participates in tumor progression by
increasing cancer cell motility, migration, invasion, and adhesion and is characterized by upregu-
lation of mesenchymal proteins, such as vimentin, fibronectin, and N-cadherin, and downregula-
tion of epithelial markers, such as E-cadherin [12-14]. Periostin is a mesenchymal component,
therefore, increased periostin expression in cancer cells may reflect the acquisition of EMT and is
an early event in breast tumorigenesis. In the present study, although the difference in SS between
normal and DCIS were not significant, stromal SS increased significantly from normal breast tis-
sue with disease progression, in a stepwise fashion. Higher stromal SS was observed in IBC com-
pared to normal tissue or DCIS. Furthermore, stromal periostin staining in IBC was more diffuse
and intense and not simply juxtaposed to malignant epithelium, as seen in DCIS lesions. The
alteration of stromal periostin expression suggests that the upregulation and redistribution of stro-
mal periostin expression may be key events in the progression from DCIS to IBC.

A number of studies have examined the association between periostin expression and prog-
nostic tumor features in patients with breast cancer [24, 26-28], although few studies have
assessed the association between periostin expression and breast cancer prognosis. [29].

Puglisi et al. [26] evaluated periostin expression in 206 breast carcinomas and found that
periostin expression was localized to the nucleus and/or cytoplasm of carcinoma cells, in
addition to the stroma. Periostin expression in the cytoplasm or nucleus of carcinoma cells
correlated with tumor size and expression of PR. Quantitative analysis of the periostin immu-
nohistochemistry indicated that there was a trend of increased periostin expression from stage
I, and I, to stage III and IV tumors [27]. Although serum periostin levels were elevated in
patients with breast cancer presenting with bone metastases, compared to patients with breast
cancer without evidence of bone metastasis [24], Kharaishvili et al. did not find an association
between stromal periostin expression and bone metastasis [28].

To the best of our knowledge, only one study has directly compared periostin expression in
breast cancer with clinical outcome, namely disease-specific survival [29]. Xu et al. performed
an immunohistochemical evaluation of periostin expression in 1,086 invasive carcinomas.
Periostin was located in the cytoplasm and membrane of the breast cancer cells. Periostin
expression was classified semi-quantitatively according to the following criteria: 0 if <1% of
neoplastic cells expressed periostin; 1+ if >1% and < 10% of neoplastic cells expressed perios-
tin; and, 2+ if >10% of neoplastic cells discretely expressed periostin. Samples scored as 1+ or
2+ were considered positive. Positive periostin expression in cancer cells was observed in 334
(30.76%) of the 1,086 breast cases and correlated with tumor size, histological grade, lymph
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node metastasis, triple-negative breast cancer, and postoperative distant metastasis. Further-
more, positive epithelial periostin expression was associated with poorer disease-specific sur-
vival on univariate and multivariate analysis.

When comparing clinicopathological factors between the periostin high expression group
and low expression group in cancer cells and cancer-associated stroma, there was no signifi-
cant difference between the two groups, except for metastatic relapse. High epithelial periostin
expression in IBC was more frequent in the distant metastatic relapse-positive group than in
the distant metastatic relapse-negative group. The patients with high epithelial periostin
expression had a significantly poorer prognosis for disease-free and overall survival than those
with low epithelial expression. Furthermore, epithelial periostin expression was one of the
independent prognostic factors for disease-freeand overall survival. Despite the high stromal
predominance of periostin, stromal periostin expression did not correlate with survival of IBC
patients. Our findings support those of Xu et al. [29] and suggest that epithelial expression of
periostin may be associated with a more aggressive tumor phenotype in IBC and may be con-
sidered an essential biomarker of breast carcinoma for predicting the prognosis and identify-
ing patients who may benefit the most from adjuvant treatment.

There are some limitations to our study: the retrospective nature of the study, the relatively
small sample size, and the fact that it involved a single institution. In fact, there is a possibility
that no standardized scoring method to categorize periostin expression and stromal cell het-
erogeneous population affects the result of this study. A prospective study involving a large
number of cases is necessary in order to overcome these limitations and evaluate the predictive
and prognostic value of periostin expression in breast carcinoma.

Upregulation of periostin in breast cancer tissues compared to normal tissues and correla-
tion with postoperative distant metastasis and poor prognosis in patients with breast cancer
suggests that periostin may be a potential target for therapeutic intervention in the future.
Developing a further understanding of the cellular and molecular mechanisms by which peri-
ostin promotes tumor progression and identification of periostin functional modulators may
allow the development of new strategies to treat breast cancer.

In conclusion, our findings indicate that breast tumor progression is accompanied by
increased periostin expression. High periostin expression in cancer cells may be a novel
parameter for the prediction of prognosis in patients with IBC. However, further studies are
needed to clarify the role of periostin in breast cancer progression and metastasis.

Supporting information

S1 File. Figure A. Periostin expression in normal breast tissue TMA cores. Positive staining
was restricted to the stromal connective tissue, whereas the epithelial component was devoid
of periostin. Periostin was faintly expressed and confined to a narrow faint band adjacent to
ducts (A, low magnification; B, high magnification). In some cases, normal ducts were sur-
rounded by thick, well-defined bundles of stromal connective tissue (C, low magnification; D,
high magnification). Figure B. Periostin expression in ductal carcinoma in situ TMA cores.
There were discrete regions of periostin-positive stroma immediately adjacent to the malig-
nant epithelium (A, low magnification; B, high magnification; C, low magnification; D, high
magnification). Immunoreactivity of malignant epithelium was located in the cytoplasm and
weaker than that of stromal compartment (C and D). Figure C. Periostin expression in inva-
sive breast carcinoma TMA cores. Stromal periostin staining was diffuse and intense, while
the epithelial component showed variable staining (A, low magnification; B, high magnifica-
tion; C, low magnification; D, high magnification).

(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0187635 November 21, 2017 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0187635.s001
https://doi.org/10.1371/journal.pone.0187635

@° PLOS | ONE

Epithelial periostin expression is correlated with poor survival in invasive breast carcinoma

Acknowledgments

We are grateful to Jin-ah Kim and Young-seop Sim for their technical support for
histopathology.

Author Contributions

Conceptualization: Ji Shin Lee.

Data curation: Ga-Eon Kim, Min Ho Park, Jung Han Yoon.
Formal analysis: Ga-Eon Kim.

Investigation: Ga-Eon Kim.

Methodology: Ji Shin Lee.

Project administration: Ji Shin Lee.

Supervision: Ji Shin Lee.

Writing - original draft: Ga-Eon Kim, Ji Shin Lee.

Writing - review & editing: Ga-Eon Kim, Ji Shin Lee.

References

1. Jung KW, Park S, Kong HJ, Won YJ, Boo YK, Shin HR, et al. Cancer statistics in Korea: incidence, mor-
tality and survival in 2006—-2007. J Korean Med Sci. 2010; 25: 1113—-1121. https://doi.org/10.3346/jkms.
2010.25.8.1113 PMID: 20676319

2. 0OdaG, Sato T, Ishikawa T, Kawachi H, Nakagawa T, Kuwayama T, et al. Significance of stromal dec-
orin expression during the progression of breast cancer. Oncol Rep. 2012; 28: 2003—2008. https://doi.
org/10.3892/0r.2012.2040 PMID: 22992875

3. Weigelt B, Peterse JL, van 't Veer LJ. Breast cancer metastasis: markers and models. Nat Rev Cancer.
2005; 5: 591-602. https://doi.org/10.1038/nrc1670 PMID: 16056258

4. Fidler |J. Critical Factors in the Biology of Human Cancer Metastasis: Twenty-eighth G.H.A. Clowes
Memorial Award Lecture. Cancer research. 1990; 50: 6130-6138. PMID: 1698118

5. Sung SY, Hsieh CL, Wu D, Chung LW, Johnstone PA. Tumor microenvironment promotes cancer pro-
gression, metastasis, and therapeutic resistance. Curr Probl Cancer. 2007; 31: 36—100. https://doi.org/
10.1016/j.currproblcancer.2006.12.002 PMID: 17362788

6. Kohn LALEC. The microenvironment of the tumour-host interface. Nature. 2001; 411: 375-379. https:/
doi.org/10.1038/35077241 PMID: 11357145

7. Hiscox S, Barrett-Lee P, Nicholson RI. Therapeutic targeting of tumor-stroma interactions. Expert Opin
Ther Targets. 2011; 15: 609-621. https://doi.org/10.1517/14728222.2011.561201 PMID: 21388336

8. MaC, RongY, Radiloff DR, Datto MB, Centeno B, Bao S, et al. Extracellular matrix protein betaig-h3/
TGFBI promotes metastasis of colon cancer by enhancing cell extravasation. Genes Dev. 2008; 22:
308-321. https://doi.org/10.1101/gad. 1632008 PMID: 18245446

9. Rios H, Koushik SV, Wang H, Wang J, Zhou HM, Lindsley A, et al. periostin null mice exhibit dwarfism,
incisor enamel defects, and an early-onset periodontal disease-like phenotype. Mol Cell Biol. 2005; 25:
11131-11144. https://doi.org/10.1128/MCB.25.24.11131-11144.2005 PMID: 16314533

10. KikuchiY, Kashima TG, Nishiyama T, Shimazu K, Morishita Y, Shimazaki M, et al. Periostin Is
Expressed in Pericryptal Fibroblasts and Cancer-associated Fibroblasts in the Colon. J Histochem
Cytochem. 2008; 56: 753—764. https://doi.org/10.1369/jhc.2008.951061 PMID: 18443362

11. Hamilton DW. Functional role of periostin in development and wound repair: implications for connective
tissue disease. J Cell Commun Signal. 2008; 2: 9-17. https://doi.org/10.1007/s12079-008-0023-5
PMID: 18642132

12. RuanK, Bao S, Ouyang G. The multifaceted role of periostin in tumorigenesis. Cell Mol Life Sci. 2009;
66: 2219-2230. https://doi.org/10.1007/s00018-009-0013-7 PMID: 19308325

13. Morra L, Moch H. Periostin expression and epithelial-mesenchymal transition in cancer: a review and
an update. Virchows Arch. 2011; 459: 465—-475. https://doi.org/10.1007/s00428-011-1151-5 PMID:
21997759

PLOS ONE | https://doi.org/10.1371/journal.pone.0187635 November 21, 2017 13/14


https://doi.org/10.3346/jkms.2010.25.8.1113
https://doi.org/10.3346/jkms.2010.25.8.1113
http://www.ncbi.nlm.nih.gov/pubmed/20676319
https://doi.org/10.3892/or.2012.2040
https://doi.org/10.3892/or.2012.2040
http://www.ncbi.nlm.nih.gov/pubmed/22992875
https://doi.org/10.1038/nrc1670
http://www.ncbi.nlm.nih.gov/pubmed/16056258
http://www.ncbi.nlm.nih.gov/pubmed/1698118
https://doi.org/10.1016/j.currproblcancer.2006.12.002
https://doi.org/10.1016/j.currproblcancer.2006.12.002
http://www.ncbi.nlm.nih.gov/pubmed/17362788
https://doi.org/10.1038/35077241
https://doi.org/10.1038/35077241
http://www.ncbi.nlm.nih.gov/pubmed/11357145
https://doi.org/10.1517/14728222.2011.561201
http://www.ncbi.nlm.nih.gov/pubmed/21388336
https://doi.org/10.1101/gad.1632008
http://www.ncbi.nlm.nih.gov/pubmed/18245446
https://doi.org/10.1128/MCB.25.24.11131-11144.2005
http://www.ncbi.nlm.nih.gov/pubmed/16314533
https://doi.org/10.1369/jhc.2008.951061
http://www.ncbi.nlm.nih.gov/pubmed/18443362
https://doi.org/10.1007/s12079-008-0023-5
http://www.ncbi.nlm.nih.gov/pubmed/18642132
https://doi.org/10.1007/s00018-009-0013-7
http://www.ncbi.nlm.nih.gov/pubmed/19308325
https://doi.org/10.1007/s00428-011-1151-5
http://www.ncbi.nlm.nih.gov/pubmed/21997759
https://doi.org/10.1371/journal.pone.0187635

@° PLOS | ONE

Epithelial periostin expression is correlated with poor survival in invasive breast carcinoma

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Nuzzo PV, Buzzatti G, Ricci F, Rubagotti A, Argellati F, Zinoli L, et al. Periostin: a novel prognostic and
therapeutic target for genitourinary cancer? Clin Genitourin Cancer. 2014; 12: 301-311. https://doi.org/
10.1016/j.clgc.2014.02.005 PMID: 24656869

Hong LZ, Wei XW, Chen JF, Shi Y. Overexpression of periostin predicts poor prognosis in non-small
cell lung cancer. Oncol Lett. 2013; 6: 1595—-1603. https://doi.org/10.3892/01.2013.1590 PMID:
24273600

Wu G, Wang X, Zhang X. Clinical implications of periostin in the liver metastasis of colorectal cancer.
Cancer Biother Radiopharm. 2013; 28: 298—302. https://doi.org/10.1089/cbr.2012.1374 PMID:
23347152

LiM, Li C, Li D, Xie Y, Shi J, Li G, et al. Periostin, a stroma-associated protein, correlates with tumor
invasiveness and progression in nasopharyngeal carcinoma. Clin Exp Metastasis. 2012; 29: 865-877.
https://doi.org/10.1007/s10585-012-9465-5 PMID: 22706927

Choi KU, Yun JS, Lee IH, Heo SC, Shin SH, Jeon ES, et al. Lysophosphatidic acid-induced expression
of periostin in stromal cells: Prognoistic relevance of periostin expression in epithelial ovarian cancer.
IntJ Cancer. 2011; 128: 332—-342. https://doi.org/10.1002/ijc.25341 PMID: 20309942

Fukushima N, Kikuchi Y, Nishiyama T, Kudo A, Fukayama M. Periostin deposition in the stroma of inva-
sive and intraductal neoplasms of the pancreas. Mod Pathol. 2008; 21: 1044—1153. https://doi.org/10.
1038/modpathol.2008.77 PMID: 18487994

Gunia S, Jain A, Koch S, Denzinger S, Gotz S, Niessl| N, et al. Periostin expression correlates with pT-
stage, grading and tumour size, and independently predicts cancer-specific survival in surgically treated
penile squamous cell carcinomas. J Clin Pathol. 2013; 66: 297-301. https://doi.org/10.1136/jclinpath-
2012-201262 PMID: 23372176

Nuzzo PV, Rubagotti A, Zinoli L, Ricci F, Salvi S, Boccardo S, et al. Prognostic value of stromal and epi-
thelial periostin expression in human prostate cancer: correlation with clinical pathological features and
the risk of biochemical relapse or death. BMC Cancer. 2012; 28: 625.

LvY, Wang W, Jia WD, Sun QK, Li JS, Ma JL, et al. High-level expression of periostin is closely related
to metastatic potential and poor prognosis of hepatocellular carcinoma. Med Oncol. 2013; 30: 385.
https://doi.org/10.1007/s12032-012-0385-7 PMID: 23275141

Riener MO, Fritzsche FR, Soll C, Pestalozzi BC, Probst-Hensch N, Clavien PA, et al. Expression of the
extracellular matrix protein periostin in liver tumours and bile duct carcinomas. Histopathology. 2010;
56: 600—606. https://doi.org/10.1111/j.1365-2559.2010.03527.x PMID: 20459570

SasakiH, Yu CY, Dai M, Tam C, Loda M, Auclair D, et al. Elevated serum periostin levels in patients
with bone metastases from breast but not lung cancer. Breast Cancer Research and Treatment. 2003;
77:245-252. PMID: 12602924

Shao R, Bao S, Bai X, Blanchette C, Anderson RM, Dang T, et al. Acquired Expression of Periostin by
Human Breast Cancers Promotes Tumor Angiogenesis through Up-Regulation of Vascular Endothelial
Growth Factor Receptor 2 Expression. Molecular and Cellular Biology. 2004; 24: 3992—4003. https://
doi.org/10.1128/MCB.24.9.3992-4003.2004 PMID: 15082792

Puglisi F, Puppin C, Pegolo E, Andreetta C, Pascoletti G, D’Aurizio F, et al. Expression of periostin in
human breast cancer. J Clin Pathol. 2008; 61: 494—498. https://doi.org/10.1136/jcp.2007.052506
PMID: 17938160

Zhang Y, Zhang G, Li J, Tao Q, Tang W. The expression analysis of periostin in human breast cancer. J
Surg Res. 2010; 160: 102—106. https://doi.org/10.1016/}.jss.2008.12.042 PMID: 19524268

Kharaishvili G, Cizkova M, Bouchalova K, Mgebrishvili G, Kolar Z, Bouchal J. Collagen triple helix
repeat containing 1 protein, periostin and versican in primary and metastatic breast cancer: an immuno-
histochemical study. J Clin Pathol. 2011; 64: 977-982. https://doi.org/10.1136/jclinpath-2011-200106
PMID: 21742751

XuD, XuH, RenY, Liu C, Wang X, Zhang H, et al. Cancer stem cell-related gene periostin: a novel
prognostic marker for breast cancer. PLoS One. 2012; 7: e46670. https://doi.org/10.1371/journal.pone.
0046670 PMID: 23056395

Lakhani S, Schnitt S, Allred C. Intraductal proliferative lesions. WHO Classification of Tumours of the
Breast. Lyon: IARC Press; 2012.

Malanchi I, Santamaria-Martinez A, Susanto E, Peng H, Lehr HA, Delaloye JF, et al. Interactions
between cancer stem cells and their niche govern metastatic colonization. Nature. 2011; 481: 85-89.
https://doi.org/10.1038/nature10694 PMID: 22158103

PLOS ONE | https://doi.org/10.1371/journal.pone.0187635 November 21, 2017 14/14


https://doi.org/10.1016/j.clgc.2014.02.005
https://doi.org/10.1016/j.clgc.2014.02.005
http://www.ncbi.nlm.nih.gov/pubmed/24656869
https://doi.org/10.3892/ol.2013.1590
http://www.ncbi.nlm.nih.gov/pubmed/24273600
https://doi.org/10.1089/cbr.2012.1374
http://www.ncbi.nlm.nih.gov/pubmed/23347152
https://doi.org/10.1007/s10585-012-9465-5
http://www.ncbi.nlm.nih.gov/pubmed/22706927
https://doi.org/10.1002/ijc.25341
http://www.ncbi.nlm.nih.gov/pubmed/20309942
https://doi.org/10.1038/modpathol.2008.77
https://doi.org/10.1038/modpathol.2008.77
http://www.ncbi.nlm.nih.gov/pubmed/18487994
https://doi.org/10.1136/jclinpath-2012-201262
https://doi.org/10.1136/jclinpath-2012-201262
http://www.ncbi.nlm.nih.gov/pubmed/23372176
https://doi.org/10.1007/s12032-012-0385-7
http://www.ncbi.nlm.nih.gov/pubmed/23275141
https://doi.org/10.1111/j.1365-2559.2010.03527.x
http://www.ncbi.nlm.nih.gov/pubmed/20459570
http://www.ncbi.nlm.nih.gov/pubmed/12602924
https://doi.org/10.1128/MCB.24.9.3992-4003.2004
https://doi.org/10.1128/MCB.24.9.3992-4003.2004
http://www.ncbi.nlm.nih.gov/pubmed/15082792
https://doi.org/10.1136/jcp.2007.052506
http://www.ncbi.nlm.nih.gov/pubmed/17938160
https://doi.org/10.1016/j.jss.2008.12.042
http://www.ncbi.nlm.nih.gov/pubmed/19524268
https://doi.org/10.1136/jclinpath-2011-200106
http://www.ncbi.nlm.nih.gov/pubmed/21742751
https://doi.org/10.1371/journal.pone.0046670
https://doi.org/10.1371/journal.pone.0046670
http://www.ncbi.nlm.nih.gov/pubmed/23056395
https://doi.org/10.1038/nature10694
http://www.ncbi.nlm.nih.gov/pubmed/22158103
https://doi.org/10.1371/journal.pone.0187635

