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Periostin expression in cancer-associated fibroblasts
of invasive ductal breast carcinoma
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Abstract. Periostin (POSTN) is a secreted cell adhesion
glycoprotein that plays an important role in proliferation,
adhesion and migration processes, as well as in regulation
of mechanisms related to epithelial-mesenchymal transition
(EMT). It also plays a key role in angio- and lymphangio-
genesis and in formation of distant metastases. The aim of
this work was to determine expression of POSTN in invasive
ductal breast carcinoma (IDC) and in non-invasive ductal
carcinoma in situ (DCIS) and to correlate its expression with
clinicopathological parameters. Material for immunohisto-
chemical studies (IHC) comprise of 70 IDC cases, 44 DCIS
cases and 21 cases of fibrocystic change (FC). Frozen (-80°C)
fragments of tumours taken from 41 patients with IDC were
used for molecular studies (real-time PCR), including 11 cases
of IDC subjected to laser capture microdissection (LCM).
POSTN expression was shown mainly in tumour stromal
cells, i.e. cancer-associated fibroblasts (CAFs). Statistically
significant higher level of POSTN expression in CAFs in IDC
as compared to FC (p<0.0001) was observed. Additionally,
statistically elevated expression level of POSTN in CAFs in
IDC relative to DCIS (p<0.0001) and significantly increased
expression of POSTN in CAFs in DCIS in comparison
to FC (p=0.0158) was also shown. High level of POSTN
expression in CAFs in IDC (>8 IRS points) was significantly
correlated with tumour malignancy grade (G) (p=0.0070).
Moreover, higher POSTN expression by CAFs was associ-
ated with patient shorter overall survival. Significant increase
of POSTN expression on mRNA and protein level in CAFs
in IDC with the growing malignancy grade of the tumours
(G) was shown. Furthermore, with the use of LCM method,
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statistically significant higher expression of mRNA POSTN
in stromal cells relative to cancer cells (p<0.001) was noted.
POSTN might be a factor playing an important role in the
mechanism of IDC progression.

Introduction

Breast cancer is the most prevalent malignant cancer in
women in the world. It is highly heterogenic disease, both
in terms of its molecular characteristics, as well as clinical
course and prognosis (1). Despite of an improvement in early
diagnosis and detection of early stages of breast cancer, the
growing trend for morbidity and mortality due to this disease
is still observed (1).

Periostin (POSTN) is multi-functional, homodimeric
glycoprotein with molecular mass of about 93.3 kDa (2,3).
POSTN, originally named as osteoblast-specific factor 2,
(OSF-2) was first identified in 1993 as a putative cell adhesion
protein for preosteoblasts in a mouse osteoblastic MC3T3-El
cell line (2), and then classified as a new extracellular matrix
(ECM) protein (4). The protein structure of POSTN is
composed of an N-terminal secretory signal peptide followed
by an EMI domain rich in cysteine, 4 internal repeated and
conserved fascilin (FAS)-1 domains and a C-terminal vari-
able hydrophilic domain (3,5,6). POSTN plays an important
role in collagen fibrillogenesis (7), cell adhesion and wound
healing process (8). It also takes part in ECM remodelling
by interacting with other proteins, i.e. fibronectin, tenascin-
C and type V collagen (4). It is believed that POSTN has
also a key influence on the carcinogenesis process. POSTN
interacts with multiple cell-surface receptors, most notably
integrins (v, avfs, a6f,), and signals mainly via the PI3-K/
Akt and other pathways to promote cancer cell survival,
epithelial-mesenchymal transition (EMT), invasion, and
metastasis (3,4,6,9-11).

There is also a number of studies indicating a significant
role of tumour stroma in carcinoma progression (12). Tumour
stroma, which is an essential part of the tumour, is formed by
a stromal matrix in which cancer cells and the peritumoural
stromal cells are embedded. One of the main cellular compo-
nents of the tumour stroma, in addition to inflammatory cells
and endothelial cells, are cancer-associated fibroblasts (CAFs),
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which may be an important source of POSTN. CAFs play
several key functions, among others they promote tumour
growth by secretion of growth factors (e.g. EGF, IGF-1,
TGF-a). Some of the factors secreted by CAFs, i.e. hepatocyte
growth factor (HGF/SF), significantly influence the migration
of cancer cells (13). CAFs regulate the angiogenesis process
and organise the stroma by producing ECM components
(mainly collagen type I, III and V, fibronectin, laminin);
simultaneously, they secrete metalloproteinases (MMPs), i.e.
MMP-1 and MMP-3 are involved in proteolytic modifications
and remodelling of ECM, which are crucial in the process of
cell migration, angiogenesis and metastasis (12,14).

For several years studies have indicated increased expres-
sion of POSTN in various type of human cancer, among
others in breast cancer (15-18), non-small cell lung carci-
noma (NSCLC) (19-21), gastric cancer (22-25), colorectal
cancer (26-28), ovary (29-31), prostate (32-34) and brain
cancers (35-37). However, up till now, there are no data
regarding expression of POSTN in stromal cells, the CAFs,
either in pre-invasive (DCIS) or invasive (IDC) breast cancers.
Taking into account the above-mentioned facts related to
the potential role of POSTN in the promotion of cancer cell
invasiveness and metastasis processes, it seems important to
conduct studies to evaluate POSTN expression in CAFs in
IDC and in DCIS and to correlate the results with clinico-
pathological parameters.

Materials and methods

Patients and clinical samples. The study was performed on
archival material of 21 cases of FC (control group), 70 paraffin-
embedded samples of IDC and 44 paraffin-embedded
samples of DCIS diagnosed from 2000 to 2007. Paraffin
blocks containing IDC were obtained from Lower Silesian
Oncology Centre in Wroclaw, and samples of DCIS and FC
were obtained from the Department of Tumour Pathology of
the Maria Sklodowska-Curie Institute of Oncology in Krakow.
The present study was approved by the Bioethics Commission
at the Wroclaw Medical University. The patient clinicopatho-
logical data are listed in Table I. Histopathological evaluation
of the hematoxylin and eosin (H&E) stained slides was used to
determine the type and the malignancy grade of the tumours
(G) according to WHO criteria (38). Most patients were
treated by mastectomy or quadrantectomy, and a subsequent
axillary lymph node resection. In 53 (75.7%) cases, adjuvant
chemotherapy was applied. Only 1 (1.4%) patient received
neoadjuvant chemotherapy prior to primary tumour resec-
tion. The mean patient age at diagnosis was 59+12.2 years.
Molecular investigations were performed on frozen IDC frag-
ments, sampled from 41 patients diagnosed from 2004 to 2006,
including 11 cases that have been subjected to laser capture
microdissection (LCM). All the samples were collected before
treatment initiation.

Immunohistochemistry. Immunohistochemical (IHC) reac-
tions were performed using Dako Autostainer Link 48
(DakoCytomation, Glostrup, Denmark) equipment. Rabbit
polyclonal antibody directed against Periostin (Novus
Biologicals, Littleton, CO, USA) and murine monoclonal
antibodies directed against D2-40 (ready-to-use, RTU, Dako),
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Table I. Clinicopathological characteristics of the 70 invasive
ductal breast carcinoma (IDC) patients.

Parameters No. (%)
Age

<55 16 229

>55 54 77.1
Tumour size

pT1 29 414

pT2 33 472

pT3 5 7.1

pT4 3 43
Grade

Gl 4 5.7

G2 30 429

G3 36 514
Menopausal status

Pre 19 272

Post 51 72.8
Lymph nodes

NO 39 55.7

N1,N2,N3 30 429

NA 1 1.42
ER

Positive 51 729

Negative 19 27.1
PR

Positive 45 64.3

Negative 25 35.7
HER-2

Positive 51 729

Negative 19 27.1

vimentin (Vim, RTU, Dako), a-smooth muscle actin (a-SMA,
RTU, Dako), oestrogen receptor (ER) (clone 1D5; 1:100,
Dako), progesterone receptor (PR) (clone 635; 1:100, Dako)
were utilized.

The sections were first boiled in Target Retrieval Solution
buffer using a Pre-Treatment link platform (in order to depar-
affinise, rehydrate, and unmask the antigens) and subsequently
cooled in a rinsing buffer (TBS/0.1% Tween). The activity of
endogenous peroxidase was blocked by 5 min incubation with
EnVision FLEX peroxidase-blocking reagent. EnVision FLEX
System was used to visualize the antigens. After rinsing the
slides in TBS/0.1% Tween buffer, the primary antibodies were
applied for 20 min at room temperature. Next, the slides were
incubated for 20 min with secondary antibodies, EnVision
FLEX/HRP. To visualize the reaction, sections were incubated
for 10 min with EnVision FLEX working solution, where
3,3'-diaminobenzidine (DAB) was used as a chromogen. All
slides were counterstained with EnVision FLEX hematoxylin.
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Table II. Semi-quantitative IRS scale of Remmele and Stegner (39).

A B
Points Percentage of positive cells Points Intensity of colour reaction
0 No positive cells 0 No staining
1 Up to 10% positive cells 1 Low intensity of staining
2 11-50% positive cells 2 Moderate intensity of staining
3 51-80% positive cells 3 Intense staining
4 >80% positive cells

Subsequently, the sections were dehydrated in alcohol and
xylene, and then mounted in SUB-X mounting medium.
HER-2 receptors were localised with the use of Hercept Test
(Dako).

Evaluation of IHC reactions. All THC sections were evaluated
using a BX41 light microscope (Olympus, Tokyo, Japan) by
two independent pathologists (P.D. and J.G.) who were blinded
to the patient clinical data. POSTN expression in CAFs was
assessed using the immunoreactive score (IRS) of Remmele
and Stegner (39).

This scale evaluates the percentage of cells with positive
reaction (A) and the intensity of the reaction (B). The final
score represents the sum of the two values, ranging within
the scope of 0-12 (AxB) (Table II). For the assessment of
ER and PR expression a four grade scoring system based
on tumour cell positivity in the whole tumour section was
used: 0 (0% cells stained), 1 (1-10% cells stained), 2 (11-50%
cells stained), 3 (51-100% cells stained). The evaluation of
expression of HER2 receptors was performed with the use
of a scale, in which both the intensity of colour of membrane
reaction, as well as the percent of stained cancer cells are
taken into account (40).

Laser capture microdissection (LCM). Fresh frozen IDC
specimens were obtained during resections in Lower Silesian
Oncology Centre in Wroclaw from 11 patients. The obtained
tissues were snap-frozen in liquid nitrogen and stored at
-80°C until stromal and cancer cells LCM was performed. To
this end, tissue sections (8 xm) were cut on a Leica CM1950
cryostat (Leica Microsytems, Wetzlar, Germany) and placed
on a PET membrane slide (MMI, Glattbrugg, Switzerland).
The slides were then fixed in 100% isopropyl alcohol and
stained using the H&E staining kit Plus for LCM (MMI).
LCM was performed using the MMI CellCut Plus system
(MMI). Dissected samples were collected on the adhesive lids
of 500 ul tubes (MMI).

Real-time PCR. Total RNA from 41 IDC cases was isolated
with the use of RNeasy Mini kit (Qiagen, Hilden, Germany),
according to manufacturer's instructions. Reverse transcrip-
tion reactions were performed with the use of High-Capacity
cDNA Reverse Transcription kits (Applied Biosystem, Foster
City, CA, USA). In turn, total RNA from 11 microdissected
stromal and cancer cells were isolated with the use of RNeasy
Micro kit (Qiagen), according to manufacturer's instructions.

QuantiTect Reverse Transcription kit (Qiagen) was used
for cDNA synthesis. Expression of POSTN mRNA was
determined by quantitative real-time PCR with using a 7500
Real-time PCR System and iTag Universal Probes Supermix
(Bio-Rad, Hercules, CA, USA) according to the manufac-
turer's protocol. As reference gene f-actin (ACTB) was used.
The primers and TagMan probes used were: Hs00170815_m1
for POSTN, Hs99999903_m1 for B-actin (Applied Biosystem).
All reactions were performed in triplicates under following
conditions: initial denaturation at 94°C for 30 sec followed by
45 cycles of denaturation at 94°C for 15 sec, and annealing and
elongation at 60°C for 60 sec. The relative mRNA expression
levels of POSTN were calculated using the AACt method.

Statistical analysis. Prism 5.0 (Graphpad Software, La Jolla,
CA, USA) statistical software was used to analyse the results.
The non-parametric Mann-Whitney U test (for unpaired
observations) and the Wilcoxon signed-rank test (for paired
observations) were used to compare groups of data. The asso-
ciations between clinical and pathological parameters and the
expression of the studied IHC markers were analysed using
y>-test. Survival times were determined by the Kaplan-Meier
method, and the significance of the differences was determined
by a log-rank test. For each variable, the hazard ratio (HR) and
the 95% confidence interval (95% CI) were estimated. In all
the analyses, the results were considered statistically signifi-
cant at p<0.05.

Results

With the use of ITHC, POSTN expression was found in
70 (100%) cases. Expression of POSTN was noted mainly in
tumour stromal cells, i.e. CAFs, as evidenced by the positive
IHC reaction for a-SMA, vimentin and podoplanin (D2-40),
- a characteristic marker of CAFs, (Fig. 1). IHC reaction with
POSTN expression in CAFs in IDC, DCIS and FC is shown in
Fig. 2. Our results showed, that 70% of analysed tumour cases
demonstrate high level of POSTN expression in CAFs, evalu-
ated for 8-12 IRS points. The mean value of POSTN expression
in CAFs was 8.41+2.21. Statistically significant higher expres-
sion level of POSTN in CAFs in IDC as compared to the cases
of FC (p<0.0001 Mann-Whitney U test; Fig. 3) was observed.
Additionally, statistically elevated POSTN expression in CAFs
in IDC relative to the analysed cases of DCIS (p<0.0001) and
significantly increased expression of POSTN in CAFs in DCIS
in comparison to FC (p=0.0158, Mann-Whitney U test; Fig. 3)
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A

Figure 1. Staining of invasive ductal breast carcinoma (IDC) with H&E (A) and serial sections of IDC immunostained for smooth muscle a-actin (a-SMA)
in cancer-associated fibroblasts (CAFs) (B), vimentin in CAFs (C), podoplanin (D2-40) in CAFs (D) and POSTN (periostin) in CAFs (E). Original
magnification, x40.

Figure 2. Stroma expression of periostin (POSTN) in (A) fibrocystic change (FC), in cancer-associated fibroblasts (CAFs) of ductal carcinoma in situ (DCIS) (B)
and invasive ductal breast carcinoma (IDC) (C). Original magnification, x100.
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Table III. Correlations between periostin (POSTN) expression by CAFs and selected clinical pathological characteristics in

70 patients with invasive ductal breast carcinoma (IDC).

POSTN expression by CAFs, No. (%)

Characteristics No. (%) IRS=<8 IRS>8 P-value (%)
Age
<55 16 (22.9) 9(12.9) 7 (10.0) 0.9345
>55 54 (77.1) 31 (44.2) 23 (44.2)
Tumour size
pT1 29 (41.4) 20 (28.6) 14 (20.0) 0.5348
pT2 33 (47.2) 19 (27.1) 13 (18.6)
pT3 5(7.1) 1(1.42) 1(1.42)
pT4 3(4.3) 0(0.0) 2 (2.86)
Grade
Gl 4(5.7) 6 (8.6) 0(0.0) 0.0070
G2 30 (42.9) 23 (32.9) 12 (17.1)
G3 36 (51.4) 11 (15.7) 18 (25.7)
Menopausal status
Pre 19 (27.2) 7(17.5) 33 (82.5) 04214
Post 51 (72.8) 28 (40.0) 23 (32.9)
Lymph nodes
NO 39 (55.7) 24 (34.3) 15(221.4) 0.4028
N1,N2,N3 30 (42.9) 16 (22.9) 14 (20.0)
N/A 1(1.42) 0(0.0) 1(142)
ER
Positive 51(72.9) 31 (44.3) 22 (314) 0.6875
Negative 19 (27.1) 9(12.9) 8(114)
PR
Positive 45 (64.3) 27 (38.6) 18 (25.7) 0.5169
Negative 25@35.7) 13 (18.6) 12 (17.1)
HER-2
Positive 51(72.9) 25(35.7) 19 (27.2) 0.5752
Negative 19 (27.1) 15 (21.4) 11 (15.7)

Significant p-values are given in bold. IRS, immunoreactive score. N/A, not available.

was also shown. Moreover, an increasing level of POSTN
expression in CAFs with the growing malignancy grade of the
tumours (G) was shown in the analysed group of IDC cases.
Significant differences were noted using the Mann-Whitney U
test between G1 tumours and those of G2 and G3 (p=0.0454
and p=0.0011, respectively). In addition, significant differences
were observed between G2 and G3 tumours (p=0.0036, Mann-
Whitney U test, Fig. 4). Furthermore, significantly increased
expression level of POSTN in CAFs in IDC in different
grades of tumour malignancy (G) was found in comparison
to the expression of POSTN in DCIS. Significant differences
were noted between G1, G2 and G3 tumours relative to DCIS
(p=0.0023, p<0.0001, p<0.0001, respectively, Mann-Whitney
U test; Fig. 4).

The correlations between the presence of POSTN
expressing CAFs in IDC and the clinicopathological para-

meters of the patients are summarized in Table I1I. With
the y>-test, significant correlations were found between high
level of POSTN expression in CAFs in IDC (>8 IRS points)
and tumour malignancy grade (G) (p=0.0070, Fisher's exact
test). However, no significant correlation was found between
POSTN expression in CAFs in IDC and the expression of
ER, PR and HER2 receptor, the size of primary tumour (pT),
metastasis to lymph nodes (pN), menopausal status or the
age of patients.

In order to evaluate the prognostic value of POSTN
expression by CAFs in IDC cases, the survival of patients
depending on the expression level of POSTN was analysed.
The association between expression of POSTN in CAFs and
overall patients survival time (OS) was found on the border
of statistical significance (p=0.0587). The results demonstrate
a clear tendency towards a shorter survival in a group of
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Figure 3. Higher periostin (POSTN) expression level (IRS) in cancer-
associated fibroblasts (CAFs) of invasive ductal breast carcinoma (IDC)
as compared to its expression in fibrocystic change (FC) ("p<0.0001,
Mann-Whitney U test) and in CAFs of ductal carcinoma in situ (DCIS)
("p<0.0001, Mann-Whitney U test). A statistically significant difference
was noted between DCIS and FC ("p<0.05, Mann-Whitney U test).
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Figure 4. Periosin (POSTN) expression level (IRS) in cancer-associated
fibroblasts (CAFs) of invasive ductal breast carcinoma (IDC) regarding
tumour malignancy grade (G) and in ductal carcinoma in situ (DCIS). A
statistically significant difference was noted between G1 versus G2 ("p<0.05,
Mann-Whitney U test), G2 versus G3 (“'p<0.005, Mann-Whitney U test)
and G1 versus G3 (“p<0.005, Mann-Whitney U test). Significantly higher
POSTN expression was observed in G1 versus DCIS (“p<0.005), G2 versus
DCIS ("*p<0.0001) and G3 versus DCIS (“*p<0.0001, Mann-Whitney U
test, respectively).

patients with high POSTN expression in CAFs in IDC (>8 IRS
points), (Fig. 5). Moreover, univariate survival analysis in
a studied group of patients showed that the presence of
lymph node metastases (pN) (p=0.046) and the menopausal
status (p=0.021) were associated with poor patient survival
(Table IV).

Expression of POSTN in 41 cases was evaluated also at the
mRNA level by using real-time PCR technique. Additionally,
in the 11 of the above-mentioned IDC cases, POSTN mRNA
expression was analysed in the microdissected stromal and
cancer cells.

Expression of POSTN gene was noted in 100% (41) of
analysed IDC cases. The obtained data showed increasing
levels of POSTN mRNA expression which correlated to
increased G of the tumours. A statistically higher mRNA
expression of POSTN in G2 and G3 cases relative to G1 cases
(p=0.0037 and p=0.0023, respectively, Mann-Whitney U test;
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Figure 5. Kaplan-Meier patient survival curves for patients with the expres-
sion of periostin (POSTN) in cancer-associated fibroblasts (CAFs) of invasive
ductal breast carcinoma (IDC). Cut-off points for the analysis were estimated
based on median.
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Figure 6. Expression level of POSTN mRNA as related to tumour malig-
nancy grade (G) in invasive ductal breast carcinoma (IDC) (real-time PCR).
Differences in POSTN mRNA expression level between individual groups of
various G: G1 versus G2 (“p<0.005, Mann-Whitney U test) and G1 versus G3
("p<0.005, Mann-Whitney U test).

Fig. 6) was found. Additionally, significantly higher expression
of mRNA POSTN in stromal cells (CAFs) relative to cancer
cells (p<0.001, Mann-Whitney U test; Fig. 7) was shown in the
material from LCM.

Discussion

One of the main mechanisms responsible for cancer invasive-
ness and metastasis is the EMT process, characterised by the
cells losing their epithelial phenotype (i.e. loss of intercellular
adhesion, basal-apical polarity and depletion of E-cadherin
expression) and acquiring mesenchymal features enabling
their migration, invasion or metastasis, such as an increased
expression of fibronectin, vimentin and N-cadherin (41,42). As
shown in many studies, EMT may be initiated by signalling
pathways activated by receptors with tyrosine or serine-
threonine kinase activity (42). It is believed that POSTN is one
of the factors influencing regulation of intracellular pathway
related to 3 phosphatidylinositol kinase (PI3K) and serine-
threonine AKT/PKB protein kinase (6,27,43).

POSTN is a glycoprotein that belongs to matricellular
proteins (8). This protein plays an important role in numerous
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Table IV. Univariate Cox proportional hazard analysis in 70 patients with invasive ductal breast carcinoma (IDC).
Overall survival

Characteristics HR 95% CI P-value
Age (<55 vs.>55) 1.5578 0.4376-5.5448 0.49378
Tumour size (T1 vs. T2-T4) 3.1271 0.8055-12.139 0.09946
Histological Grade (G1.G2 vs. G3) 0.8573 0.1066-6.8947 0.88494
Menopausal status (Pre vs. Post) 0.4927 0.2695-0.9009 0.02152
Lymph node involvement (N vs. N*) 4.8197 1.0219-22.730 0.04687
ER (positive vs. negative) 0.7881 0.2034-3.0539 0.73047
PR (positive vs. negative) 0.6280 0.1813-2.1745 0.46291
HER?2 (positive vs. negative) 0.9668 0.8541-1.0943 0.59344

Significant p-values are given in bold. HR, hazard ratio; CI, confidence interval.
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Figure 7. Significantly higher mRNA expression of POSTN in the micro-
dissected (LCM) stromal cells as compared to their expression in cancer
cells (""p<0.001, Mann-Whitney U test).

biological processes related to carcinogenesis, i.e. prolifera-
tion (26), migration (44), angiogenesis (45,46), invasion, and
metastasis (45,47). It is believed that POSTN may be a marker
for progression in various cancer types. However, the accurate
mechanisms responsible for the influence of POSTN on cancer
progression and metastasis still remain a subject of further
studies.

So far, most research on the role of POSTN expression in
breast cancer confirmed POSTN expression localized mainly
in cancer cells and, in few cases, in tumour stroma (18). In our
work, POSTN expression by stromal cells - CAFs, was shown
for the first time, both in pre-invasive (DCIS) and invasive
(IDC) tumours. The study confirming POSTN expression
in CAFs is positive by IHC reaction performed on the serial
sections for a-SMA, vimentin and D2-40, i.e. the CAFs, char-
acteristic markers, was shown in our earlier studies (48).

In the present study, statistically increased expression of
POSTN in CAFs in IDC in comparison to cases of FC was
found with the use IHC method. It was also shown that the
expression of POSTN was significantly higher in CAFs in
IDC relative to cases of DCIS. POSTN expression by CAFs

seems quite interesting taking into account that Lv ef al (23)
in their work on gastric cancer showed that the role of POSTN
in tumorigenesis is strongly dependent on the type of cells it is
derived from. Above-mentioned authors found that epithelial
cell-derived POSTN can function as a tumour suppressor in
gastric cancer through stabilizing p53 and E-cadherin proteins
via the Rb/E2F1/pl4ARF/Mdm?2 signalling pathway (23).

On the other hand, Kikuchi et al (22) confirmed increased
stromal POSTN expression with the increase of the stage of
gastric cancer of both intestinal and diffuse type. Similarly
to the results obtained by us it was noted that CAFs are the
primary source of POSTN, which facilitates tumour cell
invasion by inducing EMT and by establishing a neoplastic
niche in gastric cancers (22). The research done by the same
team in colorectal cancer with the use of IHC method and
double immunofluorescent staining confirmed that POSTN
is expressed by CAFs, which, is in line with our results (49).
However, in contrast to the results of our study, these authors
did not analyse the correlation between POSTN expression in
CAFs and the tumour malignancy grade (G) (49). Similarly,
Underwood et al (50) showed a significant role of tumour
stroma in oesophageal adenocarcinoma (EAC) progression. It
was found that CAFs promote tumour cell invasion in vitro
and growth in vivo by signalling to EAC cells via secretion of
the ECM protein, POSTN (50).

Comparably to the results obtained by us, it was shown
also in the studies conducted by Choi ef al (31) that ovarian
cancer CAFs are responsible for the deposition of POSTN
in the stroma. It was also shown that POSTN expression in
CAFs may have prognostic relevance in ovarian cancer (31).
Similarly, Ryner er al (51) showed significant role of interac-
tions between ovarian cancer and its microenvironment. The
authors of the study emphasised that identification of reactive
stromal components, including POSTN, may be helpful in
the development of novel diagnostic and therapeutic strate-
gies for overcoming chemoresistance in ovarian cancer (51).
Li et al (52) also obtained comparable results in their studies
and showed expression of POSTN mainly in the stroma of naso-
pharyngeal cancer. Additionally, with the use of LCM method
and mass spectroscopy, the authors identified different protein
expression profiles between the stroma of nasopharyngeal
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cancer and normal nasopharyngeal mucosa (52). Therefore, it
is suggested that the stromal components, including POSTN,
may play a crucial role in tumour metastasis and, potentially,
they may become the target of pharmacotherapy (52).

The latest proteomic research by Reddy et al (53) also
confirmed that the proteome of tumour-adjacent IDC stroma
differs from that of tumour-distal stroma, which may have an
important meaning in the understanding of the role of stromal
cells,especially CAFs,in IDC progression process. Itis believed
that the studies on tumour stroma may set new directions for
searching for target points for new therapies. In line with our
results and with the use of IHC method, Zhang ef al (16) also
confirmed an increased expression of POSTN in breast cancer,
which was observed mainly in the stromal compartment and,
in few cases, in the cytoplasm of cancer cells. These authors
showed also significantly increased expression of POSTN
in breast cancers relative to corresponding normal tissues,
which is consistent with the results obtained by us (16).
Zhang et al (16) observed also positive association between
expression of POSTN and the clinical stage of breast cancer,
thus indicating an important role of POSTN in progression of
this cancer.

Additionally, Puglisi et al (15) also described signifi-
cantly increased expression of POSTN in breast cancer in
comparison to the control group that included benign lesions
of this organ. However, opposite to the results obtained by us,
POSTN expression was localized mainly in the cytoplasm
of cancer cells and, in 12% of cases, a nuclear reactivity was
observed (15). Slightly different results of IHC were also
obtained by Xu et al (17), where expression of POSTN was
indicated mainly in the cytoplasm of breast cancer cells.
Noteworthy are also studies by Ishiba ez al (54). They showed
significantly increased expression of POSTN in tumour phyl-
lodes (mostly benign breast cancer), relative to fibroadenoma.
POSTN expression was present mainly in tumour stroma,
however, contrary to our results, no POSTN expression in
CAFs was shown (54). Additionally, with the use of immu-
noprecipitation technique and mass spectrometry, the authors
showed that in tumour phyllodes and in the in vitro studies
POSTN forms a complex with decorin, small leucine-rich
proteoglycan (54), which can delay tumour growth by blocking
transforming growth factor  (TGF-f) (55) and by interaction
with E-cadherin (55,56). It was also proved that knockdown of
POSTN results in translocation of decorin from the cytoplasm
to the extracellular space, leading to the inhibition of cancer
cell migration and invasion. Therefore it is suggested that
POSTN-decorin complex may become a potential target for
anticancer therapy (54).

In the presented work, in order to confirm obtained results
that determine the level of POSTN protein in IDC, the studies
on the expression of POSTN gene (mRNA) with the use of
quantitative method (real-time PCR) were also performed. In
IDC, significant increase of expression of mRNA encoding
for POSTN in parallel to growing malignancy grade (G) was
found. High level of expression of mRNA POSTN reflected
increased level of the protein in CAFs in IDC, as shown by
us. Additionally, with the use of LCM method, we confirmed
statistically significant higher expression of mRNA POSTN
in stromal cells the CAFs in comparison to cancer cells.
Significantly higher POSTN mRNA expression in breast
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cancer relative to normal breast tissue was also shown in the
studies by Zhang et al (16) and Shao et al (46). The authors of
these studies confirmed obtained results also with the use of
ITHC method and showed overexpression of POSTN in breast
cancer in comparison to the corresponding control tissues,
which is consequently in line with the results of our studies.

Moreover, prognostic impact of POSTN expression in
stromal cells - CAFs was analysed regarding patient OS. The
results showed the association of shorter overall survival time
of patients with high expression of POSTN in CAFs, which
was on the border of statistical significance. Therefore, it
seems that high POSTN expression in CAFs may be associ-
ated with poorer prognosis, which was also confirmed by
Nuzzo et al (18). Similarly, Hong et al (21) confirmed that in
NSCLC, the 3-year overall survival rate for the patients with
low levels of POSTN expression in tumour stroma was much
higher than for those with high levels of POSTN expression.
Such correlation was also observed by Ben et al (57) which
showed that in pancreatic cancer, high expression of POSTN
in tumour stroma and in cancer cells is associated with shorter
patient survival time. The relationship between high POSTN
expression in tumour stroma and shorter patient survival
time was reported also in prostate cancer (32,33). Therefore
it is suggested that in both breast cancer and in other types of
cancers with epithelial origin, POSTN expression in tumour
stroma, and particularly in CAFs, may be an unfavourable
prognostic marker.

The results of our studies are the first that tackled the
subject of POSTN expression in CAFs in IDC and DCIS.
POSTN expression by CAFs was confirmed on protein and
mRNA level with the use of LCM method. Additionally, we
showed significantly increased expression of POSTN in CAFs
IDC in comparison with FC cases. Significantly elevated
expression of POSTN in CAFs in in IDC relative to DCIS was
noted, which may indicate the role of POSTN expression by
CAFs in the process of cancerous transformation. Moreover,
POSTN expression correlated with increasing malignancy
grade (G) of the analysed tumours, both on protein and on
mRNA level.

In conclusion, POSTN may be a factor that plays an
important role in the mechanism of cancer transformation and
progression, which raises hope for the possible future usage of
this glycoprotein as a target for therapy.
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