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Abstract

Background: Protease activated receptor (PAR)-1 expression is increased in a variety of tumor cells. In preclinical
models, tumor cell PAR-1 appeared to be involved in the regulation of lung tumor growth and metastasis; however
the role of PAR-1 in the lung tumor microenvironment, which is emerging as a key compartment in driving cancer
progression, remained to be explored.

Methods: In the present study, PAR-1 gene expression was determined in lung tissue from patients with non-small-
cell lung cancer (NSCLC) using a combination of publicly available RNA microarray datasets and in house-made
tissue microarrays including tumor biopsies of 94 patients with NSCLC (40 cases of adenocarcinoma, 42 cases
of squamous cell carcinoma and 12 cases of other type of NSCLC at different stages).

Results: PAR-1 gene expression strongly correlated with tumor stromal markers (i.e. macrophage, endothelial
cells and (myo) fibroblast markers) but not with epithelial cell markers. Immunohistochemical analysis confirmed the
presence of PAR-1 in the tumor stroma and showed that PAR-1 expression was significantly upregulated in malignant
tissue compared with normal lung tissue. The overexpression of PAR-1 in tumor stroma of NSCLC appeared
to be independent from tumor type, tumor stage, histopathological differentiation status, disease progression
and patient survival.

Conclusion: Overall, our data provide evidence that PAR-1 in NSCLC is mainly expressed on cells that constitute the

pulmonary tumor microenvironment, including vascular endothelial cells, macrophages and stromal fibroblasts.
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Background

Lung cancer is the leading cause of cancer related
death, with around 1.6 million deaths worldwide and
the mortality rates for lung cancer are still increasing
annually [1, 2]. Non-small-cell lung cancer (NSCLC),
the most common type of lung cancer, has a devastating
survival outcome. Traditional chemotherapy, including
predominantly platinum-based regimens, as first-line
standard treatment for NSCLC only shows a modest
prolongation of median and overall survival. Despite
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aggressive multimodality therapy, 5-year survival rate
for patients with stage IV NSCLC at diagnosis is only
approximately 2% [3]. More recently, targeted therapies
showed efficacy in patients with advanced NSCLC who
have specific genetic alterations, like mutations of the
anaplastic lymphoma kinase gene or of the epidermal
growth factor receptor [1]. However, these available
molecular therapies can only be applied to selective
patients and the observed benefits are small, suggesting
that more in-depth studies of molecules that relate to
the pathogenesis of NSCLC is required.
Protease-activated receptor (PAR)-1 is a cell surface
seven-transmembrane G protein coupled receptor that
is activated by proteolytic cleavage. Removal of the N-
terminal extracellular domain of PAR-1 reveals a new
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tethered ligand that binds to the body of PAR-1 and
activates transmembrane signaling to intracellular G
proteins, thereby leading to multiple pathophysiological
responses [4, 5]. Overexpression of PAR-1 has been
detected in various types of cancers, including ovarian,
breast, lung, prostate cancer and melanoma [6-10]. Im-
portantly, elevated PAR-1 expression is closely associated
with diseases progression and overall survival in breast,
prostate, gastric cancer and melanoma [6, 8, 9, 11]. More-
over, tumor cell PAR-1 is recently identified as a
promising target to decrease lung cancer progression.
Indeed, PAR-1 pepducin inhibitors not only block the
migration of both primary and established lung cancer
cell lines, but also significantly limit lung tumor growth in
nude mice [10]. Moreover, melanoma growth and me-
tastasis were significantly decreased in mice treated
with PAR-1 small interfering RNA (siRNA) [12].

During the last decade, the paradigm that tumor
growth solely relies on the malignant cells has shifted to
a more comprehensive view that tumor growth is
dependent on interactions between cancer cells and their
adjacent microenvironment, also known as the stroma
[13]. The tumor stroma, predominately composed of
basement membrane, fibroblasts, vasculature with endo-
thelial cells, inflammatory cells and extra cellular matrix
proteins such as collagen and fibronectin [14], is indeed
emerging as a key player in promoting carcinogenesis by
modulating tumor growth, angiogenesis, invasion and
metastasis [15, 16]. Targeting the tumor stroma is conse-
quently under intense investigation as novel treatment
strategy in cancer.

Interestingly, PAR-1 expression is not tumor cell
specific and PAR-1 is also expressed on key cell types
that constitute the tumor stroma such as endothelial
cells, fibroblasts and macrophages. Activation of PAR-
1 on these stromal cells leads to increased vascular
permeability, fibroblast activation, extracellular matrix
production and cytokine secretion, thereby potentially
driving tumor growth and metastasis [13]. In line with
these observations, colonic adenocarcinoma growth
was limited in PAR-1-deficient mice, suggesting the
importance of PAR-1 in the tumor microenvironment
[17]. In addition, pancreatic tumors in PAR-1 deficient
animals were significantly smaller compared with
tumors in wild type mice. Moreover, the same study also
showed that stromal cells drive tumor growth and
induce chemoresistance of pancreatic cancer in a
PAR-1 dependent manner [18]. Overall these data
point to an important role of stromal cell-associated
PAR-1 in tumor progression. However, the role of
stromal PAR-1 in lung cancer has not been explored
yet. In the present study, we examined PAR-1 expres-
sion in NSCLC stroma and assessed its correlation
with disease progression.
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Methods

Patients

Tissue microarrays (TMAs, triplicate cores per case)
were prepared with tumor sections obtained from
NSCLC patients during surgery according to the guide-
lines of the Medical Ethical Committee of the Academic
Medical Center of Amsterdam. The TMAs consist of
samples from 94 patients with NSCLC, including 40
cases of adenocarcinoma (ADC), 42 cases of squamous
cell carcinoma (SCC) and 12 cases of other type of
NSCLC at different stages (Table 1). On each TMA, 3
cases of healthy lung tissue (i.e. adjacent normal tissue)
were also included.

Mining of publically available RNA microarray dataset
The datasets were derived from Gene Expression Omnibus
(http://www.ncbinlm.nih.gov/gds) using the R2 microarray
analysis and visualization platform (http://r2.amc.nl). Cor-
relation of gene expression between PAR-1 and markers of
different stromal cell types in NSCLC cancer patients were
derived by the R2 program from five different datasets,
including Bild (n =114, GSE3141), Peitsch (n =150,
GSE43580), EXPO (n =121, GSE2109), Mao (n =124,
GSE 31852) and Hou (n = 156, GSE 19188).

Table 1 Patient characteristics

Characteristic Patient
N %
Male 63 67
Median Age (Range) 66
(30-86)
Progression 26 36
Tumor type:
Adenocarcinoma 40 425
Squamous cell carcinoma 42 44.7
Other type* 12 12.8
Tumor differentiation:
Well differentiated 6 104
Less differentiated 30 517
Little differentiated 14 24.1
Poorly differentiated 8 138
NSCLC stage:
I 53 576
Il 28 304
Il 10 109
v 1 1.1
Lymph node metastasis 14 15.2

*This group includes 2 large cell carcinoma patients, 10 patients with mixed
tumor types (for instance adenocarcinoma/bronchioloalveolar carcinoma)


http://www.ncbi.nlm.nih.gov/gds
http://r2.amc.nl/

Lin et al. BMC Cancer (2017) 17:113

Immunohistological analysis

Four-pm sections were first deparaffinized and rehydrated.
Endogenous peroxidase activity was quenched with 0.3%
H202 in methanol. PAR-1 staining was performed with a
primary antibody specific for PAR-1 (ATAP-2 ;1:200; SC-
13503, 24 h at 4 °C, Santa Cruz, San Diego, CA) [19, 20].
A horseradish peroxidase-conjugated polymer detection
system (ImmunoLogic, Duiven, the Netherlands) was
applied for visualization, using an appropriate secondary
antibody and diaminobenzidine staining. Specimens with
PAR-1 immunostaining were reviewed jointly at a multi-
head microscope by 2 investigators blinded to the patients’
clinical status. To evaluate immunohistochemical expres-
sion of PAR-1, the intensity of PAR-1 staining was graded
by consensus on a scale from 0 to 3 (0 = negative staining;
1 =weakly positive; 2 = moderately positive; 3 = strongly
positive). Slides were photographed with a microscope
equipped with a digital camera (Leica CTR500).

Statistics

Statistical analyses were conducted using GraphPad Prism
(GraphPad software, San Diego). Comparisons between
conditions were analyzed using two tailed unpaired t-tests
when the data were normally distributed; otherwise
Mann—-Whitney analysis was performed. Results are
expressed as mean + SEM, P values < 0.05 are considered
significant.

Results

PAR-1 gene expression is correlated with lung tumor
stroma activation

To explore the association of PAR-1 expression with the
NSCLC stroma, we correlated PAR-1 gene expression
levels with specific markers of different stromal cell types,
including macrophages, endothelial cells, epithelial cells
and (myo) fibroblasts in resected tumor specimens using
publicly available microarray datasets. To this end, 3
markers were selected for each stromal cell type, except
for (myo) fibroblasts for which we included markers of
differentiated fibroblasts and markers for extracellular
matrix (ECM) produced by myofibroblasts. Interestingly,
tumors with higher PAR-1 levels also displayed elevated
expression levels of markers for macrophages, endothelial
cells and (myo) fibroblasts on the microarrays. Using the
GSE3141 dataset (Fig. 1), PAR-1 gene expression was
correlated with all three markers for human monocytes
and macrophages, i.e. CD68 (p <0.01), CD163 (p < 0.001)
and CD14 (p < 0.0001) [21]. Correlations with specific vas-
cular endothelial cell markers (e.g. Platelet endothelial cell
adhesion molecule (PECAM)-1) and fibroblasts markers
(e.g. Vimentin (VIM) and fibroblast activation protein
alpha (FAP)) were also significant (p <0.0001), with r-
values ranging from 0.2 to 0.7. The commonly used differ-
entiation marker for fibroblasts ACTA2 (gene encoding
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for alpha-smooth muscle actin, a-SMA [22]) and markers
for prominent constituents of ECM deposition Collagen,
type L, alpha (COLIAI) and Fibronectin (FN1) were also
all correlated with PAR-1 gene expression in the NSCLC
specimens (all p <0.01). Intriguingly, PAR-1 expression
did not correlate to epithelial (tumor) cell markers Epithe-
lial cell adhesion molecule (EpCAM), Cadherin 1 (CDH1)
and Mucin 1 (MUCI). These observed correlations (and
lack of correlation in epithelial cells) were confirmed in
four additional independent microarray datasets from
NSCLC (Table 2). However, no correlation between PAR-
1 and stromal markers was observed in the healthy
control group included in the Hou et al. set (GSE19188),
suggesting the correlation between PAR-1 gene expression
and stroma activity specifically exists in tumor micro-
environment. To confirm the identity of the stromal cell
types expressing PAR-1, we performed immunohisto-
chemistry with different cell type markers on consecu-
tive lung cancer slides. As shown in Additional file 1:
Figure S1, PAR-1 positive areas are also positive for
CD31 (endothelial marker), CD68 (macrophage marker)
and aSMA (myofibroblast marker).

PAR-1 is overexpressed in stroma of primary pulmonary
tumors on TMAs

To confirm the presence of PAR-1 in NSCLC stroma, we
next analyzed PAR-1 protein expression in tumor sections
using immunohistochemistry. Ninety-four patients with
pathologically confirmed diagnosis of NSCLC were in-
cluded into this study. The median age at diagnosis was
66 years (range 30 to 86 years), and the majority of patients
had NSCLC stage I disease (n =53, 57.6%). Six cases were
well differentiated (2 ADC, 1 SCC, 3 other types), 30 cases
were moderately differentiated (12 ADC, 18 SCC) and 22
cases were poorly differentiated (10 ADC, 11 SCC, 1 other
types) (Table 1). Overall, strong PAR-1 expression was seen
in stroma of all different types of NSCLC (ADC, SCC and
large-cell carcinoma) as opposed to weak PAR-1 staining
on control sections (Fig. 2). In line with our observations in
the tumor microarray datasets, the stromal cells (fibroblast-
like cells, inflammatory cells and endothelial cells) were all
intensively stained for PAR-1, while cancer cells were nega-
tive for PAR-1 or showed only weak PAR-1 staining. Subse-
quent quantifications showed that 93 out of the 94 cases
had PAR-1 expression in the stroma, with an average score
of 2, while 1 SSC patient was PAR-1 negative. Importantly,
the average PAR-1 score in control lungs was significantly
lower as in NSCLC stroma (average score of 1; Fig. 3a). As
shown in Fig. 3b, PAR-1 levels were similar in different
subtype of NSCLC (average scores of 2.11, 2.01 and 2.08
for ADC, SCC and other type of NSCLCs respectively).
Stromal PAR-1 expression levels did not correlate
with clinical variables like stage of NSCLC (Fig. 3c),
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Fig. 1 PAR-1 expression correlates with stromal markers in NSCLC patients. Scatter plot of PAR-1 gene (F2R) expression versus the expression of
specific macrophage (a), endothelial (b), epithelial (c) and (myo) fibroblast (d) markers in tumors derived from NSCLC patients (Bild microarray dataset;
GSE3141, n=114). Linear regression analysis was used to determine the correlation coefficient, and p-values of significant correlations are

differentiation status (Fig. 3d), disease progression

(Fig. 3e) and overall survival (Fig. 3f).

Discussion

One of the anticipated future treatment options for NSCLC
is to target the interactions between tumor and stromal

cells, since stromal cells provide additional signals that sup-

port tumor growth and invasion [1, 16]. In the present
study, we determined PAR-1 expression in NSCLC patients
and found high PAR-1 expression predominantly in the

tumor stroma compartment during early stage cancer. This
was reflected by the correlation of PAR-1 gene expression
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Table 2 Correlation of gene expression between PAR-1 and markers of different stromal cell types
Database Bild (n=114) Peitsch (n=150) EXPO (n=121) Mao (n=124) Hou (n=91) (nc=65)
Stroma
Gene P-value R-value | P-value R-value | P-value R-value | P-value R-value | Py-value Ry-value | Py-value Ryc-value
Macrophage CD68 6.4e-03 0.254 8.3e-04 0.270 0.03 0.198 0.03 0.191 2.5e-04 0.375 0.06 -0.238
CD14 2.9e-05 0.381 3.3e-07 0.402 0.02 0.213 0.82 0.020 6.7e-03 0.282 0.21 -0.157
CD163 2.0e-04 0.342 2.6e-05 0.336 0.05 0.175 1.5e-07 0.450 2.3e-03 0.316 0.24 -0.149
Endothelium PECAM-1 | 1.8e-06 0.430 8.3e-05 0.316 2.0e-06 0.417 3.2e-06 0.404 0.36 0.098 0.45 -0.095
CDH5 3.3e-04 0.331 7.9¢-03 0.216 S.1e-04 0.311 6.4e-07 0.429 0.02 0.239 0.15 0.183
vWF 1.8e-03 0.289 9.8e-05 0.313 5.7e-03 0.250 1.1e-05 0.383 1.5¢-03 0.328 0.53 0.080
Epithelium EpCAM 0.10 -0.154 | 2.0e-04 -0.299 0.04 -0.188 0.09 -0.151 1.3¢-03 -0.333 0.19 0.166
CDH1 0.11 -0.149 1.8e-07 -0.410 0.62 -0.046 0.04 -0.182 0.05 -0.207 0.61 0.064
MUC1 0.99 0.001 0.33 0.079 0.96 0.005 0.07 -0.165 0.39 -0.091 0.15 -0.182
(Myo)Fibroblasts VIM 4.6e-13 0.612 2.6e-11 0.510 1.8e-03 0.281 4.9e-07 0.433 4.4e-08 0.536 0.70 0.048
PDGFRB | 9.4e-09 0.506 8.1e-12 0.521 3.3e-05 0.368 1.6e-17 0.670 2.2e-05 0.429 0.02 0.286
FAP 2.4e-05 0.384 7.0e-12 0.522 9.2¢-04 0.297 7.5¢-08 0.460 2.1e-05 0.430 0.02 0.299
ACTA2 6.0e-08 0.481 4.2¢-08 0.429 8.7e-06 0.392 8.9e-16 0.642 2.6e-03 0.312 0.20 0.159
COL1A1 | 5.7¢-03 0.257 9.6e-07 0.388 1.0e-05 0.389 1.0e-12 0.585 0.24 0.124 0.05 0.249
FN1 6.4e-09 0.511 3.3e-07 0.402 7.8e-07 0.431 1.6e-10 0.535 1.9¢-05 0.432 0.23 0.150

Selection of the datasets is based on the patient group size >50. Bild (n= 114, GSE3141), Peitsch (n= 150, GSE43580), EXPO (n =121, GSE2109), Mao
(n =124, GSE 31852), Hou (n =91, control group nc =65, GSE 19188). Linear regression analysis was used to determine p-value of correlation. Significant correlations are

indicated in red

with stroma markers like CD163, CD31 and vimentin, and
ECM proteins like collagen and fibronectin, as well as by a
significant increase in the intensity of PAR-1 staining in
stromal cells of tumor tissue compared with normal lung
tissue. Although it has been documented that upregulation
of PAR-1 expression appears in a variety of invasive cancers
of epithelial origin, our data do show that increased PAR-1
expression in NSCLC patients arises mainly in the tumor
stroma rather than in the epithelial cancer cells.

The observed PAR-1 expression pattern in NSCLC re-
sembles that seen in other malignancies. In breast cancer,
PAR-1 expression, as shown by immunohistochemistry and
in situ hybridization, is observed in mast cells, macro-
phages, endothelial cells, and vascular smooth muscle cells
of the metastatic tumor microenvironment. Interestingly
however, PAR-1 expression is particularly increased in
stromal fibroblasts surrounding breast carcinoma cells as
opposed to low/negative expression in fibroblasts of healthy
or benign conditions [23]. Moreover, in prostate cancer
PAR-1 is predominantly expressed in peritumoral stroma.
In particular, PAR-1 is mainly expressed in myofibroblasts
and to a lower level in endothelial cells in isolated
capillaries around the malignant glands [24, 25].

The enrichment of PAR-1 expression in the stroma
surrounding the tumor may actually be clinically relevant.
Indeed, in the setting of pancreatic cancer, PAR-1 also

coincides with the expression pattern of the stromal
markers, such as vimentin, collagen I and a-SMA [18].
More importantly, PAR-1 promoted monocyte recruit-
ment due to fibroblast dependent chemokine production,
thereby driving pancreatic tumor growth and chemoresis-
tance [18]. In the context of lung cancers, the expression
of PAR-1 mRNA in alveolar walls with surface spreading
of neoplastic cells was shown to increase by 10-fold
compared with alveolar walls without surface spreading of
neoplastic cells, and stimulation of PAR-1 led to the
proliferation of alveolar capillary endothelial cells, pointing
to PAR-1 as a potential regulator in alveolar angiogenesis
[26]. Interestingly, accumulating evidence indicates that
PAR-1 also exerts pro-inflammatory and pro-fibrotic
functions through macrophages and fibroblasts during
pulmonary fibroproliferative disease progression [27-29],
which may also benefit tumor progression and metastasis.

Previous studies about PAR-1 in NSCLC focused on its
function in cancer cells. Indeed, multiple reports showed
that PAR-1 modulates lung cancer cell proliferation and
migration, thereby supporting tumor growth and invasion
[10, 30]. Hence, targeting PAR-1 to inhibit progression of
lung cancer cells seems to be an option for cancer therapy.
Recently, emphasis has shifted toward the tumor stroma
for novel therapeutic strategies and several approaches
targeting the stromal tissue in different types of cancers
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Fig. 2 Stromal PAR-1 expression is upregulated in NSCLC patients. Representative PAR-1 staining of normal lung tissue and tumor sections of NSCLC
patients (Pictures were taken with 100x magnification; Enlarged pictures were taken with 200x magnification). ADC indicates adenocarcinoma,
SCC indicates squamous cell carcinoma and LCC indicates large cell carcinoma. Tumor cells are indicated by (i) whereas inflammatory cells are
indicated by solid arrowheads, vascular endothelial cells are indicated by stars and fibroblasts-like cells and ECM are indicated by crosses

have been proved to be effective [31-33]. Our data
showing high stromal PAR-1 expression in NSCLC may
thus indicate stromal PAR-1 may be the main target of
the treatment for NSCLC. However, before drawing
conclusions on potential clinical implications of stromal
PAR-1 in NSCLC, it is important to elucidate the func-
tional consequence of PAR-1 activation on stromal cells
with respect to lung cancer development.

In the present study, we observed that PAR-1 expression
is highly upregulated in the tumor stroma but not in
normal lung tissue, suggesting that PAR-1 may have a
diagnostic value in NSCLC. However, the increased PAR-
1 expression does not seem to correlate with diseases

progression, which indicates that stromal PAR-1 in lung
cancer is crucial for carcinogenesis but may not be a de-
terminant factor for cancer progression. These results are
in line with a recent study by Erturk and colleagues, who
determined serum PAR-1 levels in 80 patients with lung
cancer [34]. Serum PAR-1 concentrations of lung cancer
patients were significantly increased as compared to con-
trols (i.e. median values of 26.45 ng/mL and 0.07 ng/mL,
respectively), but serum PAR-1 levels did not correlate
with clinical variables and failed to predict prognosis of
the lung cancer patients. In apparent disagreement, other
studies using immunohistochemistry analysis showed that
PAR-1 may be a prognostic factor for poor prognosis in
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both early-stage and advanced stages (III and IV) of
NSCLC [35, 36]. Importantly however, these studies
analyzed tumor cell PAR-1 expression and did not address
PAR-1 expression in the stromal compartment.

Conclusion

In summary, our data show PAR-1 is overexpressed in
the tumor stroma of NSCLC, but stromal PAR-1 expres-
sion levels do not correlate with disease progression
and/or overall survival.

Additional file

Additional file 1: Figure S1. Correlation of PAR-1 expression and specific
markers for endothelial cells, macrophages and myofibroblasts. Consecutive
lung cancer slides stained for PAR-1 (left panels), CD31 (endothelial marker),
CD68 (macrophage marker) and aSMA (myofibroblast marker). Please note
that due to the use of consecutive slides, the structure of the tissue in the
PAR-1 stained slide is somewhat different from the CD31, CD68 and aSMA
stained slides. Pictures were taken with 100x magnification. (TIF 7026 kb)
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