
Abstract. – OBJECTIVE: Protease-activated
receptors (PAR) are G protein coupled recep-
tors and they regulate many biological
processes, including coagulation and cell sur-
vival and they might be good markers in some
types of malignant tumors, providing useful in-
formation in diagnosis and prognosis. The ob-
jective of this study was to determine the clini-
cal significance of the serum levels of PAR1 in
lung cancer patients.

PATIENTS AND METHODS: Eighty patients
with lung cancer were enrolled into this study.
Serum PAR1 levels were determined by the sol-
id-phase sandwich ELISA method. Median age
was 58.5-years old, range 36 to 80 years.

RESULTS: The majority of the patients had
NSCLC (85%) and stage IV disease (56%). The
baseline serum PAR1 concentrations of the
lung cancer patients were significantly higher
than control group (median values 26.45 ng/mL
v 0.07 ng/mL, p < 0.001). However, clinical vari-
ables including age, gender, histology, stage of
disease, and response to chemotherapy were
not found to be correlated with serum PAR1
levels (p > 0.05). Moreover, it failed to show any
prognostic value on the survival of the lung
cancer patients.

CONCLUSIONS: The serum levels of PAR1
might have a diagnostic value in lung cancer
patients. However, its predictive and prognos-
tic values were not determined.
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Introduction

Lung cancer is the leading cause of cancer de-
aths and is the second most common cancer
worldwide1. It is a malignancy characterized by its
highly invasive and metastatic nature. These pro-
perties require that the cancer interact with recep-
tors that promote angiogenesis, basal membrane
breakdown and extracellular matrix degradation.

Protease-activated receptors (PAR) are G pro-
tein coupled receptors and they regulate many
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biological processes, including coagulation and
cell survival. Four of these receptors have been
identified, PAR1, PAR2, PAR3 and PAR42.
PAR1 is overexpressed in cancers of the head
and neck, colon, breast, ovaries, prostate, pan-
creatic carcinomas, and melanoma and PAR-1
plays an important role in invasion and metasta-
sis in breast and ovarian carcinoma xenograft
models3-11. 

These receptors are activated by proteases,
such as serine and cysteine proteases and matrix
metalloproteinases (MMPs), that are highly upre-
gulated in metastatic cancers12,13. The proteases,
including thrombin, plasmin, factor Xa and acti-
vated protein C, cleave the amino-terminal exo-
domain of the receptor exposing a new amino-
end that serves as a tethered ligand, thus activa-
ting the receptors14-16. 

PAR1 is found on platelets and is activated
when it is cleaved especially by thrombin.
MMP1 also cleaves and activates PAR1 at a dif-
ferent site8,17. PAR1 has significant effects on en-
dothelial barrier function, vasoreactivity, intimal
hyperplasia, inflammation and hemostasis, and
PAR1 is also involved in the regulation of survi-
val, apoptosis and tumor growth16,18.

However, the significance of PAR1 in lung
cancer is yet to be understood. We evaluated the
serum level of PAR1 in lung cancer patients with
all clinical stages and questioned its correlation
with the clinical variables in hope that it might
be used as a new biomarker in the management
of lung cancer.

Patients and Methods

Patients
Eighty patients admitted to Istanbul Universi-

ty, Institute of Oncology with histologically or
cytologically confirmed non-small-cell lung can-
cer (NSCLC) and small-cell lung cancer (SCLC)
treated and followed up in our clinic were
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cancer and healthy controls (n=30) by venipunc-
ture and clotted at room temperature. The sera
were collected following centrifugation and
frozen immediately at –20°C until analysis.

Serum PAR1 (Eastbiopharm, Hangzhou, Chi-
na) levels were determined by the solid-phase
sandwich ELISA method. The PAR1 ELISA us-
es a double-antibody sandwich enzyme-linked
immunosorbent assay to determine the level of
PAR1 in samples. Serum samples and standards
were added to the wells which were pre-coated
with human PAR1 monoclonal antibody. Follow-
ing incubation, PAR1 antibodies labeled with bi-
otin and combined with streptavidin-HRP were
added to form immune complex and allowed to
incubate. Unbound material was washed away
and then chromogen solution was added for the
conversion of the colorless solution to a blue so-
lution, the intensity of which was proportional to
the amount of PAR1 in the sample. As the effect
of the acidic stop solution, the color has become
yellow. The colored reaction product was mea-
sured using an automated ELISA reader (Chro-
Mate, 4300 Microplate Reader, Palm City, FL,
USA). The results were expressed as ng/mL. 

Statistical Analysis
Continuous variables were categorized using

median values as cut-off point. Assessment of re-
lationships, comparisons between various clini-
cal/laboratory parameters were accomplished us-
ing Mann-Whitney U test. Survival was calculat-
ed from the date of first admission to hospital to
death resulting from any cause or to last contact
with the patient or any family member. Kaplan-
Meier method was used for estimation of sur-
vival distribution and differences in survival
were assessed by the log-rank statistics. A p val-
ue<0.05 was considered significant. Statistical
analysis was carried out using SPSS 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA).

Results

Eighty consecutive patients with pathologically
confirmed diagnosis of lung cancer were enrolled
into this study. Baseline histopathological charac-
teristics and demographic features of patients are
listed in Table I. The median age at diagnosis was
58.5-years old, range 36 to 80 years, where males
constituted the majority of the group (n=72,
90%). The majority of the patients had NSCLC
(n=68, 85%) and stage IV disease (n=45, 56%).

recorded from medical charts. Patients with bidi-
mensionally measurable disease without history
of chemo/radiotherapy in the last six months
were included in the study. The staging of
metastatic patients was done by using various
imaging modalities such as computed tomogra-
phy, magnetic resonance imaging, and PET/CT
scan. The pathological diagnosis of lung cancer
was established in accordance with the revised
World Health Organization classification of lung
tumors and staged relying on the revised TNM
staging for lung cancer.

The pretreatment evaluation included detailed
clinical history and physical examination with a
series of biochemistry tests, and complete blood
cell counts. Those with Eastern Cooperative On-
cology Group (ECOG) performance status ≤2
and appropriate blood chemistry tests received
chemotherapy on outpatient basis comprising
platinum compounds with/without radiotherapy
depending on the stage of disease. Patients were
treated with various chemotherapy regimens as a
single agent or combination therapy. Regimens
of single or combination chemotherapy were se-
lected for based on performance status of pa-
tients and extension of disease. Drug schemes
consist of platinum agents in combination with
newer cytotoxic drugs, including paclitaxel, do-
cataxel, gemcitabine, and vinorelbine.

The response to chemotherapy was evaluated
by radiologically after 2-3 cycles of chemothera-
py according to international criteria, revised Re-
sponse Evaluation Criteria in Solid Tumors (RE-
CIST) criteria. Nonresponder patients to
chemotherapy and relapsed patients were treated
with second-line chemotherapy if they had a good
performance status. Chemotherapy was continued
until disease progression or unacceptable toxicity.
The follow up programs consisted of clinical, lab-
oratory, radiological assessments performed at 8
weeks intervals during chemotherapy or every 12
weeks for no anticancer treatment.

For comparison of serum levels of PAR1, age
and sex matched 30 healthy controls were in-
cluded in the analysis. This study was approved
by the Ethics Committee of the Institute of On-
cology, Istanbul University. Written informed
consent was obtained from the patients. 

Measurement of Serum PAR1 Levels
Serum samples were obtained on first admis-

sion before any adjuvant and metastatic treat-
ment were given or follow-up patients. Blood
samples were obtained from patients with lung
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The levels of serum PAR1 in patients with
lung cancer and healthy controls are shown in
Table II. The baseline serum PAR1 concentra-
tions of the lung cancer patients were significant-
ly higher than those in the control group (median
values 26.45 ng/mL vs 0.07 ng/mL, p<0.001)
(Figure 1). 

Table III shows the correlation between serum
PAR1 levels and clinicopathological variables.
Known clinical variables including age of patient,
gender, histology, stage of disease, and response
to chemotherapy were not found to be correlated
with serum PAR1 concentrations (p>0.05). 

The median follow-up time was 58 weeks,
range 3.7 to 149.3 weeks. The median survival
for all patients was 94.4 weeks (%95CI=73.1-
115.7). The 1- and 2-year overall survival rates
were 68.5% and 40.6%, respectively.

As expected, histology (p=0.004), metastasis
(p=0.005), and response to chemotherapy
(p=0.009) had prognostic factors on survival (Table
III). However, serum PAR1 level was no associated
with outcome (p=0.21) (Table III, Figure 2).

Clinical significance of serum protease activated receptor1 levels in patients with lung cancer
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Variables n

No. of patients 80
Age of patients       
≥60 37
<60 43

Gender
Male 72
Female 8

Histology
NSCLC 68
Adenocarcinoma 33
Squamous cell 27
Undifferentiated 8
SCLC 12 

Stage
II 4
III 30
IV 34
Limited 1
Extended 11

Response to chemotherapy
Yes 41
No 30

Table I. Patient and disease characteristics.

Figure 1. The values of serum PAR1
assay in lung cancer patients and
healthy controls (p<0.001).

Patients  (n = 80) Controls (n= 30)

Assay Median Range Median Range p

Serum PAR-1 level (ng/mL) 26.45 5.88-396 0.07 0.02-23.62 < 0.001

Table II. The values of serum PAR1 levels in lung cancer patients and healthy controls.
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Discussion

Lung cancer with a high metastatic rate requi-
res the identification of potential biomarkers to
diagnose patients and then to screen them after
their primary treatment. In the present study we
determined that serum PAR1 level had a diag-
nostic value as the baseline serum PAR1 levels
were significantly higher in lung cancer patients
compared to the control group (p<0.001). Howe-
ver, there was no significant correlation between
serum PAR1 concentration and age, gender, res-
ponse to chemotherapy, histology of the disease
and stage in NSCLC. Furthermore, serum PAR1
level failed to show any prognostic value on the
survival of the lung cancer patients. 

Available data about PAR1 in different types
of cancers were obtained only from tissue cultu-
res as paraffin-embedded materials and cell line
trials5-8,25,26,28-30. To the best of our knowledge,
our study is the first in that matter that used se-
rum samples instead of tissue. Thus, we discuss
our results with findings that have been provided
from tissue, not sera.

In order for the cells to accomplish migration,
first the extracellular matrix should break down
with proteolytic enzymes, such as matrix metallop-
roteinases (MMPs), then the cells should survive
the distance to the target, then they should be able
to intravasate into the target tissue, again with the

help of proteolytic enzymes, and finally they sho-
uld interact with the new microenvironment19,20. Of
24 MMP members, MMP1’s type I collagenase ac-

Figure 2. Survival curves in lung cancer patients according to serum PAR1 levels (p = 0.21)

Serum PAR1 level
(p value)

Parameters Distribution Survival

Age of patients 0,37 0.43
≥60 / <60

Gender 0.69 0.75
Male / Female

Histology 0.55 0.004
NSCLC / SCLC

Histology in NSCLC 0.37 0.81
Adeno / Epidermoid

Clinical stage 0.85 0.005
Nonmetastatic (I-III)
/Metastatic (IV)

Response to chemotherapy 0.12 0.009
Yes / No

Serum PAR1 level - 0.21
< median ≥

Table III. Distribution and survival comparisons of serum
PAR1 levels on various clinical parameters in patients with
lung cancer.



tivity has long been associated with tumor growth,
invasion, and metastasis by both modifying the
matrix and promoting vessel formation. MMP1 al-
so proteolytically activates PAR-121.

MMP1 and PAR1 expressions have been de-
monstrated to correlate with tumor progression
both in vitro and in vivo. After the potential signi-
ficance of MMP1 and PAR1 in the tumorigenesis
has been revealed the idea of the blockage of the
MMP1/PAR1 axis by a monoclonal antibody aga-
inst PAR1 has been developed. Then, it has been
shown that this antibody significantly reduced the
migration ability of human mesenchymal stem
cells22. This finding also suggested that MMP1
expression and MMP1/PAR1 axis played a signi-
ficant role in migration capacity of tumor cells23,24.

In light of these encouraging data, the associa-
tion of MMP1 and/or PAR1 protein overexpres-
sion with the clinicopathological characteristics
of several cancers has been studied and it has be-
en concluded that higher levels of these proteins
are strongly linked with poor outcome of the di-
seases5-8,25,26,28-30.

Boire et al8 used a xenograft model of
MMP1/PAR1 in breast cancer cells and discove-
red that MMP1 that was reproduced from stro-
mal fibroblasts instead of cancer cells induced
cell migration and invasion via PAR1. Hernan-
dez et al25 showed in breast cancer patients that
PAR1 protein expression is associated with hig-
her grade, cerb-B2 positivity and advanced stage
thus higher metastasis rate and mortality. Diaz et
al26 showed that PAR1 was elevated in progeste-
rone receptor positive breast cancer patients and
this finding suggested that adhesion and migrati-
on of cancer cells was enhanced through PAR1
that was resulted from progesterone induction.

Other cancers have also been reported with si-
milar findings on the MMP1 and/or PAR1 protein
overexpression. Granovsky-Grisaru et al6 found
not only the association of PAR1 protein ove-
rexpression and endometrial carcinoma but also
the correlation of PAR1 protein and higher grade
of the tumor. Ben Nasr et al27 notified the correla-
tion of MMP1 expression and lymph node metas-
tasis in nasopharyngeal carcinoma. Zhu et al19

suggested that the proliferation and invasion of
nasopharyngeal carcinoma cells was mediated by
activation of PAR1. Yang et al28 demonstrated
that MMP1 and PAR1 were both overexpressed
in nasopharyngeal carcinoma and that this finding
was consistent with the previous studies of Ben
Nasr et al27 and Zhu et al19. The expression levels
of MMP1 in the nasopharyngeal carcinoma speci-

mens were correlated with those of PAR1, thus it
suggested that there was a regulatory relationship
between MMP1 and PAR1. Yang et al28 also con-
cluded that MMP1/PAR1 axis activation played
crucial role in tumorogenesis and progression of
nasopharyngeal carcinoma. It was also stated that
the upregulation of MMP1 and PAR1 protein
overexpression are unfavorable prognostic mar-
kers for nasopharyngeal cancer thus they might
be targeted as a potential therapeutic approach.

Peng et al29 reported that overexpression of
MMP1 and PAR1 in 85 esophageal squamous
cell carcinoma patients predicted poor prognosis
after curative resection and this axis might be tar-
geted for a future therapeutic method. Liao et al30

showed in 106 hepatocellular patients that ove-
rexpression of MMP1 and PAR1 was associated
with poor prognosis. Karabulut et al31 found that
serum PAR1 levels had diagnostic value for the
epithelial ovarian carcinoma. Like ours, this work
had its unique value in that it used serum samples
instead of tissue and its finding was consistent
with the previous studies performed on tissues.
However, it was found that serum PAR1 levels
had neither predictive nor prognostic significance
in epithelial ovarian carcinoma patients.

Conclusions 

Our data provide evidences for the first time
that serum PAR1 level might provide a diagnos-
tic prediction of lung cancer. The response rate
to chemotherapy in lung cancer also might be fo-
reseen in accordance with serum PAR1 protein
level. However, it failed to show any prognostic
value on the survival of the lung cancer patients.
Studies of a larger scale are required to determi-
ne the clinical significance of serum PAR1 levels
in lung cancer.
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