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a b s t r a c t

Background: The protease-activated receptor 1 (PAR1) is associated with increased invasiveness of breast
cancer (BC) cell lines and its overexpression is significantly correlated with advanced stage and poor
prognosis. The aim of this study was to determine the clinical significance of the serum PAR1 levels in BC
patients.
Methods: We enrolled 96 female patients with pathologically diagnosed BC who did not receive
chemotherapy (CT) or radiotherapy. Serum PAR1 levels were measured by ELISA method and compared
with 30 healthy controls.
Results: The mean serum PAR1 level of BC patients was significantly higher than controls (3.07 vs
2.82 ng/ml, p ¼ 0.011). The levels of PAR1 tended to be higher among CT responders (p ¼ 0.052) and
grade I disease than others (p ¼ 0.055). However, there was no significant difference in PAR1 levels
according to other clinic-pathological or laboratory parameters. Serum PAR1 level did not have a sig-
nificant impact on overall survival in both univariate (p ¼ 0.73) and multivariate analysis (p ¼ 0.67).
Conclusion: Serum PAR1 level is elevated in BC patients and may have predictive role for CT response.
However, it has no prognostic role on survival.
Copyright © 2016 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Despite all developments in screening and treatment in-
terventions, breast cancer (BC) is the most common and the second
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mortal cancer type among women inworldwide.1 In addition, BC is
a very heterogeneous disease. Therefore, new markers which have
diagnostic, predictive or prognostic value could provide a better
classification of patients and guide the treatment choices.

Protease-activated receptor 1 (PAR1) is a G protein-coupled re-
ceptor and activated by thrombin.2 PAR1 can also be activated via
plasmin, factor Xa, activated protein C and SFLLRN (synthetic
peptides that correspond to the first few amino-acids of freshly
cleaved N terminus).3 There are four different PARs: PAR1 and PAR3
are activated by thrombin, PAR2 is activated by tryptase or trypsin,
and PAR4 is activated by both trypsin and thrombin.3

PAR1 plays an important role in a variety of physiological re-
sponses such as angiogenesis, coagulation, inflammation, mito-
genesis, vascular remodeling, cell proliferation, placental
implantation, cell survival, and repair of injured tissue.4 PAR1, also
an oncogene,4,5 is thought to be involved in tumoral invasion and
metastatic process of some malignant tumors such as melanoma,
breast, prostate, colon and pancreatic cancers.3,4 Nevertheless, the
mechanism how PAR1 affects invasion is not known exactly.3
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Table 1
Patient characteristics

Variables n (%)

No. of patients 96 (100)
Age, years
�49/�50 51 (53)/45 (47)

Grade
1/2/3/unknown 4 (4)/26 (27)/24 (25)/42 (44)

ER
�/þ/unknown 27 (28)/68 (71)/1 (1)

PR
�/þ/unknown 32 (33)/63 (66)/1 (1)

HER2
�/þ/unknown 64 (67)/31 (32)/1 (1)

Classification
Luminal/HER2 þ/Triple (�)/Triple (þ) 56 (58)/18 (19)/8 (8)/13 (14)

T statusa

1/2/3/4/unknown 18 (30)/21 (36)/3 (5)/3 (5)/14 (24)
N statusa

�/þ/unknown 23 (39)/23 (39)/13 (22)
M status
�/þ 59 (61)/37 (39)

Serum LDH level (450 U/L)
Normal/Elevated 69 (73)/26 (27)

Serum CA15e3 level (35 U/mL)
Normal/Elevated 68 (72)/26 (28)

Response to chemotherapyb

Yes/No/unknown 46 (78)/10 (17)/3 (5)

a In 59 non-metastatic disease.
b In 37 metastatic and 22 locally advanced disease.

Table 3
Comparisons of serum PAR1 levels according to various clinical/labora-
tory parameters

Variables PAR-1 (ng/ml)
p value
Mean (±SE)

Age, years 0.72
Young (�49) 3.37 (4.46)
Older (50þ) 2.74 (4.27)

Grade 0.055
I (Good) 8.15 (5.33)
II þ III (Medium-Poor) 2.65 (4.11)

ER 0.82
Negative 2.85 (4.52)
Positive 3.2 (4.45)

PR 0.71
Negative 3.19 (4.83)
Positive 3.05 (4.29)

HER2 0.25
Negative 3.4 (4.45)
Positive 2.49 (4.46)

Classification 0.49
Luminal 3.42 (4.5)
Others 2.56 (4.34)

Classification 0.43
Triple positive 2.03 (4.19)
Others 3.21 (4.47)

Classification 0.23
Triple negative 3.08 (3.99)
Others 3.07 (4.49)

Classification 0.39
HER2 enriched 2.76 (4.82)
Others 3.15 (4.36)

Axillary lymph node 0.81
N� 2.28 (3.54)
Nþ 3.01 (4.5)

Metastasis 0.86
M� 2.61 (3.84)
Mþ 3.81 (5.22)

Tumor size 0.62
T1 3.69 (4.84)
T2-4 2.2 (3.46)

LDH 0.35
Normal 3.41 (4.66)
High 2.26 (3.79)

CA15.3 0.41
Normal 3.07 (4.5)
High 3.21 (4.5)

Chemotherapy response 0.052
No 2.32 (4.24)
Yes 3.83 (4.87)
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PAR1 expression is correlated directly with tumoral invasive-
ness in cancer cell lines,6e8 and increased by up to 10-fold in
invasive BC compared with normal tissue.9 In BC cell lines, there is
no PAR1 expression on non-metastatic cells or normal tissue,
suggesting that PAR1 expression is associated with metastatic po-
tential of BC cell lines.10 A study including 136 patients with BC
showed that PAR1 overexpression in BC tissue is significantly
correlated with high grade, advanced stage and poor prognosis.3 In
another study, stromal PAR1 expression in BC tissue specimens was
correlated with aggressive tumor behavior.11 In contrast to
mentioned studies, Kamath et al demonstrated that PAR1 signaling
inhibits migration and invasion of BC cells.12 On the other hand,
blocking PAR1 had apoptotic effect on tumor and could inhibit lung
metastasis in mice with BC.13,14

Taken together, data about the relationship between PAR1 andBC
consists of only studies including tissue specimens, cell lines or ani-
mal studies. Nevertheless, clinical significance of serum PAR1 levels
in BC patients is not known and measuring PAR1 level in serum is
more feasible than evaluating it in tissue.Weperformed this study to
determinewhether serum PAR1 level of BC patients is different from
healthy controls, or it has predictive or prognostic value.

2. Patients and methods

2.1. Patients and treatment

This study enrolled 96 consecutive female patients admitted to
Institute of Oncology, Istanbul University from March 2010 to
January 2013. All patients were diagnosed as invasive breast cancer
(BC) pathologically and had not received chemotherapy (CT), hor-
monotherapy, targeted therapy or radiotherapy within the last 6
Table 2
The values of serum PAR-1 levels in patients with breast cancer and healthy controls

Patients (n ¼ 96) Controls (n ¼ 30) p

Assay Mean (±SE) Mean (±SE)

PAR-1 (ng/ml) 3.07 (4.43) 2.82 (3.63) 0.011
months. The TNM staging was determined according to the
American Joint Committee on Cancer (AJCC) staging system (7th
edition). The pretreatment evaluation included detailed clinical
history and physical examination with a series of biochemistry
tests, including serum lactate dehydrogenase (LDH) and CA15-3
levels. Blood samples of patients for serum PAR1 measurement
was obtained before any type of treatment.

All patients were treated with standard treatment modalities
according to NCCN guidelines. Patients received anthracycline-
and/or taxane-based CT or single agent capecitabine, trastuzumab
(if HER2 positive) with/without radiotherapy depending on the
stage of disease. Follow-up programs included clinical, laboratory,
and radiological assessments performed at 8-week intervals during
CT. Response to treatment was evaluated in patients who had
metastatic disease or receiving neoadjuvant CT according to clinical
examination and the revised RECIST criteria version 1.1. Those with
complete or partial responses were considered as CT responsive.
Nodal status was recorded for only non-metastatic patients. Pa-
tients were also categorized according to molecular subtypes as:
luminal (ER positive, HER2 negative), triple positive (ER, PR and



Table 4
Univariate analysis of survival

Variables 2-year survival rates (±SE) p

All patients 80 ± 5
Age, years 0.118
Younger (�49) 87 ± 6
Older (50þ) 72 ± 8

Grade 0.19
I þ II (Good þ Medium) 44 ± 10
III (Poor) 58 ± 10

ER 0.007
Negative 77 ± 9
Positive 83 ± 6

PR 0.004
Negative 73 ± 9
Positive 86 ± 5

HER2 0.55
Negative 77 ± 7
Positive 88 ± 6

Classification 0.41
Luminal 82 ± 6
Others 77 ± 8

Classification 0.2
Triple positive 75 ± 16
Others 80 ± 5

Classification 0.073
Triple negative 48 ± 21
Others 83 ± 5

Classification 0.105
HER2 enriched 94 ± 6
Others 75 ± 6

Tumor size 0.398
T1 100 ± 0
T2-4 94 ± 5

Node status 0.35
Negative 100 ± 0
Positive 94 ± 6

Metastasis status <0.001
Negative 97 ± 3
Positive 51 ± 10

Serum LDH level 0.042
Normal 83 ± 5
High 68 ± 11

Serum CA 15e3 level 0.083
Normal 84 ± 5
High 69 ± 11

Response to chemotherapy <0.001
Yes 84 ± 7
No 18 ± 13

Serum PAR-1 level 0.73
High (>mean) 81 ± 10
Low (<mean) 79 ± 6
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HER2 positive), triple negative (ER, PR and HER2 negative), and
HER2 enriched (ER and PR negative, HER2 positive).

For comparison of serum PAR1 assays, 30 age-matched healthy
female controls were included in the analysis. Institutional review
board approval was obtained before the commencement of the
study.

2.2. Measurement of serum PAR1 levels

Blood samples were obtained from patients with BC and healthy
controls by venipuncture and clotted at room temperature. The sera
were collected following centrifugation and frozen immediately
at �20 �C until analysis.

Serum PAR1 (USCN,Wuhan, PRC) levels were determined by the
solid-phase sandwich ELISA method. The microtiter plate has been
pre-coated with an antibody specific to PAR1. Standards and sam-
ples were added to the wells with a biotin-conjugated antibody
specific to PAR1. Next, Avidin conjugated to Horseradish Peroxidase
(HRP) was added to each well and incubated. After TMB substrate
solution was added, the wells that contain PAR1, biotin-conjugated
antibody and enzyme-conjugated Avidin exhibited a change in
color. The enzymeesubstrate reaction was terminated by the
addition of sulphuric acid solution and the color change was
measured spectrophotometrically (Rayto, RT-1904C Chemistry
Analyzer, Atlanta GA, USA) at a wavelength of 450 nm. The con-
centration of PAR1 in the samples was then determined by
comparing the O.D. of the samples to the standard curve.

2.3. Statistical analysis

Comparisons of serum PAR1 levels in BC patients and controls,
in addition to patient subgroups according to various clinical/
pathological/laboratory parameters were carried out using the
ManneWhitney U-test since serum PAR1 had non-normally dis-
tribution in all groups. Continuous variables were presented as
mean ± standard deviation (SD). Overall survival (OS) was calcu-
lated from the date of venous blood sampling for PAR1 analysis to
death resulting from any cause or to last contact with the patient or
any family member. The KaplaneMeier method was used for the
estimation of the OS of patients and differences in survivals were
assessed using the log-rank test. We also assessed whether serum
PAR1 has an independent prognostic effect by performing a
multivariate analysis with Cox's regression analysis. While inves-
tigating the relationships between serum PAR1 level and other
parameters, the correlation coefficients and their significance were
calculated using Spearman test. A p value less than 0.05 was
accepted as statistically significant. Statistical analysis was carried
out using SPSS 18.0 software (SPSS Inc., Chicago, Illinois, USA).

3. Results

The baseline histopathological and the demographic character-
istics of the patients are listed in Table 1. The median age at diag-
nosis was 48 years, with a minimum and maximum values of
29e80 years.

The serum PAR1 levels showed a statistically significant differ-
ence between the BC patients and the control groups (Table 2).
Serum PAR1 level was significantly higher in the BC group than
controls (mean level of 3.07 vs 2.82 ng/ml, p ¼ 0.011).

PAR1 levels tended to be higher among CT responders
(p ¼ 0.052) and grade I disease (p ¼ 0.055) than others (Table 3).
There were no significant correlations between serum PAR1 levels
and any other type of clinic-pathological and laboratory variables.

Median follow-up period was 22 (±9.85) months. The 2-year
survival rate for all the patients were 80% (±5). As expected,
negative ER and PR status, high LDH level, presence of metastasis,
absence of CT response were unfavorable factors significantly
influencing OS in univariate analysis (Table 4).

Serum PAR1 level did not have a significant effect on OS in
univariate analysis (Table 4 and Fig. 1). The 2-year survival rates for
patients with high (>mean) and low (<mean) serum PAR1 levels
were 81% (±10) vs. 79% (±6), respectively (p ¼ 0.73) (Table 4).
Multivariate analysis including PAR1 level, ER status, presence of
metastasis, CT response and LDH level revealed that only metastatic
status has an independent significant impact on survival (HR: 8.81,
95% CI: 1.08e71.59, p ¼ 0.04) (Table 5). Serum PAR1 level had no
statistically significant effect on survival in multivariate analysis
(HR: 0.75, 95% CI: 0.2e2.82, p ¼ 0.67).

4. Discussion

It has been established that PAR1 is overexpressed in metastatic
cell lines and different carcinoma biopsy specimens, while its
expression is minimal or absent in normal breast tissue and non-



Fig. 1. Survival curves of breast cancer patients according to serum PAR1 levels (p ¼ 0.73)
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invasive lesions.7,10 PAR1 overexpressing cancer cells are more
invasive in vitro and become much more invasive by a PAR1 acti-
vating ligand.7,10,15

In many experimental models, it has been demonstrated that
PAR1 plays an important role in invasive and metastatic process of
many tumors such as BC,4,10 pancreatic carcinoma,16 melanoma,17

bladder, ovarian, colon and prostate cancers.4 In addition, inhibi-
tion of PAR1 results in inhibition of tumor invasion and migration
in vitro.7,18 Similarly, activation of PAR1 overexpressing cells by
thrombin or specific PAR1 activating peptide SFLLRNP increases
tumor cell survival in vitro and in vivo in mice, whereas withdrawal
of PAR1 leads to selective apoptosis in immature blood vessels and
tumor cells13 and decrease invasiveness of BC cells.10,19 In contrast
to all these studies, Kamath et al demonstrated that PAR1 signaling
has inhibitory effect on migration and invasion of BC cells.12

In a study, tissue specimens of 224 BC patients with amajority of
histological grade I or II were assessed retrospectively.11 Stromal
PAR1 expression was significantly higher in hormone-negative BC
tissue compared with hormon-positive ones, suggesting that PAR1
is correlated with aggressive tumor behavior. On the other hand,
PAR1 expression in tumor cells did not significantly correlate with
any of the other clinic-pathological parameters including histo-
logical grade, nodal status, molecular subtypes, expression of ER, PR
or HER2.
Table 5
Multivariate analysis of overall survival

Variables HR 95% CI p

Chemotherapy response: yes v no 0.39 0.13e1.18 0.09
ER status: positive v negative 0.84 0.25e2.8 0.77
Metastasis status: positive v negative 8.81 1.08e71.59 0.04
Serum PAR1 level: high v low 0.75 0.2e2.82 0.67
LDH level: high v normal 1.38 0.48e3.99 0.54

HR: Hazard ratio, CI: Confidence interval.
The mechanism how PAR1 involves in tumor invasion has not
been completely understood. Impaired degradation of activated
PAR1 which results in sustained PAR1 signaling is specific for only
invasive BC cells and may be an explanation.2 The vascular endo-
thelial growth factor (VEGF),4 Akt pathway13 and matrix metal-
loproteases (MMPs), especially MMP-120 appear to be important
co-operators of PAR1. PAR1 induces both angiogenesis and tumor
growth by increasing VEGF expression.4,13 MMP-1 is mainly pro-
duced by stromal cells rather than tumoral cells and stromal MMP-
1 has been shown to cleave and activate PAR1.20 MMP-1 is upre-
gulated in BC and also in gastric and esophageal cancers.21e23 PAR1
activation can also initiate Akt signaling.13 Some studies suggest
that Akt signaling induces tumor progression and angiogen-
esis,14,24,25 while other studies26,27 suggest that activation of Akt
pathway can prevent metastatic behavior of BC cells.

The only study researching the survival effect of PAR1 expres-
sion in the cancer tissues of BC patients has been reported by
Hernandez et al.3 Among 136 patients, PAR1 expression was
observed in only high grade patients (n ¼ 50). Majority of PAR1
expressing patients (58%) had PAR1 overexpression. During the
median 95months of follow-up, metastasis developed in only PAR1
overexpressing patients and 62% of them died. PAR1 over-
expression was significantly correlated with stage, HER1 and ER
expression, increased mortality and metastasis development.

So far, unfortunately, PAR1 level has not been studied in serum
of BC patients. This is the first study evaluating the serum PAR1
level in BC patients. In the current study, we demonstrated that
serum PAR1 level is significantly higher in BC patients than healthy
controls and may have predictive role for CT response. However,
serum PAR1 level did not have prognostic value or significant cor-
relations with the stage of the disease or other known disease-
related parameters. Our results appear to be not consistent with
majority of previous studies demonstrating presence of PAR1
overexpression and its association with tumoral invasiveness in BC
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tissue or cell lines.2e4,10,11,13 Nevertheless, comparing a study
measuring serum PAR1 level with results of experimental (in vivo
or in vitro) or tissue studies is difficult to interpret. There is no data
in literature about the relationship between serum PAR1 level and
its expression level in cancer tissue of BC patients. Serum PAR1
level, of course, may not reflect its tissue level or functional status
properly. However, measuring serum PAR1 level is more feasible
than assessing its expression in tissue.

In conclusion, although serum PAR1 level is elevated in BC pa-
tients and has a probable predictive value for CT response, it does
not have a prognostic value. The short follow-up time could be
considered as a significant limitation of our study and might have
masked prognostic value of serum PAR1 level. However, to our
knowledge this is the first study evaluating the clinical significance
of serum PAR1 level in BC patients. Further prospective studies with
longer follow-up are needed investigating both the correlation of
PAR1 overexpression in BC tissue and serum PAR1 levels and
whether serum PAR1 level changes after treatment or it has a
prognostic value.
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