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Tryptase promotes breast cancer angiogenesis through
PAR-2 mediated endothelial progenitor cell activation

NENG QIAN', XIAOBO LI, XINHONG WANG?, CHUNGEN WU>, LIANHUA YIN? and XIULING ZHI’®

1School of Basic Medicine, Shanghai University of Medicine and Health Science, Shanghai 201318;
2Department of Physiology and Pathophysiology; 3Laboratory of Medical Molecular Biology, Training Center of
Medical Experiments, School of Basic Medical Sciences, Fudan University, Shanghai 200032, P.R. China

Received October 14, 2017; Accepted April 19, 2018

DOI: 10.3892/01.2018.8856

Abstract. Mast cells have been demonstrated to accumulate
around and within solid tumors of numerous types, and
express a number of pro-angiogenic compounds, including
tryptase. They may serve an early role in angiogenesis within
developing tumors. In the present study, the role and mecha-
nism of tryptase in the activation of endothelial progenitor
cells (EPCs) in breast cancer angiogenesis were evaluated.
Human umbilical cord blood EPCs were isolated and cultured.
MB-MDA-231 breast cancer cells were then pretreated with
tryptase, and the conditioned medium was collected. The
effects of tryptase on the migratory and angiogenesis abili-
ties of EPCs were determined using wound-healing and tube
formation assays, respectively. The effect of tryptase on the
proliferation of EPCs was detected using a Cell Counting Kit-8
assay. Alterations in proteinase activated receptor (PAR)-2,
phosphorylated (p)-protein kinase B (AKT), p-extracellular
signal-regulated kinase (p-ERK) and vascular endothelial
growth factor receptor (VEGFR)-2 expression were analyzed,
in tryptase or conditioned medium-treated EPCs, by western
blot analysis and reverse transcription-quantitative polymerase
chain reaction. It was confirmed that the EPCs expressed
PAR-2; and that tryptase treatment promoted the migration and
tube formation of EPCs. Treatment with a PAR-2 agonist had
a similar effect to tryptase, whereas treatment with a tryptase
inhibitor, APC366, or a PAR-2 inhibitor, SAM 11, inhibited the
effect of tryptase treatment. Tryptase and PAR-2 agonists did
not affect the rate of EPC proliferation. MB-MDA-231 cells
also expressed PAR-2. Treatment with tryptase or conditioned
medium increased the expression of PAR-2, p-AKT, p-ERK
and VEGFR-2 in EPCs. In conclusion, tryptase activated
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EPCs via PAR-2-mediated AKT and ERK signaling pathway
activation, thereby enhancing angiogenesis in breast cancer.

Introduction

Folkman developed the theory that the growth and metastasis
of solid tumors are dependent on angiogenesis (1). In recent
years, extensive research has demonstrated that the mobiliza-
tion and differentiation of endothelial progenitor cells (EPCs)
from the peripheral blood and bone marrow serves an impor-
tant role in tumor angiogenesis (2).

Tumor cells and their microenvironment secrete multiple
factors that induce EPC activation, including vascular
endothelial growth factor (VEGF), angiopoietin, stromal
cell-derived factor (SDF)-1 and matrix metallopeptidase
(MMP)-9. Mast cells (MCs) accumulate around and within the
microenvironments of numerous types of solid tumor (3). MC
infiltration is associated with microvascular density and prior
to the initiation of angiogenesis, increased numbers of MCs
have been identified in various types of solid tumor, including
breast cancer (4), gastric cancer (5) and lung cancer (6). MCs
secrete a variety of angiogenic factors, including tryptase,
chymase, tumor necrosis factor (TNF)-a, interleukin (IL)-8,
fibroblast growth factor (FGF)2 and VEGF. Therefore, MCs
serve a role in tumor angiogenesis, and are associated with
tumor progression, metastasis and prognosis (7). Tryptase is
the most abundant enzyme in MCs, and is stored as an active
tetramer in complex with heparin in MC secretory granules.
It has a variety of biological activities, including the ability to
activate MCs, increase blood vessel permeability (8), induce
the infiltration of inflammatory cells (9), and stimulate epithe-
lial cell proliferation and the release of IL-8 (10). Previous
studies have identified an association between the level of
tryptase in the tumor microenvironment and angiogenesis in
breast cancer (11).

Proteinase activated receptors (PARs) are members of the
G-protein coupled receptor superfamily, and consist of four
subtypes: PAR-1, PAR-2, PAR-3 and PAR-4. PAR-2 are acti-
vated by trypsin, tryptase, membrane-type serine protease-l,
airway trypsin-like protease or coagulation factors VIIa and
Xa(12). PAR-2 is expressed on the cell membrane of endothelial
cells, vascular smooth muscle cells, fibroblasts, macrophages
and MCs; its activation is associated with many inflammatory,
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respiratory, gastrointestinal, metabolic, cardiovascular, and
neurological diseases, as well as cancers (13). Previous studies
identified that PAR-2 expression was significantly higher in
tumor tissue compared with in normal tissue, including in
ovarian, colon and breast cancer, and that this may be associ-
ated with tumor angiogenesis (11,14,15). Liu and Mueller (16)
reported that MDA-MB-231 breast cancer cells exhibit a
high expression of PAR-2, which, on activation, promotes the
expression of VEGF via the extracellular signal-regulated
kinase (ERK) 1/2 and p38 mitogen activated protein kinase
(MAPK) signaling pathways. Using human umbilical cord
blood-derived late-EPC, Smadja er al (17) identified that
PAR-1 expression levels were similar in EPCs and human
umbilical vein endothelial cells (HUVECS), and that treatment
with PAR-1 tethered ligand peptides (SFLLRN), a PAR-1
and -2 activator, induced EPC proliferation, migration and
differentiation. It was concluded from this data that the PAR-1
signaling pathway is involved in EPC-mediated angiogenesis,
although the role of PAR-2 could not be excluded (17).

To the best of our knowledge, the expression and role of
PAR-2 in EPC activation has not been previously reported.
Therefore, the present study aimed to detect the effect of
tryptase treatment on the activation of EPCs via PAR-2, which
was previously demonstrated to promote angiogenesis in
breast cancer (18).

Materials and methods

Tumor cells and reagents. MB-MDA-231 breast cancer cells,
murine mammary carcinoma cell 4T1 and endothelioma
cell bEnd.3 were obtained from the American Type Culture
Collection (Manassas, VA, USA). Endothelial cell growth
medium (EGM) and SingleQuots combinatorial additive were
purchased from Clonetics Corporation (San Diego, CA, USA).
1,1-dioctadecyl-3,3,3,3-tetramethylindocarbocyanine-labeled
acetylated low density lipoprotein (Dil-Ac-LDL) was
purchased from Thermo Fisher Scientific, Inc. (Molecular
Probes; Waltham, MA, USA). The ReverTra Ace qPCR RT
kit and SYBR Green Realtime PCR master mix were from
Toyobo Life Science (Osaka, Japan). TRIzol was obtained
from Thermo Fisher Scientific, Inc. (Invitrogen). High glucose
Dulbecco's modified Eagle's medium (DMEM) and fetal
bovine serum (FBS) were from Thermo Fisher Scientific,
Inc. (Gibco). Fibronectin (Fn) and the PAR-2 agonist,
2-Furoyl LIGRLO-amide trifluoroacetate salt (2fLI), were
from Merck KGaA (Sigma-Aldrich; Darmstadt, Germany).
A selective inhibitor of MC tryptase, APC366 (K;=7.1 um,;
cat. no. 178925-65-0) and a PAR-2-activating agonist peptide
(SLIGRL-NH2; cat. no. 171436-38-7) were obtained from
Tocris Bioscience (Bristol, UK). Unless otherwise indicated,
purified tryptase with heparin (1:1, wt/wt) was diluted with
Minimum Essential medium (MEM) (Gibco; Thermo Fisher
Scientific, Inc.) for use in the study. The western blot electro-
phoresis/transmembrane system was obtained from Bio-Rad
Laboratories, Inc. (Hercules, CA, USA).

Culture and identification of EPCs. The protocol of the present
study was approved by the ethical committee of the School of
Basic Medical Sciences, Fudan University (Shanghai, China)
and written informed consent was obtained from all patients.
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Blood was collected from 3 patients (age range, 33-35 years)
from the Obstetrics & Gynecology Hospital of Fudan
University from December 2010 to May 2017 respectively. As
previously described (19), 20 ml of fresh anticoagulant umbil-
ical venous blood was collected. Mononuclear cells (MNCs)
were isolated by density gradient centrifugation over Biocoll
separating solution (Biochrom; Merck KGaA) at 500 x g for
20 min at room temperature, and washed three times in PBS.
MNCs were plated and 5x10° cells were seeded onto culture
dishes coated with human Fn and cultured in EGM containing
SingleQuots combinatorial additive at 37°C with 5% CO, in a
humidified atmosphere. After 3 days, non-adherent EPCs were
removed and fresh culture medium was added. The medium
was replaced every third day, and the cells were passaged on
day 14.

Cells from the third and fifth generations were observed and
subsequently examined. In brief, cells were detached, blocked
with 2% fetal calf serum (Invitrogen; Thermo Fisher Scientific,
Inc.) at 4°C for 10 min, washed and then incubated separately
with phycoerythrin (PE)-conjugated VEGF receptor-2
(VEGFR-2; also known as KDR/FIk-1, cat. no. 130-100-308),
FITC-conjugated cluster of differentiation (CD)34 (cat.
no. 130-098-142) or PE-CDI133 (cat. no. 130-098-872)
antibodies (dilution 1:11; Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany) at 4°C for 30 min. Following the incu-
bation, cells were washed with PBS containing 0.1% bovine
serum albumin (Sigma-Aldrich; Merck KGaA) and analyzed
by fluorescence-activated cell sorting with a FacsCalibur™
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA)
using CellQuest software (version 5.1, BD Biosciences).

CD31 (cat. no. 550389; 1:50; BD Biosciences) was
detected by immunocytochemical analysis. Isotype-identical
antibodies (cat. no. 550878; 1:50; BD Biosciences) served as
controls to exclude non-specific binding. The cytoplasm of
the positively stained cells was brown, whereas negative cells
remained colorless. To further verify that the cells were EPCs,
the uptake of Dil-Ac-LDL, a function associated with endo-
thelial cells, was assessed. Cells were incubated with 4 pyg/ml
Dil-Ac-LDL at 37°C for 2 h, washed with PBS and fixed with
2% formaldehyde for 10 min at 37°C. The incorporation of
Dil-Ac-LDL was evaluated under an inverted fluorescence
microscope (magnification, x200).

Proliferation, migration and lumen formation assay of EPCs.
The proliferation of EPC was evaluated using a Cell Counting
Kit (CCK)-8 assay (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan), performed according to the manufacturer's
protocol. A total of 2x10° cells/well were incubated with 100 pl
EGM culture medium in 96-multiwell plates. Cells were cultured
for 0,24, 48 or 72 h prior to the addition of 10 1 CCK-8 (5 mg/ml)
to the culture medium of each well. After a 1-h incubation at
37°C, the absorbance at 450 nm of each well was measured with
a Thermomax microplate reader (Molecular Devices, LLC,
Sunnyvale, CA, USA). Each experiment was repeated three
times, and the mean of the measurements was used.

An invitro wound-healing assay was performed to measure
cell migration, as previously described (20). Briefly, 5x10*
EPCs were seeded into each well and incubated to form a
confluent monolayer. Following scraping of the cell monolayer
in a straight line with a p200 pipette tip to create a scratch, the
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Figure 1. Culture and identification of EPCs. (A) EPCs were isolated and cultured from human umbilical cord blood (magnification, x100). (B) EPCs were
identified by Dil-Ac-LDL uptake (red) and CD31 staining (brown; magnification, x200). (C) EPC purity was detected by fluorescence-activated cell sorting
with CD34-FITC, CDI133-PE or VEGFR-2-PE antibodies. Approximately 90% of the cells were identified as human umbilical cord endothelial progenitor cells
(horizontal fluorescence intensity: Gray, negative control; red, positive). EPCs, endothelial progenitor cells; PE, phycoerythrin; VEGFR-2, vascular endothelial

growth factor-2.

debris was removed and the edge of the scratch was smoothed
by washing the cells once with 1 ml growth medium (EGM).
Then the growth medium was replaced with fresh EGM with
no treatment, medium containing 1 nmol/l tryptase/heparin,
1 nmol/l tryptase/heparin with 25 ug/ml APC366, 2.5 ug/ml
2fLI, 1 nmol/I tryptase/heparin with 0.2 yg/ml SAM 11, or
0.4 nmol/I heparin alone.

The tube formation ability of EPCs on the basement
membrane was evaluated by plating cells on Matrigel, as
previously described (21). Cells were divided into the same six
treatment groups as described for the wound-healing assay.

Collection of conditioned media from MB-MDA-231 cells.
The MB-MDA-231 cells (3x10° cells/well) were plated in
6-well plates, and the cells were divided into three groups
with serum-free DMEM with or without tryptase: 1 nmol/l
Tryptase with 0.4 nmol/l heparin; 1 nmol/l Tryptase with
0.4 nmol/l heparin and 0.2 yg/ml SAM11; or 0.4 nmol/l
heparin only. After 48 h, the culture medium from each group
was centrifuged at 500 x g for 15 min at 4°C, and the super-
natants were filtered to create MB-MDA-231 cell-conditioned
media. The conditioned media were then suitable for storage
at 4°C for up to 3 months. EPCs were cultured in EGM plus
the MB-MDA-231 cell-conditioned media (1:1, v/v) for 48 h
before analysis.

Western blotting analysis. Cultured cells were washed with
PBS twice and lysed in RIPA buffer (Beyotime Institute of

Biotechnology, Haimen, China) containing protease inhibitor
and phosphatase inhibitor on ice. Supernatants were collected
and the bicinchoninic acid method was used to determine
the protein concentration. A total of 40 pg protein/lane was
subjected to 4-12% SDS-PAGE, and then transferred onto
a polyvinylidene difluoride membrane. Membranes were
blocked 2 h at room temperature in 5% non-fat milk solution
and then were incubated with Rabbit anti-PAR-2 (1:1,000; cat.
no. 6976, Cell Signaling Technology, Inc., Danvers, MA, USA),
VEGFR-2 (1:1,000; cat. no. 9698; Cell Signaling Technology,
Inc.), phosphorylated (p)-protein kinase B (AKT; 1:2,000; cat.
no.4060; Cell Signaling Technology, Inc.) and p-ERK (1:1,000;
cat. no. 4370; Cell Signaling Technology, Inc.) as the primary
antibody, overnight at 4°C, with agitation. Goat anti-rabbit
horseradish peroxidase IgG H&L (1:400, cat. no. ab97051;
Abcam, Cambridge, UK) was used as the secondary antibody
and was incubated at room temperature for 1 h. GAPDH (cat.
no. ab9485; 1:2,000) was used as a loading control. The blots
were developed using an enhanced chemiluminescent auto-
radiography (Western BrightECL kit; cat. no. k-12045-D50;
Advansta, Inc., Menlo Park, CA, USA). Blotting images were
analyzed using ImagelJ software v.1.6 (National Institutes of
Health, Bethesda, MD, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and semi-quantitative RT-PCR. TRIzol reagent was
used for total RNA extraction according to the manufacturer's
protocol, and 1,000 ng total RNA was used as a template for
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Figure 2. Analysis of EPC migration using wound-healing assays. Tryptase or PAR-2 agonists promoted the migration of EPCs, while treatment with tryptase
inhibitor APC366 or PAR-2 inhibitor SAM 11 inhibited the effect of tryptase. Magnification, x100. EPCs, endothelial progenitor cells; PAR-2, proteinase

activated receptor-2.

cDNA synthesis using the ReverTra Ace qPCR RT kit. gPCR
was performed with a total reaction volume of 10 ul, including
10 ng of cDNA, 0.25 uM forward and reverse primers and 5 pl
SYBR-Green qPCR master mix. The gPCR reaction conditions
included initial denaturing at 94°C for 3 min, 30 sec denaturing
at 94°C, 30 sec annealing at 59°C and 30 sec extension at 72°C
for 40 cycles, then a final incubation at 65°C for 5 min. The
amplified genes and the primers used were as follows: PAR-2
forward, TTCATGACCTGCCTCAGTGT and reverse, GTG
ACCAGCAGAATCAGCAG (Gene ID: 2,150); VEGFR-2
forward, GTGATCGGAAATGACACTGGAG and reverse,
CATGTTGGTCACTAACAGAAGCA; and GAPDH forward,
ACAACTTTGGTATCGTGGAAGG and reverse, GCCATC
ACGCCACAGTTTC. GAPDH was used as a loading control.
Gene mRNA expression levels were analyzed using the 2-44%4
method (22).

PAR-2 expression was also observed by semi-quantitative
PCR in MB-MDA-231 breast cancer cells, murine mammary
carcinoma cell 4T1, endothelioma cell bEnd.3 and EPC.
The PCR reaction contained 1 M each of the forward and
reverse primers, 10 pl of 2X PCR master mix (Thermo Fisher
Scientific, Inc.) and 1 ul of cDNA in a total volume of 20 pl.
The PCR products were visualized on a 2% agarose gel
containing 5 yg/ml ethidium bromide.

Statistical analysis. Mean values were calculated from the
data obtained from three or more separate experiments, and
are presented as the mean + standard error of the mean.
The significance of the differences between groups was
estimated by one-way analysis of variance followed by a
Student-Newman-Keuls test. SPSS version 19.0 (IBM Corp.,
Armonk, NY, USA) was used for analysis, and P<0.05 was
considered to indicate a statistically significant difference.

Results

Culture and identification of EPCs. Consistent with previous
literature (20), freshly separated MNCs appeared small and

rounded by 72 h. When cultured on Fn-coated culture plates,
from the third day, spindle-like cell morphology was visible
at the edge of the cell clusters. By day 12, the adherent cells
presented a typical cobblestone morphology (Fig. 1A). As
presented in Fig. 1B, the EPCs expressed CD31 and had the
ability to uptake Dil-Ac-LDL. CDI133 is a marker for hema-
topoietic stem cells and EPCs, and its expression is gradually
lost during the differentiation of EPCs into mature cells. As
CD34, CD133 and VEGFR-2 are specific markers for EPCs,
the expression of these markers was assessed by flow cytom-
etry to further confirm the identity of the EPC. Approximately
90% of the cells were CD34-, CD133- and VEGFR-2-positive
(Fig. 1C).

Role of tryptase in promoting EPC migration. As demon-
strated in Fig. 2, tryptase promoted EPC migration, and
treatment with a PAR-2 agonist had a similar effect to tryptase.
In addition, treatment with the tryptase inhibitor APC366 or
the PAR-2 inhibitor SAM 11 reversed the effect of tryptase on
EPC migration.

Tryptase promotes tube formation in EPCs. The formation of
tube-like structures was more prominent in tryptase- or PAR-2
agonist-treated EPCs, whereas treatment with APC366 or
SAM 11 decreased the tube formation ability of EPCs (Fig. 3).

Tryptase and PAR-2 agonists exhibit no effect on the prolif-
eration of EPCs. A CCK-8 assay was used to analyze the
proliferation rate of EPCs. It was identified that tryptase and
PAR-2 agonists had no significant effect on the proliferation of
EPCs at 0,24, 48 or 72 h (Fig. 4).

Effect of tryptase on the expression of PAR-2, p-AKT, p-ERK
and VEGFR-2 in EPCs. PAR-2 was expressed in EPCs and
MB-MDA-231 cells, as determined by RT-PCR detection
(Fig. 5A). Similarly to positive control cells, PAR-2 expression
was observed in murine mammary carcinoma cell 4T1 and
endothelioma cell bEnd.3. The effect of tryptase on the mRNA
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Figure 3. Tube formation ability of EPCs. Tryptase promoted the tube formation ability of EPCs; a PAR-2 agonist had a similar effect to tryptase, while
tryptase inhibitor APC366 or PAR-2 inhibitor SAM 11 inhibited the effect of tryptase on tube formation Magnification, x100. EPCs, endothelial progenitor

cells; PAR-2, proteinase activated receptor-2.
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Figure 4. Proliferation of EPCs. The effect of tryptase on proliferation
of EPCs was analyzed using a Cell Counting Kit-8 assay at 0, 24, 48 and
72 h. Tryptase and PAR-2 agonists had no evident effect on the prolifera-
tion of EPCs at any time point. EPCs, endothelial progenitor cells; PAR-2,
proteinase activated receptor-2; OD, optical density.

expression of VEGFR-2 in EPCs was then analyzed using
RT-gPCR. The data suggested that treatment with tryptase or
a PAR-2 agonist significantly increased the VEGFR-2 mRNA
level in EPCs compared with the blank control and herapin
groups (all P<0.05); furthermore, treatment with APC 366
or SAM 11 reversed the effect of tryptase (P<0.05; Fig. 5B).
In addition, the expression of PAR-2, p-AKT, p-ERK and
VEGFR-2 in EPCs was increased following treatment with
tryptase or tryptase pretreated MB-MDA-231 cell-conditioned
medium, as demonstrated with western blotting. These
results suggest that tryptase may act directly on EPC through
PAR-2/ERK signaling pathways (Fig. 5C), and on EPC indi-
rectly through breast cancer cells MB-MDA-231 (Fig. 5D), but
further studies are required to confirm this association. Thus,

MC tryptase may serve an important role in breast cancer
angiogenesis by affecting the tumor microenvironment.

Discussion

Thereisincreasing evidence todemonstrate that EPCs are essen-
tial in the initial stages of carcinogenesis. Vajkoczy et al (23)
reported that embryonic endothelial progenitor cells (€EPCs)
isolated from stage E7.5 in mouse development at the onset
of vasculogenesis retained their ability to contribute to tumor
angiogenesis in the adult environment when systemically
injected. eEPC homing was mediated by E- and P-selectin,
and P-selectin glycoprotein ligand 1. In a previous study in
patients with tumor, the number and activation of EPCs were
increased, and the number of circulating EPCs was demon-
strated to be associated with the tumor volume (24). EPC
activation, including migration, proliferation, homing and tube
formation, controls the ‘angiogenic switch’ and contributes to
the angiogenesis-mediated progression of micrometastases
into potentially deadly macrometastases (25). The activa-
tion and recruitment of EPCs may be induced by angiogenic
factors in the tumor microenvironment, including VEGEF,
angiopoietin, SDF-1, MMP-9 and platelet-derived growth
factor (26). These factors are secreted by tumor cells and/or
other cells, including tumor-associated macrophages or MCs,
into the microenvironment.

Starkey et al (27) used genetically MC-deficient W/Wv
mice to investigate the role of MC in tumor angiogenesis.
It was reported that W/Wv mice exhibited a lower tumor
angiogenesis response and fewer lung metastases, while
bone-marrow repair of the mast-cell deficiency restored the
angiogenic response of W/Wv mice, and restored the inci-
dence of hematogenous metastases to approach that of +/+
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Figure 5. Effect of T on the expression of PAR-2, p-AKT, p-ERK and VEGFR-2 in EPCs. (A) EPCs and MB-MDA231 cells were confirmed to express
PAR-2, as well as murine mammary carcinoma cell 4T1 and endothelioma cell bEnd.3. (B) mRNA level of VEGFR-2 in EPCs as determined by reverse
transcription-quantitative PCR. Treatment with PAR2 or T increased the VEGFR-2 mRNA level, while the PAR-2 inhibitor SAM 11 or the tryptase inhibitor
APC366 inhibited the effect of PAR2 and T, respectively. (C) T increased the expression of PAR-2, p-AKT, p-ERK and VEGFR-2 in EPCs, as determined by
western blot analysis, whereas treatment with APC366 or SAM 11 inhibited the effect of tryptase. (D) Conditioned medium had the same effect as T. "P<0.05
vs. con, heparin, SAM and APC group, “P<0.05 vs. PAR2 and T groups. PAR-2, proteinase activated receptor-2; p-, phosphorylated; ERK, extracellular
signal-regulated kinase; VEGFR-2, vascular endothelial growth factor-2; EPCs, endothelial progenitor cells; PAR2, PAR-2 agonist; T, tryptase; APC, APC366;

con, control; AKT, protein kinase B; PCR, polymerase chain reaction.

mice. These results indicate a role for MCs during tumor
angiogenesis. In Kaposi's sarcoma, endometrial carcinoma,
B-cell non-Hodgkin's lymphomas and breast cancer, the MC
count was identified to be increased compared with normal
tissue, and the microvascular density was positively associated
with the MC number (18).

Tryptase is the most abundant enzyme in MCs, and
serves an important role in a variety of biological activi-
ties, including inflammation and angiogenesis, in tumors
and other diseases (28). Tryptase promotes angiogenesis, as
demonstrated by Marech et al (29), induces lumen forma-
tion of endothelial cells (30), and degrades connective tissue
matrix to provide adequate space for the formation of tumor
blood vessels (31). In the present study, it was demonstrated
that tryptase facilitated EPC migration and tube formation,
but not proliferation, suggesting that tryptase and MCs may
participate in tumor angiogenesis by activating EPCs.

PAR-2 is a receptor for thrombin, trypsin and tryptase that
is expressed on cell membranes; it is associated with tumor
cell adhesion, invasion and metastasis (32). Notably, these
studies indicated that PAR-2 serves and essential role in cancer
development, and it has indirect effects on angiogenesis in
human vascular endothelial and tumor cell proliferation (33).
Ge et al (34) observed that PAR-2 aggregated in the pseudo-
podia of metastatic breast cancer cells, and that its activation
promoted tumor cell cytoskeletal remodeling and migration.
PAR-2 silencing may inhibit the migration and invasion of
the breast cancer cell lines MDA-MB-231 and BT549 (35).
The EPCs derived from the bone marrow of mice were

demonstrated to express PAR-2 (36), which is consistent with
the data in the present study. The present study also demon-
strated that the EPCs from human umbilical cord blood and
MB-MDA-231 cells expressed PAR-2. The PAR-2 agonist
mimicked the effect of tryptase on the proliferation, migra-
tion and tube formation of EPCs. In addition, tryptase and
conditioned medium from tryptase-pretreated MBA-MD-231
cells increased the expression of PAR-2 in EPCs. The results
of the current study indicate that tryptase may activate EPCs
through PAR-2.

Previous studies have suggested that the effect of tryptase
on the activation of endothelial cells may not be produced
by the enzymatic cleavage of PAR-2, and that PAR-2 was
genetically polymorphic (37-39). To determine whether PAR-2
mediates the role of tryptase in regulating the activation of
EPCs,SAM 11 was used as an inhibitor of PAR-2 in the current
study. SAM 11 is a monoclonal antibody against amino acids
37-50 in human PAR-2, which is the region at which PAR-2
activates peptides. Koo er al (40) reported that SAM 11 acts as
an effective PAR-2 inhibitor. The results of the present study
revealed that SAM 11 inhibited the effect of tryptase on EPC
activation. In addition, treatment with tryptase or a PAR-2
agonist significantly promoted the expression of VEGFR-2 in
EPCs, whereas treatment with SAM 11 or APC366, a tryptase
inhibitor, significantly attenuated the effects of tryptase treat-
ment. These data demonstrated that tryptase promoted EPC
activation and angiogenesis via PAR-2.

The signaling pathways associated with the tryptase-medi-
ated EPC activation in breast cancer angiogenesis by PAR-2
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were further investigated. The activation of PAR-2 may mediate
several types of selective signal transduction in cells, particu-
larly the amplifying cascade of the MAPK signaling pathway.
Through the induction of the phosphorylation of MEK (41)
and ERK ! (42), PAR-2 activation promotes cell hyperplasia,
and subsequent structural changes at the tissue and organ
levels. In human peripheral eosinophils, tryptase activates the
MAPK/API1 pathway, and promotes the synthesis and release
of cytokines. Previous studies have identified that increased
MC density is associated with the expression of p-AKT in
human colon cancer tissue, indicating that the PI3K/AKT
signaling pathway may be activated by tryptase (43). The
PI3K/AKT signaling pathway activates a positive feedback
loop to maintain the recruitment of inflammatory cells. In
certain inflammatory and tumor environments, EPCs may be
activated by the AKT and ERK signaling pathways (44). In
the present study, treatment with tryptase, PAR-2 agonists and
conditioned medium from tryptase-pretreated MBA-MD-231
human breast cancer cells promoted the expression of PAR-2,
p-AKT, p-ERK and VEGFR-2 in EPCs, whereas treatment
with APC366 and SAM 11 inhibited the effects of tryptase.
These results confirmed that tryptase activated EPCs and
promoted breast cancer angiogenesis via PAR-2-mediated
AKT and ERK pathway activation.

In conclusion, tryptase may not only act directly on EPC
activation, but also indirectly through breast tumor cells, to
promote angiogenesis in breast cancer. This research provides
a novel theoretical and molecular basis for anti-angiogenesis
drug development.
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