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УЧАСТИЕ PAR2 В ВЫХОДЕ МЕДИАТОРОВ  
ВОСПАЛЕНИЯ ИЗ ЭОЗИНОФИЛОВ КРОВИ  
ЧЕЛОВЕКА 
Цинью Ху1, Хаоян Ванг2

1 Второй Народный Госпиталь, Даньянг, Цзянсу, Китай  
2 Департамент педиатрии, Университет Лаваль, Квебек, Канада

Резюме. Активируемые протеиназами рецепторы (PAR) относятся к семейству рецепторов, свя-
занных с G-белками, и могут расщепляться некоторыми сериновыми протеазами с экспозицией 
фиксированного домена-лиганда, который связывает и активирует рецепторы, инициируя множе-
ственные сигнальные каскады. Имеются доказательства того, что некоторые протеазы могут регули-
ровать клетки-мишени, активируя PAR, и есть много исследований, в которых показана важная роль 
PAR при воспалении. В одной из работ обнаружено, что ингибирование и делеция PAR2 значительно 
подавляют степень воспаления из-за снижения уровней IL-6 и IL-1β. Другое исследование также по-
казало, что активация PAR может способствовать продукции активных форм кислорода и передаче 
сигналов MAPK, что приводит к альвеолярному воспалению. Кроме того, CAPN1 тромбоцитарного 
происхождения может инициировать воспаление сосудов, связанное с диабетом, посредством рас-
щепления PAR1 и высвобождения TNFα с поверхности эндотелиальных клеток, а сарсасапогенин 
может ослаблять диабетическую нефропатию путем подавления PAR1. Показано, что экстракт коры 
Phellodendron amurense может подавлять индуцированный твердыми частицами приток Ca2+, что вы-
звано прямым воздействием на PAR2, ослабляет воспаление и поддерживает гомеостатические уров-
ни факторов клеточной адгезии. Существуют также два других антагониста I-287 и GB88, которые 
могут уменьшать воспалительную реакцию, опосредованную PAR2. В настоящем исследовании мы 
оценивали экспрессию PAR и высвобождение IL-5, IL-6, RANTES и ECP из эозинофилов крови 
человека с использованием различных ферментов и агонистов PAR. Экспрессию PARs оценивали в 
эозинофилах крови человека с помощью проточной цитометрии и ОТ-ПЦР, а уровни цитокинов и 
эозинофильного катионного белка (ECP) в культивируемых супернатантах определяли с помощью 
наборов ELISA. Результаты проточной цитометрии показыва.т, что эозинофилы человека экспресси-
руют белок PAR2 и не экспрессируют белки PAR1, PAR3 и PAR4. Анализ с помощью ОТ-ПЦР выявил 
экспрессию генов PAR2 и PAR3 в эозинофилах человека. Триптаза, трипсин и эластаза могут индуци-
ровать высвобождение IL-5, IL-6 и ЕСР в значительных количествах. Трипсин и эластаза также могут 
стимулировать секрецию RANTES, но триптаза неспособна индуцировать секрецию RANTES. Ин-
дуцированное триптазой, трипсином и эластазой высвобождение цитокинов и ЕСР из эозинофилов 
крови человека, скорее всего, происходит посредством активации PAR2.

Ключевые слова: PAR2, эозинофилы, медиатор воспаления, трипсин, триптаза, эластаза
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INVOLVEMENT OF PAR2 IN INFLAMMATORY MEDIATOR 
RELEASE FROM HUMAN BLOOD EOSINOPHILS 
Xinyu Hua, Haoyang Wangb

a Danyang Second People Hospital, Danyang, Jiangsu, China  
b Department of Pediatrics, Laval University, Qu bec, Qu bec, Canada

Abstract. Proteinase Activated Receptors (PARs) are the members of G-protein-coupled receptor family 
and can be cleaved by certain serine proteases to expose a tethered ligand domain, which binds and activates the 
receptors to initiate multiple signaling cascades. There is some evidence that certain proteases may regulate target 
cells by activating PARs. There are many studies, in which PARs play important roles in inflammation. One 
study indicated that PAR2 inhibition and deletion significantly suppressed the degree of inflammation due to 
decreased IL-6 and IL-1β levels. Another study also showed that PAR’s activation could mediate reactive oxygen 
species production and MAPK signaling leading to alveolar inflammation. In addition, platelet-derived CAPN1 
can trigger the vascular inflammation associated with diabetes via cleavage of PAR1 and the release of TNFα 
from the endothelial cell surface, and sarsasapogenin may alleviate diabetic nephropathy by the downregulation 
of PAR1. Another Phellodendron amurense bark extract can suppress the particulate matter-induced Ca2+ 
influx caused by direct action upon PAR2, alleviating inflammation and maintaining homeostatic levels of cell 
adhesion components. There are also other two antagonists of I-287 and GB88, which can reduce the PAR2-
mediated inflammatory reaction. In this study, we tested expression of PARs and IL-5, IL-6, RANTES and ECP 
release from human blood eosinophils using different enzymes and PAR agonists. The expression of PARs was 
assessed in human blood eosinophils by flow cytometry and RT-PCR, and the levels of cytokine and eosinophil 
cationic protein (ECP) in the cultured supernatants were determined with ELISA kits. Flow cytometry shows 
that human eosinophils express PAR2 protein and do not express PAR1, PAR3 and PAR4 proteins. RT-PCR 
analysis revealed expression of PAR2 and PAR3 genes in human eosinophils. Tryptase, trypsin and elastase can 
induce significant IL-5, IL-6 and ECP release. Trypsin and elastase may also stimulate RANTES secretion, 
but tryptase cannot induce the RANTES secretion. Tryptase, trypsin and elastase-induced cytokine and ECP 
release from human blood eosinophils most likely occurs via activation of PAR2.

Keywords: PAR2, eosinophils, inflammatory mediator, trypsin, tryptase, elastase

Introduction
There are some evidences that certain proteases 

can regulate target cells by activating PARs [1]. Four 
members of this receptor family has been cloned 
and named PAR1, PAR2, PAR3 and PAR4 [14, 15, 
25, 27, 31, 35]. Human PAR1, PAR2 and PAR3 are 
activated by thrombin [14, 15, 27, 31, 35], however 
PAR2 is activated by trypsin [25]. It has been reported 
that they are expressed on many inflammatory cells, 
such as mast cells [12, 26, 36], eosinophils [5, 10, 24], 
neutrophils [32], macrophages [17, 28], T cells and 
B cells [4, 13, 16]. There are many studies, in which 
PARs play important roles in inflammation. One 
study indicated that PAR2 inhibition and deletion 
significantly suppressed inflammatory level, which was 
related to decreased IL-6 and IL-1β levels [3]. Another 
study also showed that PARs activation could mediate 
reactive oxygen species production and MAPK 
signaling leading to alveolar inflammation [19]. 
In addition, platelet-derived CAPN1 can trigger 
the vascular inflammation associated with diabetes 
via the cleavage of PAR1 and the release of TNFα 
from the endothelial cell surface and sarsasapogenin 
can alleviate diabetic nephropathy through down-
regulating PAR1 [21, 29]. Another phellodendron 

amurense bark extract can suppress particulate matter-
induced Ca2+ influx by directly acting on PAR2, 
alleviate inflammation and maintain homeostatic 
levels of cell adhesion components [8]. There are also 
other two antagonists of I-287 and GB88, which can 
reduce PAR2 mediated inflammatory reaction [24, 
25]. Furthermore, the inhibition of PAR4 can reduce 
neuroinflammation [22]. 

Eosinophils are considered to be one of the major 
effector cells in asthma and there is a strong linkage 
between the accumulation of eosinophils in the airways 
of asthma and symptoms. Once present in the tissue, 
they respond to specific stimuli and release a variety of 
proinflammatory mediators such as lipid metabolites 
and cytotoxic granule proteins. Secretion of these 
mediators causes tissue damage within the airways and 
contributes to the characteristics of asthma [27]. 

Previous study indicates that trypsin can stimulate 
the release of inflammatory mediators from human 
eosinophils via the activation of PAR2. Human 
eosinophils express PAR2 [6, 24]. However, the ef-
fects of PAR2 agonists on the secretion of IL-5 and 
RANTES from human eosinophils are unclear. In the 
current study, the effects of trypsin, tryptase, elastase 
and PAR2 agonist peptides SLIGKV-NH2 and tc-
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LIGRLO-NH2 on IL-5 and RANTES release from 
human eosinophils were investigated. The effects of 
these agonists on IL-6 and ECP secretion were also 
evaluated.

Materials and methods
Materials
Human trypsin, soy bean trypsin inhibitor 

(SBTI), leupeptin hemisulfate, benzamidine, PAR2 
inhibitor and bovine serum albumin (BSA, frac-
tion v) were purchased from Sigma (St Louis, MO, 
USA). Recombinant human lung beta tryptase was 
from Promega (Madison, WI, USA). Human IL- 5, 
IL-6 and RANTES ELISA kits were obtained from 
Pierce. Human ECP ELISA kit was obtained from 
Cusabio. Agonist peptides of PAR2, SLIGKV- NH2 
and tc-LIGRLO-NH2 were synthesized in CL Bio-
Scientific Inc (Xi An, China). RPMI 1640, Pen-
Strep, fetal calf serum (FCS) and insulin were from 
GIBCO. Ficoll-Paque Plus was obtained from 
Amersham Biosciences (Uppsala, Sweden). Anti-
CD16 magnetic bead antibody was purchased from 
MiltenyiBiotec. Fluorescein isothiocyanate (FITC) 
conjugated mouse anti-human PAR1 and PAR2 
monoclonal antibodies, rabbit anti-human PAR3 and 
PAR4 polyclonal antibodies, mouse IgG1 FITC and 
IgG2a, rabbit IgG and goat anti-rabbit IgG-FITC 
were from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). FITC-labeled mouse anti-human CD49d 
antibody was obtained from BioLegend. Trizol reagent 
was purchased from Invitrogen (Carlshad, CA, USA). 
The reverse transcription PCR kit was from TakaRa, 
(Dalian, China). SYBR Green 1 Nucleic Acid Gel 
Stain was obtained from BMA Inc (USA). All other 
reagents of analytic grade were obtained from Sigma 
(St. Louis, MO, USA).

Isolation of human blood eosinophils
The informed consent from 5 healthy volunteers 

and agreement with the ethical committee of Danyang 
Second People Hospital were obtained. Human blood 
eosinophils were isolated by a Ficoll-Paque density 
gradient method [29]. In brief, fresh peripheral 
blood was obtained from healthy volunteers, 200 mL 
from each individual per visit. After centrifugation 
at 500 × g for 30 min, the granulocyte layer directly 
above the red blood cells was carefully collected with 
a pipette. The collected cells were then resuspended 
in 0.5 mL of a buffer, containing PBS and 1% FCS 
and the remaining red blood cells were lysed by 
adding H2O at room temperature for 45 seconds 
with the equilibration by 1.8% NaCL. After washing 
twice with PBS, containing 1% FCS at 500 × g for 
5 min, eosinophils were resuspended in RPMI 1640 
medium, containing 0.5% BSA and 2M EDTA and 
were incubated with anti-CD16 magnetic bead 
antibody at 4 °C for 30 min and eluted 3 times in 5 mL 
buffer. The purity of eosinophils was consistently 
more than 95% with a little contaminated neutrophils 

as determined with FITC-labeled mouse anti-human 
CD49d antibody by flow cytometry and cell count and 
cell viability was more than 98% as judged by trypan 
blue dye exclusion.

Determination of PAR expression on human 
eosinophils

To detect PAR1 and PAR2 expression, purified 
human eosinophils were incubated with FITC-
conjugated mouse anti-human PAR1 and PAR2 
monoclonal antibodies for 2 hours on ice. Similarly, 
for the detection of PAR3 and PAR4 expression, 
purified human eosinophils were incubated with 
rabbit anti-human PAR3 and PAR4 polyclonal 
antibodies for 15 minutes on ice and followed by the 
incubation of FITC-conjugated goat anti-rabbit IgG 
for 30 minutes. The cells were washed twice with 
PBS and were resuspended in 0.5 mL PBS for flow 
cytometric analyses using a FACScan cytometer 
(BD Biosciences, San Jose, CA, USA). Data were 
acquired and analyzed with CellQuest software (BD 
Immunocytometry Systems).

Determination of PAR mRNA expression on human 
eosinophils

Total RNA was extracted from eosinophils using 
TRIzol reagent and was reverse-transcribed to 
random primed cDNA with a commercial RT-PCR 
kit according to the manufacturer’s instructions. 
PCR amplification of the cDNA was conducted using 
β-actin as the internal control. The amplification 
conditions were as follows: for PAR1, PAR2, PAR3 
and PAR4, 94 °C for 2 min, followed by 35 cycles at 
94 °C for 30 s, 67 °C for 30 s, 72 °C for 1 min and 
then a final elongation cycle of 10 min at 72 °C. For 
β-actin, 94 °C for 2 min, followed by 35 cycles at 94 °C 
for 30 s, 55 °C for 30 s, 72 °C for 30 s and then a final 
elongation cycle of 10 min at 72 °C. Electrophoresis 
was conducted on 1.5% agarose gels that were stained 
with SYBR Green 1 Nucleic Acid Gel Stain (BMA) 
and photographed under UV light. PCR products 
were confirmed by sequencing.

Challenge of human eosinophils
In order to allow cells to recover from purification 

procedure, isolated eosinophils were cultured in 24 
well culture plates at a density of 1 × 106 cells/well 
in RPMI 1640 medium (containing 2% FCS and 
1% Pen/Strep) at 37 °C with 5% CO2 for at least 1 h. 
The culture supernatants were then removed and the 
cells were washed with RPMI 1640 medium twice at 
300 × g for 10 min. For challenge experiments, cells 
were exposed to various concentrations of trypsin 
(0.01-1 μg/mL), tryptase (0.125-0.5 μg/mL), elastase 
(0.125-0.5 μg/mL), inhibitors of proteinases (10 and 
30 μg/ mL), PAR2 inhibitor (30 μg/mL) and agonist 
peptides of PAR2 (all at 0.1-100 μM) for 16 h and 
30 min respectively before the culture supernatants 
were harvested and stored at -80 °C until use. 

Measurement of IL-5, IL-6, RANTES and ECP
The levels of IL-5, IL-6, RANTES and ECP in 

the culture supernatants were determined with an  
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ELISA Kit according to the manufacturer’s in-
structions. The optical density (OD) of samples was 
measured using a Spectra Max 340 PC Microplate 
Reader (Molecular Devices, USA).

Statistical analysis
The values were shown as mean ± SEM and the 

differences between groups were tested for significance 
using the Student’s t test. * p < 0.05 and ** p < 0.01 
were taken as statistically significant. All statistics were 
performed using SPSS 11.0 for Windows (SPSS Inc).

Results
Expression of PAR2 by human eosinophils
Eosinophils express PAR2, not PAR1, PAR3 or 

PAR4 protein (Figure 1). RT-PCR analyses show that 
eosinophils express only PAR2 and PAR3, not PAR1 
and PAR4 mRNA (Figure 2). The experiments were 
repeated 5 times with five different donors.

Effects of serine proteinases on IL-5, IL-6, 
RANTES and ECP secretion from human eosinophils

Tryptase at concentration of 0.125 μg/mL induced 
much more IL-5, IL-6 and ECP secretion and at 
concentrations of 0.25 μg/mL and 0.5 μg/mL induced 
more significant IL-5, IL-6 and ECP secretion from 
eosinophils, when compared to medium, leupeptin, 
benzamide and cycloheximide controls. The tryptase 
inhibitors, leupeptin and benzamide and PAR2 
inhibitor, cycloheximide inhibited tryptase-induced 
IL-5, IL-6 and ECP release at concentration of 
30 μg/ mL, when they were mixed with 0.5 μg/ mL 
of tryptase (Figures  3,  4,  5). Similarly, trypsin at 
concentrations of 0.1 μg/mL and 1.0 μg/ mL induced 
more significant IL-5, IL-6, RANTES and ECP 

secretion from eosinophils, when compared to 
medium, SBTI and cycloheximide controls. Trypsin 
inhibitor, SBTI at concentrations of 10 μg/mL 
and 30 μg/mL and PAR2 inhibitor, cycloheximide 
at concentration of 30 μg/mL could substantially 
reduce trypsin-induced IL-5, IL-6, RANTES and 
ECP release, when they were mixed with 0.1μg/ mL 
of trypsin. However, trypsin at concentration of 
0.01 μg/ mL failed to induce IL-5, IL-6, RANTES and 
ECP secretion from eosinophils, when compared to 
medium, SBTI and cycloheximide controls (Figures 
6, 7, 8, 9). Furthermore, elastase at concentrations of 
0.25 μg/mL and 0.5 μg/ mL induced more significant 
IL-5, IL-6, RANTES and ECP secretion from 
eosinophils, when compared to medium, EI and 
cycloheximide controls. Elastase inhibitor and PAR2 
inhibitor, cycloheximide at concentration of 30 μg/ mL 
could significantly reduce elastase-induced IL-5, 
IL- 6, RANTES and ECP release, when they were 
mixed with 0.5 μg/mL of elastase. However, elastase at 
concentration of 0.125 μg/mL failed to induce IL-5, 
IL-6, RANTES and ECP secretion from eosinophils, 
when compared to medium, EI and cycloheximide 
controls (Figures 10, 11, 12, 13).

Effects of PAR2 agonist peptides on IL-5, 
IL-6, RANTES and ECP secretion from human 
eosinophils

The PAR2 agonist peptides SLIGKV-NH2 and tc-
LIGRLO-NH2 at concentration of 0.1 μg/mL indu ced 
much more IL-5, IL-6, RANTES and ECP secretion 
and at concentrations of 1.0 μg/mL, 10 μg/ mL and 
100 μg/mL induced more significant IL- 5, IL-6 and 
RANTES release from eosinophils, when compared to 
medium control (Figures 14, 15, 16, 17).

Figure 1. Expression of PARs protein by flow cytometry 
analysis on human eosinophils
Note. Eosinophils express PAR2 protein and do not express PAR1, 
PAR3 and PAR4 proteins.

Figure 2. mRNA expression of PARs by RT-PCR analysis in 
human eosinophils
Note. RT-PCR shows that eosinophils express PAR2 and PAR3 genes 
and did not express PAR1 and PAR4 genes. Lanes 1-6 represent 
PAR1, PAR2, PAR3, PAR4, β-actin and DNA marker, respectively.
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Figure 3. Effects of tryptase on IL-5 release from human 
eosinophils 
Note. Tryptase at concentration of 0.125 μg/mL induced much more 
IL-5 secretion and at concentrations of 0.25 μg/mL and 0.5 μg/
mL induced more significant IL-5 secretion from eosinophils, when 
compared to medium, leupeptin, benzamide and cycloheximide 
controls. Tryptase inhibitors, leupeptin and benzamideand and PAR2 
inhibitor, cycloheximide inhibited tryptase-induced IL-5 release at 
concentration of 30 μg/mL, when they were mixed with 0.5 μg/mL of 
tryptase.
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Figure 4. Effects of tryptase on IL-6 release from human 
eosinophils 
Note. Tryptase at concentration of 0.125 μg/mL induced much more 
IL-6 secretion and at concentrations of 0.25 μg/mL and 0.5 μg/  mL 
induced more significant IL-6 secretion from eosinophils, when 
compared to medium, leupeptin, benzamide and cycloheximide 
controls. Tryptase inhibitors, leupeptin and benzamide and PAR2 
inhibitor, cycloheximide inhibited tryptase-induced IL-6 release at 
concentration of 30 μg/mL, when they were mixed with 0.5 μg/mL of 
tryptase.
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Figure 5. Effects of tryptase on ECP release from human 
eosinophils 
Note. Tryptase at concentration of 0.125 μg/mL induced much more 
ECP secretion and at concentrations of 0.25 μg/mL and 0.5 μg/ mL 
induced more significant ECP secretion from eosinophils, when 
compared to medium, leupeptin, benzamide and cycloheximide 
controls. Tryptase inhibitors, leupeptin and benzamide and PAR2 
inhibitor, cycloheximide inhibited tryptase-induced ECP release at 
concentration of 30 μg/mL, when they were mixed with 0.5 μg/mL of 
tryptase.

Figure 6. Effects of trypsin on IL-5 release from human 
eosinophils 
Note. Trypsin at concentrations of 0.1 μg/mL and 1.0 μg/mL induced 
more significant IL-5 secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Trypsin 
inhibitor, SBTI at concentrations of 10 μg/mL and 30 μg/mL and PAR2 
inhibitor, cycloheximide at concentration of 30 μg/mL can substantially 
reduce trypsin-induced IL-5 release, when they are mixed with 
0.1 μg/ mL of trypsin.
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Figure 7. Effects of trypsin on IL-6 release from human 
eosinophils 
Note. Trypsin at concentrations of 0.1 μg/mL and 1.0 μg/mL induced 
more significant IL-6 secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Trypsin 
inhibitor, SBTI at concentrations of 10 μg/mL and 30 μg/mL and PAR2 
inhibitor, cycloheximide at concentration of 30 μg/mL can substantially 
reduce trypsin-induced IL-6 release, when they are mixed with  
0.1 μg/mL of trypsin.
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Figure 8. Effects of trypsin on RANTES release from human 
eosinophils 
Note. Trypsin at concentrations of 0.1 μg/mL and 1.0 μg/mL induced 
more significant RANTES secretion from eosinophils, when compared 
to medium, leupeptin, benzamide and cycloheximide controls. Trypsin 
inhibitor, SBTI at concentrations of 10 μg/mL and 30 μg/mL and PAR2 
inhibitor, cycloheximide at concentration of 30 μg/mL can substantially 
reduce trypsin-induced RANTES release, when they are mixed with  
0.1 μg/mL of trypsin.
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Figure 9. Effects of trypsin on ECP release from human 
eosinophils 
Note. Trypsin at concentrations of 0.1 μg/mL and 1.0 μg/mL induced 
more significant ECP secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Trypsin 
inhibitor, SBTI at concentrations of 10 μg/mL and 30 μg/mL and PAR2 
inhibitor, cycloheximide at concentration of 30 μg/mL can substantially 
reduce trypsin-induced ECP release, when they are mixed with  
0.1 μg/mL of trypsin.

Figure 10. Effects of elastase on IL-5 release from human 
eosinophils 
Note. Elastase at concentrations of 0.25 μg/mL and 0.5 μg/mL induced 
more significant IL-5 secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Elastase 
inhibitor, EI and PAR2 inhibitor, cycloheximide at concentration of 
30 μg/mL can substantially reduce elastase-induced IL-5 release, 
when they are mixed with 0.5 μg/mL of elastase.
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Figure 11. Effects of elastase on IL-6 release from human 
eosinophils 
Note. Elastase at concentrations of 0.25 μg/mL and 0.5 μg/mL induced 
more significant IL-6 secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Elastase 
inhibitor, EI and PAR2 inhibitor, cycloheximide at concentration of 
30 μg/mL can substantially reduce elastase-induced IL-6 release, 
when they are mixed with 0.5 μg/mL of elastase.

Med
ium

Ela
-0.

12
5

Ela
-0.

25

Ela
-0.

5
Ela

-0.
5 +

 EI
-30

EI-
0.5

 + 
Cy

clo
-30

Cy
clo

-30EI-
30

IL-
6 (

pg
/m

L)

60

50

40

30

20

10

0

Figure 12. Effects of elastase on RANTES release from 
human eosinophils 
Note. Elastase at concentrations of 0.25 μg/mL and 0.5 μg/mL induced 
more significant RANTES secretion from eosinophils, when compared 
to medium, leupeptin, benzamide and cycloheximide controls. Elastase 
inhibitor, EI and PAR2 inhibitor, cycloheximide at concentration of 
30 μg/mL can substantially reduce elastase-induced RANTES release, 
when they are mixed with 0.5 μg/mL of elastase.
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Figure 13. Effects of elastase on ECP release from human 
eosinophils 
Note. Elastase at concentrations of 0.25 μg/mL and 0.5 μg/mL induced 
more significant ECP secretion from eosinophils, when compared to 
medium, leupeptin, benzamide and cycloheximide controls. Elastase 
inhibitor, EI and PAR2 inhibitor, cycloheximide at concentration of 
30 μg/mL can substantially reduce elastase-induced ECP release, 
when they are mixed with 0.5 μg/mL of elastase.

Figure 14. Effects of PAR2 agonist peptides on IL-5 release 
from human eosinophils 
Note. The PAR2 agonist peptides SLIGKV-NH2 and tc-LIGRLO-NH2 at 
concentration of 0.1 μg/mL induced much more IL-5 secretion and at 
concentrations of 1.0 μg/mL, 10 μg/mL and 100 μg/mL induced more 
significant IL-5 release from eosinophils, when compared to medium 
control.
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Figure 15. Effects of PAR2 agonist peptides on IL-6 release 
from human eosinophils 
Note. The PAR2 agonist peptides SLIGKV-NH2 and tc-LIGRLO-NH2 at 
concentration of 0.1 μg/mL induced much more IL-6 secretion and at 
concentrations of 1.0 μg/mL, 10 μg/mL and 100 μg/mL induced more 
significant IL-6 release from eosinophils, when compared to medium 
control. 
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Figure 16. Effects of PAR2 agonist peptides on RANTES 
release from human eosinophils 
Note. The PAR2 agonist peptides SLIGKV-NH2 and tc-LIGRLO-NH2 
at concentration of 0.1 μg/mL induced much more RANTES secretion 
and at concentrations of 1.0 μg/mL, 10 μg/mL and 100 μg/mL induced 
more significant RANTES release from eosinophils, when compared to 
medium control.
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Figure 17. Effects of PAR2 agonist peptides on ECP release 
from human eosinophils 
Note. The PAR2 agonist peptides SLIGKV-NH2 and tc-LIGRLO-NH2 at 
concentration of 0.1 μg/mL induced much more ECP secretion and at 
concentrations of 1.0 μg/mL, 10 μg/mL and 100 μg/mL induced more 
significant ECP release from eosinophils, when compared to medium 
control.
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Discussion
It was demonstrated for the first time that serine 

proteinases could induce the release of IL-5, IL-6, 
RANTES and ECP from human eosinophils. Tryptase 
could induce significant amount of IL-5, IL-6 and 
ECP secretion at concentrations of 0.25 μg/mL and 
0.5 μg/mL. Trypsin at concentrations of 0.1 μg/mL 
and 1.0 μg/mL and elastase at concentrations of 0.25 
μg/mL and 0.5 μg/mL could induce a large amount 
of IL-5, IL-6, RANTES and ECP release and it is 
implicated that these serine proteinases are effective 
activators of human eosinophils.

Since PAR2 is a receptor for trypsin, tryptase and 
elastase, the effects of trypsin, tryptase and elastase 
on the release of IL-5, IL-6, RANTES and ECP are 
most likely through the activation of PAR2. It has 
been reported that the mast cell tryptase may have 
crucial roles in inducing lung fibroblast migration via 
PAR2 activation, which may contribute to remodeling 
processes in chronic lung diseases [2]. Similar report 
also indicates that tryptase in neutrophil migration, 
and lung inflammation is dependent on PAR2 
activation [9]. Furthermore, tryptase can induce 
eosinophil recruitment in vivo through the activation 
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of PAR2 [23]. All these findings indicate that there 

is an interaction between tryptase and PAR2 and 

are consistent with the present results. The tryptase 

inhibitors, leupeptin and benzamide and PAR2 

inhibitor, cycloximide can diminish tryptase-induced 

IL-5, IL-6 and ECP secretion, indicating that the 

action of tryptase on eosinophils is dependent upon 

its intact catalytic site. In the present experiment, 

tryptase fails to induce the release of RANTES (data 

not shown) and lack of role of tryptase in induction 

of RANTES secretion suggests that PAR2 activation 

may very improbably have any functional roles in the 

process of RANTES release. Furthermore, there are 

evidence that tryptase does not induce the secretion 

of RANTES [7, 30]. These results support the current 

study. 

It has been reported that trypsin and PAR2 play 

an important role in the aggressiveness of ovarian 

cancer [18]. Another study also shows that trypsin and 

PAR2 signaling can cause pancreatic cancer pain [37]. 

Furthermore, trypsin can induce inflammatory me-

diator release from human eosinophils via the 

activation of PAR2 [24]. All these findings also 

suggest that there is an interaction between trypsin 

and PAR2 and are consistent with the present results. 

Similarly, trypsin and PAR2 inhibitors significantly 

diminish trypsin-induced IL-5, IL-6, RANTES and 

ECP secretion, indicating that the action of trypsin on 

eosinophils is also dependent upon its intact catalytic 

site. 

It is easy to imagine that elastase can cause the 

release of IL-5, IL-6, RANTES and ECP, since 

PAR2 is highly expressed after allergen stimulation 

in eosinophilic response and elastase inhibitor can 

reduce this response [20]. This study indicates the 

relationship between elastase and PAR2 and supports 

current finding.

To better understand the actions of tryptase, 

trypsin and elastase on human eosinophils, it is crucial 

to confirm the expression of PARs on eosinophils. 

Human eosinophils express PAR2, not PAR1, PAR3 

or PAR4 protein. This result indicates that tryptase, 

trypsin and elastase are likely to induce the release 

of IL-5, IL-6, RANTES and ECP by activating 

PAR2. PAR2 agonist peptides SLIGKV-NH2 and tc-

LIGRLO-NH2 can induce the secretion of IL-5, IL- 6, 

RANTES and ECP from human eosinophils and it is 

once again demonstrated that tryptase, trypsin and 

elastase are likely interacted with PAR2. 

In conclusion, human eosinophils express PAR2 

protein and tryptase, trypsin and elastase are able to 

induce IL-5, IL-6, RANTES and ECP release from 

human eosinophils. The actions of tryptase, trypsin 

and elastase on eosinophil activation are most likely 

through activation of PAR2. The finding that mast 

cell tryptase can activate eosinophils demonstrates 

once again the interactions between mast cells and 

eosinophils in inflammation in man.

Conclusions
Tryptase, trypsin and elastase-induced cytokine 

and ECP release from human blood eosinophils most 

likely occurs via the activation of PAR2.
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