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Abstract: Objective: To explore the effects of down-regulated tryptase expression in mast cells on the synthesis and release of
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) of vascular endothelial cells. Methods: Tryptase-siRNA
(small-interfering RNA) vector was constructed to inhibit tryptase expression in P815 cells. The medium of P815 cells treated by
the tryptase-siRNA (RNAi-P815 group) or pure vector (P815 group) was collected and used to culture bEnd.3 cells. The messenger RNAs (mRNAs) of IL-6 and TNF-α in bEnd.3 cells and their protein levels in the medium were measured by reverse
transcription polymerase chain reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA), respectively. Results: IL-6
and TNF-α mRNAs in bEnd.3 cells cultured in RNAi-P815-conditioned medium decreased significantly compared to those in
P815-conditioned medium. Consistently, IL-6 and TNF-α protein levels in the medium of bEnd.3 of RNAi-P815 group were lower
than those of P815 group. Conclusion: Reduced tryptase expression significantly inhibited the synthesis and release of IL-6 and
TNF-α in vascular endothelial cells. RNA interference targeting tryptase expression may be a new anti-inflammatory strategy for
vascular diseases.
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INTRODUCTION
Tryptase secreted by mast cells is a protease with
multiple biological functions. As a proinflammatory
factor (Kelley et al., 2000), it may promote vascular
inflammation by simulating the proliferation of vascular smooth muscle cells, inducing foam cells and
injuring vascular endothelial cells. Tryptase may
reduce the efflux of cholesterol from macrophages by
depleting high density lipoprotein (HDL)3 and thus
decrease the formation of foam cells during atherogenesis (Lee et al., 2002). Vascular endothelial cell is
the barrier between blood and vessel wall. Tryptase
decreases the barrier function and increases the permeability of endothelial monolayer (Sendo et al.,
‡
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2003). The dysfunction of vascular endothelial cells
plays an important role in vascular inflammation.
Tryptase may injure the cells by increasing inflammatory mediators such as monocyte chemoattractant
protein-1 (MCP-1) and interleukin-8 (IL-8) (Kinoshita et al., 2005).
Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) are important proinflammatory
mediators in pathogenesis of vascular diseases. We
have shown that tryptase up-regulated synthesis and
release of IL-6 and TNF-α in endothelial cells
(Mangsur et al., 2006). Besides, tryptase stimulates
the expression of stem cell factor, which promotes the
accumulation of mast cells in inflammatory reaction
(Lu et al., 2006). The present study evaluated the
effects of RNAinterference (RNAi) down-regulated
tryptase expression in mast cells on the expression
and release of IL-6 and TNF-α in vascular endothelial
cells.
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MATERIALS AND METHODS
Tryptase-siRNA (small-interfering RNA) vector
construction
According to tryptase gene sequence, two
siRNA for tryptase were designed. The sequences
from the 139th and 518th sites were GTGAGC
CTGAGATTTAAAT and CTTATCCTCTGAAGC
AAGT, respectively. For each siRNA sequence, two
DNA template single chains were synthesized. The
template single chain included sense and antisense
strands of siRNA combined with a 9-deoxynucleotides
loop, a BamHI restriction site and a HindIII restriction
site at each end. The correspondent DNA chains were
annealed at 95 °C for 10 min to insert into siRNA
vector. The control vectors encoding green fluorescent protein (GFP) and ampicillin resistance genes
were digested by BamHI and HindIII. Inserted siRNA
segment was ligated into siRNA vector with T4 ligase.
The ligated product then transfected Esherichia coli
DH5α. Several clones were selected to extract the
plasmids. Positive clones were identified by polymerase chain reaction (PCR) followed by 2% (w/v)
agarose gel electrophoresis.
P815 cells transfection
P815 is a mouse mastocytoma cell line. The
2×105 P815 cells were plated in 6-well plates and
cultured with Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% (v/v) fetal bovine serum
(FBS) at 37 °C. The cells were maintained in 500 μl
medium per well for 24 h before transfection. The
cells were then divided into 4 groups with 3 wells per
group. They were treated with Site 139 siRNA vector,
Site 518 siRNA vector, control vector, and phosphate
buffer solution (PBS), respectively. Vectors, Lipofectamine 2000 (Invitrogen, USA) and serum-free
DMEM medium were mixed to form DNA-Lipofectamine 2000 transfection mixture. The 100 μl

transfection mixture was added into each well. Six
hours after transfection, the medium was replaced
with regular medium. The cells were observed by a
fluorescent microscope 48 h after transfection. Percentage rate of the positive cells in 10 fields were
counted to evaluate transfection efficiency.
Analysis of RNAi effect
To analyze the effect of tryptase-siRNA on
tryptase gene expression, we measured tryptase
mRNA level in P815 cells. At 48 h after transfection,
total RNA was isolated using Trizol (Invitrogen), and
cDNA was synthesized with reverse transcription
polymerase chain reaction (RT-PCR) Kit (Invitrogen)
as described by the manufacturer. The PCR primers
for tryptase and β-actin messenger RNAs (mRNAs)
are shown in Table 1. PCR cycling conditions included 30 cycles of 94 °C for 50 s, 55 °C for 50 s, and
72 °C for 50 s. The PCR products were visualized in a
1.5% (w/v) agarose gel containing 5 μg/ml ethidium
bromide.
Preparation of conditioned medium
Site 139 siRNA vector was selected to prepare
P815 conditional medium based on its stronger inhibitory effect on tryptase synthesis. P815 cells
treated with tryptase-siRNA were maintained in
DMEM medium containing 10% (v/v) FBS for 48 h.
The cells were then washed with PBS for 3 times and
cultured in serum-free DMEM medium for additional
48 h. A separate portion of P815 cells were cultured
without tryptase-siRNA treatment. The culture media
were collected, centrifuged, filtered and named as
RNAi-P815-conditioned and P815-conditioned media, respectively.
Culturing bEnd.3 cells with the conditioned media
bEnd.3 is a vascular endothelial cell line. The
cells were obtained from American Type Culture

Table 1 The PCR primers for mRNAs
Genes
Tryptase
β-actin
IL-6
TNF-α
GAPDH

Size (bp)
301
490
155
428
226
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Sense
5′-agtaagtggccctggcaggtgagcc-3′
5′-gtcgtaccacaggcattgtgatgg-3′
5′-tggagtcacagaaggagtggctaag-3′
5′-gtgacaagcctgtagccca-3′
5′-acagccgcatcttcttgtgcagtg-3′

Sequence
Anti-sense
5′-ggtccccatagtatactgctc-3′
5′-gcaatgcctgggtacatggtgg-3′
5′-tctgaccacagtgaggaatgtccac-3′
5′-aaagtagacctgcccggac-3′
5′-ggccttgactgtgccgttgaattt-3′
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Collection (ATCC, USA). They were cultured with
DMEM medium containing 10% (v/v) FBS at 37 °C
and 5% (v/v) CO2, and then were planted into 6-well
plates at 2×105 per well. The cells were divided into 3
groups with 3 wells each, and were treated with 2 ml
RNAi-P815-conditioned, 2 ml P815-conditioned and
2 ml unconditioned control media for 24 h, respectively.

The final concentration of TNF-α was counted by
subtracting TNF-α in the conditioned media.
Statistical analysis
Data analysis was performed using Student’s
t-test. Difference was significant if P value <0.01.

RESULTS
Measurement of released tryptase and TNF-α in
conditioned media
Tryptase in the conditioned media was detected
by enzyme-linked immunosorbent assay (ELISA) (Lu
et al., 2003). Microplate was coated with primary
tryptase antibody (1.0 μg/ml, produced by our lab) at
4 °C for 18 h. After blocking with 10% (v/v) bovine
serum albumin (BSA) for 1 h, tryptase samples and
standards were applied into wells and incubated at 4
°C for 12 h. The cells were then incubated with
biotinylated antibody (produced by our lab) at 4 °C
for 2 h followed by enzyme mixture (Shenggong,
China) at 37 °C for 60 min. The reaction was developed with teramethylbenzidine (TMB) for 15 min and
read at 450 nm. TNF-α in the conditioned media was
detected by ELISA using mouse TNF-α ELISA Kit
(Jingmei, China) according to the manufacturer’s
instruction.
mRNA level measurement by RT-PCR
After bEnd.3 cells were cultured with the conditioned media for 24 h, total RNA was isolated by
Trizol (Invitrogen). The cDNA was synthesized with
RT-PCR Kit (Invitrogen) as described by the manufacturer. The PCR primers for IL-6, TNF-α and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
are shown in Table 1. PCR cycling conditions are:
IL-6, 94 °C for 50 s, 55 °C for 50s, 72 °C for 50 s, and
26 cycles; TNF-α, 94 °C for 50 s, 61 °C for 50 s, 72
°C for 50 s, and 30 cycles. The PCR fragments were
visualized in a 1.5% (w/v) agarose gel containing 5
μg/ml ethidium bromide.
Protein level measurement by ELISA
After 24 h conditioned culturing, the media of
bEnd.3 cells were collected, centrifuged and filtrated.
IL-6 and TNF-α in the filtrated medium were detected
using mouse IL-6 and TNF-α ELISA Kits (Jingmei,
China) according to the manufacturer’s instruction.

Efficiency of P815 cells transfection
Forty-eight hours after siRNA transfection,
(51.8±4.0)% of P815 cells were positive for green
fluorescence (Fig.1).

Fig.1 Positive transfected cells under fluorescent microscope
P815 cells were transfected with tryptase-siRNA or control
vectors containing GFP. Forth-eight hours later, the cells
were observed under fluorescent microscope. The cells
emitting green fluorescence were considered positive

Decrease of tryptase expression in P815 cells by
tryptase-siRNA
To evaluate the effect of tryptase-siRNA on
tryptase expression, tryptase mRNA in P815 cells was
observed using β-actin as internal control. Tryptase
mRNA in P815 cells transfected with Site 139 and Site
518 siRNA vectors decreased to (6.3±0.6)% and
(20.6±1.7)%, respectively, compared to non-transfected cells (Fig.2). The inhibitory effect of Site 139
siRNA vector was greater than that of Site 518 siRNA
vector. Therefore, Site 139 siRNA vector was selected
for the remaining experiments.
Decrease of tryptase released in the conditioned
media by tryptase-siRNA
Compared to the P815-conditioned medium,
tryptase in the RNAi-P815-conditioned medium was
significantly lower (Fig.3).
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Fig.2 The effect of tryptase-siRNA on tryptase mRNA
expression
P815 cells were transfected with tryptase-siRNA or control
vectors. Tryptase mRNA was extracted from the cells after
48 h and examined by RT-PCR [cingulum of mRNA (upper) and normalized ratio of mRNA expression (lower)].
Lanes 1~4 represent tryptase in P815 cells maintained in
vector-free DMEM medium, control vector, Site 518
siRNA vector and Site 319 siRNA vector, respectively.
Data were presented as mean±SD; n=3; *P<0.01 Lane 3 or
4 vs Lane 1 or 2

Fig.3 Tryptase in the conditioned media
The medium collected from P815 cells transfected with
tryptase-siRNA vector was used as RNAi-P815-conditioned medium. Medium collected from P815 cells without
vector transfection was named as P815-conditioned
medium. Lanes 1 and 2 represent tryptase in P815conditioned medium and in RNAi-P815-conditioned
medium, respectively. Data were expressed as mean±SD;
n=3; *P<0.01 Lane 2 vs Lane 1

Fig.4 The effect of conditioned culturing on IL-6 (a)
and TNF-α (b) mRNA expressions
bEnd.3 cells were cultured with conditioned media from
P815 cells for 24 h. Total RNA was extracted from bEnd.3
cells. IL-6 and TNF-α mRNAs were observed by RT-PCR
[cingulum of mRNA (upper) and normalized ratio of
mRNA expression (lower)]. Lanes 1~3 represent IL-6 and
TNF-α mRNA expressions in bEnd.3 cells cultured in the
P815-conditioned, RNAi-P815-conditioned and vectorfree DMEM media, respectively. Data were expressed as
mean±SD; n=3; *P<0.01 Lane 2 vs Lane 1; **P<0.01 Lane
3 vs Lane 1

Effect of tryptase down-regulation on the expressions of IL-6 and TNF-α mRNAs in bEnd.3 cells
The IL-6 and TNF-α mRNA expressions were
significantly lower in bEnd.3 cells cultured in
RNAi-P815-conditioned medium compared to those in
P815-conditioned medium (Fig.4, n=3, P<0.01). IL-6
and TNF-α mRNAs in RNAi-P815 group decreased to
(29.4±3.2)% and (10.6±1.4)%, respectively.

Roles of tryptase down-regulation on IL-6 and
TNF-α concentrations in culture media
The result of ELISA was consistent to that of
RT-PCR. IL-6 and TNF-α concentrations in
RNAi-P815 group were significantly lower than those
in P815 group (Fig.5, n=3, P<0.01). They were decreased to (43.6±2.1)% and (35.8±2.9)% in
RNAi-P815 group, respectively.
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Fig.5 The effect of conditioned culturing on IL-6 (a) and TNF-α (b) protein concentrations
bEnd.3 cells were cultured in the media conditioned by P815 cells for 24 h. Protein levels of IL-6 and TNF-α were determined by ELISA. The concentration of TNF-α was counted by subtracting TNF-α in the conditioned media. Lanes 1~3
represent IL-6 and TNF-α protein expressions in bEnd.3 cells cultured in the P815-conditioned, RNAi-P815-conditioned
and vector-free DMEM media, respectively. Data were expressed as mean±SD; n=3; *P<0.01 Lane 2 vs Lane 1; **P<0.01
Lane 3 vs Lane 1

DISCUSSION
In vascular system, tryptase affects vascular relaxation and contraction, cell mitogenesis, intracellular Ca2+, NO, and von Willebrand factor release
(Macfarlane et al., 2001). Tryptase promotes vascular
inflammation by increasing neutrophil recruitment.
Tryptase stimulates endothelial cells to synthesize
and release IL-1β and IL-8 that induce leukocyte
infiltration (van Haelst et al., 2001; Compton et al.,
1998). Tryptase can also activate peripheral blood
mononuclear cells to produce and secrete IL-6 and
TNF-α (Malamud et al., 2003), so as to affect the
occurrence and development of inflammation in
vascular system. The proteinase-activated receptor 2
(PAR-2) on multiplicate cells can be activated by
tryptase to react on its physiological roles. We found
that tryptase up-regulated the synthesis and release of
endothelial IL-6 and TNF-α by activating PAR-2 in
concentration- and time-dependent manner (Mangsur
et al., 2006). In the present study, mRNA and protein
expressions of IL-6 and TNF-α in bEnd.3 cells were
inhibited by decreased extracellular tryptase concentration. The results further demonstrate that tryptase
may stimulate IL-6 and TNF-α release from vascular
endothelial cells.
Vascular endothelial cell dysfunction is an early
pathological event in vascular inflammation (Gibbons,
1997; Takase et al., 1998). IL-6 and TNF-α secreted
by mononuclear cells, vascular smooth muscle cells

and vascular endothelial cells play an important role
in mediating inflammation (Ridker et al., 2000a;
2000b). One of the mechanisms by which TNF-α
mediates inflammation is to activate nuclear factor-κB (NF-κB) (Barnes and Karin, 1997; Monaco et
al., 2004). NF-κB regulates productions of many
proinflammatory substances such as vascular endothelial growth factor (VEGF), interleukin-1 (IL-1),
IL-6, IL-8, vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1
(ICAM-1). These proinflammatory molecules stimulate the proliferation and migration of vascular
smooth muscle cells (Warner and Libby, 1989;
Eickelberg et al., 1997), increase inflammatory infiltration in vessel wall (Smalley et al., 1996; Hou et al.,
2000), and induce new release of inflammatory mediators (Ridker et al., 2000b). Thus, inhibiting
tryptase expression in mast cells may be a new
therapeutic strategy for vascular inflammation.
Several studies have shown the effects of tryptase on cardiovascular diseases including atherosclerosis (Libby, 2002; Chung et al., 2007). In the
present study, we inhibited tryptase expression in
P815 cells using siRNA vectors targeting tryptase and
then used RNAi-P815-conditioned and P815-conditioned media to culture bEnd.3 cells. Tryptase secreted by P815 cells was significantly lower in
RNAi-P815-conditioned medium than in P815conditioned medium. Expression and secretion of
IL-6 and TNF-α in bEnd.3 cells decreased sig-
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nificantly after being cultured in RNAi-P815-conditioned medium. The result suggests that trypase
inhibition may down-regulate the expression and
secretion of IL-6 and TNF-α in vascular endothelial
cells. Decreased tryptase expression induced by
RNAi may inhibit vascular inflammation by decreasing downstream proinflammatory factors.
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