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Summary 
Propofol has been shown to against intestinal reperfusion injury 
when treated either before or after ischemia, during which mast 
cell could be activated. The aim of this study was to evaluate the 
role of propofol in restoring the intestinal epithelial cells integrity 
disrupted by mast cell activation or the released tryptase after 
activation in vitro. We investigated the effect of: (1) tryptase on 
Caco-2 monolayers in the presence of PAR-2 inhibitor or 
propofol, (2) mast cell degranulation in a Caco-2/LAD-2 
co-culture model in the presence of propofol, and (3) propofol on 
mast cell degranulation. Epithelial integrity was detected using 
transepithelial resistance (TER) and permeability to fluorescein 
isothiocyanate (FITC)-dextran (the apparent permeability 
coefficient, Papp). The expression of junctional proteins zonula 
occludens-1 (ZO-1/TJP1) and occludin were determined using 
western blot analysis and immunofluorescence microscopy. The 
intracellular levels of reactive oxidative species (ROS) and Ca2+ 
were measured using flow cytometry. Tryptase directly enhanced 
intestinal barrier permeability as demonstrated by significant 
reductions in TER, ZO-1, and occludin protein expression and 
concomitant increases in Papp. The intestinal barrier integrity 
was restored by PAR-2 inhibitor but not by propofol. Meanwhile, 
mast cell degranulation resulted in epithelial integrity disruption 
in the Caco-2/LAD-2 co-culture model, which was dramatically 
attenuated by propofol. Mast cell degranulation caused significant 
increases in intracellular ROS and Ca2+ levels, which were 
blocked by propofol and NAC. Propofol pretreatment can inhibit 
mast cell activation via ROS/Ca2+ and restore the intestinal 
barrier integrity induced by mast cell activation, instead of by 
tryptase. 
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Introduction 
 

Intestinal barrier plays critical roles in 
maintaining gut hemostasis [1], and disruption of the 
barrier induces bacteria translocation in many clinical 
conditions including hemorrhagic shock. The 
pathophysiologic changes result in systemic 
inflammatory syndrome (SIRS) and even multiple organs 
failure [2].  

The number of mast cells, mainly located in the 
human gastrointestinal tract, are strongly associated with 
intestinal transcellular permeability in IBS patients [3,4]. 
Mast cell activation can be initiated during the period of 
ischemia, and many mediators can be secreted from mast 
cell activation. Of the mediators, tryptase accounts for 
one fourth of the released proteins and directly induces 
intestinal epithelial injury via protease-activated receptor 
(PAR)-2/ERK in vitro [5]. 

Propofol is one of usually used intravenous 
anesthetics for anesthesia. Besides the anesthesia effects, 
it has been demonstrated to attenuate ischemia 
reperfusion injury in many studies due to its antioxidative 
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properties [6], further, previous study revealed that 
propofol can inhibit mast cell exocytosis [7], our previous 
study demonstrated that pretreatment with propofol can 
protect the intestines against mast cell activation-
exacerbated ischemia reperfusion injury [6], implying 
propofol pretreatment could restore intestinal barrier 
integrity disrupted by mast cell degranulation. 
Meanwhile, propofol has been shown to exert anti-
proinflammatory properties via ERK down-regulating 
[8], suggesting the therapeutic benefits of post-treatment 
with propofol against tryptase-induced intestinal barrier 
integrity disruption after mast cell degranulation.  

Based on the previous findings, we hypothesized 
that underlying mechanisms by which preconditioning or 
postconditioning with propofol in restoring intestinal 
barrier integrity may through mast cells stabilization or 
blocking tryptase respectively. The hypothesis was tested 
in the human intestinal epithelial cell line Caco-2 
challenged by tryptase stimulation or mast cell 
degranulation in the presence or absence of in vitro 
propofol treatment. 

 
Materials and Methods 
 

Materials and reagents were purchased form 
KeyGEN BioTech (Nanjing, China) unless stated 
otherwise.  

 
Cell culture 

The human colon adenocarcinoma cell line, 
Caco-2, was cultured in Dulbecco’s modified Eagle’s 
Medium with 10 %. v/v fetal bovine serum (PAN-
Seratech, Aidenbach, Germany) and 5 %. CO2 (37 °C). 
Cells were cultured in 75 cm2 tissue culture flasks until 
high density before seeding on Transwell® polyester 
filters (0.4 μm. Corning, NY, USA) in 6-well plates 
(Corning, NY, USA), or EZSlide 8-well glass slides 
(Merck Millipore, Burlington, USA). Cells on Transwell 
filters were cultivated for 21 days to form monolayers. 

The human mast cell line, LAD-2, was 
purchased from Otwo Biotech (Guangzhou, China). 
LAD-2 cells (P20 to P50) were cultured in Iscove’s 
modified Dulbecco’s Medium with 10 %. v/v fetal bovine 
serum and 5 %. CO2 (37 °C). Cells were cultured in 
75 cm2 tissue culture flasks, passaged approximately once 
a week, and seeded in 6-well plates for experiments or the 
basolateral compartment of Transwells.  

The mouse mast cell line, MC-9, was also 
purchased from Otwo Biotech (Guangzhou, China).  
MC-9 cells (P20 to P50) were cultured in Dulbecco’s 

modified Eagle’s Medium with 10 %. v/v fetal bovine 
serum and 5 %. CO2 (37 °C). Cells were cultured in 
75 cm2 tissue culture flasks, passaged approximately once 
a week, and seeded in 6-well plates for experiments. 

Co-culture of Caco-2 and LAD-2 cells: Caco-2 
cells were seeded on Transwell filters with a density 
5×105 cells /ml in Dulbecco’s modified Eagle’s medium 
with 10 %. v/v fetal bovine serum until the 20th day. 
LAD-2 cells (5×105 cells /ml) were added to the 
basolateral compartment of the Transwells in Iscove’s 
modified Dulbecco’s Medium with 10 %. v/v fetal bovine 
serum (5 %. CO2, 37 °C). Caco-2 cells were also cultured 
without LAD-2 cells as controls.  

When the cell culture was completed, model 
intervention could be performed. Tryptase (10/100/ 
1000ng/ml), FS (PAR2 inhibitor, 100μM), propofol 
(50/10/1μM), A23187 (calcium ionophore, 1/5/10μM), 
NAC (ROS scavenger, 1:250) was added to the basolateral 
compartment of the Transwells according to the plan and 
incubated for 4h or 24h. 

 
Integrity and paracellular permeability of Caco-2 
monolayers 

Caco-2 monolayer integrity was determined with 
transepithelial resistance (TER) measured with  
an epithelial volt-ohm meter, Millicell® ERS-2 (Merck 
Millipore, Burlington, USA). TER was measured once 
every two days from the 7th to the 20th day to confirm 
Caco-2 monolayer formation. The results were displayed 
as a percentage change over the untreated control. To 
determine epithelial permeability, FITC-dextran (4 kDa, 
100 μg/ml) was added to the apical compartment of 
Transwells after washing with Hank’s balanced salt 
solution (HBSS) four times. Basolateral samples were 
taken at 30 min and 60 min before replenishing with fresh 
HBSS after each sampling. The apical-to-basolateral flux 
of FITC-dextran from 30 to 60 min was measured with 
a microplate spectrophotometer (BioTek, Winooski, 
Vermont, USA) using an external standard curve. The 
apparent permeability coefficient (Papp) was calculated 
according to Papp = dQ/dt (1/AC0), where dQ/dt is the 
permeability rate, A is the crossing area, and C0 is the 
initial donor solution concentration [9]. 

 
Western blotting of TJ proteins expression  

Monolayers of Caco-2 cells in 6-well plates were 
lysed in cold RIPA buffer (Beyotime, Shanghai, China) 
with protease inhibitor cocktail (Fdbio, Hangzhou, China) 
for 20 min on ice and vibrated for 30 s. Protein content 
was quantitated with BCA Equal amounts of protein 
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(20 μg) were separated using sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (10 %. acrylamide) 
and transferred to a nitrocellulose membrane with  
an electrophoresis apparatus (Bio-Rad, West Berkeley, 
California, USA). Membranes were blocked in Tris-
buffered saline with either 5 %. nonfat dry milk with 
0.1 %. Tween-20. Blots were incubated with a primary 
antibody, anti-TJP1 or anti-occludin (1:200; Abclonal, 
Wuhan, China) overnight at 4 °C, washed three times 
with Tris-buffered saline containing 0.1 %. Tween-20, 
and incubated with HRP-conjugated goat anti-mouse or 
anti-rabbit antibodies (1:2000 – 1:4000; Abclonal, 
Wuhan, China) for 1 h at room temperature. ECL 
substrate solution was added on membranes before 
detected. Stripping buffer (Fdbio, Hangzhou, China) was 
used before switching different antibodies. GAPDH was 
used as reference. Proteins were detected using 
chemiluminescence (Bio-Rad, West Berkeley, California, 
USA). ImageJ (http://rsbweb.nih.gov/ij/) was used to 
analyze western blot signals. The density of each band 
was compared with the corresponding control band and 
normalized against GAPDH by densitometry. 

 
Immunoflurescence of occludin expression 

Monolayers of Caco-2 cells on EZSlide 8-well 
glass slides were rinsed with PBS and fixed with cold 
methanol at room temperature for 30 min. Nonspecific 
binding sites were blocked with 5 %. BSA in PBS for  
10 min. Cells were incubated in PBS with primary 
antibody, anti-occludin (1:200 – 1:400; CST, Danvers, 
Massachusetts, USA) overnight at 4 °C. Cells were 
washed three times with PBS and incubated with goat-
anti-mouse antibody (1:250 – 1:500; CST, Danvers, 
Massachusetts, USA) for 1 h at room temperature. Cells 
were washed three times with PBS and stained with 
Hoechst 33324 for 10 min. Cells were washed three times 
with PBS. Monolayers on slides were observed and 
analyzed with an Olympus IX73 inverted fluorescence 
microscope (Olympus, Tokyo, Japan). 

 
Mast cells stimulation and β-hexosaminidase release 
assay 

LAD-2 cells and MC-9 cells were individually 
transferred to Tyrode’s solution (Jiandaoshou, 
Guangzhou, China) with A23187 calcium ionophore for 
30 minutes for activation. At the end of the incubation, 
samples were centrifuged at 300 g for 5 minutes. 
Supernatants were collected to measure the 
β-hexosaminidase (β-Hex) release to assess LAD-2 cell 
activation. At the same time, equivalent cells were lysed 

with 0.5 %. Triton X-100, and total lysates were used to 
determine initial β-Hex content. Supernatants, total 
lysates, and controls were placed in 96-well plates 
(Corning, NY, USA). Substrate solutions (50 μl; 
p-nitrophenyl-N-acetyl-b-D-glucosaminide, 1.3 mg/ml in 
0.1 mol/l citrate buffer, pH 4.5) were added to each well 
and incubated for 60 min at 37 °C (Jiandaoshou, 
Guangzhou, China). The reaction was stopped by adding 
150 μl of 0.01 mol/l sodium carbonate/ sodium 
bicarbonate (pH 10). β-Hex release was assessed by 
measuring sample optical densities (OD) at 405 nm using 
a microplate spectrophotometer and expressed as 
a percentage ratio. 
 
Histamine assay 

A histamine assay kit (Telenbiotech, Guangzhou, 
China) was used to measure histamine release from LAD-2 
cells or MC-9 cells. The ELISA assay was performed 
according to the manufacturer’s instructions. After the 
assay, optical density (OD) was measured at 450 nm using 
a microplate spectrophotometer. 

 
Activated LAD-2 cells viability and ROS levels in LAD-2 
cells using flow cytometry 

After treating with A23187, propofol, or NAC 
(ROS scavenger), LAD-2 cells in 6-well plates  
(1×106 cells/well) were centrifuged for 5 min at  
1000 rpm. The supernatant was removed, and 1.5 ml PI 
staining solution was added to gently resuspend the cells. 
The cells were incubated for 5 min at room temperature. 
LAD-2 cells in 6-well plates (1×106 cells/well) were 
centrifuged for 5 min at 1000 rpm after the treatments. 
The supernatant was removed, and 1.5ml PBS with 10μM 
DHE (ROS dye) was added to resuspend and incubate 
samples gently for 60 min at 25 °C. Flow cytometry was 
performed with LSRFortessaTM (BD, Franklin Lakes, 
New Jersey, USA) by setting a blue laser (488 nm) and 
detection filters 610/20 nm band pass for PI or DHE with 
a low flow rate. The data were analyzed with FlowJo V10 
(FlowJo, LLC, Ashland, Oregon, USA) to assess 
activated LAD-2 cell viability. 

 
Flow cytometry of Ca2+ levels in LAD-2 cells 

LAD-2 cells in 6-well plates (1×106 /well) were 
centrifuged for 5 min at 1000 rpm to remove the 
supernatant. 1.5 ml PBS with 4μM Fluo8, AM  
(Ca2+ probe; Jiandaoshou, Guangzhou, China) and 
0.02 %. Pluronic F-127 (Jiandaoshou, Guangzhou, China) 
were added to gently resuspend and incubate for 20 min 
at room temperature. The Ca2+ level in LAD-2 cells was 
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measured using flow cytometry with a LSRFortessaTM 
equipped with a blue laser (488 nm) and detection filters 
of 535/30 nm band pass. 

 
ERK1/2 phosphorylation assay 

A cell-based ELISA assay kit (Abnova, 
Taoyuan, Taiwan, China) was used to measure the 
ERK1/2 phosphorylation level in Caco-2 cells. Caco-2 
cells cultured in 96-well black side plates were used to 
perform ELISA according to manufacturer’s instructions. 
Fluorescence intensity was measured at 535/590 nm for 
ERK1/2 and 360/450 nm for total proteins using 
a microplate spectrophotometer to assess the normalized 
ERK1/2 phosphorylation level. 

 
Statistical analysis 

Statistical analysis was performed using IBM 
SPSS Statistics 24 (IBM, New York, USA) and GraphPad 
Prism version 7.00 (GraphPad Software, Inc. La Jolla, 
California, USA). ImageJ (http://rsbweb.nih.gov/ij/) was 
used to analyze western blotting data. FlowJo V10 
(FlowJo, LLC, Ashland, Oregon, USA) was used to 
analyze flow cytometry data. Results are expressed as 
mean ± s.e.m., and Student’s t-test was used to assess 
statistical difference. P<0.05 was considered statistically 
significant. 

 
Results  
 
Tryptase directly interrupted intestinal barrier integrity 
via PAR-2 

We previously found that tryptase alone can result 

in intestinal epithelial cell injury [5]. Here, we established 
a model of after mast cell activation and explored the direct 
role of tryptase in intestinal barrier function in vitro. As 
shown in Fig. 1, stimulation with 100-1000 ng/ml of 
tryptase for 4 h or 24 h significantly reduced the TER 
while increased Papp in Caco-2 cells. The samples stained 
by occludin further suggested that the intestinal barrier was 
disrupted by 100 ng/ml tryptase for 4 h (Fig. 2A). 
Moreover, incubating Caco-2 cells with 10, 100, or 1000 
ng/ml of tryptase respectively displayed significant 
reductions in occludin and TJP1 proteins (Fig. 2B-D).  

Next, we used a specific PAR-2 inhibitor 
(FSLLRY-NH2, FS) to explore the signal pathway of  
 

 

 
 
Fig. 1. Tryptase increased permeability of the Caco-2 
monolayers. Change of TER and Papp in Caco-2 monolayers 
incubated with tryptase (ng/ml) for 4h (AC) or 24h (BD) 
compared to untreated controls. Results represent the mean ± 
SD, n=3. * versus control. * P<0.05, ** P<0.01, *** P<0.001, 
**** P<0.0001 (one-way ANOVA with Dunnett’s post hoc test). 

 

 
 

Fig. 2. Tryptase decreased expression of Caco-2 monolayers’ junctional proteins. A) Expression of occludin in Caco-2 monolayers 
incubated with tryptase (ng/ml) for 4h. IF-IC, 400×. BCD) Expression of TJP1 and occludin in Caco-2 monolayers treated with tryptase 
(ng/ml) for 24h. Results represent the mean ± SD, n=3. * versus control. * P<0.05, ** P<0.01, *** P<0.001 (one-way ANOVA with 
Dunnett’s post hoc test). 
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Fig. 3. FS alleviated tryptase-induced Caco-2 monolayers disruption but propofol cannot. AB) Change of TER and Papp in Caco-2 
monolayers incubated with tryptase (ng/ml), tryptase + FS (μM), or tryptase + propofol (μM) for 4h compared to untreated controls. 
CDE) Expression of TJP1 and occludin in Caco-2 monolayers treated with tryptase (ng/ml), tryptase + FS (μM), or tryptase + propofol 
(μM) for 24h. Results represent the mean ± SD, n=3. * versus control, # versus tryptase (100ng/ml). * P<0.05, ** P<0.01, *** 
P<0.001, **** P<0.0001 (one-way ANOVA with Dunnett’s post hoc test). 
 
 

Fig. 4. Tryptase had no effect on the 
ERK1/2 phosphorylation of Caco-2 
monolayers. Change of the normalized 
pERK level in Caco-2 monolayers 
incubated with tryptase (ng/ml) for 4h 
(A) or 24h (B) compared to untreated 
controls. Results represent the mean ± 
SD, n=3. * versus control, # versus 
tryptase (100ng/ml). * P<0.05 (one-
way ANOVA with Dunnett’s post hoc 
test). 
 
 
 

 
tryptase, and as anticipated, treatment with 100 μM FS 
abrogated significant Papp increases as well as decreases 
in TER and Occludin and TJP1 protein expressions in the 
presence of challenge by 100 ng/ml tryptase stimulation 
(Fig. 3). 

 
Propofol cannot protect against tryptase-induced 
intestinal barrier disruption  

Propofol 1-50 μM did not block the tryptase-
induced intestinal barrier disruption, because there was 
no statistical difference in TER and Papp between 
propofol treated and tryptase treated groups (P>0.05, 
Fig. 3), indicating post-treatment with propofol showed 

no therapeutic effects on intestinal integrity after mast 
degranulation. A previous study demonstrated that 
tryptase-mediated IEC-6 cell injury occurred through the 
PAR-2/ERK signal pathway [5]. Propofol could inhibit 
ERK phosphorylation [8]. We next focused on the  
PAR-2/ERK signal pathway. However, there were no 
significant changes in ERK phosphorylation proteins 
after tryptase challenge in Caco-2 cells (P>0.05, Fig. 4). 
 
Propofol attenuated mast cell degranulation-triggered 
increased intestinal permeability 

A previous study revealed that mast cell 
activation aggravates remote organ injury induced by 
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small intestinal ischemia reperfusion injury [10]. To 
exclude the confounding factors affecting intestinal 
permeability in vivo, we established an in vitro model 
with co-culture of mast cells and Caco-2 cells. As 
expected, mast cell degranulation increased the intestinal 
permeability demonstrated by decreased TER and 
increased Papp in Caco-2 cells (Fig. 5A,B). This 
suggested the central role of mast cell degranulation in 
intestinal barrier disruption. Meanwhile, the increased 
intestinal permeability induced by mast cell degranulation 
was limited by propofol treatment (P<0.05, Fig. 5E-5F), 
indicating that propofol suppressed mast cell activation. 
Notably, mast cell degranulator A23187 has no effects on 
intestinal permeability changes (P>0.05, Fig. 5 I,J). 

 
Propofol inhibited mast cell activation by A23187 via 
ROS/ Ca2+  

Next, we investigated propofol’s effects on mast 
cell degranulation. As shown in Fig. 6A-D, A23187 
induced LAD2 cell and MC9 cell degranulation in a dose-
dependent manner demonstrated by increased 

β-hexosaminidase and histamine levels. Propofol 
pretreatment dose-dependently blocked the activation of 
LAD2 and MC9 cell lines (P<0.05).  

Because propofol provides anti-oxidative 
properties, we explored whether propofol inhibited mast 
cell activation via oxidative stress. As found in Fig. 6E, 
NAC, one of classical antioxidants, completely blocked 
mast cell degranulation. Propofol also showed the same 
effect (P<0.05). Furthermore, A23187 resulted in robust 
ROS increases determined using flow cytometry. 
Propofol and NAC similarly alleviated ROS increases 
(P<0.05, Fig. 6F). Moreover, A23187 dramatically 
induced calcium concentration increases in LAD2 cells. 
NAC significantly attenuated alterations in calcium 
concentration induced by A23187, and propofol slightly 
attenuated the alterations (Fig. 6G).  

Notably, the selected concentration of A23187 
here induced increased β-hexosaminidase and histamine 
via mast cell degranulation but not via mast cell apoptosis 
(Fig. 6H). 

 
 

 
 
Fig. 5. Propofol and FS attenuated mast cell degranulation-triggered increased intestinal permeability. Change of Papp and TER in 
Caco-2 monolayers on the LAD2&Caco-2 co-culture model incubated with A23187 or A23187+propofol or A23187+FS compared with 
respective untreated controls. Results represent the mean±SD, n=3. * versus control, # versus A23187 (5μM). * P<0.05, ** P<0.01, 
**** P<0.0001 (one-way ANOVA with Dunnett’s post hoc test). 
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Fig. 6. Propofol blocked the activation of mast cells and alleviated ROS increases. ABCDE) Stimulation of LAD2 and MC9 cells treated 
for 30min was evaluated by β-Hexosaminidase or histamine release. FGH) ROS level, Calcium ion level and PI level in LAD2 cells after 
30 min-stimulation was detected. Data are presented as mean ± SD, n=3. * versus control (ABCDE) or blank (FGH), # versus A23187 
(5μM). * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 (one-way ANOVA with Dunnett’s post hoc test). C: control; B: blank;  
1: A23187 1µM; 5: A23187 5µM; 10: A23187 10µM; 5+N: A23187 5µM + NAC 1:250; 5+P: A23187 5µM + Propofol 10 µM in figure 
FGH. 

 
 

Discussion 
 
Here, we found that either mast cell activation or 

the released tryptase increased intestinal permeability  
in vitro, and this disruption was demonstrated by 
significant decreases in TER and increases in Papp. 
Propofol restored the altered intestinal barrier dysfunction 
by stimulated by mast cell activation but not by tryptase 
directly which was irrelevant to ERK phosphorylation. 
Further, propofol stabilized mast cell through  
ROS/Ca2+ signal pathway.  

Propofol is one of widely used intravenous 
anesthetics for anesthesia induction and maintenance. 
Besides the role of general anesthesia, propofol in many 
fields displays preventive or protective benefits against 
ischemia reperfusion injury when treated either before or 
after ischemia [6], which is described pretreatment or 
post-treatment with propofol. Previous studies found that 
pretreatment with propofol can prevent mast cell 

activation-exacerbated intestinal ischemia reperfusion 
injury in a rodent model [6], indicating that the benefits 
of pretreatment of propofol may through mast cell 
inhibition. Here, we found that propofol applied at 
clinically relevant concentrations stabilized two mast cell 
lines from degranulation. As expected, we also found that 
propofol maintained the intestinal barrier integrity 
interrupted by mast cell degranulation. Our results further 
provided the novel preventive benefits of propofol against 
intestinal permeability in vitro by inhibiting mast cells. 

Because an increase in intracellular calcium 
concentration can trigger mast cell degranulation, we 
used A23187 to establish a model of mast cell activation 
in vitro according to a previous study [11]. We also found 
significant increases in β-hexosaminidase and histamine 
levels induced by A23187. Moreover, A23187 resulted in 
robust increases in ROS and Ca2+ concentrations detected 
by flow cytometry. Here, mast cell degranulation was 
completely blocked by propofol, which is in line with the 
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previous study[12], further suggesting the critical role of 
propofol in stabilizing Ca2+ induced mast cell 
degranulation. Rather, several lines of evidence recently 
reported that propofol can block superoxide production 
originating from NADPH oxidase in vitro [13]. We used 
NAC, a classical antioxidant, to investigate whether 
oxidative stress plays an important role in mast cell 
degranulation, and we found that either propofol or NAC 
similarly attenuated A23187-induced robust increases in 
superoxide production and Ca2+ levels. To our 
knowledge, our study is the first to show that propofol 
given at a sedative dosage significantly inhibited MC 
activation through ROS/Ca2+ in vitro although another 
study showed that propofol can inhibit mast cell 
exocytosis in vitro in a dose-dependent manner [7].  

Mast cell activation plays a critical role in 
intestinal permeability alterations in vivo [14], and many 
factors can trigger mast cell activation during the period 
of ischemia[15]. Tryptase, mainly released from MC, 
accounts for more than 25 %. of the total MC protein 
[16]. In particular, tryptase is one of the main factors 
contributing to altered intestinal barrier permeability [9]. 
Previous studies have revealed that tryptase levels ranged 
from 9.3 to 525.0 ng/mg in the lower gastrointestinal tract 
after mast cell activation [17]. Thus, we adjusted tryptase 
in a range from 1 to 1000 ng/ml to explore its role in the 
intestinal barrier disruption process. As expected,  
100-1000 ng/ml of tryptase directly interrupted barrier 
integrity, which was manifested by significant changes in 
TER, Papp, and tight junction proteins expression. Our 
findings further confirmed that tryptase plays a central 
role in intestinal barrier disruption. 

If patients suffered hemorrhagic shock for 
emergent surgery, intestinal protective procedures like 
pretreatment would be unavailable while post-treatment 
should be advocated. Indeed, post-treatment with 
propofol has been shown to protective effects against 
hepatic ischemia reperfusion injury[18]. Caco-2 cells 
have been established as an in vitro intestinal barrier 
model because they exhibits a well differentiated brush 
border and tight junctions [19]. ZO-1 and occludin 
protein expression represent intestinal permeability of 
tight junction. It has been reported that knockdown of 
occludin expression enhances the permeability, and 
occludin-deficient animals develop a weakened gut 
barrier [20]. This suggests that the central role of 
occludin is to maintain integrity. Here, our results 
demonstrated that tryptase directly increases intestinal 
permeability by down-regulating ZO-1 and occludin 

protein expression. Inhibiting PAR-2 can restore the tight 
junction proteins after the released tryptase exposure.  

PAR-2 is highly expressed in the small intestinal 
mucosa. Our previous study revealed that tryptase 
stimulation can induce significant increases in PAR-2 
protein expression in IEC-6 cells, and PAR-2 inhibitor FS 
had limited damage to IEC-6 cells triggered by 100-1000 
ng/ml tryptase [5]. In agreement with the previous study, 
we also found here that tryptase-induced barrier 
disruption occurs via PAR-2 activation. Meanwhile, 
PAR-2 activation often results in subsequent downstream 
signal activation like mitogen-activated protein kinases 
(MAPK) pathways [21]. Groschwitz et al. demonstrated 
that chymase stimulation of Caco-2 cells induced 
significant increases in p38 and p44/42 (ERK1/2) activity 
[22]. Our previous study found that phosphorylated ERK 
protein was significantly increased and peaked 30 min 
after tryptase challenge [5]. However, we found here that 
tryptase induced disruption of Caco-2 cells in the absence 
of the ERK signal pathway, indicating the other potential 
signal pathway are involved.  

A previous study reported that propofol can 
inhibit the ERK phosphorylation in vitro model of PMA-
induced HOC1 production [8]. Propofol can reduce the 
pain response in an animal model of postoperative pain 
associated with the p38MAPK signal pathway [23]. Here, 
propofol failed to reduce tryptase-induced PAR-2 ERK 
phosphorylation. This discrepancy may be because  
Caco-2 is not related to the PAR-2/p38MAPK signaling 
pathway. Propofol has little influence in the tight junction 
changes and intestinal barrier disruption induced by 
tryptase, further indicating that post-treatment with 
propofol may through other mechanisms to protect 
intestinal barrier permeability after mast cell activation.  

Several limitations of this study should be noted. 
First, the downstream MAPK pathways induced by PAR-
2 activation include extracellular signal-regulated kinase 
1/2 (ERK1/2), c-Jun N-terminal kinase (JNK), and p38 
kinases. Only ERK1/2 was adjusted here because these 
kinases share the same signal pathways [24]. Second, 
inflammation and oxidative stress after mast cell 
activation contribute to intestinal injury, tryptase alone 
altered intestinal permeability cannot well represent the 
model of propofol post-treatment after mast cell 
activation. 

Taken together, pretreatment, but not post-
treatment, with propofol can restore intestinal barrier 
integrity induced by mast cell activation via  
ROS/Ca2+ signal pathway.  
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