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Abstract

AIM: To investigate the ability of agonists of PAR-2 to
stimulate release of tryptase and histamine from human colon
mast cells and the potential mechanisms.

METHODS: Enzymatically dispersed cells from human
colons were challenged with tc-LIGRLO, tc-OLRGIL, SLIGKY,
VKGILS, trypsin, anti-IgE or calcium ionophore A23187, and
the cell supernatants after challenge were collected. Tryptase
release was determined with a sandwich ELISA procedure
and histamine release was measured using a glass fibre-
based fluorometric assay.

RESULTS: Both PAR-2 agonists tc-LIGRLO-NH, and SLIGKV-
NH, were able to induce dose dependent release of tryptase
and histamine from colon mast cells. More than 2.5 fold
increase in both tryptase and histamine release was provoked
by 100 nmol/mL tc-LIGRLO-NH,, in comparison with only
2.0 fold increase being stimulated by SLIGKV-NH,. The
reverse peptides tc-OLRGIL-NH, and VKGILS -NH, at the
concentrations tested had no effect on the release of these
two mediators. The maximum tryptase release elicited by
tc-LIGRLO-NH, was similar to that induced by anti-IgE
(20 ng/mL) or calcium ionophore (1 ng/mL), though the latter
was a more potent stimulus for histamine release. Both
histamine and tryptase release in response to tc-LIGRLO-
NH, were completed within 3 min. Trypsin at concentrations
from 1.0 to 100 ng/mL was capable of provoking a dose
dependent release of tryptase as well as histamine with a
maximum of 16 ng/mL tryptase and 14 ng/mL histamine
release being achieved. An approximately 80% and 70%
inhibition of trypsin induced release of tryptase and histamine
were observed with SBTI, respectively. Pretreatment of cells
with metabolic inhibitors or pertussis toxin abolished the
actions of tc-LIGRLO-NH,, SLIGKV-NH, and trypsin.

CONCLUSION: The agonists of PAR-2 and trypsin are
potent secretagogues of human colon mast cells, which are
likely to contribute to the development of inflammatory
disorders in human gut.
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INTRODUCTION

PAR-2 is a 7-transmembrane G protein-coupled receptor,
which can be activated by serine proteinase trypsin and mast
cell tryptase¥, and some synthetic peptides corresponding to
the N-terminal tethered ligand sequences that are unmasked
by proteolytic cleavage including SLIGKV in mani? and
SLIGRL in rodent®!,

In gastrointestinal tract, PAR-2 activation has been found
to be actively involved in anumber of inflammatory processes
including induction of granulocyte infiltration, colon edema,
tissue damage in mouse*?, induction of gastric mucus secretion
and mucosal cytoprotection'® in rat, excitation of submucosal
neurons of guinea pig small intestind”® and activation of ion
secretion from human colon!®. Moreover, upregulation of
expression of PAR-2 in ulcerative colitig'® suggested astrong
possibility of involvement of mast cell tryptase and trypsinin
inflammatory bowel disease.

Indeed, increased numbers of mast cells were observed in
chronic ulcerative colitis* and Crohn’ s disease*?, elevated
histamine levels or enhanced histamine metabolism were found
in collagenous colitis, food allergy™®, Crohn’ s disease!*¥,
ulcerative colitig***® and allergic enteropathy!® and increased
levelsof tryptase were detected in ulcerative colitid*d, indicating
that these two proinflammatory mediators are involved in the
pathogenesis of certain gastrointestinal diseases.

We have reported previously that mast cell tryptase was
ableto activate mast cellg*8, which presentsasdlf-amplification
mechanism of mast cell degranulation. Since the receptor of
tryptase, PAR-2 waslocalized on human mast cell§* and PAR-
2 agonists were reported to be capable of activating rat
peritoneal mast cells??, it is likely that PAR-2 agonists and
trypsin may have ability to activate human mast cells. We
therefore examined the effect of trypsin and PAR-2 agonists
on tryptase and histamine release from human colon mast cells
in the current study.

MATERIALS AND METHODS

Reagents

The following compounds were purchased from Sigma (St.
Louis, USA): collagenase (type 1), hyaluronidase (type|), soy
bean trypsin inhibitor (SBTI), bovine serum albumin (BSA,
fraction V), penicillin and streptomycin, calcium ionophore
A23187, antimycin A, human trypsin, 2-deoxy-D-glucose,
pertussis toxin. Goat anti-human IgE (inactivated) was from
Serotec (Kidlington, Oxford, UK). FCS and minimum essential
medium (MEM) containing 25 mM N-2-hydroxylethyl piperazine-
N’ -2 -ethane sulphonic acid (HEPES) were from Gibco (Paidey,
Renfrewshire, UK). Peptides SLIGKV-NH,, VKGILS-NH,,
trans-cinnamoyl-Leu-Ile-Gly-Arg-Leu- Orn-amide (tc-
LIGRLO)andtrans-cinnamoyl- Orn-Leu- Arg-Gly-lle-Leu-amide
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(tc-OLRGIL) were >98% purity and from Meilian Corporation
(Xian, China). A polyclonal antibody and a monoclonal
antibody against tryptase were donated by Dr Andrew F. Walls
(University of Southampton, UK). Histamine plate was from
RefLab (Copenhagen, Denmark). HEPES and dll other chemicals
were of anaytical grade.

Dispersion of mast cells

The mast cell dispersion procedure was similar to the one
described previously??2, Human colon tissue was obtained
from patients with carcinoma of colon at colectomy. Only
macroscopically normal tissue was used for the study. After
removal of fat, tissue was washed and chopped finely with
scissors into fragments of 0.5-2.0 mm?2, and then incubated
with 1.5 mg/mL collagenase and 0.75 mg/mL hyaluronidase
in MEM containing 2% fetal calf serum (1 g colon/10 mL
buffer) for 70 minat 37 °C. Dispersed cellswere separated from
undigested tissue by filtration through nylon gauze (pore size
100 pm diameter), washed and maintained in MEM (containing
10% FCS, 200 U/mL penicillin, 200 pg/mL streptomycin) on
aroller overnight at room temperature. Mast cell purity, as
determined by light microscopy after stained by alcine blue,
ranged from 3.5% to 5.5%.

Mast cell challenge

Dispersed cells were resuspended in HEPES buffered salt
solution (HBSS, pH 7.4) with 1.8 mM CaCl, and 0.5 mM
MgCl, (complete HBSS), and 100 pL aliquots containing
4-6x10°mast cells were added to a 50 L tc-LIGRLO, tc-
OLRGIL, SLIGKV, VKGILS, trypsin, control secretagogue
or buffer alone and incubated for 15 min at 37 ‘C. Thereaction
was terminated by the addition of 150 pL ice cold incomplete
HBSS and the tubes were centrifuged immediately (500 g,
10 min, 4 °C). All experiments were performed in duplicate.
For the experiments with pertussis toxin, cells were incubated
with 0.1 or 1.0 pg/mL pertussis toxin for four hoursat 37 C,
and then washed with HBSS before adding stimulus. Similarly,
for the experiments with metabolic inhibitors, cells were
incubated with 2-deoxy-D-glucose (10 mmol/L) and antimycin
A (1 pmol/L) for 40 min at 37 ‘C before challenged with
stimulus. For the measurement of total histamine concentration
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in certain tubes, the suspension was boiled for 6 min.
Supernatants were stored at -20 C until use.

Tryptase and histamine measurement

Tryptase concentrations were measured with asandwich ELISA
procedure with a specific polyclonal antibody against human
tryptase asthe capture antibody and AA5 amonaoclonal antibody
specific for human tryptase as the detecting antibody!?.
Histamine concentrations were determined using aglassfibre-
based fluorometric assay™.

Statistical analysis

Data are shown as mean+SEM for the number of experiments
(n) indicated, and the paired Student’ st test was applied to
evaluate two independent samples. In all analyses P<0.05 was
taken as statistically significant.

RESULTS

Induction of tryptase release by agonists of PAR-2

Both PAR-2 agoniststc-LIGRLO-NH, and SLIGKV-NH, were
able to induce dose dependent release of tryptase from colon
mast cells (Figure 1). More than 2.5 fold increase in tryptase
release was provoked by 100 nmol/mL tc-LIGRLO-NH,, even
at a concentration as low as 1.0 mmol/mL tc-LIGRLO-NH,
was ableto elicit a2.2 fold increase in the release of tryptase.
Although the potency of SLIGKV-NH, appeared slightly
wesker than that of tc-LIGRLO-NH,, it could till stimulate as
much astwo fold increasein the release of tryptase from colon
mast cells. Thereverse peptidestc-OLRGIL-NH, and VKGILS
—NH, had no effect on the release of tryptase when being added
at the concentrations from 0.1 to 300 nmol/mL (Figure 1).
The quantity of tryptase released elicited by tc-LIGRLO-NH,
(200 nmol/mL) was similar to that induced by 10 nmg/mL anti-
IgE or 1 ng/mL calciumionophore. Trypsin a the concentrations
of 1.0-100 nmg/mL was capable of provoking a dose dependent
release of tryptase with amaximum of 16 ng/mL tryptase being
released by 100 ng/mL trypsin (Figure 1). Approximately
80% trypsin induced release of tryptase was diminished by
SBTI when trypsin and SBTI were added to cells at the same
time (Figure 1).
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Figure 1 Effects of tc-LIGRLO, tc-OLRGIL, SLIGKV, VKGILS, trypsin, anti-IgE and calcium ionophore A23187 (Cl) on tryptase
release from colon mast cells. The values shown are mean+SEM for four separate experiments. Stimulus or control was incubated
with cells for 15 min before termination of the reactions. *P<0.05 compared with buffer alone group (paired Student’s t test).
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Figure 2 Effects of tc-LIGRLO, tc-OLRGIL, SLIGKV, VKGILS, trypsin, anti-IgE and calcium ionophore A23187 (CI) on histamine
release from colon mast cells. The values shown are mean+SEM for four separate experiments. Stimulus or control was incubated with
cells for 15 min before termination of the reactions. ®P<0.05 compared with buffer alone group (paired Student’s t test).

Induction of histamine release by agonists of PAR-2

Both PAR-2 agoniststc-LIGRLO-NH, and SLIGKV-NH, were
also able to induce a dose dependent release of histamine from
colon mast cells. More than 2.5 and 2.0 fold increases in
histamine release were provoked by 100 mmol/mL tc-LIGRLO-
NH, and SLIGKV-NH,, respectively. However, histamine
release dicited by tc-LIGRLO-NH, (100 mmol/mL) was less
than that induced by anti-IgE (10 ng/mL) and only half of that
provoked by calcium ionophore (1 ng/mL). The reverse
peptidestc-OLRGIL-NH, and VKGILS-NH, had no effect on
the release of histamine when being added at concentrations
up to 300 mmol/mL (Figure 2). Trypsin at the concentrations
from 1.0 to 100 ng/mL was capable of provoking a dose
dependent release of histamine with a maximum of 14 ng/mL
histamine being released by 100 ng/mL trypsin. Approximately
70% trypsin induced rel ease of histamine was reduced by SBTI
when trypsin and SBTI were added at the same time to cells
(Figure 2).

Time course for tc-LIGRLO-NH,

The release of tryptase and histamine in response to tc-
LIGRLO-NH, was maximized within 3 min following addition
of 100 nmol/mL tc-LIGRLO-NH; to colon mast cells. The
maximum release of tryptase and histamine was then
maintained for at least 15 min (Figure 3). When tc-LIGRLO-
NH,, anti-IgE and calcium ionophore wereincubated with cells
for aprolonged period of 30 min, the amount of tryptase and
histamine released appeared not being increased (Table 1).

Table 1 Effects of tc-LIGRLO, tc-OLRGIL, anti-IgE and cal-
cium ionophore A23187 (CI) on tryptase and histamine release
from colon mast cells following 30 min incubation period

Concentration of stimulus ~ Tryptase (ng/mL) Histamine (ngZ/mL)
Buffer alone 8.2+0.6 9.5+1.7
tc-LIGRLO 100 pmol/mL 22+3.02 1741.32
tc-OLRGIL 100 pmol/mL  8.4+2.8 10+1.9
Anti-IgE 10 ug/mL 19+44.12 19+4.8%
Cl 1.0 pgZ/mL 13+0.62 34+4.32

The values shown are mean+SEM for four separate experiments
performed in duplicate. 2P<0.05 compared with buffer alone
group (paired Student’s t test).
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Figure 3 Time course for tc-LIGRLO (100 pM) induced release
of tryptase (—i#l—) and histamine (—@®=") from colon mast
cells. Data shown are mean+SEM of four separate experiments.

Effects of pertussis toxin and metabolic inhibitors on tryptase
and histamine release

Tryptase release induced by tc-LIGRLO-NH,, SLIGKV-NH,
and trypsin was abolished by pretreatment of colon mast cells
with metabolic inhibitorsor pertussistoxin (Table 2). The same
treatment was al so able to dmost completely inhibit histamine
release from mast cells (Table 3).

Table 2 Inhibition of tc-LIGRLO, SLIGKYV, trypsin, anti-IgE or
calcium ionophore A23187 (Cl) induced tryptase release from
colon mast cells by pertussis toxin (1 pg/mL) and metabolic
inhibitors

% inhibition of tryptase release

Concentration of stimulus

Pertussis toxin  Metabolic inhibitors

tc-LIGRLO 100 umol/mL 8549.62 91+3.92
SLIGKV 100 umol/mL 91+4.82 9443.6°
Trypsin 10 pg/mL 100402 95+4.0?
Anti-IgE 10 pg/mL 87+10° 99+0.5?
(¢f] 1.0 pg/mL 84+8.82 89+4.72

The values shown are mean+SEM for four separate experiments
performed in duplicate. ®P<0.05 compared with the uninhib-
ited control group (paired Student’s t test).
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Table 3 Inhibition of tc-LIGRLO, SLIGKV, trypsin, anti-IgE or
calcium ionophore A23187 (Cl) induced histamine release from
colon mast cells by pertussis toxin (1 pg/mL) and metabolic
inhibitors

% inhibition of histamine release
Concentration of stimulus

Pertussis toxin  Metabolic inhibitors

tc-LIGRLO 100 pmol/mL 92+5.42 98+2.02
SLIGKV 100 pmol/mL 95+5.92 92+3.8?
Trypsin 10 ug/mL 84+6.8% 88+8.72
Anti-IgE 10 ug/mL 8445.22 99+1.12
Cl 1.0 pg/mL 97+2.42 99+0.12

The values shown are mean+SEM for four separate experiments
performed in duplicate. ®P<0.05 compared with the uninhib-
ited control group (paired Student”s t test).

DISCUSSION

The finding in the current study that PAR-2 agonists were able
to activate human mast cellsfulfilled our hypothesisthat human
mast cells possess a self-amplification mechanism to IgE
dependent activation through their mediator tryptase. That is
to say that upon activation, mast cellsrelease tryptase, and the
released tryptase then activates their neighbouring mast cells
or acts on its host mast cells through PAR-2.

The maximum 22.5 ng/mL tryptase and 21 ng/mL histamine
release induced by tc-LIGRLO-NH, were comparable to those
induced by 10 ng/mL anti-1gE, indicating that the PAR-2
agonist is a potent stimulus of mast cells. SLIGKV was also
able to provoke a significant tryptase and histamine release
from colon mast cells, but its action appeared dightly weaker
than tc-LIGRLO-NH,. This could be due to the structural
difference between the two molecules. Aslittle as 1.0 mmol/mL
tc-LIGRLO-NH, was able to stimulate a significant release of
tryptase and histamine, suggesting further that this compound
is a potent mast cell secretagogue, and the concentration of
the stimulus is easy to be achieved under physiological
conditions. It waslittle surprised to observe that trypsin was
ableto activate colon mast cells asthere should be arelatively
high concentration of trypsin in human intestinal tract, and
some of them should be able to penetrate through the epithelia
lining of intestine, particularly when paracellular permesability
of colon wasincreased upon PAR-2 activation'?. Nevertheless,
it should be interesting to learn the physiological or
pathophysiological role of mast cell activation by trypsinin
gastrointestinal tract in future. The fact that reversed peptides
of PAR-2 agonists had little effect on tryptase and histamine
release from colon mast cells proved further the specificity of
the PAR-2 agonists on mast cells. The maximum release of
tryptase and histamine from colon mast cellswas achieved at
3 min after adding tc-LIGRL O-NH, to cells, suggesting that
its action on mast cells was slower than that of neuropeptide
substance P, which reached peak histamine release within
20 sec of incubation¥, but faster than that induced by anti-
IgE and calcium ionophore, which required at least 6 min to
completel!,

The inhibition of trypsin induced tryptase and histamine
release by SBTI, amixed type of inhibitor of tryptic enzymes?®,
indicating that the process was not cytotoxic and required an
intact catalytic site of trypsin. Pretreatment of cells with
metabolic inhibitors antimycin A which blocks the oxidative
phosphorylation processof cells, and 2-deoxy-D-glucose which
blocks anaerobic metabolism pathway in cells, abolished the
actions of tc-LIGRLO-NH,, SLIGKV, trypsin, anti-IgE aswell
as calcium ionophore, indicating that the release of tryptase
and histamine induced by them was a non-cytotoxic process,

and was dependent on cell energy supply. Tryptase and
histamine release provoked by tc-LIGRLO-NH,, SLIGKV,
trypsin, anti-l1gE and calcium ionophore were also inhibited
by pretreatment of cells with pertussis toxin, suggesting that
the degranulation process dlicited by them was associated with
the activation of G-protein coupled receptorg?.

Over the last decade, a number of functions of mast cell
tryptase have been discovered. These include induction of
microvascular leakagel®”, accumulation and activation of
eosinophils and neutrophil§%29, provocation of release of IL-
8 from epithelial cell§%. Similarly, PAR-2 agonists were found
to be able to provoke the inflammatory response in the rat
paw!®-32 and mediate eosinophil infiltration and hyperreactivity
inalergicinflammation of theairway!'®. Of particular importance
is the finding that the delayed onset of inflammation was
observed in protease-activated receptor-2-deficient mice®.
These highlighted the crucial role of tryptase and its receptor
PAR-2 in inflammation. The finding that PAR-2 agonists were
able to activate human colon mast cells in the current study
added a new concept to the tryptase and PAR-2 theory,
indicating further the importance of them in the pathogenesis
of inflammation. In conclusion, the agonists of PAR-2 and
trypsin are potent secretagogues of human colon mast cells,
which are likely to contribute to the development of
inflammatory disordersin human gut.
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