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Abstract:

AIM. To examine the influence of protease inhibitors on tryptase release, and as a comparison the influence of the inhibitors on

histamine secretion was assessed. METHODS. Enzymatically dispersed cells from human tonsil were challenged with anti-IgE or

calcium ionophore A23187 (CI) in the absence or presence of the tryptase and chymase inhibitors, and tryptase and histamine release

was determined. RESULTS. IgE-dependent tryptase release from dispersed tonsil mast cells was inhibited by a maximum of

approximately 35.5% and 35.7% by N-�-p-tosyl-L-lysine chloromethyl ketone (TLCK) and N-tosyl-L-phenylalanyl chloromethyl

ketone (TPCK), respectively. The similar degree of inhibition of CI-induced tryptase release was observed also with these two

inhibitors. Preincubation of TLCK or TPCK with cells at 37°C for 20 min before addition of the stimulus improved slightly their

ability to inhibit anti-IgE and CI-induced tryptase release. Protamine showed dual action on tryptase release from tonsil mast cells.

The concentration-dependent inhibition of anti-IgE and CI-induced release of histamine from tonsil mast cells was also observed

with TLCK, TPCK and protamine. The maximum inhibition of anti-IgE-induced histamine release was approximately 26.6%,

30.8% and 30.1% with TLCK, TPCK and protamine, respectively. At the concentrations tested, TLCK and TPCK by themselves did

not stimulate tryptase and histamine release from tonsil mast cells. CONCLUSION. It was demonstrated that protease inhibitors

were able to inhibit IgE-dependent tryptase release from human tonsil mast cells, which suggests strongly that they can be developed

to a novel class of anti-inflammatory drugs to treat allergic conditions in man.
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Introduction

Mast cell degranulation is a key event in the patho-

genesis of allergic disease. When allergens cross-link

their specific IgE on the surface of sensitized mast

cells, degranulation occurs. Upon degranulation,

a range of mediators are released from mast cells in-

cluding histamine, tryptase, chymase, heparin and

some cytokines [33].

Tryptase is an almost unique product of human

mast cell granules and has been serving as a marker of

mast cells for the last two decades. Increased levels of

tryptase in biological fluids have been observed in

a number of diseases such as in the serum from cases
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of systemic anaphylaxis [29], in bronchoalveolar

lavage fluid from patients with bronchial asthma [5]

or interstitial lung disease [32], in nasal lavage fluid

of patients with allergic rhinitis [19], in skin blister

fluid from subjects with allergic contact dermatitis [4]

and in synovial fluid from patients with arthritis [6].

In recent years, increased tryptase levels were found

also to be associated with asthma [3, 8], acute appen-

dicitis [9], blood clotting [28], hay fever [21] and skin

allergic reactions [23], indicating further that mast

cell degranulation, tryptase release in particular, is

likely to play a role in the pathogenesis of these dis-

eases.

For more than four decades, histamine has been

widely used as a marker of mast cell degranulation in

vitro, and numerous anti-allergic drugs such as so-

dium cromoglycate, lodoxamide, salbutamol, keto-

tifen, terfenadine and cetirizine [26, 27] and sal-

meteral [7] were reported to be able to inhibit anti-

IgE-induced histamine release from human mast cells.

In recent years, inhibitors of tryptase [14, 16] and

chymase [13] were discovered to possess the ability to

inhibit histamine release from human skin, tonsil and

synovial mast cells [15], suggesting that these inhibi-

tors are likely to be developed as a novel class of mast

cell stabilizer. However, little is known of the actions

of tryptase and chymase inhibitors on tryptase release

from human mast cells. We, therefore, investigated

the effects of these two types of inhibitors on IgE-

dependent or independent tryptase release from hu-

man tonsil mast cells in the current study. For com-

parison, the actions of these inhibitors on histamine release

were also investigated in the same experimental system.

Materials and Methods

Materials

The following compounds were purchased from

Sigma (St. Louis, Mo., USA): TLCK, TPCK, prota-

mine, calcium ionophore A23187 (CI), histamine di-

hydrochloride, collagenase (type I), hyaluronidase

(type I), bovine serum albumin (BSA, fraction V),

penicillin and streptomycin, extravidin peroxidase,

�-phenylene diamine (OPD). Minimum Essential Me-

dium (MEM) containing 25 mmol/l N-(2-hydroxyethyl)-

piperazine-N’-2-ethanesulfonic acid (HEPES) and

FCS were from Gibco (Paisley, Renfrewshire, UK).

Anti-IgE (inactivated) was from Serotec (Kidlington,

Oxford, UK). A polyclonal antibody and a mono-

clonal antibody against tryptase was donated by Dr.

Andrew F. Walls (University of Southampton, UK).

Histamine plate was from RefLab (Copenhagen, Den-

mark). HEPES and all other chemicals were of ana-

lytical grade.

Dispersion of mast cells

Human tonsil tissue was obtained at tonsillectomy.

Only macroscopically normal tissue was used for the

study. The mast cell dispersion procedure employed

was the same one as that described previously with

human tonsils [14]. Briefly, finely chopped tissue was

incubated with 1.5 mg/ml of collagenase and

0.75 mg/ml of hyaluronidase in MEM containing 2%

fetal calf serum (1 g tonsil/10 ml buffer) for 60 min at

37°C. Dispersed cells were separated from undigested

tissue by filtration through nylon gauze (pore size

100 �m diameter), washed and maintained in MEM

(containing 10% FCS, 200 U/ml of penicillin, 200 �g/ml

of streptomycin) on a roller overnight at room tem-

perature. Mast cell purity, as determined by light mi-

croscopy after staining by alcine blue, ranged from

0.5 to 1.1%.

Mast cell challenge

Dispersed cells were resuspended in HEPES-buffered

salt solution (HBSS, pH 7.4) with CaCl2 and MgCl2
(complete HBSS), and 100 �l aliquots containing 4–6

× 103 mast cells were added to a 50 �l of anti-IgE, CI,

or inhibitor in complete HBSS and incubated for

15 min at 37°C. The reaction was terminated by the

addition of 150 �l of ice cold incomplete HBSS and

the tubes were centrifuged immediately (500 × g,

10 min, 4°C). All experiments were performed in du-

plicate. For the measurement of total histamine con-

centration, in certain tubes the suspension was boiled

for 6 min. Supernatants were stored at –20°C until

histamine and tryptase concentrations were deter-

mined (in duplicate for each tube).

Inhibition of tryptase and histamine release

For certain experiments, protease inhibitor was prein-

cubated with cells for 20 min before anti-IgE or CI

were added. For other experiments, protease inhibitor

was added to cells at the same time with anti-IgE or
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CI (no preincubation period). Data were expressed as

the percentage inhibition of tryptase and histamine re-

lease, taking into account the mediator release in the

presence and absence of the inhibitor. As for our pre-

vious experiments, the optimal tryptase and histamine

release from colon mast cells was induced by

10 �g/ml of anti-IgE or 1 �g/ml of CI [17], and, there-

fore, they were chosen as standard concentrations

throughout the study.

Histamine measurement

Histamine concentrations were determined using

a glass fibre-based, fluorometric assay [14]. The pro-

cedure involves the binding of histamine to a glass-

fiber matrix (RafLab, Copenhagen, Denmark) and its

detection spectrophotometrically with Perkin-Elmer

LS 2 Detector, (Denmark) following addition of OPD.

Histamine release was expressed as a percentage of

total cellular histamine levels, and corrected for the

spontaneous release measured in tubes in which cells

had been incubated with the HBSS diluent alone.

Tryptase measurement

Tryptase concentrations were measured with a sand-

wich ELISA procedure with a specific polyclonal an-

tibody against human tryptase as the capture antibody

and AA5 a monoclonal antibody specific for human

tryptase as the detecting antibody [6].

Statistical analyses

Statistical analyses were performed by using SPSS

software. Data were expressed as the mean ± SEM.

Where analysis of variance (ANOVA) indicated sig-

nificant differences between groups, for the pre-

planned comparisons of interest, Student’s t-test was ap-

plied. For all analyses, p < 0.05 was taken as significant.

Results

Effect of protease inhibitors, anti-IgE and CI on

tryptase and histamine release from mast cells

At 15 min following incubation, anti-IgE at 10 �g/ml

and CI at 1 µg/ml were able to induce 7.2 ± 0.7 ng/ml

and 10.6 ± 0.9 ng/ml tryptase release from tonsil mast

cells, respectively, whereas at the same time point

spontaneous tryptase release (buffer alone) was

2.2 ± 0.6 ng/ml. The same concentrations of anti-IgE

and CI were also able to provoke significant tryptase

release from tonsil mast cells following 35 min incu-

bation period. All protease inhibitors tested had no

stimulatory effect on tonsil mast cells at both 15 min

and 35 min incubation periods, except for protamine

at 100 ng/ml, which was able to elicit 11.5 ± 2.5 ng/ml

tryptase release from tonsil mast cells. TLCK, TPCK

and protamine at the concentrations tested had no ef-

fect on histamine release from tonsil mast cells fol-

lowing both 15 min and 35 min incubation periods.

However, in the same experiments, anti-IgE and CI

were able to induce up to 15.7% and 31.1% net hista-

mine release, respectively.

Inhibition of tryptase release from mast cells by

protease inhibitors

Both TLCK and TPCK were able to inhibit IgE-

dependent tryptase release from tonsil mast cells in

a concentration-dependent manner. Up to approxi-

mately 35.5% or 35.7% inhibition of anti-IgE-induced

tryptase release were achieved with 100 �g/ml TLCK

or 80 �g/ml TPCK, respectively, when they were

added to cells at the same time with anti-IgE (Fig.

1A). Similarly, TLCK and TPCK were also capable of

inhibiting CI-induced tryptase release from tonsil

mast cells in a concentration-dependent pattern with

up to 32.3% or 34.4% inhibition, being achieved with

100 �g/ml of TLCK or 80 �g/ml of TPCK, respectively

(Fig. 1B). Preincubation of TLCK or TPCK with cells

for 20 min at 37°C improved slightly their ability to

inhibit anti-IgE-dependent and CI-induced tryptase

release, but those improvements did not reach the

levels of statistical significance (Fig. 1 A and 1B).

At the lower concentrations (0.1 and 1 �g/ml), prota-

mine had little effect on anti-IgE- or CI-induced tryp-

tase release; but at the higher concentrations (10 or

100 �g/ml), this tryptase inhibitor showed an additive

stimulatory effect on anti-IgE- or CI-induced tryptase

release. The amount of tryptase released from tonsil

cells was up to 27.7 ± 6.6 and 23.7 ± 4.3 ng/ml, re-

spectively when 100 �g/ml of protamine and

10 �g/ml of anti-IgE or 1 �g/ml of CI were added to

cells at same time. In comparison, 100 �g/ml of prota-

mine, 10 �g/ml of anti-IgE or 1 �g/ml of CI alone

stimulated only 11.5 ± 2.5, 7.2 ± 0.7 and 10.6 ± 0.9 ng/ml
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tryptase release, respectively in the same experiments.

However, preincubation of 10 �g/ml of protamine

with cells for 20 min before addition of anti-IgE or CI

did not induce significant tryptase release from tonsil

mast cells.

tryptase release, respectively in the same experiments.

However, preincubation of 10 �g/ml of protamine

with cells for 20 min before addition of anti-IgE or CI

did not induce significant tryptase release from tonsil

mast cells.

Inhibition of histamine release from mast cells

by protease inhibitors

The concentration-dependent inhibition of anti-IgE-

induced release of histamine from tonsil mast cells

was observed when TLCK, TPCK or protamine were

added to cells, respectively, with the stimulus at the

same time. The maximum inhibition of histamine re-

lease induced by anti-IgE was approximately 26.6%,

30.8% and 30.1% with 100 �g/ml of TLCK, 80 �g/ml

of TPCK and 100 �g/ml of protamine, respectively.

Preincubation of various concentrations of TLCK,

TPCK and protamine with cells at 37°C for 20 min

before challenging them with anti-IgE did not signifi-

cantly alter the inhibitory activities of these inhibitors

(Fig. 2). TLCK, TPCK or protamine were also able to

inhibit CI-induced histamine release from tonsil mast

cells with up to approximately 26%, 29.2% and

35.1% being observed with 100 �g/ml of TLCK,

80 �g/ml of TPCK and 100 �g/ml of protamine, re-

spectively. Preincubation of TLCK, TPCK or protamine

with cells for 20 min at 37°C improved slightly their

ability to inhibit CI-induced histamine release (Fig. 3).

Discussion

We found that inhibitors of tryptase and chymase

were able to inhibit anti-IgE- and CI- induced tryptase

release from dispersed human tonsil mast cells in the

current study, which may indicate a potential of

a novel therapy for the treatment of allergic or other

mast cell-related diseases.

Up to approximately 35.5% inhibition of IgE-

dependent tryptase release from tonsil mast cells was

observed with the inhibitor of chymase, TPCK indi-

cating that a chymase activity was involved in the

process of IgE-dependent human mast cell degranula-
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tion. This was consistent with our previous finding

that chymase inhibitors were able to inhibit IgE-

dependent histamine release [13], which indirectly

proved that tryptase and histamine are likely to share

a similar degranulation process. Similar to TPCK,

a tryptase inhibitor, TLCK inhibited by up to some

35.7% anti-IgE-induced tryptase release from tonsil

mast cells, which implicated that a tryptase activity is

also likely to be involved in the process of mast cell

degranulation. This result was consistent with our

previous finding that tryptase inhibitors were able to

inhibit IgE-dependent histamine release [14, 15].

Since a majority of these inhibitors at the concentra-

tions used in the current study are able to inhibit by

more than 95% tryptase or chymase activity in en-

zyme assays [12], the incomplete inhibition of tryp-

tase release from mast cells may suggest that some

pathways other than tryptase and chymase pathways

were involved in the anti-IgE-induced degranulation

of tonsil mast cells. In comparison, in the parallel ex-

periments, TLCK and TPCK were also able to inhibit

by a maximum of up to approximately 26.6% and

30.8% IgE-dependent histamine release from tonsil

mast cells. The degree of inhibition was quite similar

to that for tryptase release, but much lower than that

reported previously, which found that TPCK was able

to completely inhibit Fc�RI- mediated histamine re-

lease from cultured human mast cells [34]. TPCK was

reported previously also to be able to inhibit CI-induced

histamine release from human lung mast cells [18].

CI is a calcium carrier that can elevate the calcium

concentration in cytoplasms of mast cells [10], and,

therefore, it is involved in the late stage of the process

of mast cell degranulation. The inhibition of CI-

induced tryptase release by the inhibitors of tryptase

and chymase in the current study may suggest the in-

volvement of tryptase and chymase activities in mast

cell degranulation process at the late stage and most

likely after influx of calcium ions into mast cells. The

evidence that tryptase and chymase are sited in the

granules of mast cells in their fully active form [25]

supported further the likelihood that these two mast

cell serine proteases were involved in the activation of

tonsil mast cells.

The result that tryptase levels were elevated when

10 and 100 �g/ml of protamine were added to cells

alone or with anti-IgE or CI was unexpected. This

was most likely due to the tetrameric structure of tryp-
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tase being dissociated by protamine [11], thus more

tryptase monomer existed in supernatants, being rec-

ognized by AA5 as an intact tryptase molecule. How-

ever, it is difficult to exclude the possibility that prota-

mine selectively stimulated tryptase release from hu-

man tonsil mast cells. Protamine by itself at the

concentrations examined did not stimulate histamine

release from tonsil mast cells. The reason for the dif-

ference between our finding and the previous reports,

which showed that protamine could stimulate histamine

release from guinea pig [1] and rat mast cells [2], was

most likely due to the difference in mast cell sources.

The observation that preincubation of the inhibitors

with the cells for 20 min before challenging them with

anti-IgE had little impact on inhibition of IgE-

dependent histamine release was unexpected, never-

theless, it may suggest that the actions of these inhibi-

tors are rather rapid and the involvement of tryptase

and chymase activities in anti-IgE-induced tryptase

and histamine release is likely to occur at the late

stage of the degranulation process.

The inhibitory action of TPCK on anti-IgE- (34)

and CI-(18) induced histamine release from human

mast cells has been reported previously. However, the

degree of inhibition achieved in the present study was

by up to 40%, which was much lower than that re-

ported previously (complete inhibition of anti-IgE in-

duced histamine release by 3.52 �g/ml of TPCK)

(34). While TLCK was reported to have no influence

on CI-induced histamine release from human lung

mast cells (18), it was shown to elicit potent inhibi-

tory effect on compound 48/80-induced histamine re-

lease from rat mast cells (31). The current experimen-

tal result showed that TLCK did inhibit both anti-IgE-

and CI-induced histamine release from human tonsil

mast cells, which may reflect another mast cell het-

erogeneity in man.

Over the years, many compounds including sodium

cromoglycate, lodoxamide, salbutamol, ketotifen, ter-

fenadine and cetirizine have been recognized as mast

cell stabilizers or histamine receptor antagonists, and

have been used as anti-allergic drugs in day-to-day

clinical practice. However, only less than 40% inhibi-

tion of IgE-dependent mast cell degranulation can be

achieved with these compounds, which is much less

than that achieved with inhibitors of tryptase [14] and

chymase in the similar experimental system [13].

Moreover, some of the latest reports on tryptase in-

hibitors highlighted the importance of this potential

anti-inflammatory drugs. Inhaled APC366 was able to

attenuate allergen-induced late-phase airway obstruc-

tion in asthma [22], and APC2059 could improve the

symptomatic scores of the patients with mildly to

moderately active ulcerative colitis in an open-label

pilot study [30]. Our findings in the current study

may, at least partially, explain the mechanism by

which tryptase inhibitors could treat these diseases.

The successful treatment of acute ulcerative colitis

[20] and Crohn’s disease [24] with mast cell stabilizer

drug ketotifen further strongly suggested that inhibitors

of tryptase and chymase are likely to become a novel

class of anti-inflammatory drugs with their anti-

inflammatory actions and mast cell stabilizing proper-

ties.

In conclusion, the inhibitors of both tryptase and

chymase were able to inhibit IgE-dependent and CI-

induced tryptase release from tonsil mast cells, indi-

cating that they are likely to be developed to a novel

class anti-inflammatory drugs to treat allergic or other

mast cell-associated inflammatory conditions in man.
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