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Some studies on the effects of a-chymotrypsin on mast cells from the rat
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Abstract

We have examined the effect of a-chymotrypsin on isolated mast cells from different sources. The enzyme induced a
dose-dependent secretion of histamine from purified and non-purified populations of rat peritoneal mast cells. The release was
non-cytotoxic and was inhibited by metabolic blockers and extremes of temperature. The process was relatively slow, being
essentiaily complete within 20 min, and was unaffected by phosphatidylserine. A substantial component of the secretion persisted
in the absence of extracellular Ca®*. The release was suppressed by extremes of pH and a variety of anti-allergic compounds and
serine esterase inhibitors. In addition to the secretion of preformed mediators, a-chymotrypsin also induced the metabolism of
arachidonic acid, resulting in the release of prostaglandin D, in a dose-related manner from purified rat peritoneal mast cells.
a-Chymotrypsin exhibited a marked tissue and species selectivity in its action and tissue mast cells of the rat, guinea pig and
human were generally resistant to the enzyme except at cytotoxic concentrations. On the basis of these results, the possible role
of endogenous serine esterases in mast cell activation is discussed.
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1. Introduction

It has been suggested that activation of one or more
proteolytic enzymes may constitute the earliest bio-
chemical change that ultimately leads to mediator se-
cretion from the mast cell (Ishizaka and Ishizaka, 1984;
Kido et al., 1985). In accordance with this hypothesis,
diisopropyl fluorophosphate (DFP), an irreversible in-
hibitor of serine esterases, blocks IgE-dependent his-
tamine release from chopped guinea-pig lung (Ishizaka
and Ishizaka, 1984), rat mast cells (Dvorak et al., 1984)
and human lung fragments (Kaliner and Austen, 1974).
However, this effect is only seen if the compound is
present at the time of Fc_ receptor cross-linking and
the inhibition is greatly reduced if the cells are incu-
bated with the drug and washed prior to the addition
of the stimulus. This implies that the enzyme in resting
cells is present in an inactive proesterase form which is
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unaffected by DFP. DFP is also ineffective when added
after the stimulus, suggesting that IgE-dependent acti-
vation of mast cells leads to the priming of serine
esterases necessary for histamine secretion.

Further support for a potential role of serine es-
terases in the initiation of mediator release was pro-
vided when a-chymotrypsin (Lagunoff et al., 1975) and
rat mast cell chymase (Schick and Austen, 1989) were
found to induce mediator secretion from rat mast cells.
In addition, Ishizaka and Ishizaka (1984) demonstrated
that inhibitors of chymotrypsin and trypsin blocked
IgE-mediated histamine release and increased
phospholipid metabolism in rat mast cells. They also
observed that histamine release induced by chymo-
trypsin and IgE-directed ligands was inhibited by a
number of diverse serine esterase inhibitors. Thus, the
above findings suggest that one or more serine es-
terases is involved in IgE-dependent histamine release.
This effect may potentially be mimicked by the addi-
tion of exogenous serine esterases. With this in mind,
we have now examined the effect of a-chymotrypsin on
isolated mast cells from different sources.
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2. Materials and methods
2.1. Materials

Antimycin A, N-acetyl-L-tyrosine ethyl ester
(ATEE), 8-bromo cAMP (8-BrcAMP), bovine serum
albumin, calcium ionophore A23187, a-chymotrypsin,
a-chymotrypsin pretreated with the serine esterase in-
hibitor DFP or the trypsin inhibitor N-tosyl-L-lysine
chloromethylketone (TLCK), a-chymotrypsinogen, chy-
mostatin, compound 48 /80, 2-deoxy-p-glucose, DFP,
dibutyryl cAMP (Bu,cAMP), isobutyl methylxanthine
(IBMX), isatoic anhydride, 2-nitro-4-carboxyphenyl
N,N-diphenyl carbamate (NCDC), phenylmethyl-
sulphonyl fluoride (PMSF), phenylboronic acid, theo-
phylline, N-tosyl-L-phenylalanine chloromethylketone
(TPCK), TLCK and quercetin were purchased from
Sigma. Sheep antiserum to rat IgE (anti-rat IgE) was
obtained from ICN Immunobiologicals. Rabbit anti-
serum to human IgE (anti-human IgE) was obtained
from Dako. Salbutamol sulphate was a gift from Glaxo
Group Research. Disodium cromoglycate (DSCG) and
nedocromil sodium were gifts from Fisons Pharmaceu-
ticals. Prostaglandin D, 3H-radioimmunoassay (RIA)
kits were obtained from Amersham.

2.2. Isolation and purification of cells

Sprague-Dawley rats (200-500 g) and Dunkin-Hart-
ley guinea pigs (800-1000 g) were used throughout the
present study. Rat peritoneal cells were obtained by
direct lavage (White and Pearce, 1982) and purified by
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density gradient centrifugation over Percoll (Mackay
and Pearce, 1992). The purity of mast cell samples was
determined using a Neubauer haemocytometer, after
staining with alcian blue (0.1%, w/v in 0.7 M HCI).
Under these conditions, preparations of up to 99%
purity are obtained.

Macroscopically normal human tissue was recovered
following surgery for bronchial and colonic carcinoma
or for circumcision. Colonic mucosa and sub-
mucosa/muscle were separated by blunt dissection.
Normal human lung parenchyma was dissected free of
major airways and blood vessels. Infant foreskins (0—12
years) were obtained following circumcision and were
dissected free from underlying fat. Fragments of the
tissue, approximately 1 mm?, were digested with colla-
genase (160 U /ml) and hyaluronidase (500 U /ml, skin
only) in bovine serum albumin-Hepes buffer (pH = 7.4)
composed of 137.0 mM NacCl, 5.6 mM glucose, 2.7 mM
KCl, 1.0 mM CaCl,, 100 mM Hepes, 04 mM
NaH,PO, and 1.0 mg/ml bovine serum albumin, for
2 X 90 min at 37°C or longer if after this time substan-
tial tissue remained undigested. Cells were then recov-
ered as previously reported (Ali and Pearce, 1985).
Basophil leukocytes were isolated by dextran sedime-
nation of peripheral blood. Guinea pig and rat tissue
fragments were treated as described above for the
human.

2.3. Secretion and inhibition of histamine release

In general, isolated mast cells were left to equili-
brate in a water bath (37°C) in the Hepes buffer
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Fig. 1. Effect of a-chymotrypsin on purified (O) and non-purified (®) rat peritoneal mast cells. Values are means + S.EM.; n = 6.
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described above, except that bovine serum albumin was
excluded before addition of the releasing agent. The
reaction was allowed to proceed for 10 min and was
terminated by adding cold Hepes buffer. To determine
the dependence of the release on extracellular Ca?”,
cells were preincubated with an equal volume of ap-
propriately modified Hepes buffer. This solution con-
tained either Ca’", no Ca?", or the Ca’" chelator
ethylenediaminetetraacetic acid (EDTA, 0.1 mM), as
stated. The reaction was allowed to proceed for 10 min
and terminated by addition of Ca®*-free Hepes buffer.
In experiments to examine the metabolic requirements
for release, cells were preincubated (10 min) with an-
timycin A (1 wM), to inhibit oxidative phosphorylation,
and 2-deoxyglucose (5 mM) to inhibit glycolysis. In
other inhibition experiments, cells were preincubated
with 8-BrcAMP or Bu,cAMP (30 min), while disodium
cromoglycate and nedocromil sodium were added stim-
ultaneously with the secretory stimulus. Remaining in-
hibitors were preincubated with the cells for 10 min
before challenge.

2.4. Measurement of histamine and prostaglandin D,
release

Histamine release was measured using an auto-
mated spectrofluorometric assay as described previ-
ously (Atkinson et al., 1979). Values for histamine
release are expressed as a percentage of the total
cellular histamine and are corrected for the sponta-
neous release of histamine that occurred in the ab-
sence of any stimulus. For attenuation experiments,
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results are given as the percentage inhibition of the
control release induced by the stimulus alone.

Prostaglandin D, release was determined by ra-
dioimmuassay using a commercially available kit. The
results were expressed as ng prostaglandin D,/10°
mast cells. All values are given as means + S.E.M. for
the number (n) of experiment performed.

3. Results

3.1. The effect of a-chymotrypsin on rat peritoneal mast
cells

a-Chymotrypsin (5-500 ug/ml) induced a dose-de-
pendent secretion of histamine ( < 80%) from purified
and non-purified populations of rat peritoneal mast
cells (Fig. 1). Maximal secretion was observed in the
presence of physiological concentrations (1 mM) of
Ca’*, but a substantial component of the release per-
sisted in the absence of the cation and this was further
enhanced by brief pretreatment (5 min) of the cells
with EDTA (0.1 mM, Fig. 2).

The release was unaffected by simple omission of
glucose from the medium but was essentially abolished
by the combined metabolic blockers antimycin A (1
uM) and 2-deoxyglucose (5 mM). Under these condi-
tions, the release from rat peritoneal mast cells stimu-
lated by a-chymotrypsin (500 wg/ml) in nermal buffer
was 71.0 + 3.0% and in the presence of the inhibitors
was 9.0 + 1.0% (n =4).
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Fig. 2. Calcium dependence of a-chymotrypsin-induced histamine release from rat peritoneal mast cells. Cells were challenged in the presence of
calcium (@), absence of calcium (0), and in the presence of EDTA (O). Values are means + SEM.; n=5.
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Fig. 3. Effect of pH (A) and temperature (B) on histamine release from rat peritoneal mast cells stimulated with a-chymotrypsin (20 pg/ml,
filled columns), compound 48,/80 (1 ug/ml, hatched columns) and anti-IgE (1,/300 dilution, open columns). Values are means + S EM.; n=4.

The histamine release from rat peritoneal mast cells
stimulated by a-chymotrypsin (20 ug/ml) was found to
be maximal at physiological pH (7.0-7.5) and was de-
pressed under more alkaline or, particularly, more
acidic conditions (Fig. 3A). The releases evoked by
anti-IgE (1/300 dilution) and compound 48/80 (1
wg/ml) were similarly seen to be optimal around
physiological pH (Fig. 3A). The effect of a-chymo-
trypsin was again maximal at physiological tempera-
tures (37°C) and markedly suppressed at higher (45°C)
and lower values (0, 20°C). Similar results were ob-
tained with compound 48,/80 (1 ug/ml) and anti-IgE
(1,300 dilution) (Fig. 3B). Histamine release induced
by a-chymotrypsin was essentially completed within 20
min, with a half-life of about 40 s (ie. 50% of the
releasable histamine was secreted within this time,
data not shown). Histamine release stimulated by a-
chymotrypsin was unaffected by addition of exogenous
phosphatidylserine (data not shown). In contrast to
a-chymotrypsin, its precursor zymogen a-chymotrypsi-
nogen produced a negligible release of histamine (1.0
+ 0.5%, n = 4) at the highest concentration tested (500
pg/mlb).

Low concentrations of a-chymotrypsin (in the range
3-10 ug/ml), which themselves caused negligible or
restricted direct secretion of histamine, were seen to
potentiate release induced by anti-IgE (1,/300 dilution)
(Fig. 4).

a-Chymotrypsin (5-200 pg/ml) produced a dose-
dependent release of prostaglandin D, from purified
rat mast cells. A similar effect was seen with compound
48/80 (0.05-1 pwg/ml) and anti-IgE (1,/300-1,/1000),
which were included as positive controls (Table 1). For
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Fig. 4. Effect of anti-rat IgE (1,/300 dilution, open columns) on
a-chymotrypsin (filled columns) mediated histamine release from
isolated rat peritoneal mast cells. Cells were preincubated (10 min)
with a-chymotrypsin before addition of IgE. Secretion was allowed
to proceed for a further 10 min and the reaction was terminated by
addition of cold Hepes buffer. Asterisks show where the histamine
release induced by the two agonists together (hatched columns) is
significantly (P < 0.05) greater than the sum of the releases pro-
duced by the agents alone. Values are means+S.EM.; n=4.
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Table 1
Release of prostaglandin D, from purified rat peritoneal mast cells
treated with various stimuli

Table 2
Inhibition of histamine release from rat peritoneal mast cells treated
with various stimuli

Agonist Histamine release  Prostaglandin D, release
(%) (ng/10° mast cells)
a-Chymotrypsin
300 pg/ml 73.0+3.0 71.0+4.0
200 pg/ml 68.0+5.0 53.0+5.0
100 pg/ml 63.0+2.5 36.0+4.0
50 ug/ml 45.0+2.0 350+2.0
30 ug/ml 25.0+1.8 270+1.0
10 png/ml 50420 11.0+1.0
Compound 48 / 80
1.0 wpg/ml 71.0£2.0 41.0+1.0
05 ug/ml 61.0+3.0 30.0+1.0
0.1 wg/ml 42.0+1.0 7.0+£3.0
0.05 pg/ml 12.0+2.0 8.0+2.0
Anti-IgE
1/100 dilution 18.0+2.0 17.0+2.0
1,/300 dilution 150+1.0 150+1.0
1,/1000 dilution 50420 140+1.0

Purified rat peritoneal mast cells were left to equilibrate (10 min)
before addition of the releasing agents. Reaction was allowed to
proceed for 10 min and was terminated by addition of cold buffer. In
the case of prostaglandin D,, samples after challenge were cen-
trifuged and supernatants were separated from the cell pellets and
snap-frozen in liquid nitrogen. Values are means+S.E.M. for 4
experiments.

a given level of histamine secretion, a-chymotrypsin
seemed to induce a rather greater production of
prostaglandin D, than compound 48 /80.

Commercially available a-chymotrypsin which had
been pretreated with DFP was ineffective in inducing
histamine release from rat mast cells, while material
pretreated with TLCK, which inhibits any trypsin in
the sample, showed comparable activity to the native
enzyme (data not shown).

3.2. The effects of anti-allergic compounds and cAMP-
active drugs on histamine release from rat peritoneal
mast cells

DSCG and nedocromil sodium produced a compa-
rable dose-dependent inhibition of anti-IgE induced
histamine release from rat peritoneal mast cells. How-
ever, both drugs exhibited a sharp tachyphylaxis and
activity was rapidly lost on preincubation (10 min) with
the cells before challenge (data not shown). Represen-
tative values for the inhibitions produced by typical
concentrations of the drugs, without preincubation, are
shown in Table 2. Nedocromil sodium had a limited
effect on the release produced by compound 48/80
and a-chymotrypsin, although DSCG was more active
against these two stimuli (Table 2).

Quercetin is a naturally occurring flavonoid struc-
turally related to DSCG, but lacking tachyphylactic
properties. It was a potent inhibitor of histamine re-

Inhibitor Inhibition (%) of release induced by
a-Chymo- Compound Anti-IgE
trypsin 48 /80
DSCG (10 uM) 80.0+3.0 40.0+1.5 48.0+1.2
Nedocromil 31.0+1.0 22.0+2.0 48.0+2.0
sodium (10 p M)
Quercetin (100 M) 89.0+3.0 61.0+2.8 720+15
Salbutamol (100 uM) 25410 42418 14.0+2.2
Isoprenaline (100 uM)  25.0+2.5 30.0+£3.0 11.0+0.8
Theophylline (1 mM) 81.0+1.6 24.0+3.0 62.0+1.0
IBMX (1 mM) 68.0+2.3 ND 42.0+20
8-BrcAMP (1 mM) 780429 ND 42.0+2.0
Bu,cAMP (1 mM) 89.0+2.3 ND 58.04+35

Rat peritoneal mast cells were preincubated (10 min or 30 min for
cAMP analogues) with the inhibitors and then challenged, except for
DSCG and nedocromil sodium which were added stimultaneously
with the secretory stimulus. Secretion was allowed to proceed for a
further 10 min. Values are means+S.E.M. for 4 experiments. ND
denotes not determined.

lease from rat mast cells stimulated with anti-IgE,
compound 48/80 and a-chymotrypsin (Table 2). In
contrast, the B-agonist salbutamol was ineffective at
inhibiting histamine release from rat peritoneal mast
cells stimulated by anti-IgE, compound 48/80 and
a-chymotrypsin, but isoprenaline was rather more ac-
tive against compound 48 /80 and a-chymotrypsin (Ta-
ble 2).

The phosphodiestrease inhibitors, theophylline and
IBMX, effectively blocked the release induced by both
anti-IgE and a-chymotrypsin, although theophylline
was less active against compound 48 /80 (Table 2).

Table 3
Effect of serine esterase inhibitors on histamine release from rat
peritoneal mast cells treated with various stimuli

Inhibitor Inhibition (%) of release induced by
Anti-IgE Compound Calcium
48 /80 ionophore
TPCK (10 uM) 750415 ND 68.0+2.0
TLCK (10 uM) 120+1.0 20+1.0 —-2.0+1.0
PMSF (100 uM) 18.0+1.8 -15+20 8.0+2.3
Isatoic anhydride 33.0+3.1 5.0+3.0 3.0+1.2
(100 M)
ATEE (100 uM) 35.0+2.0 25426 0.0+0.5
NCDC (100 uM) 30.0+2.0 —2.8+42.0 0.0+0.5
Chymostatin 31.0+2.1 —-40+15 75420
(100 uM)
Phenylboronic acid 48.7+5.4 33423 3.5+43.0
(100 M)

Rat peritoneal mast cells were preincubated (10 min) with the
inhibitors and then stimulated with anti-IgE (1,/200 dilution), com-
pound 48 /80 (0.5 wg/ml) and calcium ionophore (0.5 uM). Secre-
tion was allowed to proceed for a further 10 min. Values are
means + S.E.M. for 4 experiments. ND denotes not determined.
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Fig. 5. Functional heterogeneity of rat mast cells from the peritoneal cavity (O), mesentery (M), lung (1) and skin (®) to a-chymotrypsin (A),
compound 48 /80 (B), calcium ionophore A23187 (C) and anti-IgE (D). Mast cells were left to equilibrate at 37°C in Hepes buffer before addition

of the releasing agents. The reaction was allowed to proceed for 10 min and was terminated by addition of cold Hepes buffer. Values are
means + S.E.M; n = 4-6.
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Table 4

Effect of a-chymotrypsin on mast cells from different sources in the presence and absence of the metabolic inhibitors antimycin A (1 pM) and

2-deoxyglucose (5 mM)

Source Histamine release (%) induced by a-chymotrypsin at a concentration of
50 pg/ml 200 pwg/ml
() Inhibitors (+) Inhibitors (—) Inhibitors (+) Inhibitors
Rat
peritoneum 495+ 0.5 1.0+1.0 700+15 " 185+10 *
mesentery 105+ 2.0 50+15 805+3.0 " 745+40 "
lung 70425 20405 725+20 71.5+10 *
skin 30403 1.5+05 220+15 18.0+2.0
Guinea-pig
lung 30.0+3.0 11.0 + 4.0 420435 41.0+ 3.0
mesentery 125+ 20 5.0+35 18.0 + 1.5 704+ 35
Human
lung 16.0 + 4.5 50425 315+25 235420
colonic mucosa 30+1.0 1.5+05 10.0 £ 5.0 70425
skin 1.0+ 15 0.8+ 0.5 9.0+4.0 6.0+3.5
basophils 50+20 ND 50+20 ND

Cells were preincubated (10 min) with the inhibitors and then challenged. Secretion was allowed to proceed for a further 10 min. Values are
means + S.E.M. for 4-5 experiments. * Denotes that an enzyme concentration of 500 wg/ml was used. ND denotes not determined.

The cyclic nucleotide analogues 8-BrcAMP and
Bu,cAMP were seen to block histamine release in-
duced by anti-IgE and a-chymotrypsin and in each
system the drug was significantly more active against
a-chymotrypsin (Table 2).

3.3. The effects of serine esterase inhibitors on histamine
release from rat peritoneal mast cells

TPCK, an inhibitor of a-chymotrypsin, potently in-
hibited histamine release from rat peritoneal mast cells
following stimulation by anti-IgE and the calcium
ionophore A23187 (Table 3). In contrast, the related
trypsin inhibitor TLCK was ineffective (Table 3).

PMSF, which is a general inhibitor of active seryl
enzymes, isatoic anhydride, a suicide inhibitor of a-
chymotrypsin, ATEE, a chymotryptic substrate, NCDC,
again a substrate for a-chymotrypsin, chymostatin, a
microbial peptide inhibitor of a-chymotrypsin, and
phenylboronic acid, a transition state analogue, all
produced a modest inhibition of histamine release from
rat peritoneal mast cells stimulated with anti-IgE.
However, they were ineffective in inhibiting histamine
release stimulated by the calcium ionophore A23187 or
compound 48 /80 (Table 3).

3.4. The effect of chymotrypsin and various secreta-
gogues on a uvariety of histaminocytes isolated from dif-
ferent species

As discussed above, a-chymotrypsin induced a
dose-dependent release of histamine from rat peri-
toneal mast cells. However, mast cells from rat mesen-

tery, lung and skin released significant amounts of
histamine only at high concentrations of enzyme (Fig.
5A). Moreover, these concentrations were, at least in
part, cytotoxic as judged by the effect of metabolic
inhibitors (Table 4). The effects of compound 48 /80
and calcium ionophore were similarly reduced for the
tissue cells, compared to those from the peritoneum,
although this difference was less marked for anti-IgE
(Fig. 5B-D).

a-Chymotrypsin was effective in releasing histamine
in a dose-related manner from isolated guinea-pig fung,
but at higher concentrations of a-chymotrypsin (> 200
wg/ml) the release was essentially cytotoxic (Table 4).
The effect of a-chymotrypsin was greatly reduced with
isolated guinea-pig mesenteric mast cells (Table 4).
a-Chymotrypsin was ineffective in releasing histamine
from mouse peritoneal mast cells (data not shown).

The effect of a-chymotrypsin on isolated human
histaminocytes from a number of different locations
was observed (Fig. 6A). These cells are seen to be
resistant to the effect of a-chymotrypsin, with the
possible exception of the lung, and they released signif-
icant amounts of histamine only at cytotoxic concentra-
tions (Table 4). Human basophils and cell preparations
from intestine and lung released histamine upon chal-
lenge with IgE-directed ligands and the calcium
ionophore A23187, but the former preparations were
essentially unresponsive to compound 48 /80 (Fig. 6B—
D). In contrast skin mast cells, and to some extent
those from lung, responded significantly to the
polyamine (Fig. 6B). Interestingly, low concentrations
of a-chymotrypsin potentiated anti-human IgE (1 /1000
dilution) mediated histamine release from lung mast
cells (Fig. 7).
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Fig. 7. Effect of anti-human IgE (1 /1000 dilution, open columns) on
a-chymotrypsin (filled columns) mediated histamine release from
human lung mast cells. Cells were pre-incubated (10 min) with
a-chymotrypsin before addition of IgE. Secretion was allowed to
proceed for a further 10 min and the reaction was terminated by
addition of cold Hepes buffer. Asterisks show where the histamine
release induced by the two agonists together (hatched columns) is
significantly (P < 0.05) greater than the sum of the releases pro-
duced by the agents alone. Values are means+S.EM.; n=4.

4, Discussion

The present study confirms and extends previous
observations (Cockroft and Gomperts, 1979; Nials et
al., 1983) that a-chymotrypsin induces a dose-depen-
dent secretion of histamine from both purified and
non-purified populations of rat peritoneal mast cells.
The effect of the enzyme in the former case excludes
the possibility that it is acting indirectly through con-
taminating cells. a-Chymotrypsin pretreated with
TLCK was still able to produce a pronounced secretion
of histamine from rat peritoneal mast cells. The in-
hibitor TLCK inactivates any trypsin impurities that
may be present in the preparation without affecting the
chymotryptic activity. This shows that the release was
due to a-chymotrypsin and not any tryptic contaminant
present in the enzyme.

The failure of the inactive precursor chymotrypsi-
nogen to release histamine from mast cells suggests

that the action of a-chymotrypsin depends on its en-
zymic activity. Similarly, DFP-pretreated a-chymo-
trypsin was devoid of histamine-releasing activity.

Histamine secretion induced by a-chymotrypsin was
strongly dependent on the pH of the incubation
medium, being optimal at physiological values (7-7.5).
The response was non-cytotoxic and was inhibited by
extremes of temperature and by metabolic inhibitors.

Maximal histamine release induced by a-chymo-
trypsin was dependent on the presence of extracellular
Ca®* in the incubation medium but a significant com-
ponent persisted in the absence of the cation. Release
under these conditions is usually attributed to the
mobilization of intracellular Ca?* stores, an effect
which may be facilitated by brief pretreatment with
EDTA (Pearce, 1982). Accordingly, secretion in a
Ca’*-free medium was enhanced by the latter treat-
ment.

a-Chymotrypsin (10-300 wpg/ml), in addition to
stimulating the secretion of preformed mediators, also
induced the metabolism of arachidonic acid, resulting
in the release of prostaglandin D, in a dose-related
manner from purified rat peritoneal mast cells. Inter-
estingly, while maximal concentrations of a-chymo-
trypsin and compound 48 /80 induced comparable re-
leases of histamine, the esterase evoked the production
of significantly more of the prostaglandin. This sug-
gests that a-chymotrypsin is capable of activating cellu-
lar processes which lead to a more effective metabolism
of arachidonic acid than compound 48 /80.

a-Chymotrypsin significantly potentiated anti-IgE
induced histamine release from rat peritoneal mast
cells. As a-chymotrypsin is believed to substitute for an
endogenous protease, whose activation is a necessary
condition for the anaphylactic release of histamine in
rat mast cells (Nials et al., 1983), the presence of excess
added enzyme may increase the efficiency of IgE-medi-
ated signal transduction.

Histamine release induced by a-chymotrypsin from
rat peritoneal mast cells was inhibited by the anti-al-
lergic chromone DSCG. The drug exhibited a rapid
tachyphylaxis, very similar to that seen when immuno-
logic stimuli are used to activate the cells. Inhibition of
histamine release from mast cells by nedocromil sodium
is thought to involve a similar mode of action to
DSCG. However, this newer drug was less active than
DSCG against histamine release induced by a-chymo-
trypsin, perhaps indicating some differences in their
mechanism of action.

The B-agonist isoprenaline failed to elicit any ap-
preciable inhibition of histamine release induced by
a-chymotrypsin, despite the existence of a large num-
ber of high affinity B,-adrenoceptor sites reportedly
present on the mast cell membrane (Marquardt and
Wasserman, 1982). Similar results were obtained when
the more selective B,-agonist salbutamol was used.
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Whether the lack of B-agonist activity in the rat mast
cell reflects a lack of coupling between the B-receptor
and downstream signal transduction processes is un-
clear.

Other anti-allergic compounds, including phospho-
diesterase inhibitors and cAMP analogues, all inhibited
both a-chymotrypsin and anti-IgE induced histamine
release to varying degrees. This again may indicate a
link between the two secretory stimuli.

In summary, histamine releases induced by anti-IgE
and a-chymotrypsin resembled each other in their ki-
netics, Ca?* and pH dependencies, and the effect of
anti-allergic inhibitors. The secretion induced by a-
chymotrypsin was, however, not potentiated by phos-
phatidylserine and the maximum release ( < 80%) was
greater than that generally achievable following im-
munologic activation.

TLCK, an active-site directed inhibitor of trypsin-like
enzymes, exerted a very weak inhibitory action towards
a-chymotrypsin, anti-IgE and calcium ionophore
A23187-induced histamine release from rat peritoneal
mast cells. In contrast, the analogous chymotrypsin
inhibitor TPCK inhibited histamine release induced by
the calcium ionophore and, rather more effectively,
that evoked by anti-IgE. The inhibitory effects of these
closely related compounds strongly indicate that the
putative mast cell serine esterase is a chymotryptic-like
enzyme.

PMSF, which is a general inhibitor of active seryl
enzymes, was much less active than TPCK at inhibiting
histamine release induced by anti-IgE and calcium
ionophore A23187. The suicide inactivator isatoic an-
hydride, the chymotryptic substrates ATEE, NCDC,
and the transition state analogue phenylboronic acid,
all significantly inhibited histamine release induced by
anti-IgE, and exerted a very weak inhibitory action
towards the ionophore A23187. A selection of these
inhibitors was also ineffective at inhibiting compound
48 /80-induced histamine release. Together, these re-
sults suggest that activation of the putative serine es-
terase is rather more closely related to IgE-directed
mast cell degranulation than to cellular stimulation
induced by calcium ionophores or compound 48 /80.

Having defined the basic characteristics of the effect
of a-chymotrypsin on rat peritoneal mast cells, studies
were extended to include mast cells isolated from other
species and locations. These studies clearly demon-
strated the existence of marked functional variations
between isolated mast cells from different species. a-
Chymotrypsin was most active as a histamine releaser
from rat peritoneal mast cells, while mouse peritoneal
mast cells failed to respond to the enzyme. In addition,
enzymatically dispersed mast cells from the rat lung
and mesentery, guinea-pig lung and mesentery, and
human lung were only weakly responsive to a-chymo-
trypsin.

Isolated mast cells from the rat skin were, in gen-
eral, much less responsive than their connective tissue
counterparts from the peritoneum, mesentery and lung
to the histamine-releasing action of a variety of im-
munological and non-immunological secretagogues.
These results therefore emphasise the danger in the
simple classification of rat mast cells into mucosal type
mast cells and connective tissue type mast cells. Clearly,
mast cell heterogeneity in the rat is much more com-
plex than this basic division (Pearce, 1988).

The concept of human mast cell heterogeneity is
much less clearly defined than in the rat (Barrett and
Pearce, 1991). Despite their apparent histochemical
differences, isolated human mast celils, in general, are
functionally similar in their responses to a variety of
immunological and non-immunological stimuli. Thus,
human basophils and cell preparations from intestine
and lung release histamine upon challenge with IgE-di-
rected ligands and calcium ionophores, but are essen-
tially unresponsive to polybasic compounds (Tainsh et
al., 1992). At non-cytotoxic concentrations, «-chymo-
trypsin was a very weak releaser of histamine from
tissue mast cells from human lung, intestine, skin and
isolated basophils. To achieve a comparable release to
that obtained from rat peritoneal mast cells, cytotoxic
concentrations of a-chymotrypsin were required in the
human histaminocytes. The fact that skin mast cells,
which were obtained mainly from infant foreskin sam-
ples, appeared to be less functionally mature than mast
cells obtained from other locations in the adult, as
indicated by their comparatively weak response to im-
munological stimuli and calcium ionophores, renders
their unique releasability on challenge with polybasic
compounds even more striking.

It was experimentally observed that low concentra-
tions of a-chymotrypsin potentiated anti-IgE mediated
histamine release from human lung mast cells. Thus,
a-chymotrypsin in the human system may produce ef-
fects which amplify the immunologic signal transduc-
tion mechanism.

Taken as a whole, the results of the present study
show that a-chymotrypsin exhibited a marked tissue
and species selectivity in its action. These data expand
the concept of functional mast cell heterogeneity. The
precise mechanisms that account for this phenomenon,
however, have still to be clarified.

In conclusion, the current work provides further
evidence that activation of a chymotrypsin-like enzyme
is involved in immunologic histamine release from ro-
dent and possibly human mast cells. The main ques-
tions that still remain to be answered are how the
serine esterase is activated by receptor bridging and
what kind of biologically active protease is produced.
Identification of this enzyme may then provide a new
therapeutic target for the modulation of the mast cell
function.
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